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Motivation for CHAMPs
• Particle Physics 

• Kinetic Mixing,           Stability 
 

• Cosmology 

• Thermal production of dark matter
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• Effect of supernova shocks on detection of CHAMPs?
L. Chuzhoy, R. Kolb, 2009

�0 � �0 �

q0 q

Dunsky, Hall, Harigaya, 2019

David Dunsky - CHAMP Cosmic Rays J. Li, T. Lin 2020

https://arxiv.org/abs/1812.11116


Three Key Rates in the Disk
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Three Key Rates in the Disk

• CHAMP dynamics tied to Interstellar Medium, 
Magnetic Fields, Supernova (SN) Shocks

(1) Thermalization rate in      
Interstellar Medium (ISM)

(2) SN Shock encounter rate

(3) Escape rate from the disk

Decelerate to thermal speeds

Accelerate to shock speeds  
and beyond

Magnetic fields cause 
confinement to disk
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Rate 1: Thermalization in ISM
ISM Phase ntot (cm

�3
) ne (cm

�3
) T (K) Fractional Volume f

Hot Ionized 3⇥ 10
�3

3⇥ 10
�3

5⇥ 10
5

0.5
Warm Ionized 0.3 0.2 8⇥ 10

3
0.15

Warm Neutral 0.5 0.05 8⇥ 10
3

0.3
Cold Neutral 50 < 0.1 80 0.04
Molecular > 300 < 0.1 10 0.01
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• Thermalization dominated by Warm Ionized Medium
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• Thermalization dominated by Warm Ionized Medium

Three Key Rates In Galactic Disks 

B. Draine 2010
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Rate 2: Shock Encounter
• Expected rate to encounter a SN shock of speed vs
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• Rate at which CHAMPs are accelerated is tied to the rate of encountering 
strong shocks

�Enc(vs) =
VSN (vs)

VDisk
�SN
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Fermi Acceleration
Three Key Rates In Galactic Disks 
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Fermi Acceleration
• CHAMPs accelerated by SN shocks by reflecting off 

moving magnetic fields near shock �p ⇡ p⇥ (vs/v)
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Fermi Acceleration
• CHAMPs accelerated by SN shocks by reflecting off 

moving magnetic fields near shock �p ⇡ p⇥ (vs/v)
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Fermi Acceleration
• CHAMPs accelerated by SN shocks by reflecting off 

moving magnetic fields near shock �p ⇡ p⇥ (vs/v)
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Fermi Acceleration
• CHAMPs accelerated by SN shocks by reflecting off 

moving magnetic fields near shock �p ⇡ p⇥ (vs/v)
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Exponential momentum gain, first-order 
Fermi acceleration

• If slower than shock         accelerated to shock speed

• If faster than shock         repeatedly reflect off shock
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Ingredients
• Just two: 

• 1) Initially moving faster than the shock
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• 2) Must reflect backwards

Injection  
Problem

David Dunsky - CHAMP Cosmic Rays
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Ingredients
• Just two: 

• 1) Initially moving faster than the shock

Three Key Rates In Galactic Disks 

• Easier - CHAMPs can remain supra-thermal between 
encountering shocks

• 2) Must reflect backwards
• Collisionless. Accomplished by B-fields around shock

• Ability to reflect linear in q  (gyroradius)

Injection  
Problem

David Dunsky - CHAMP Cosmic Rays

https://arxiv.org/abs/1812.11116


Rate 3: Escape from the Disk
• CHAMPs diffuse through the ISM by resonantly scattering off magnetic 

irregularities       on scale of 
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<latexit sha1_base64="4u4qU0VtIS2O/Zcrn7n1QYFy4Pk=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXKnos9eKxgv2A7VKyabYNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1PY2Nza3inulvb2Dw6PyscnHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3M397hPThiv5CNOEBTEZSR5xSsBKfn/IBBDcrE4uB+WKW3MXwOvEy0kF5WgNyl/9oaJpzCRQQYzxPTeBICMaOBVsVuqnhiWETsiI+ZZKEjMTZIuTZ/jCKkMcKW1LAl6ovycyEhszjUPbGRMYm1VvLv7n+SlEt0HGZZICk3S5KEoFBoXn/+Mh14yCmFpCqOb2VkzHRBMKNqWSDcFbfXmddK5qXr12/VCvNJp5HEV0hs5RFXnoBjXQPWqhNqJIoWf0it4ccF6cd+dj2Vpw8plT9AfO5w8MgpB0</latexit>

�✓

<latexit sha1_base64="qKfOpmWh3TqNu001E2aSLOEyQRM=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegF48RzAOyS5id7U2GzD6c6Q2EJd/hxYMiXv0Yb/6Nk2QPmljQUFR1093lp1JotO1vq7S2vrG5Vd6u7Ozu7R9UD4/aOskUhxZPZKK6PtMgRQwtFCihmypgkS+h44/uZn5nDEqLJH7ESQpexAaxCAVnaCTPDUAioy4OAVm/WrPr9hx0lTgFqZECzX71yw0SnkUQI5dM655jp+jlTKHgEqYVN9OQMj5iA+gZGrMItJfPj57SM6MENEyUqRjpXP09kbNI60nkm86I4VAvezPxP6+XYXjj5SJOM4SYLxaFmaSY0FkCNBAKOMqJIYwrYW6lfMgU42hyqpgQnOWXV0n7ou5c1q8eLmuN2yKOMjkhp+ScOOSaNMg9aZIW4eSJPJNX8maNrRfr3fpYtJasYuaY/IH1+QOT/5H8</latexit>

https://arxiv.org/abs/1812.11116


Rate 3: Escape from the Disk
• CHAMPs diffuse through the ISM by resonantly scattering off magnetic 

irregularities       on scale of 

• Determine from cosmic ray secondary to primary spallation

Three Key Rates In Galactic Disks 

h�✓2i = N�✓2

<latexit sha1_base64="LVpc4AJZ3dPv+amhjP2yDg+SZtk=">AAACHXicbVA9SwNBEN3z2/gVtbRZDIJVuAsRbQRRCytRMBrIxTC3mSRL9vaO3TkhBP+IjX/FxkIRCxvx37j5KIz6YODx3gwz86JUSUu+/+VNTc/Mzs0vLOaWlldW1/LrG9c2yYzAikhUYqoRWFRSY4UkKaymBiGOFN5E3ZOBf3OHxspEX1EvxXoMbS1bUgA5qZEvhwp0WyEPT1ER8JA6SHBb4qEZ6Yecn/OwOWE28gW/6A/B/5JgTApsjItG/iNsJiKLUZNQYG0t8FOq98GQFArvc2FmMQXRhTbWHNUQo633h9/d8x2nNHkrMa408aH6c6IPsbW9OHKdMVDH/vYG4n9eLaPWQb0vdZoRajFa1MoUp4QPouJNaVCQ6jkCwkh3KxcdMCDIBZpzIQS/X/5LrkvFoFzcuywXjo7HcSywLbbNdlnA9tkRO2MXrMIEe2BP7IW9eo/es/fmvY9ap7zxzCabgPf5Dfr+oJo=</latexit>

Change in pitch angle

Random walk process 

Effective Mean Free Path �MFP = Nrgyro = rgyro/�✓
2 = �0(rgyro)

a

<latexit sha1_base64="s7X39NpqBE5PHK16VqE16i+gm9Q="></latexit>

�✓ =
�B(k)

B

<latexit sha1_base64="IKZ5SU5goYecTf9PwrvpDbuuvy4=">AAACDnicbVA9SwNBEN2L3/Hr1NJmMQRiE+4koo0QYmOpYEwgF8LeZi5ZsvfB7pwQjvwCG/+KjYUittZ2/hs38QpNfDDM470Zduf5iRQaHefLKiwtr6yurW8UN7e2d3btvf07HaeKQ5PHMlZtn2mQIoImCpTQThSw0JfQ8keXU791D0qLOLrFcQLdkA0iEQjO0Eg9u+z1QSKjHg7BtAvqBYrxLFcbldHxJGtMenbJqToz0EXi5qREclz37E+vH/M0hAi5ZFp3XCfBbsYUCi5hUvRSDQnjIzaAjqERC0F3s9k5E1o2Sp8GsTIVIZ2pvzcyFmo9Dn0zGTIc6nlvKv7ndVIMzruZiJIUIeI/DwWppBjTaTa0LxRwlGNDGFfC/JXyITN5oEmwaEJw509eJHcnVbdWPb2pleqNPI51ckiOSIW45IzUyRW5Jk3CyQN5Ii/k1Xq0nq036/1ntGDlOwfkD6yPb7uAm0g=</latexit>

rgyro

<latexit sha1_base64="J4GKrjOy2SAawrImRiS27acUC1U=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOyS5idTJIh81hmZoVlyW948aCIV3/Gm3/jJNmDJhY0FFXddHfFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3xoZyJmnLMstpN9EUi5jTTjy5m/mdJ6oNU/LRZgmNBB5JNmQEWyeFup+HWqBRptW0X635dX8OtEqCgtSgQLNf/QoHiqSCSks4NqYX+ImNcqwtI5xOK2FqaILJBI9oz1GJBTVRPr95is6cMkBDpV1Ji+bq74kcC2MyEbtOge3YLHsz8T+vl9rhTZQzmaSWSrJYNEw5sgrNAkADpimxPHMEE83crYiMscbEupgqLoRg+eVV0r6oB5f1q4fLWuO2iKMMJ3AK5xDANTTgHprQAgIJPMMrvHmp9+K9ex+L1pJXzBzDH3ifP087kd8=</latexit>

�B

<latexit sha1_base64="MnCgwEXkqD63MN8bXFDMJGdE+0U=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WOpF48V7Ae0oWw2k3bpZhN3J0Ip/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTHJo8kYnuBMyAFAqaKFBCJ9XA4kBCOxjdzvz2E2gjEvWA4xT8mA2UiARnaKVOLwSJjNb75Ypbdeegq8TLSYXkaPTLX70w4VkMCrlkxnQ9N0V/wjQKLmFa6mUGUsZHbABdSxWLwfiT+b1TemaVkEaJtqWQztXfExMWGzOOA9sZMxyaZW8m/ud1M4xu/IlQaYag+GJRlEmKCZ09T0OhgaMcW8K4FvZWyodMM442opINwVt+eZW0LqreZfXq/rJSq+dxFMkJOSXnxCPXpEbuSIM0CSeSPJNX8uY8Oi/Ou/OxaC04+cwx+QPn8wd3hY+a</latexit>

David Dunsky - CHAMP Cosmic Rays

B

<latexit sha1_base64="TcbfhXHtNn/73eTBku/wxZdOCdU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo8ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldlr1K+blRK1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJb5jM4=</latexit>

�B(k)

<latexit sha1_base64="4u4qU0VtIS2O/Zcrn7n1QYFy4Pk=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXKnos9eKxgv2A7VKyabYNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1PY2Nza3inulvb2Dw6PyscnHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3M397hPThiv5CNOEBTEZSR5xSsBKfn/IBBDcrE4uB+WKW3MXwOvEy0kF5WgNyl/9oaJpzCRQQYzxPTeBICMaOBVsVuqnhiWETsiI+ZZKEjMTZIuTZ/jCKkMcKW1LAl6ovycyEhszjUPbGRMYm1VvLv7n+SlEt0HGZZICk3S5KEoFBoXn/+Mh14yCmFpCqOb2VkzHRBMKNqWSDcFbfXmddK5qXr12/VCvNJp5HEV0hs5RFXnoBjXQPWqhNqJIoWf0it4ccF6cd+dj2Vpw8plT9AfO5w8MgpB0</latexit>

�✓

<latexit sha1_base64="qKfOpmWh3TqNu001E2aSLOEyQRM=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegF48RzAOyS5id7U2GzD6c6Q2EJd/hxYMiXv0Yb/6Nk2QPmljQUFR1093lp1JotO1vq7S2vrG5Vd6u7Ozu7R9UD4/aOskUhxZPZKK6PtMgRQwtFCihmypgkS+h44/uZn5nDEqLJH7ESQpexAaxCAVnaCTPDUAioy4OAVm/WrPr9hx0lTgFqZECzX71yw0SnkUQI5dM655jp+jlTKHgEqYVN9OQMj5iA+gZGrMItJfPj57SM6MENEyUqRjpXP09kbNI60nkm86I4VAvezPxP6+XYXjj5SJOM4SYLxaFmaSY0FkCNBAKOMqJIYwrYW6lfMgU42hyqpgQnOWXV0n7ou5c1q8eLmuN2yKOMjkhp+ScOOSaNMg9aZIW4eSJPJNX8maNrRfr3fpYtJasYuaY/IH1+QOT/5H8</latexit>

https://arxiv.org/abs/1812.11116


Rate 3: Escape from the Disk
• CHAMPs diffuse through the ISM by resonantly scattering off magnetic 

irregularities       on scale of 

• Determine from cosmic ray secondary to primary spallation
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✓ (v � vesc)
<latexit sha1_base64="m7CH6YCW1Rp8wUpAhflNge8FIF8="></latexit><latexit sha1_base64="m7CH6YCW1Rp8wUpAhflNge8FIF8="></latexit><latexit sha1_base64="m7CH6YCW1Rp8wUpAhflNge8FIF8="></latexit><latexit sha1_base64="m7CH6YCW1Rp8wUpAhflNge8FIF8="></latexit>

h�✓2i = N�✓2

<latexit sha1_base64="LVpc4AJZ3dPv+amhjP2yDg+SZtk=">AAACHXicbVA9SwNBEN3z2/gVtbRZDIJVuAsRbQRRCytRMBrIxTC3mSRL9vaO3TkhBP+IjX/FxkIRCxvx37j5KIz6YODx3gwz86JUSUu+/+VNTc/Mzs0vLOaWlldW1/LrG9c2yYzAikhUYqoRWFRSY4UkKaymBiGOFN5E3ZOBf3OHxspEX1EvxXoMbS1bUgA5qZEvhwp0WyEPT1ER8JA6SHBb4qEZ6Yecn/OwOWE28gW/6A/B/5JgTApsjItG/iNsJiKLUZNQYG0t8FOq98GQFArvc2FmMQXRhTbWHNUQo633h9/d8x2nNHkrMa408aH6c6IPsbW9OHKdMVDH/vYG4n9eLaPWQb0vdZoRajFa1MoUp4QPouJNaVCQ6jkCwkh3KxcdMCDIBZpzIQS/X/5LrkvFoFzcuywXjo7HcSywLbbNdlnA9tkRO2MXrMIEe2BP7IW9eo/es/fmvY9ap7zxzCabgPf5Dfr+oJo=</latexit>

Change in pitch angle

Random walk process 

Effective Mean Free Path �MFP = Nrgyro = rgyro/�✓
2 = �0(rgyro)

a

<latexit sha1_base64="s7X39NpqBE5PHK16VqE16i+gm9Q="></latexit>

�✓ =
�B(k)

B

<latexit sha1_base64="IKZ5SU5goYecTf9PwrvpDbuuvy4=">AAACDnicbVA9SwNBEN2L3/Hr1NJmMQRiE+4koo0QYmOpYEwgF8LeZi5ZsvfB7pwQjvwCG/+KjYUittZ2/hs38QpNfDDM470Zduf5iRQaHefLKiwtr6yurW8UN7e2d3btvf07HaeKQ5PHMlZtn2mQIoImCpTQThSw0JfQ8keXU791D0qLOLrFcQLdkA0iEQjO0Eg9u+z1QSKjHg7BtAvqBYrxLFcbldHxJGtMenbJqToz0EXi5qREclz37E+vH/M0hAi5ZFp3XCfBbsYUCi5hUvRSDQnjIzaAjqERC0F3s9k5E1o2Sp8GsTIVIZ2pvzcyFmo9Dn0zGTIc6nlvKv7ndVIMzruZiJIUIeI/DwWppBjTaTa0LxRwlGNDGFfC/JXyITN5oEmwaEJw509eJHcnVbdWPb2pleqNPI51ckiOSIW45IzUyRW5Jk3CyQN5Ii/k1Xq0nq036/1ntGDlOwfkD6yPb7uAm0g=</latexit>

rgyro

<latexit sha1_base64="J4GKrjOy2SAawrImRiS27acUC1U=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOyS5idTJIh81hmZoVlyW948aCIV3/Gm3/jJNmDJhY0FFXddHfFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3xoZyJmnLMstpN9EUi5jTTjy5m/mdJ6oNU/LRZgmNBB5JNmQEWyeFup+HWqBRptW0X635dX8OtEqCgtSgQLNf/QoHiqSCSks4NqYX+ImNcqwtI5xOK2FqaILJBI9oz1GJBTVRPr95is6cMkBDpV1Ji+bq74kcC2MyEbtOge3YLHsz8T+vl9rhTZQzmaSWSrJYNEw5sgrNAkADpimxPHMEE83crYiMscbEupgqLoRg+eVV0r6oB5f1q4fLWuO2iKMMJ3AK5xDANTTgHprQAgIJPMMrvHmp9+K9ex+L1pJXzBzDH3ifP087kd8=</latexit>

�B

<latexit sha1_base64="MnCgwEXkqD63MN8bXFDMJGdE+0U=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WOpF48V7Ae0oWw2k3bpZhN3J0Ip/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTHJo8kYnuBMyAFAqaKFBCJ9XA4kBCOxjdzvz2E2gjEvWA4xT8mA2UiARnaKVOLwSJjNb75Ypbdeegq8TLSYXkaPTLX70w4VkMCrlkxnQ9N0V/wjQKLmFa6mUGUsZHbABdSxWLwfiT+b1TemaVkEaJtqWQztXfExMWGzOOA9sZMxyaZW8m/ud1M4xu/IlQaYag+GJRlEmKCZ09T0OhgaMcW8K4FvZWyodMM442opINwVt+eZW0LqreZfXq/rJSq+dxFMkJOSXnxCPXpEbuSIM0CSeSPJNX8uY8Oi/Ou/OxaC04+cwx+QPn8wd3hY+a</latexit>

David Dunsky - CHAMP Cosmic Rays

B

<latexit sha1_base64="TcbfhXHtNn/73eTBku/wxZdOCdU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo8ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldlr1K+blRK1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJb5jM4=</latexit>

�B(k)

<latexit sha1_base64="4u4qU0VtIS2O/Zcrn7n1QYFy4Pk=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXKnos9eKxgv2A7VKyabYNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1PY2Nza3inulvb2Dw6PyscnHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3M397hPThiv5CNOEBTEZSR5xSsBKfn/IBBDcrE4uB+WKW3MXwOvEy0kF5WgNyl/9oaJpzCRQQYzxPTeBICMaOBVsVuqnhiWETsiI+ZZKEjMTZIuTZ/jCKkMcKW1LAl6ovycyEhszjUPbGRMYm1VvLv7n+SlEt0HGZZICk3S5KEoFBoXn/+Mh14yCmFpCqOb2VkzHRBMKNqWSDcFbfXmddK5qXr12/VCvNJp5HEV0hs5RFXnoBjXQPWqhNqJIoWf0it4ccF6cd+dj2Vpw8plT9AfO5w8MgpB0</latexit>

�✓

<latexit sha1_base64="qKfOpmWh3TqNu001E2aSLOEyQRM=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegF48RzAOyS5id7U2GzD6c6Q2EJd/hxYMiXv0Yb/6Nk2QPmljQUFR1093lp1JotO1vq7S2vrG5Vd6u7Ozu7R9UD4/aOskUhxZPZKK6PtMgRQwtFCihmypgkS+h44/uZn5nDEqLJH7ESQpexAaxCAVnaCTPDUAioy4OAVm/WrPr9hx0lTgFqZECzX71yw0SnkUQI5dM655jp+jlTKHgEqYVN9OQMj5iA+gZGrMItJfPj57SM6MENEyUqRjpXP09kbNI60nkm86I4VAvezPxP6+XYXjj5SJOM4SYLxaFmaSY0FkCNBAKOMqJIYwrYW6lfMgU42hyqpgQnOWXV0n7ou5c1q8eLmuN2yKOMjkhp+ScOOSaNMg9aZIW4eSJPJNX8maNrRfr3fpYtJasYuaY/IH1+QOT/5H8</latexit>

https://arxiv.org/abs/1812.11116


Repeated shocks

Original Spectrum
Thermalized Spectrum
Fermi-Accelerated Spectrum
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Momentum

Time

Acceleration and Ejection

v1
<latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit>

v
<latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit>

v2
<latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit>

Speed
<latexit sha1_base64="q+aBSvd3O1L4aNOeBSOtgcJyKaI=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWNFWwtNKJvNtF262Sy7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvUoIb9Lxvp7Syura+Ud6sbG3v7O5V9w/aJs00gxZLRao7ETUguIQWchTQURpoEgl4iEbXU//hEbThqbzHsYIwoQPJ+5xRtFIQIDxhfqcA4kmvWvPq3gzuMvELUiMFmr3qVxCnLEtAIhPUmK7vKQxzqpEzAZNKkBlQlI3oALqWSpqACfPZzRP3xCqx20+1LYnuTP09kdPEmHES2c6E4tAselPxP6+bYf8yzLlUGYJk80X9TLiYutMA3JhrYCjGllCmub3VZUOqKUMbU8WG4C++vEzaZ3Xfq/u357XGVRFHmRyRY3JKfHJBGuSGNEmLMKLIM3klb07mvDjvzse8teQUM4fkD5zPH4XVkfw=</latexit><latexit sha1_base64="q+aBSvd3O1L4aNOeBSOtgcJyKaI=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWNFWwtNKJvNtF262Sy7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvUoIb9Lxvp7Syura+Ud6sbG3v7O5V9w/aJs00gxZLRao7ETUguIQWchTQURpoEgl4iEbXU//hEbThqbzHsYIwoQPJ+5xRtFIQIDxhfqcA4kmvWvPq3gzuMvELUiMFmr3qVxCnLEtAIhPUmK7vKQxzqpEzAZNKkBlQlI3oALqWSpqACfPZzRP3xCqx20+1LYnuTP09kdPEmHES2c6E4tAselPxP6+bYf8yzLlUGYJk80X9TLiYutMA3JhrYCjGllCmub3VZUOqKUMbU8WG4C++vEzaZ3Xfq/u357XGVRFHmRyRY3JKfHJBGuSGNEmLMKLIM3klb07mvDjvzse8teQUM4fkD5zPH4XVkfw=</latexit><latexit sha1_base64="q+aBSvd3O1L4aNOeBSOtgcJyKaI=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWNFWwtNKJvNtF262Sy7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvUoIb9Lxvp7Syura+Ud6sbG3v7O5V9w/aJs00gxZLRao7ETUguIQWchTQURpoEgl4iEbXU//hEbThqbzHsYIwoQPJ+5xRtFIQIDxhfqcA4kmvWvPq3gzuMvELUiMFmr3qVxCnLEtAIhPUmK7vKQxzqpEzAZNKkBlQlI3oALqWSpqACfPZzRP3xCqx20+1LYnuTP09kdPEmHES2c6E4tAselPxP6+bYf8yzLlUGYJk80X9TLiYutMA3JhrYCjGllCmub3VZUOqKUMbU8WG4C++vEzaZ3Xfq/u357XGVRFHmRyRY3JKfHJBGuSGNEmLMKLIM3klb07mvDjvzse8teQUM4fkD5zPH4XVkfw=</latexit><latexit sha1_base64="q+aBSvd3O1L4aNOeBSOtgcJyKaI=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWNFWwtNKJvNtF262Sy7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvUoIb9Lxvp7Syura+Ud6sbG3v7O5V9w/aJs00gxZLRao7ETUguIQWchTQURpoEgl4iEbXU//hEbThqbzHsYIwoQPJ+5xRtFIQIDxhfqcA4kmvWvPq3gzuMvELUiMFmr3qVxCnLEtAIhPUmK7vKQxzqpEzAZNKkBlQlI3oALqWSpqACfPZzRP3xCqx20+1LYnuTP09kdPEmHES2c6E4tAselPxP6+bYf8yzLlUGYJk80X9TLiYutMA3JhrYCjGllCmub3VZUOqKUMbU8WG4C++vEzaZ3Xfq/u357XGVRFHmRyRY3JKfHJBGuSGNEmLMKLIM3klb07mvDjvzse8teQUM4fkD5zPH4XVkfw=</latexit>

David Dunsky - CHAMP Cosmic Rays
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Original Spectrum
Thermalized Spectrum
Fermi-Accelerated Spectrum
Extragalactic Spectrum

Momentum

Time

Acceleration and Ejection

v1
<latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit>

v
<latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit>

v2
<latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit>

Speed
<latexit sha1_base64="q+aBSvd3O1L4aNOeBSOtgcJyKaI=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWNFWwtNKJvNtF262Sy7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvUoIb9Lxvp7Syura+Ud6sbG3v7O5V9w/aJs00gxZLRao7ETUguIQWchTQURpoEgl4iEbXU//hEbThqbzHsYIwoQPJ+5xRtFIQIDxhfqcA4kmvWvPq3gzuMvELUiMFmr3qVxCnLEtAIhPUmK7vKQxzqpEzAZNKkBlQlI3oALqWSpqACfPZzRP3xCqx20+1LYnuTP09kdPEmHES2c6E4tAselPxP6+bYf8yzLlUGYJk80X9TLiYutMA3JhrYCjGllCmub3VZUOqKUMbU8WG4C++vEzaZ3Xfq/u357XGVRFHmRyRY3JKfHJBGuSGNEmLMKLIM3klb07mvDjvzse8teQUM4fkD5zPH4XVkfw=</latexit><latexit sha1_base64="q+aBSvd3O1L4aNOeBSOtgcJyKaI=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWNFWwtNKJvNtF262Sy7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvUoIb9Lxvp7Syura+Ud6sbG3v7O5V9w/aJs00gxZLRao7ETUguIQWchTQURpoEgl4iEbXU//hEbThqbzHsYIwoQPJ+5xRtFIQIDxhfqcA4kmvWvPq3gzuMvELUiMFmr3qVxCnLEtAIhPUmK7vKQxzqpEzAZNKkBlQlI3oALqWSpqACfPZzRP3xCqx20+1LYnuTP09kdPEmHES2c6E4tAselPxP6+bYf8yzLlUGYJk80X9TLiYutMA3JhrYCjGllCmub3VZUOqKUMbU8WG4C++vEzaZ3Xfq/u357XGVRFHmRyRY3JKfHJBGuSGNEmLMKLIM3klb07mvDjvzse8teQUM4fkD5zPH4XVkfw=</latexit><latexit sha1_base64="q+aBSvd3O1L4aNOeBSOtgcJyKaI=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWNFWwtNKJvNtF262Sy7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvUoIb9Lxvp7Syura+Ud6sbG3v7O5V9w/aJs00gxZLRao7ETUguIQWchTQURpoEgl4iEbXU//hEbThqbzHsYIwoQPJ+5xRtFIQIDxhfqcA4kmvWvPq3gzuMvELUiMFmr3qVxCnLEtAIhPUmK7vKQxzqpEzAZNKkBlQlI3oALqWSpqACfPZzRP3xCqx20+1LYnuTP09kdPEmHES2c6E4tAselPxP6+bYf8yzLlUGYJk80X9TLiYutMA3JhrYCjGllCmub3VZUOqKUMbU8WG4C++vEzaZ3Xfq/u357XGVRFHmRyRY3JKfHJBGuSGNEmLMKLIM3klb07mvDjvzse8teQUM4fkD5zPH4XVkfw=</latexit><latexit sha1_base64="q+aBSvd3O1L4aNOeBSOtgcJyKaI=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWNFWwtNKJvNtF262Sy7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvUoIb9Lxvp7Syura+Ud6sbG3v7O5V9w/aJs00gxZLRao7ETUguIQWchTQURpoEgl4iEbXU//hEbThqbzHsYIwoQPJ+5xRtFIQIDxhfqcA4kmvWvPq3gzuMvELUiMFmr3qVxCnLEtAIhPUmK7vKQxzqpEzAZNKkBlQlI3oALqWSpqACfPZzRP3xCqx20+1LYnuTP09kdPEmHES2c6E4tAselPxP6+bYf8yzLlUGYJk80X9TLiYutMA3JhrYCjGllCmub3VZUOqKUMbU8WG4C++vEzaZ3Xfq/u357XGVRFHmRyRY3JKfHJBGuSGNEmLMKLIM3klb07mvDjvzse8teQUM4fkD5zPH4XVkfw=</latexit>

dn

d ln v
/ R3

SN / v�2

<latexit sha1_base64="+fL8Mbq+f4RvmIa2zF9g69cUKxM=">AAACG3icbVDLSsNAFJ34rPUVdelmsAhuLEkVdFl040rqow9o0jKZTNqhk0mYmRRKyH+48VfcuFDEleDCv3HaBtHWAwOHc+7lzjlezKhUlvVlLCwuLa+sFtaK6xubW9vmzm5DRonApI4jFomWhyRhlJO6ooqRViwICj1Gmt7gcuw3h0RIGvF7NYqJG6IepwHFSGmpa1acQCCc+jxLfegwDocZdGIRxSqCt9307jrrnPwIw056XMm6ZskqWxPAeWLnpARy1Lrmh+NHOAkJV5ghKdu2FSs3RUJRzEhWdBJJYoQHqEfamnIUEummk2wZPNSKD4NI6McVnKi/N1IUSjkKPT0ZItWXs95Y/M9rJyo4d1PK40QRjqeHgoRBnXNcFPSpIFixkSYIC6r/CnEf6bKUrrOoS7BnI8+TRqVsW2X75rRUvcjrKIB9cACOgA3OQBVcgRqoAwwewBN4Aa/Go/FsvBnv09EFI9/ZA39gfH4DuqGhLw==</latexit><latexit sha1_base64="+fL8Mbq+f4RvmIa2zF9g69cUKxM=">AAACG3icbVDLSsNAFJ34rPUVdelmsAhuLEkVdFl040rqow9o0jKZTNqhk0mYmRRKyH+48VfcuFDEleDCv3HaBtHWAwOHc+7lzjlezKhUlvVlLCwuLa+sFtaK6xubW9vmzm5DRonApI4jFomWhyRhlJO6ooqRViwICj1Gmt7gcuw3h0RIGvF7NYqJG6IepwHFSGmpa1acQCCc+jxLfegwDocZdGIRxSqCt9307jrrnPwIw056XMm6ZskqWxPAeWLnpARy1Lrmh+NHOAkJV5ghKdu2FSs3RUJRzEhWdBJJYoQHqEfamnIUEummk2wZPNSKD4NI6McVnKi/N1IUSjkKPT0ZItWXs95Y/M9rJyo4d1PK40QRjqeHgoRBnXNcFPSpIFixkSYIC6r/CnEf6bKUrrOoS7BnI8+TRqVsW2X75rRUvcjrKIB9cACOgA3OQBVcgRqoAwwewBN4Aa/Go/FsvBnv09EFI9/ZA39gfH4DuqGhLw==</latexit><latexit sha1_base64="+fL8Mbq+f4RvmIa2zF9g69cUKxM=">AAACG3icbVDLSsNAFJ34rPUVdelmsAhuLEkVdFl040rqow9o0jKZTNqhk0mYmRRKyH+48VfcuFDEleDCv3HaBtHWAwOHc+7lzjlezKhUlvVlLCwuLa+sFtaK6xubW9vmzm5DRonApI4jFomWhyRhlJO6ooqRViwICj1Gmt7gcuw3h0RIGvF7NYqJG6IepwHFSGmpa1acQCCc+jxLfegwDocZdGIRxSqCt9307jrrnPwIw056XMm6ZskqWxPAeWLnpARy1Lrmh+NHOAkJV5ghKdu2FSs3RUJRzEhWdBJJYoQHqEfamnIUEummk2wZPNSKD4NI6McVnKi/N1IUSjkKPT0ZItWXs95Y/M9rJyo4d1PK40QRjqeHgoRBnXNcFPSpIFixkSYIC6r/CnEf6bKUrrOoS7BnI8+TRqVsW2X75rRUvcjrKIB9cACOgA3OQBVcgRqoAwwewBN4Aa/Go/FsvBnv09EFI9/ZA39gfH4DuqGhLw==</latexit><latexit sha1_base64="+fL8Mbq+f4RvmIa2zF9g69cUKxM=">AAACG3icbVDLSsNAFJ34rPUVdelmsAhuLEkVdFl040rqow9o0jKZTNqhk0mYmRRKyH+48VfcuFDEleDCv3HaBtHWAwOHc+7lzjlezKhUlvVlLCwuLa+sFtaK6xubW9vmzm5DRonApI4jFomWhyRhlJO6ooqRViwICj1Gmt7gcuw3h0RIGvF7NYqJG6IepwHFSGmpa1acQCCc+jxLfegwDocZdGIRxSqCt9307jrrnPwIw056XMm6ZskqWxPAeWLnpARy1Lrmh+NHOAkJV5ghKdu2FSs3RUJRzEhWdBJJYoQHqEfamnIUEummk2wZPNSKD4NI6McVnKi/N1IUSjkKPT0ZItWXs95Y/M9rJyo4d1PK40QRjqeHgoRBnXNcFPSpIFixkSYIC6r/CnEf6bKUrrOoS7BnI8+TRqVsW2X75rRUvcjrKIB9cACOgA3OQBVcgRqoAwwewBN4Aa/Go/FsvBnv09EFI9/ZA39gfH4DuqGhLw==</latexit>

David Dunsky - CHAMP Cosmic Rays

https://arxiv.org/abs/1812.11116


Original Spectrum
Thermalized Spectrum
Fermi-Accelerated Spectrum
Extragalactic Spectrum

Momentum

Time

Acceleration and Ejection

v1
<latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit>

v
<latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit>

v2
<latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit>

p�3
<latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit>

David Dunsky - CHAMP Cosmic Rays
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Original Spectrum
Thermalized Spectrum
Fermi-Accelerated Spectrum
Extragalactic Spectrum

Momentum

Time

Acceleration and Ejection

v1
<latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit>

v
<latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit>

v2
<latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit>

@f

@t
=

@(p�therm(p)f)

@p
<latexit sha1_base64="mAk3+55xykejK/+oepxjcdJfqvA=">AAACPHicbVDPS8MwGE39OeevqkcvwSHMy2hF0Isw9KDHiU6FtYyvWeqCSRuSVBilf5gX/whvnrx4UMSrZ9NtoE4fBB7vfS/J9yLJmTae9+RMTc/Mzs1XFqqLS8srq+7a+qVOM0Vom6Q8VdcRaMpZQtuGGU6vpaIgIk6votvj0r+6o0qzNLkwA0lDATcJixkBY6Wuex7ECkgeSFCGAcdx8c1NgQ/xhF+XODgBIaCbmz5VoqjLHRzv/EjJouvWvIY3BP5L/DGpoTFaXfcx6KUkEzQxhIPWHd+TJszLCwmnRTXINJVAbuGGdixNQFAd5sPlC7xtlR6OU2VPYvBQ/ZnIQWg9EJGdFGD6etIrxf+8TmbigzBnicwMTcjooTiztaS4bBL3mKLE8IElQBSzf8WkD7YtY/uu2hL8yZX/ksvdhu81/LO9WvNoXEcFbaItVEc+2kdNdIpaqI0IukfP6BW9OQ/Oi/PufIxGp5xxZgP9gvP5BctwrwI=</latexit><latexit sha1_base64="mAk3+55xykejK/+oepxjcdJfqvA=">AAACPHicbVDPS8MwGE39OeevqkcvwSHMy2hF0Isw9KDHiU6FtYyvWeqCSRuSVBilf5gX/whvnrx4UMSrZ9NtoE4fBB7vfS/J9yLJmTae9+RMTc/Mzs1XFqqLS8srq+7a+qVOM0Vom6Q8VdcRaMpZQtuGGU6vpaIgIk6votvj0r+6o0qzNLkwA0lDATcJixkBY6Wuex7ECkgeSFCGAcdx8c1NgQ/xhF+XODgBIaCbmz5VoqjLHRzv/EjJouvWvIY3BP5L/DGpoTFaXfcx6KUkEzQxhIPWHd+TJszLCwmnRTXINJVAbuGGdixNQFAd5sPlC7xtlR6OU2VPYvBQ/ZnIQWg9EJGdFGD6etIrxf+8TmbigzBnicwMTcjooTiztaS4bBL3mKLE8IElQBSzf8WkD7YtY/uu2hL8yZX/ksvdhu81/LO9WvNoXEcFbaItVEc+2kdNdIpaqI0IukfP6BW9OQ/Oi/PufIxGp5xxZgP9gvP5BctwrwI=</latexit><latexit sha1_base64="mAk3+55xykejK/+oepxjcdJfqvA=">AAACPHicbVDPS8MwGE39OeevqkcvwSHMy2hF0Isw9KDHiU6FtYyvWeqCSRuSVBilf5gX/whvnrx4UMSrZ9NtoE4fBB7vfS/J9yLJmTae9+RMTc/Mzs1XFqqLS8srq+7a+qVOM0Vom6Q8VdcRaMpZQtuGGU6vpaIgIk6votvj0r+6o0qzNLkwA0lDATcJixkBY6Wuex7ECkgeSFCGAcdx8c1NgQ/xhF+XODgBIaCbmz5VoqjLHRzv/EjJouvWvIY3BP5L/DGpoTFaXfcx6KUkEzQxhIPWHd+TJszLCwmnRTXINJVAbuGGdixNQFAd5sPlC7xtlR6OU2VPYvBQ/ZnIQWg9EJGdFGD6etIrxf+8TmbigzBnicwMTcjooTiztaS4bBL3mKLE8IElQBSzf8WkD7YtY/uu2hL8yZX/ksvdhu81/LO9WvNoXEcFbaItVEc+2kdNdIpaqI0IukfP6BW9OQ/Oi/PufIxGp5xxZgP9gvP5BctwrwI=</latexit><latexit sha1_base64="mAk3+55xykejK/+oepxjcdJfqvA=">AAACPHicbVDPS8MwGE39OeevqkcvwSHMy2hF0Isw9KDHiU6FtYyvWeqCSRuSVBilf5gX/whvnrx4UMSrZ9NtoE4fBB7vfS/J9yLJmTae9+RMTc/Mzs1XFqqLS8srq+7a+qVOM0Vom6Q8VdcRaMpZQtuGGU6vpaIgIk6votvj0r+6o0qzNLkwA0lDATcJixkBY6Wuex7ECkgeSFCGAcdx8c1NgQ/xhF+XODgBIaCbmz5VoqjLHRzv/EjJouvWvIY3BP5L/DGpoTFaXfcx6KUkEzQxhIPWHd+TJszLCwmnRTXINJVAbuGGdixNQFAd5sPlC7xtlR6OU2VPYvBQ/ZnIQWg9EJGdFGD6etIrxf+8TmbigzBnicwMTcjooTiztaS4bBL3mKLE8IElQBSzf8WkD7YtY/uu2hL8yZX/ksvdhu81/LO9WvNoXEcFbaItVEc+2kdNdIpaqI0IukfP6BW9OQ/Oi/PufIxGp5xxZgP9gvP5BctwrwI=</latexit>

p�3
<latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit>

David Dunsky - CHAMP Cosmic Rays

https://arxiv.org/abs/1812.11116


Original Spectrum
Thermalized Spectrum
Fermi-Accelerated Spectrum
Extragalactic Spectrum

Momentum

Time

Acceleration and Ejection

v1
<latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit>

v
<latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit>

v2
<latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit>

@f

@t
=

@(p�therm(p)f)

@p
<latexit sha1_base64="mAk3+55xykejK/+oepxjcdJfqvA=">AAACPHicbVDPS8MwGE39OeevqkcvwSHMy2hF0Isw9KDHiU6FtYyvWeqCSRuSVBilf5gX/whvnrx4UMSrZ9NtoE4fBB7vfS/J9yLJmTae9+RMTc/Mzs1XFqqLS8srq+7a+qVOM0Vom6Q8VdcRaMpZQtuGGU6vpaIgIk6votvj0r+6o0qzNLkwA0lDATcJixkBY6Wuex7ECkgeSFCGAcdx8c1NgQ/xhF+XODgBIaCbmz5VoqjLHRzv/EjJouvWvIY3BP5L/DGpoTFaXfcx6KUkEzQxhIPWHd+TJszLCwmnRTXINJVAbuGGdixNQFAd5sPlC7xtlR6OU2VPYvBQ/ZnIQWg9EJGdFGD6etIrxf+8TmbigzBnicwMTcjooTiztaS4bBL3mKLE8IElQBSzf8WkD7YtY/uu2hL8yZX/ksvdhu81/LO9WvNoXEcFbaItVEc+2kdNdIpaqI0IukfP6BW9OQ/Oi/PufIxGp5xxZgP9gvP5BctwrwI=</latexit><latexit sha1_base64="mAk3+55xykejK/+oepxjcdJfqvA=">AAACPHicbVDPS8MwGE39OeevqkcvwSHMy2hF0Isw9KDHiU6FtYyvWeqCSRuSVBilf5gX/whvnrx4UMSrZ9NtoE4fBB7vfS/J9yLJmTae9+RMTc/Mzs1XFqqLS8srq+7a+qVOM0Vom6Q8VdcRaMpZQtuGGU6vpaIgIk6votvj0r+6o0qzNLkwA0lDATcJixkBY6Wuex7ECkgeSFCGAcdx8c1NgQ/xhF+XODgBIaCbmz5VoqjLHRzv/EjJouvWvIY3BP5L/DGpoTFaXfcx6KUkEzQxhIPWHd+TJszLCwmnRTXINJVAbuGGdixNQFAd5sPlC7xtlR6OU2VPYvBQ/ZnIQWg9EJGdFGD6etIrxf+8TmbigzBnicwMTcjooTiztaS4bBL3mKLE8IElQBSzf8WkD7YtY/uu2hL8yZX/ksvdhu81/LO9WvNoXEcFbaItVEc+2kdNdIpaqI0IukfP6BW9OQ/Oi/PufIxGp5xxZgP9gvP5BctwrwI=</latexit><latexit sha1_base64="mAk3+55xykejK/+oepxjcdJfqvA=">AAACPHicbVDPS8MwGE39OeevqkcvwSHMy2hF0Isw9KDHiU6FtYyvWeqCSRuSVBilf5gX/whvnrx4UMSrZ9NtoE4fBB7vfS/J9yLJmTae9+RMTc/Mzs1XFqqLS8srq+7a+qVOM0Vom6Q8VdcRaMpZQtuGGU6vpaIgIk6votvj0r+6o0qzNLkwA0lDATcJixkBY6Wuex7ECkgeSFCGAcdx8c1NgQ/xhF+XODgBIaCbmz5VoqjLHRzv/EjJouvWvIY3BP5L/DGpoTFaXfcx6KUkEzQxhIPWHd+TJszLCwmnRTXINJVAbuGGdixNQFAd5sPlC7xtlR6OU2VPYvBQ/ZnIQWg9EJGdFGD6etIrxf+8TmbigzBnicwMTcjooTiztaS4bBL3mKLE8IElQBSzf8WkD7YtY/uu2hL8yZX/ksvdhu81/LO9WvNoXEcFbaItVEc+2kdNdIpaqI0IukfP6BW9OQ/Oi/PufIxGp5xxZgP9gvP5BctwrwI=</latexit><latexit sha1_base64="mAk3+55xykejK/+oepxjcdJfqvA=">AAACPHicbVDPS8MwGE39OeevqkcvwSHMy2hF0Isw9KDHiU6FtYyvWeqCSRuSVBilf5gX/whvnrx4UMSrZ9NtoE4fBB7vfS/J9yLJmTae9+RMTc/Mzs1XFqqLS8srq+7a+qVOM0Vom6Q8VdcRaMpZQtuGGU6vpaIgIk6votvj0r+6o0qzNLkwA0lDATcJixkBY6Wuex7ECkgeSFCGAcdx8c1NgQ/xhF+XODgBIaCbmz5VoqjLHRzv/EjJouvWvIY3BP5L/DGpoTFaXfcx6KUkEzQxhIPWHd+TJszLCwmnRTXINJVAbuGGdixNQFAd5sPlC7xtlR6OU2VPYvBQ/ZnIQWg9EJGdFGD6etIrxf+8TmbigzBnicwMTcjooTiztaS4bBL3mKLE8IElQBSzf8WkD7YtY/uu2hL8yZX/ksvdhu81/LO9WvNoXEcFbaItVEc+2kdNdIpaqI0IukfP6BW9OQ/Oi/PufIxGp5xxZgP9gvP5BctwrwI=</latexit>

p�3
<latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit>

p2
<latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit>

David Dunsky - CHAMP Cosmic Rays

https://arxiv.org/abs/1812.11116


Original Spectrum
Thermalized Spectrum
Fermi-Accelerated Spectrum
Extragalactic Spectrum

Momentum

Time

Acceleration and Ejection

v1
<latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit>

v
<latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit>

v2
<latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit>

t ⇡ 1/�SH
<latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit><latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit><latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit><latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit>

p�3
<latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit>

p2
<latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit>

David Dunsky - CHAMP Cosmic Rays
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Original Spectrum
Thermalized Spectrum
Fermi-Accelerated Spectrum
Extragalactic Spectrum

Momentum

Time

Acceleration and Ejection

v1
<latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit>

v
<latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit>

v2
<latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit>

t ⇡ 1/�SH
<latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit><latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit><latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit><latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit>

p�3
<latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit>

p�2
<latexit sha1_base64="23oIEfe4AgQnKw5ycvuD41iHp74=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXisYD+gXUs2zbax2SQkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGplqQhtEcqnbETaUM0EblllO20pTnESctqLRzdRvPVFtmBT3dqxomOCBYDEj2DqpqR6ys/NJr1zxq/4MaJkEOalAjnqv/NXtS5ImVFjCsTGdwFc2zLC2jHA6KXVTQxUmIzygHUcFTqgJs9m1E3TilD6KpXYlLJqpvycynBgzTiLXmWA7NIveVPzP66Q2vgozJlRqqSDzRXHKkZVo+jrqM02J5WNHMNHM3YrIEGtMrAuo5EIIFl9eJs3zauBXg7uLSu06j6MIR3AMpxDAJdTgFurQAAKP8Ayv8OZJ78V79z7mrQUvnzmEP/A+fwAu1o7b</latexit><latexit sha1_base64="23oIEfe4AgQnKw5ycvuD41iHp74=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXisYD+gXUs2zbax2SQkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGplqQhtEcqnbETaUM0EblllO20pTnESctqLRzdRvPVFtmBT3dqxomOCBYDEj2DqpqR6ys/NJr1zxq/4MaJkEOalAjnqv/NXtS5ImVFjCsTGdwFc2zLC2jHA6KXVTQxUmIzygHUcFTqgJs9m1E3TilD6KpXYlLJqpvycynBgzTiLXmWA7NIveVPzP66Q2vgozJlRqqSDzRXHKkZVo+jrqM02J5WNHMNHM3YrIEGtMrAuo5EIIFl9eJs3zauBXg7uLSu06j6MIR3AMpxDAJdTgFurQAAKP8Ayv8OZJ78V79z7mrQUvnzmEP/A+fwAu1o7b</latexit><latexit sha1_base64="23oIEfe4AgQnKw5ycvuD41iHp74=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXisYD+gXUs2zbax2SQkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGplqQhtEcqnbETaUM0EblllO20pTnESctqLRzdRvPVFtmBT3dqxomOCBYDEj2DqpqR6ys/NJr1zxq/4MaJkEOalAjnqv/NXtS5ImVFjCsTGdwFc2zLC2jHA6KXVTQxUmIzygHUcFTqgJs9m1E3TilD6KpXYlLJqpvycynBgzTiLXmWA7NIveVPzP66Q2vgozJlRqqSDzRXHKkZVo+jrqM02J5WNHMNHM3YrIEGtMrAuo5EIIFl9eJs3zauBXg7uLSu06j6MIR3AMpxDAJdTgFurQAAKP8Ayv8OZJ78V79z7mrQUvnzmEP/A+fwAu1o7b</latexit><latexit sha1_base64="23oIEfe4AgQnKw5ycvuD41iHp74=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXisYD+gXUs2zbax2SQkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGplqQhtEcqnbETaUM0EblllO20pTnESctqLRzdRvPVFtmBT3dqxomOCBYDEj2DqpqR6ys/NJr1zxq/4MaJkEOalAjnqv/NXtS5ImVFjCsTGdwFc2zLC2jHA6KXVTQxUmIzygHUcFTqgJs9m1E3TilD6KpXYlLJqpvycynBgzTiLXmWA7NIveVPzP66Q2vgozJlRqqSDzRXHKkZVo+jrqM02J5WNHMNHM3YrIEGtMrAuo5EIIFl9eJs3zauBXg7uLSu06j6MIR3AMpxDAJdTgFurQAAKP8Ayv8OZJ78V79z7mrQUvnzmEP/A+fwAu1o7b</latexit>

p2
<latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit>

p�2.5/v
<latexit sha1_base64="IpKguWQnBSL1C+Jo+AHqA4wbnPA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBizEpih6LXjxWsB/YxrLZbtqlm03Y3RRKyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80e3Ub42pVCwSD3oSUy/EA8ECRrA20mP8lJ5V7cvsfNwrVxzbmQEtEzcnFchR75W/uv2IJCEVmnCsVMd1Yu2lWGpGOM1K3UTRGJMRHtCOoQKHVHnp7OIMnRilj4JImhIazdTfEykOlZqEvukMsR6qRW8q/ud1Eh1ceykTcaKpIPNFQcKRjtD0fdRnkhLNJ4ZgIpm5FZEhlphoE1LJhOAuvrxMmlXbdWz3/qJSu8njKMIRHMMpuHAFNbiDOjSAgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDW/iQCw==</latexit><latexit sha1_base64="IpKguWQnBSL1C+Jo+AHqA4wbnPA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBizEpih6LXjxWsB/YxrLZbtqlm03Y3RRKyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80e3Ub42pVCwSD3oSUy/EA8ECRrA20mP8lJ5V7cvsfNwrVxzbmQEtEzcnFchR75W/uv2IJCEVmnCsVMd1Yu2lWGpGOM1K3UTRGJMRHtCOoQKHVHnp7OIMnRilj4JImhIazdTfEykOlZqEvukMsR6qRW8q/ud1Eh1ceykTcaKpIPNFQcKRjtD0fdRnkhLNJ4ZgIpm5FZEhlphoE1LJhOAuvrxMmlXbdWz3/qJSu8njKMIRHMMpuHAFNbiDOjSAgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDW/iQCw==</latexit><latexit sha1_base64="IpKguWQnBSL1C+Jo+AHqA4wbnPA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBizEpih6LXjxWsB/YxrLZbtqlm03Y3RRKyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80e3Ub42pVCwSD3oSUy/EA8ECRrA20mP8lJ5V7cvsfNwrVxzbmQEtEzcnFchR75W/uv2IJCEVmnCsVMd1Yu2lWGpGOM1K3UTRGJMRHtCOoQKHVHnp7OIMnRilj4JImhIazdTfEykOlZqEvukMsR6qRW8q/ud1Eh1ceykTcaKpIPNFQcKRjtD0fdRnkhLNJ4ZgIpm5FZEhlphoE1LJhOAuvrxMmlXbdWz3/qJSu8njKMIRHMMpuHAFNbiDOjSAgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDW/iQCw==</latexit><latexit sha1_base64="IpKguWQnBSL1C+Jo+AHqA4wbnPA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBizEpih6LXjxWsB/YxrLZbtqlm03Y3RRKyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80e3Ub42pVCwSD3oSUy/EA8ECRrA20mP8lJ5V7cvsfNwrVxzbmQEtEzcnFchR75W/uv2IJCEVmnCsVMd1Yu2lWGpGOM1K3UTRGJMRHtCOoQKHVHnp7OIMnRilj4JImhIazdTfEykOlZqEvukMsR6qRW8q/ud1Eh1ceykTcaKpIPNFQcKRjtD0fdRnkhLNJ4ZgIpm5FZEhlphoE1LJhOAuvrxMmlXbdWz3/qJSu8njKMIRHMMpuHAFNbiDOjSAgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDW/iQCw==</latexit>

David Dunsky - CHAMP Cosmic Rays

https://arxiv.org/abs/1812.11116


Original Spectrum
Thermalized Spectrum
Fermi-Accelerated Spectrum
Extragalactic Spectrum

Momentum

Time

Acceleration and Ejection

v1
<latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit><latexit sha1_base64="iwb6UOVPBQMaW/UYkl1KcM9pxNQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0nf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4Y2fCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68TlpXVc+teg/XlfptHkcRzuAcLsGDGtThHhrQBAZDeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwikjZ4=</latexit>

v
<latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit><latexit sha1_base64="UiQc6RbDzCkxf7DDb2FxBzNmhzw=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpJJM21oJhmSTKEM/Q03LhRx68+482/MtLPQ1gOBwzn3cG9OlHKmjed9O5WNza3tnepubW//4PDIPT7paJkpQttEcql6EdaUM0HbhhlOe6miOIk47UaT+8LvTqnSTIonM0tpmOCRYDEj2FgpCKQ1i2w+nQ/cutfwFkDrxC9JHUq0Bu5XMJQkS6gwhGOt+76XmjDHyjDC6bwWZJqmmEzwiPYtFTihOswXN8/RhVWGKJbKPmHQQv2dyHGi9SyJ7GSCzViveoX4n9fPTHwb5kykmaGCLBfFGUdGoqIANGSKEsNnlmCimL0VkTFWmBhbU82W4K9+eZ10rhq+1/Afr+vNu7KOKpzBOVyCDzfQhAdoQRsIpPAMr/DmZM6L8+58LEcrTpk5hT9wPn8AvHCSIA==</latexit>

v2
<latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit><latexit sha1_base64="UQ8RRPt2NN02WZInLZUJLciw6fw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0m/1i9X3Kq7AFknXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx6oxcWGVAwljbUkgW6u+JjEbGTKPAdkYUR2bVm4v/ed0Uwxs/EypJkSu2XBSmkmBM5n+TgdCcoZxaQpkW9lbCRlRThjadkg3BW315nbRqVc+teg9XlfptHkcRzuAcLsGDa6jDPTSgCQyG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAKKI2f</latexit>

t ⇡ 1/�SH
<latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit><latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit><latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit><latexit sha1_base64="YF28hgNkLTZGswxre6Ishs2Q68g=">AAACBXicbVA9SwNBEN3zM8avU0stFoNgFe9E0DJoYcqI5gNyIcxtNsmS3btld08MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXmh5Ewbz/t2FhaXlldWc2v59Y3NrW13Z7em40QRWiUxj1UjBE05i2jVMMNpQyoKIuS0Hg6uxn79nirN4ujODCVtCehFrMsIGCu13QODA5BSxQ/YPwmuQQhop4ES6W15NGq7Ba/oTYDniZ+RAspQabtfQScmiaCRIRy0bvqeNK0UlGGE01E+SDSVQAbQo01LIxBUt9LJFyN8ZJUO7sbKVmTwRP09kYLQeihC2ynA9PWsNxb/85qJ6V60UhbJxNCITBd1E45NjMeR4A5TlBg+tASIYvZWTPqggBgbXN6G4M++PE9qp0XfK/o3Z4XSZRZHDu2jQ3SMfHSOSqiMKqiKCHpEz+gVvTlPzovz7nxMWxecbGYP/YHz+QPnKJgx</latexit>

p�3
<latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit><latexit sha1_base64="HOsxp7WWPK3WjCah8oODvHpi2Zo=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4seyqoMeiF48V7Ae0a8mm2TY2m4QkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbRqaa0DqRXOpWhA3lTNC6ZZbTltIUJxGnzWh4M/GbT1QbJsW9HSkaJrgvWMwItk5qqIfs9HzcLZX9ij8FWiRBTsqQo9YtfXV6kqQJFZZwbEw78JUNM6wtI5yOi53UUIXJEPdp21GBE2rCbHrtGB07pYdiqV0Ji6bq74kMJ8aMksh1JtgOzLw3Ef/z2qmNr8KMCZVaKshsUZxyZCWavI56TFNi+cgRTDRztyIywBoT6wIquhCC+ZcXSeOsEviV4O6iXL3O4yjAIRzBCQRwCVW4hRrUgcAjPMMrvHnSe/HevY9Z65KXzxzAH3ifPzBbjtw=</latexit>

p�2
<latexit sha1_base64="23oIEfe4AgQnKw5ycvuD41iHp74=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXisYD+gXUs2zbax2SQkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGplqQhtEcqnbETaUM0EblllO20pTnESctqLRzdRvPVFtmBT3dqxomOCBYDEj2DqpqR6ys/NJr1zxq/4MaJkEOalAjnqv/NXtS5ImVFjCsTGdwFc2zLC2jHA6KXVTQxUmIzygHUcFTqgJs9m1E3TilD6KpXYlLJqpvycynBgzTiLXmWA7NIveVPzP66Q2vgozJlRqqSDzRXHKkZVo+jrqM02J5WNHMNHM3YrIEGtMrAuo5EIIFl9eJs3zauBXg7uLSu06j6MIR3AMpxDAJdTgFurQAAKP8Ayv8OZJ78V79z7mrQUvnzmEP/A+fwAu1o7b</latexit><latexit sha1_base64="23oIEfe4AgQnKw5ycvuD41iHp74=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXisYD+gXUs2zbax2SQkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGplqQhtEcqnbETaUM0EblllO20pTnESctqLRzdRvPVFtmBT3dqxomOCBYDEj2DqpqR6ys/NJr1zxq/4MaJkEOalAjnqv/NXtS5ImVFjCsTGdwFc2zLC2jHA6KXVTQxUmIzygHUcFTqgJs9m1E3TilD6KpXYlLJqpvycynBgzTiLXmWA7NIveVPzP66Q2vgozJlRqqSDzRXHKkZVo+jrqM02J5WNHMNHM3YrIEGtMrAuo5EIIFl9eJs3zauBXg7uLSu06j6MIR3AMpxDAJdTgFurQAAKP8Ayv8OZJ78V79z7mrQUvnzmEP/A+fwAu1o7b</latexit><latexit sha1_base64="23oIEfe4AgQnKw5ycvuD41iHp74=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXisYD+gXUs2zbax2SQkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGplqQhtEcqnbETaUM0EblllO20pTnESctqLRzdRvPVFtmBT3dqxomOCBYDEj2DqpqR6ys/NJr1zxq/4MaJkEOalAjnqv/NXtS5ImVFjCsTGdwFc2zLC2jHA6KXVTQxUmIzygHUcFTqgJs9m1E3TilD6KpXYlLJqpvycynBgzTiLXmWA7NIveVPzP66Q2vgozJlRqqSDzRXHKkZVo+jrqM02J5WNHMNHM3YrIEGtMrAuo5EIIFl9eJs3zauBXg7uLSu06j6MIR3AMpxDAJdTgFurQAAKP8Ayv8OZJ78V79z7mrQUvnzmEP/A+fwAu1o7b</latexit><latexit sha1_base64="23oIEfe4AgQnKw5ycvuD41iHp74=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXBD0WvXisYD+gXUs2zbax2SQkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGplqQhtEcqnbETaUM0EblllO20pTnESctqLRzdRvPVFtmBT3dqxomOCBYDEj2DqpqR6ys/NJr1zxq/4MaJkEOalAjnqv/NXtS5ImVFjCsTGdwFc2zLC2jHA6KXVTQxUmIzygHUcFTqgJs9m1E3TilD6KpXYlLJqpvycynBgzTiLXmWA7NIveVPzP66Q2vgozJlRqqSDzRXHKkZVo+jrqM02J5WNHMNHM3YrIEGtMrAuo5EIIFl9eJs3zauBXg7uLSu06j6MIR3AMpxDAJdTgFurQAAKP8Ayv8OZJ78V79z7mrQUvnzmEP/A+fwAu1o7b</latexit>

p2
<latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit><latexit sha1_base64="F9KJtTIbINohUNaHHuF7kBA0AYc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaQttLJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kp495fdqvVN2aOwdZJV5BqlCg2a989QYJy2KukElqTNdzUwxyqlEwyaflXmZ4StmYDnnXUkVjboJ8fuyUnFtlQKJE21JI5urviZzGxkzi0HbGFEdm2ZuJ/3ndDKPrIBcqzZArtlgUZZJgQmafk4HQnKGcWEKZFvZWwkZUU4Y2n7INwVt+eZW06jXPrXn3l9XGTRFHCU7hDC7AgytowB00wQcGAp7hFd4c5bw4787HonXNKWZO4A+czx/EBI6k</latexit>

p�2.5/v
<latexit sha1_base64="IpKguWQnBSL1C+Jo+AHqA4wbnPA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBizEpih6LXjxWsB/YxrLZbtqlm03Y3RRKyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80e3Ub42pVCwSD3oSUy/EA8ECRrA20mP8lJ5V7cvsfNwrVxzbmQEtEzcnFchR75W/uv2IJCEVmnCsVMd1Yu2lWGpGOM1K3UTRGJMRHtCOoQKHVHnp7OIMnRilj4JImhIazdTfEykOlZqEvukMsR6qRW8q/ud1Eh1ceykTcaKpIPNFQcKRjtD0fdRnkhLNJ4ZgIpm5FZEhlphoE1LJhOAuvrxMmlXbdWz3/qJSu8njKMIRHMMpuHAFNbiDOjSAgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDW/iQCw==</latexit><latexit sha1_base64="IpKguWQnBSL1C+Jo+AHqA4wbnPA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBizEpih6LXjxWsB/YxrLZbtqlm03Y3RRKyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80e3Ub42pVCwSD3oSUy/EA8ECRrA20mP8lJ5V7cvsfNwrVxzbmQEtEzcnFchR75W/uv2IJCEVmnCsVMd1Yu2lWGpGOM1K3UTRGJMRHtCOoQKHVHnp7OIMnRilj4JImhIazdTfEykOlZqEvukMsR6qRW8q/ud1Eh1ceykTcaKpIPNFQcKRjtD0fdRnkhLNJ4ZgIpm5FZEhlphoE1LJhOAuvrxMmlXbdWz3/qJSu8njKMIRHMMpuHAFNbiDOjSAgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDW/iQCw==</latexit><latexit sha1_base64="IpKguWQnBSL1C+Jo+AHqA4wbnPA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBizEpih6LXjxWsB/YxrLZbtqlm03Y3RRKyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80e3Ub42pVCwSD3oSUy/EA8ECRrA20mP8lJ5V7cvsfNwrVxzbmQEtEzcnFchR75W/uv2IJCEVmnCsVMd1Yu2lWGpGOM1K3UTRGJMRHtCOoQKHVHnp7OIMnRilj4JImhIazdTfEykOlZqEvukMsR6qRW8q/ud1Eh1ceykTcaKpIPNFQcKRjtD0fdRnkhLNJ4ZgIpm5FZEhlphoE1LJhOAuvrxMmlXbdWz3/qJSu8njKMIRHMMpuHAFNbiDOjSAgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDW/iQCw==</latexit><latexit sha1_base64="IpKguWQnBSL1C+Jo+AHqA4wbnPA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBizEpih6LXjxWsB/YxrLZbtqlm03Y3RRKyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80e3Ub42pVCwSD3oSUy/EA8ECRrA20mP8lJ5V7cvsfNwrVxzbmQEtEzcnFchR75W/uv2IJCEVmnCsVMd1Yu2lWGpGOM1K3UTRGJMRHtCOoQKHVHnp7OIMnRilj4JImhIazdTfEykOlZqEvukMsR6qRW8q/ud1Eh1ceykTcaKpIPNFQcKRjtD0fdRnkhLNJ4ZgIpm5FZEhlphoE1LJhOAuvrxMmlXbdWz3/qJSu8njKMIRHMMpuHAFNbiDOjSAgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDW/iQCw==</latexit>

• To be Fermi-accelerated, CHAMPs 
must encounter critical shock   vs = v1

<latexit sha1_base64="xaWDPwlURNCPu6OGd4LAu4CUIMQ=">AAAB8HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQ9OKxgv2QNoTNdtMu3d2E3U2hhP4KLx4U8erP8ea/cdvmoK0PBh7vzTAzL0o508bzvp3S2vrG5lZ5u7Kzu7d/4B4etXSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORnczvz2mSrNEPppJSgOBB5LFjGBjpadxqNENGod+6Fa9mjcHWiV+QapQoBG6X71+QjJBpSEca931vdQEOVaGEU6nlV6maYrJCA9o11KJBdVBPj94is6s0kdxomxJg+bq74kcC60nIrKdApuhXvZm4n9eNzPxdZAzmWaGSrJYFGccmQTNvkd9pigxfGIJJorZWxEZYoWJsRlVbAj+8surpHVR872a/3BZrd8WcZThBE7hHHy4gjrcQwOaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AZ/ij58=</latexit><latexit sha1_base64="xaWDPwlURNCPu6OGd4LAu4CUIMQ=">AAAB8HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQ9OKxgv2QNoTNdtMu3d2E3U2hhP4KLx4U8erP8ea/cdvmoK0PBh7vzTAzL0o508bzvp3S2vrG5lZ5u7Kzu7d/4B4etXSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORnczvz2mSrNEPppJSgOBB5LFjGBjpadxqNENGod+6Fa9mjcHWiV+QapQoBG6X71+QjJBpSEca931vdQEOVaGEU6nlV6maYrJCA9o11KJBdVBPj94is6s0kdxomxJg+bq74kcC60nIrKdApuhXvZm4n9eNzPxdZAzmWaGSrJYFGccmQTNvkd9pigxfGIJJorZWxEZYoWJsRlVbAj+8surpHVR872a/3BZrd8WcZThBE7hHHy4gjrcQwOaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AZ/ij58=</latexit><latexit sha1_base64="xaWDPwlURNCPu6OGd4LAu4CUIMQ=">AAAB8HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQ9OKxgv2QNoTNdtMu3d2E3U2hhP4KLx4U8erP8ea/cdvmoK0PBh7vzTAzL0o508bzvp3S2vrG5lZ5u7Kzu7d/4B4etXSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORnczvz2mSrNEPppJSgOBB5LFjGBjpadxqNENGod+6Fa9mjcHWiV+QapQoBG6X71+QjJBpSEca931vdQEOVaGEU6nlV6maYrJCA9o11KJBdVBPj94is6s0kdxomxJg+bq74kcC60nIrKdApuhXvZm4n9eNzPxdZAzmWaGSrJYFGccmQTNvkd9pigxfGIJJorZWxEZYoWJsRlVbAj+8surpHVR872a/3BZrd8WcZThBE7hHHy4gjrcQwOaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AZ/ij58=</latexit><latexit sha1_base64="xaWDPwlURNCPu6OGd4LAu4CUIMQ=">AAAB8HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQ9OKxgv2QNoTNdtMu3d2E3U2hhP4KLx4U8erP8ea/cdvmoK0PBh7vzTAzL0o508bzvp3S2vrG5lZ5u7Kzu7d/4B4etXSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORnczvz2mSrNEPppJSgOBB5LFjGBjpadxqNENGod+6Fa9mjcHWiV+QapQoBG6X71+QjJBpSEca931vdQEOVaGEU6nlV6maYrJCA9o11KJBdVBPj94is6s0kdxomxJg+bq74kcC60nIrKdApuhXvZm4n9eNzPxdZAzmWaGSrJYFGccmQTNvkd9pigxfGIJJorZWxEZYoWJsRlVbAj+8surpHVR872a/3BZrd8WcZThBE7hHHy4gjrcQwOaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AZ/ij58=</latexit>

�A = �enc(vs = v1)
<latexit sha1_base64="UR1ItIQ6OCSE9krHwKBgjCIAQYU=">AAACC3icbVDLSgMxFM34rPU16tJNaBHqpsyIoBuh6kKXFewD2mHIpJk2NMkMSaZQhu7d+CtuXCji1h9w59+YGWehrQcCh3Pu5eacIGZUacf5spaWV1bX1ksb5c2t7Z1de2+/raJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4wvs78zoRIRSNxr6cx8TgaChpSjLSRfLvSv0GcI/8SXsCCpkTgWW3iKyNNfPfYt6tO3ckBF4lbkCoo0PTtz/4gwgknQmOGlOq5Tqy9FElNMSOzcj9RJEZ4jIakZ6hAnCgvzbPM4JFRBjCMpHlCw1z9vZEirtSUB2aSIz1S814m/uf1Eh2eeykVcaKzgPmhMGFQRzArBg6oJFizqSEIS2r+CvEISYS1qa9sSnDnIy+S9kndderu3Wm1cVXUUQKHoAJqwAVnoAFuQRO0AAYP4Am8gFfr0Xq23qz3n9Elq9g5AH9gfXwDQy+ZQw==</latexit><latexit sha1_base64="UR1ItIQ6OCSE9krHwKBgjCIAQYU=">AAACC3icbVDLSgMxFM34rPU16tJNaBHqpsyIoBuh6kKXFewD2mHIpJk2NMkMSaZQhu7d+CtuXCji1h9w59+YGWehrQcCh3Pu5eacIGZUacf5spaWV1bX1ksb5c2t7Z1de2+/raJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4wvs78zoRIRSNxr6cx8TgaChpSjLSRfLvSv0GcI/8SXsCCpkTgWW3iKyNNfPfYt6tO3ckBF4lbkCoo0PTtz/4gwgknQmOGlOq5Tqy9FElNMSOzcj9RJEZ4jIakZ6hAnCgvzbPM4JFRBjCMpHlCw1z9vZEirtSUB2aSIz1S814m/uf1Eh2eeykVcaKzgPmhMGFQRzArBg6oJFizqSEIS2r+CvEISYS1qa9sSnDnIy+S9kndderu3Wm1cVXUUQKHoAJqwAVnoAFuQRO0AAYP4Am8gFfr0Xq23qz3n9Elq9g5AH9gfXwDQy+ZQw==</latexit><latexit sha1_base64="UR1ItIQ6OCSE9krHwKBgjCIAQYU=">AAACC3icbVDLSgMxFM34rPU16tJNaBHqpsyIoBuh6kKXFewD2mHIpJk2NMkMSaZQhu7d+CtuXCji1h9w59+YGWehrQcCh3Pu5eacIGZUacf5spaWV1bX1ksb5c2t7Z1de2+/raJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4wvs78zoRIRSNxr6cx8TgaChpSjLSRfLvSv0GcI/8SXsCCpkTgWW3iKyNNfPfYt6tO3ckBF4lbkCoo0PTtz/4gwgknQmOGlOq5Tqy9FElNMSOzcj9RJEZ4jIakZ6hAnCgvzbPM4JFRBjCMpHlCw1z9vZEirtSUB2aSIz1S814m/uf1Eh2eeykVcaKzgPmhMGFQRzArBg6oJFizqSEIS2r+CvEISYS1qa9sSnDnIy+S9kndderu3Wm1cVXUUQKHoAJqwAVnoAFuQRO0AAYP4Am8gFfr0Xq23qz3n9Elq9g5AH9gfXwDQy+ZQw==</latexit><latexit sha1_base64="UR1ItIQ6OCSE9krHwKBgjCIAQYU=">AAACC3icbVDLSgMxFM34rPU16tJNaBHqpsyIoBuh6kKXFewD2mHIpJk2NMkMSaZQhu7d+CtuXCji1h9w59+YGWehrQcCh3Pu5eacIGZUacf5spaWV1bX1ksb5c2t7Z1de2+/raJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4wvs78zoRIRSNxr6cx8TgaChpSjLSRfLvSv0GcI/8SXsCCpkTgWW3iKyNNfPfYt6tO3ckBF4lbkCoo0PTtz/4gwgknQmOGlOq5Tqy9FElNMSOzcj9RJEZ4jIakZ6hAnCgvzbPM4JFRBjCMpHlCw1z9vZEirtSUB2aSIz1S814m/uf1Eh2eeykVcaKzgPmhMGFQRzArBg6oJFizqSEIS2r+CvEISYS1qa9sSnDnIy+S9kndderu3Wm1cVXUUQKHoAJqwAVnoAFuQRO0AAYP4Am8gFfr0Xq23qz3n9Elq9g5AH9gfXwDQy+ZQw==</latexit>

David Dunsky - CHAMP Cosmic Rays

• CHAMPs with                          don’t 
thermalize before encountering shock

• Efficiently ejected from disk

(ie               )

m/q2 & 105 GeV

<latexit sha1_base64="sme2l0OQU8YKm6htDxDabCfmjDo=">AAACCHicbVDLTgIxFO3gC/E16tKFjcTEhcEZAtEl0YUuMZFHwgykUwo0tJ2x7ZiQCUs3/oobFxrj1k9w599YYBYKnqTJyTnn5vaeIGJUacf5tjJLyyura9n13Mbm1vaOvbtXV2EsManhkIWyGSBFGBWkpqlmpBlJgnjASCMYXk38xgORiobiTo8i4nPUF7RHMdJG6tiH/Oy+XYReX5sMh67TLkPvFCae5PCa1McdO+8UnCngInFTkgcpqh37y+uGOOZEaMyQUi3XibSfIKkpZmSc82JFIoSHqE9ahgrEifKT6SFjeGyULuyF0jyh4VT9PZEgrtSIBybJkR6oeW8i/ue1Yt278BMqolgTgWeLejGDOoSTVmCXSoI1GxmCsKTmrxAPkERYm+5ypgR3/uRFUi8W3FKhfFvKVy7TOrLgAByBE+CCc1ABN6AKagCDR/AMXsGb9WS9WO/WxyyasdKZffAH1ucPj1aXyQ==</latexit>

v1 . vvir

<latexit sha1_base64="o0ZQVyhoipVkNc8sBYTxn/8RaRs=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSqeix6MVjBVsLTQib7aRdupuE3U2hhHrxr3jxoIhX/4U3/43bNgdtfTDM470ZdueFKWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2SjJJoUUTnshOSBRwFkNLM82hk0ogIuTwEA5vpv7DCKRiSXyvxyn4gvRjFjFKtJEC+2gUuNjjoJRiAo+C3JOmMTkJ7KpTc2bAy8QtSBUVaAb2l9dLaCYg1pQTpbquk2o/J1IzymFS8TIFKaFD0oeuoTERoPx8dsEEnxqlh6NEmoo1nqm/N3IilBqL0EwKogdq0ZuK/3ndTEdXfs7iNNMQ0/lDUcaxTvA0DtxjEqjmY0MIlcz8FdMBkYRqE1rFhOAunrxM2uc1t167uKtXG9dFHGV0jE7QGXLRJWqgW9RELUTRI3pGr+jNerJerHfrYz5asoqdQ/QH1ucPMOGWvg==</latexit>

https://arxiv.org/abs/1812.11116


• Problem 

• Don’t know normalization of          spectrum 

• CHAMPs remaining in halo can diffuse into disk

Diffusion into Disk and Local Flux

p�2
<latexit sha1_base64="eHuqUL28C6k+Kldm27yYAoue28o=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHosevFYwX5Au5Zsmm1Dk2xIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMkmqCW2ShCe6E2FDOZO0aZnltKM0xSLitB2Nb2d++4lqwxL5YCeKhgIPJYsZwdZJbfWYXdSmqF+u+FV/DrRKgpxUIEejX/7qDRKSCiot4diYbuArG2ZYW0Y4nZZ6qaEKkzEe0q6jEgtqwmx+7hSdOWWA4kS7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q4+swY1KllkqyWBSnHNkEzX5HA6YpsXziCCaauVsRGWGNiXUJlVwIwfLLq6RVqwZ+Nbi/rNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QOGaY8F</latexit><latexit sha1_base64="eHuqUL28C6k+Kldm27yYAoue28o=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHosevFYwX5Au5Zsmm1Dk2xIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMkmqCW2ShCe6E2FDOZO0aZnltKM0xSLitB2Nb2d++4lqwxL5YCeKhgIPJYsZwdZJbfWYXdSmqF+u+FV/DrRKgpxUIEejX/7qDRKSCiot4diYbuArG2ZYW0Y4nZZ6qaEKkzEe0q6jEgtqwmx+7hSdOWWA4kS7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q4+swY1KllkqyWBSnHNkEzX5HA6YpsXziCCaauVsRGWGNiXUJlVwIwfLLq6RVqwZ+Nbi/rNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QOGaY8F</latexit><latexit sha1_base64="eHuqUL28C6k+Kldm27yYAoue28o=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHosevFYwX5Au5Zsmm1Dk2xIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMkmqCW2ShCe6E2FDOZO0aZnltKM0xSLitB2Nb2d++4lqwxL5YCeKhgIPJYsZwdZJbfWYXdSmqF+u+FV/DrRKgpxUIEejX/7qDRKSCiot4diYbuArG2ZYW0Y4nZZ6qaEKkzEe0q6jEgtqwmx+7hSdOWWA4kS7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q4+swY1KllkqyWBSnHNkEzX5HA6YpsXziCCaauVsRGWGNiXUJlVwIwfLLq6RVqwZ+Nbi/rNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QOGaY8F</latexit><latexit sha1_base64="eHuqUL28C6k+Kldm27yYAoue28o=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHosevFYwX5Au5Zsmm1Dk2xIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMkmqCW2ShCe6E2FDOZO0aZnltKM0xSLitB2Nb2d++4lqwxL5YCeKhgIPJYsZwdZJbfWYXdSmqF+u+FV/DrRKgpxUIEejX/7qDRKSCiot4diYbuArG2ZYW0Y4nZZ6qaEKkzEe0q6jEgtqwmx+7hSdOWWA4kS7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q4+swY1KllkqyWBSnHNkEzX5HA6YpsXziCCaauVsRGWGNiXUJlVwIwfLLq6RVqwZ+Nbi/rNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QOGaY8F</latexit>

David Dunsky - CHAMP Cosmic Rays

https://arxiv.org/abs/1812.11116


• Problem 

• Don’t know normalization of          spectrum 

• CHAMPs remaining in halo can diffuse into disk

Diffusion into Disk and Local Flux

p�2
<latexit sha1_base64="eHuqUL28C6k+Kldm27yYAoue28o=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHosevFYwX5Au5Zsmm1Dk2xIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMkmqCW2ShCe6E2FDOZO0aZnltKM0xSLitB2Nb2d++4lqwxL5YCeKhgIPJYsZwdZJbfWYXdSmqF+u+FV/DrRKgpxUIEejX/7qDRKSCiot4diYbuArG2ZYW0Y4nZZ6qaEKkzEe0q6jEgtqwmx+7hSdOWWA4kS7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q4+swY1KllkqyWBSnHNkEzX5HA6YpsXziCCaauVsRGWGNiXUJlVwIwfLLq6RVqwZ+Nbi/rNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QOGaY8F</latexit><latexit sha1_base64="eHuqUL28C6k+Kldm27yYAoue28o=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHosevFYwX5Au5Zsmm1Dk2xIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMkmqCW2ShCe6E2FDOZO0aZnltKM0xSLitB2Nb2d++4lqwxL5YCeKhgIPJYsZwdZJbfWYXdSmqF+u+FV/DrRKgpxUIEejX/7qDRKSCiot4diYbuArG2ZYW0Y4nZZ6qaEKkzEe0q6jEgtqwmx+7hSdOWWA4kS7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q4+swY1KllkqyWBSnHNkEzX5HA6YpsXziCCaauVsRGWGNiXUJlVwIwfLLq6RVqwZ+Nbi/rNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QOGaY8F</latexit><latexit sha1_base64="eHuqUL28C6k+Kldm27yYAoue28o=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHosevFYwX5Au5Zsmm1Dk2xIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMkmqCW2ShCe6E2FDOZO0aZnltKM0xSLitB2Nb2d++4lqwxL5YCeKhgIPJYsZwdZJbfWYXdSmqF+u+FV/DrRKgpxUIEejX/7qDRKSCiot4diYbuArG2ZYW0Y4nZZ6qaEKkzEe0q6jEgtqwmx+7hSdOWWA4kS7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q4+swY1KllkqyWBSnHNkEzX5HA6YpsXziCCaauVsRGWGNiXUJlVwIwfLLq6RVqwZ+Nbi/rNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QOGaY8F</latexit><latexit sha1_base64="eHuqUL28C6k+Kldm27yYAoue28o=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHosevFYwX5Au5Zsmm1Dk2xIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMkmqCW2ShCe6E2FDOZO0aZnltKM0xSLitB2Nb2d++4lqwxL5YCeKhgIPJYsZwdZJbfWYXdSmqF+u+FV/DrRKgpxUIEejX/7qDRKSCiot4diYbuArG2ZYW0Y4nZZ6qaEKkzEe0q6jEgtqwmx+7hSdOWWA4kS7khbN1d8TGRbGTETkOgW2I7PszcT/vG5q4+swY1KllkqyWBSnHNkEzX5HA6YpsXziCCaauVsRGWGNiXUJlVwIwfLLq6RVqwZ+Nbi/rNRv8jiKcAKncA4BXEEd7qABTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QOGaY8F</latexit>

• Solution 

• Solve transport equation

David Dunsky - CHAMP Cosmic Rays

https://arxiv.org/abs/1812.11116


Diffusion into Disk and Local Flux

x
⇠ 3 kpc

<latexit sha1_base64="HFYoowiK9vNNPqHCOwJHfZSvLBI=">AAAB+nicbVBNSwMxEJ2tX7V+bfXoJVgET2VXBT0WvXisYD+gXUo2zbahSXZJskpZ6z/x4kERr/4Sb/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t7bnm/qeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4up76rXuqNIvlnRknNBB4IFnECDZW6rnlrmYCnaGnrhIoGyVk0nMrXtWbAS0TPycVyFHvuV/dfkxSQaUhHGvd8b3EBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7fYKOrdJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10WWQMZmkhkoyXxSlHJkYTXNAfaYoMXxsCSaK2VsRGWKFibFplWwI/uLLy6R5WvW9qn97Xqld5XEU4RCO4AR8uIAa3EAdGkDgAZ7hFd6cR+fFeXc+5q0FJ585gD9wPn8AeguTfA==</latexit><latexit sha1_base64="HFYoowiK9vNNPqHCOwJHfZSvLBI=">AAAB+nicbVBNSwMxEJ2tX7V+bfXoJVgET2VXBT0WvXisYD+gXUo2zbahSXZJskpZ6z/x4kERr/4Sb/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t7bnm/qeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4up76rXuqNIvlnRknNBB4IFnECDZW6rnlrmYCnaGnrhIoGyVk0nMrXtWbAS0TPycVyFHvuV/dfkxSQaUhHGvd8b3EBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7fYKOrdJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10WWQMZmkhkoyXxSlHJkYTXNAfaYoMXxsCSaK2VsRGWKFibFplWwI/uLLy6R5WvW9qn97Xqld5XEU4RCO4AR8uIAa3EAdGkDgAZ7hFd6cR+fFeXc+5q0FJ585gD9wPn8AeguTfA==</latexit><latexit sha1_base64="HFYoowiK9vNNPqHCOwJHfZSvLBI=">AAAB+nicbVBNSwMxEJ2tX7V+bfXoJVgET2VXBT0WvXisYD+gXUo2zbahSXZJskpZ6z/x4kERr/4Sb/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t7bnm/qeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4up76rXuqNIvlnRknNBB4IFnECDZW6rnlrmYCnaGnrhIoGyVk0nMrXtWbAS0TPycVyFHvuV/dfkxSQaUhHGvd8b3EBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7fYKOrdJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10WWQMZmkhkoyXxSlHJkYTXNAfaYoMXxsCSaK2VsRGWKFibFplWwI/uLLy6R5WvW9qn97Xqld5XEU4RCO4AR8uIAa3EAdGkDgAZ7hFd6cR+fFeXc+5q0FJ585gD9wPn8AeguTfA==</latexit><latexit sha1_base64="HFYoowiK9vNNPqHCOwJHfZSvLBI=">AAAB+nicbVBNSwMxEJ2tX7V+bfXoJVgET2VXBT0WvXisYD+gXUo2zbahSXZJskpZ6z/x4kERr/4Sb/4b03YP2vpg4PHeDDPzwoQzbTzv2ymsrK6tbxQ3S1vbO7t7bnm/qeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4up76rXuqNIvlnRknNBB4IFnECDZW6rnlrmYCnaGnrhIoGyVk0nMrXtWbAS0TPycVyFHvuV/dfkxSQaUhHGvd8b3EBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7fYKOrdJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10WWQMZmkhkoyXxSlHJkYTXNAfaYoMXxsCSaK2VsRGWKFibFplWwI/uLLy6R5WvW9qn97Xqld5XEU4RCO4AR8uIAa3EAdGkDgAZ7hFd6cR+fFeXc+5q0FJ585gD9wPn8AeguTfA==</latexit>

30 kpc
<latexit sha1_base64="foe2dR8x4HMxOLorSbLRoDUhW2c=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KlkV9Fj04rGC/YB2Kdk024Ym2TXJFspS/4YXD4p49cd489+YtnvQ1gcDj/dmmJkXJoIbi/G3t7K6tr6xWdgqbu/s7u2XDg4bJk41ZXUai1i3QmKY4IrVLbeCtRLNiAwFa4bD26nfHDFteKwe7DhhgSR9xSNOiXVScIHRU0dLlA0TOumWyriCZ0DLxM9JGXLUuqWvTi+mqWTKUkGMafs4sUFGtOVUsEmxkxqWEDokfdZ2VBHJTJDNjp6gU6f0UBRrV8qimfp7IiPSmLEMXackdmAWvan4n9dObXQdZFwlqWWKzhdFqUA2RtMEUI9rRq0YO0Ko5u5WRAdEE2pdTkUXgr/48jJpnFd8XPHvL8vVmzyOAhzDCZyBD1dQhTuoQR0oPMIzvMKbN/JevHfvY9664uUzR/AH3ucP8QuRjg==</latexit><latexit sha1_base64="foe2dR8x4HMxOLorSbLRoDUhW2c=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KlkV9Fj04rGC/YB2Kdk024Ym2TXJFspS/4YXD4p49cd489+YtnvQ1gcDj/dmmJkXJoIbi/G3t7K6tr6xWdgqbu/s7u2XDg4bJk41ZXUai1i3QmKY4IrVLbeCtRLNiAwFa4bD26nfHDFteKwe7DhhgSR9xSNOiXVScIHRU0dLlA0TOumWyriCZ0DLxM9JGXLUuqWvTi+mqWTKUkGMafs4sUFGtOVUsEmxkxqWEDokfdZ2VBHJTJDNjp6gU6f0UBRrV8qimfp7IiPSmLEMXackdmAWvan4n9dObXQdZFwlqWWKzhdFqUA2RtMEUI9rRq0YO0Ko5u5WRAdEE2pdTkUXgr/48jJpnFd8XPHvL8vVmzyOAhzDCZyBD1dQhTuoQR0oPMIzvMKbN/JevHfvY9664uUzR/AH3ucP8QuRjg==</latexit><latexit sha1_base64="foe2dR8x4HMxOLorSbLRoDUhW2c=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KlkV9Fj04rGC/YB2Kdk024Ym2TXJFspS/4YXD4p49cd489+YtnvQ1gcDj/dmmJkXJoIbi/G3t7K6tr6xWdgqbu/s7u2XDg4bJk41ZXUai1i3QmKY4IrVLbeCtRLNiAwFa4bD26nfHDFteKwe7DhhgSR9xSNOiXVScIHRU0dLlA0TOumWyriCZ0DLxM9JGXLUuqWvTi+mqWTKUkGMafs4sUFGtOVUsEmxkxqWEDokfdZ2VBHJTJDNjp6gU6f0UBRrV8qimfp7IiPSmLEMXackdmAWvan4n9dObXQdZFwlqWWKzhdFqUA2RtMEUI9rRq0YO0Ko5u5WRAdEE2pdTkUXgr/48jJpnFd8XPHvL8vVmzyOAhzDCZyBD1dQhTuoQR0oPMIzvMKbN/JevHfvY9664uUzR/AH3ucP8QuRjg==</latexit><latexit sha1_base64="foe2dR8x4HMxOLorSbLRoDUhW2c=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KlkV9Fj04rGC/YB2Kdk024Ym2TXJFspS/4YXD4p49cd489+YtnvQ1gcDj/dmmJkXJoIbi/G3t7K6tr6xWdgqbu/s7u2XDg4bJk41ZXUai1i3QmKY4IrVLbeCtRLNiAwFa4bD26nfHDFteKwe7DhhgSR9xSNOiXVScIHRU0dLlA0TOumWyriCZ0DLxM9JGXLUuqWvTi+mqWTKUkGMafs4sUFGtOVUsEmxkxqWEDokfdZ2VBHJTJDNjp6gU6f0UBRrV8qimfp7IiPSmLEMXackdmAWvan4n9dObXQdZFwlqWWKzhdFqUA2RtMEUI9rRq0YO0Ko5u5WRAdEE2pdTkUXgr/48jJpnFd8XPHvL8vVmzyOAhzDCZyBD1dQhTuoQR0oPMIzvMKbN/JevHfvY9664uUzR/AH3ucP8QuRjg==</latexit>

*Not actual size

@n(t, z)

@t
= D

@
2
n(t, z)

@z2
� �A ✓(z +Hdisk/2) ✓(Hdisk/2� z)n(t, z)

<latexit sha1_base64="UYpNvHCg+Td7uUWX3e4AyVhvjq4="></latexit><latexit sha1_base64="UYpNvHCg+Td7uUWX3e4AyVhvjq4="></latexit><latexit sha1_base64="UYpNvHCg+Td7uUWX3e4AyVhvjq4="></latexit><latexit sha1_base64="UYpNvHCg+Td7uUWX3e4AyVhvjq4="></latexit>

dnA(t)

dt
= �A n(t, 0)� �esc nA(t), nA(0) = 0

<latexit sha1_base64="rx9qf0Bvy4GaajCgO58P39qapbk="></latexit><latexit sha1_base64="rx9qf0Bvy4GaajCgO58P39qapbk="></latexit><latexit sha1_base64="rx9qf0Bvy4GaajCgO58P39qapbk="></latexit><latexit sha1_base64="rx9qf0Bvy4GaajCgO58P39qapbk="></latexit>

n(0, z) = n(t,±Hc/2) = fXn0,
<latexit sha1_base64="OH3Z14Dq+WO1yYFfvWb+r2eKehQ=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFUqdKYJuhKKbLivYC3SGIZNm2tAkMyQZoQ59Dze+ihsXirgSXPg2pu0stPWHwM93zuHk/EHMqNK2/W3lVlbX1jfym4Wt7Z3dveL+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHQzrXfuiVQ0End6HBOPo4GgIcVIG+QXa6JsVx5O4RWEoqwr0I05bPgpnpzVpjD0u1D4tuEiEgkPiHRdv1iyq/ZMcNk4mSmBTE2/+On2I5xwIjRmSKmeY8faS5HUFDMyKbiJIjHCIzQgPWMF4kR56ey2CTwxpA/DSJonNJzR3xMp4kqNeWA6OdJDtVibwv9qvUSHl15KRZxoIvB8UZgwqCM4DQr2qSRYs7ExCEtq/grxEEmEtYmzYEJwFk9eNu1a1bGrzu15qX6dxZEHR+AYlIEDLkAdNEATtAAGj+AZvII368l6sd6tj3lrzspmDsEfWV8/sG+diQ==</latexit><latexit sha1_base64="OH3Z14Dq+WO1yYFfvWb+r2eKehQ=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFUqdKYJuhKKbLivYC3SGIZNm2tAkMyQZoQ59Dze+ihsXirgSXPg2pu0stPWHwM93zuHk/EHMqNK2/W3lVlbX1jfym4Wt7Z3dveL+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHQzrXfuiVQ0End6HBOPo4GgIcVIG+QXa6JsVx5O4RWEoqwr0I05bPgpnpzVpjD0u1D4tuEiEgkPiHRdv1iyq/ZMcNk4mSmBTE2/+On2I5xwIjRmSKmeY8faS5HUFDMyKbiJIjHCIzQgPWMF4kR56ey2CTwxpA/DSJonNJzR3xMp4kqNeWA6OdJDtVibwv9qvUSHl15KRZxoIvB8UZgwqCM4DQr2qSRYs7ExCEtq/grxEEmEtYmzYEJwFk9eNu1a1bGrzu15qX6dxZEHR+AYlIEDLkAdNEATtAAGj+AZvII368l6sd6tj3lrzspmDsEfWV8/sG+diQ==</latexit><latexit sha1_base64="OH3Z14Dq+WO1yYFfvWb+r2eKehQ=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFUqdKYJuhKKbLivYC3SGIZNm2tAkMyQZoQ59Dze+ihsXirgSXPg2pu0stPWHwM93zuHk/EHMqNK2/W3lVlbX1jfym4Wt7Z3dveL+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHQzrXfuiVQ0End6HBOPo4GgIcVIG+QXa6JsVx5O4RWEoqwr0I05bPgpnpzVpjD0u1D4tuEiEgkPiHRdv1iyq/ZMcNk4mSmBTE2/+On2I5xwIjRmSKmeY8faS5HUFDMyKbiJIjHCIzQgPWMF4kR56ey2CTwxpA/DSJonNJzR3xMp4kqNeWA6OdJDtVibwv9qvUSHl15KRZxoIvB8UZgwqCM4DQr2qSRYs7ExCEtq/grxEEmEtYmzYEJwFk9eNu1a1bGrzu15qX6dxZEHR+AYlIEDLkAdNEATtAAGj+AZvII368l6sd6tj3lrzspmDsEfWV8/sG+diQ==</latexit><latexit sha1_base64="OH3Z14Dq+WO1yYFfvWb+r2eKehQ=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFUqdKYJuhKKbLivYC3SGIZNm2tAkMyQZoQ59Dze+ihsXirgSXPg2pu0stPWHwM93zuHk/EHMqNK2/W3lVlbX1jfym4Wt7Z3dveL+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHQzrXfuiVQ0End6HBOPo4GgIcVIG+QXa6JsVx5O4RWEoqwr0I05bPgpnpzVpjD0u1D4tuEiEgkPiHRdv1iyq/ZMcNk4mSmBTE2/+On2I5xwIjRmSKmeY8faS5HUFDMyKbiJIjHCIzQgPWMF4kR56ey2CTwxpA/DSJonNJzR3xMp4kqNeWA6OdJDtVibwv9qvUSHl15KRZxoIvB8UZgwqCM4DQr2qSRYs7ExCEtq/grxEEmEtYmzYEJwFk9eNu1a1bGrzu15qX6dxZEHR+AYlIEDLkAdNEATtAAGj+AZvII368l6sd6tj3lrzspmDsEfWV8/sG+diQ==</latexit>

Milky Way disk and confinement region

n0 ⇡ 0.3

m
GeV/cm3

<latexit sha1_base64="+rFn/fuqiikt7zULmw89nYu3pk8=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEidSkKRYKxggLFI9CE1IXJcp7VqO5HtIKoofAILv8LCAEKsbGz8De5jgJYjXenonHt17z1hwqjSjvNtLSwuLa+sFtaK6xubW9v2zm5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXBwMfJbd0QqGosbPUyIz1FP0IhipI0U2GURONBDSSLje+hFEuHMqVTzjOfwwZM8uyTNI8xvq3lgl5yKMwacJ+6UlMAU9cD+8roxTjkRGjOkVMd1Eu1nSGqKGcmLXqpIgvAA9UjHUIE4UX42/iiHh0bpwiiWpoSGY/X3RIa4UkMemk6OdF/NeiPxP6+T6ujMz6hIUk0EniyKUgZ1DEfxwC6VBGs2NARhSc2tEPeRiUWbEIsmBHf25XnSPK64TsW9PinVzqdxFMA+OABl4IJTUANXoA4aAINH8AxewZv1ZL1Y79bHpHXBms7sgT+wPn8AXR+ctw==</latexit><latexit sha1_base64="+rFn/fuqiikt7zULmw89nYu3pk8=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEidSkKRYKxggLFI9CE1IXJcp7VqO5HtIKoofAILv8LCAEKsbGz8De5jgJYjXenonHt17z1hwqjSjvNtLSwuLa+sFtaK6xubW9v2zm5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXBwMfJbd0QqGosbPUyIz1FP0IhipI0U2GURONBDSSLje+hFEuHMqVTzjOfwwZM8uyTNI8xvq3lgl5yKMwacJ+6UlMAU9cD+8roxTjkRGjOkVMd1Eu1nSGqKGcmLXqpIgvAA9UjHUIE4UX42/iiHh0bpwiiWpoSGY/X3RIa4UkMemk6OdF/NeiPxP6+T6ujMz6hIUk0EniyKUgZ1DEfxwC6VBGs2NARhSc2tEPeRiUWbEIsmBHf25XnSPK64TsW9PinVzqdxFMA+OABl4IJTUANXoA4aAINH8AxewZv1ZL1Y79bHpHXBms7sgT+wPn8AXR+ctw==</latexit><latexit sha1_base64="+rFn/fuqiikt7zULmw89nYu3pk8=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEidSkKRYKxggLFI9CE1IXJcp7VqO5HtIKoofAILv8LCAEKsbGz8De5jgJYjXenonHt17z1hwqjSjvNtLSwuLa+sFtaK6xubW9v2zm5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXBwMfJbd0QqGosbPUyIz1FP0IhipI0U2GURONBDSSLje+hFEuHMqVTzjOfwwZM8uyTNI8xvq3lgl5yKMwacJ+6UlMAU9cD+8roxTjkRGjOkVMd1Eu1nSGqKGcmLXqpIgvAA9UjHUIE4UX42/iiHh0bpwiiWpoSGY/X3RIa4UkMemk6OdF/NeiPxP6+T6ujMz6hIUk0EniyKUgZ1DEfxwC6VBGs2NARhSc2tEPeRiUWbEIsmBHf25XnSPK64TsW9PinVzqdxFMA+OABl4IJTUANXoA4aAINH8AxewZv1ZL1Y79bHpHXBms7sgT+wPn8AXR+ctw==</latexit><latexit sha1_base64="+rFn/fuqiikt7zULmw89nYu3pk8=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEidSkKRYKxggLFI9CE1IXJcp7VqO5HtIKoofAILv8LCAEKsbGz8De5jgJYjXenonHt17z1hwqjSjvNtLSwuLa+sFtaK6xubW9v2zm5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXBwMfJbd0QqGosbPUyIz1FP0IhipI0U2GURONBDSSLje+hFEuHMqVTzjOfwwZM8uyTNI8xvq3lgl5yKMwacJ+6UlMAU9cD+8roxTjkRGjOkVMd1Eu1nSGqKGcmLXqpIgvAA9UjHUIE4UX42/iiHh0bpwiiWpoSGY/X3RIa4UkMemk6OdF/NeiPxP6+T6ujMz6hIUk0EniyKUgZ1DEfxwC6VBGs2NARhSc2tEPeRiUWbEIsmBHf25XnSPK64TsW9PinVzqdxFMA+OABl4IJTUANXoA4aAINH8AxewZv1ZL1Y79bHpHXBms7sgT+wPn8AXR+ctw==</latexit>

David Dunsky - CHAMP Cosmic Rays

https://arxiv.org/abs/1812.11116


Direct Detection
• Fermi-accelerated CHAMP background moving faster than 

typically assumed Dark Matter speeds  

• Leads to new signals and regions of            parameter space 
constrained since:

⇠ 220 km/s
<latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit>

(m, q)
<latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit>

David Dunsky - CHAMP Cosmic Rays

https://arxiv.org/abs/1812.11116


Direct Detection
• Fermi-accelerated CHAMP background moving faster than 

typically assumed Dark Matter speeds  

• Leads to new signals and regions of            parameter space 
constrained since:

⇠ 220 km/s
<latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit>

(m, q)
<latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit>

(1)  CHAMPs can easily reach underground detectors

David Dunsky - CHAMP Cosmic Rays

https://arxiv.org/abs/1812.11116


Direct Detection
• Fermi-accelerated CHAMP background moving faster than 

typically assumed Dark Matter speeds  

• Leads to new signals and regions of            parameter space 
constrained since:

⇠ 220 km/s
<latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit>

(m, q)
<latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit>

(2)  CHAMPs below              can impart nuclear recoils above the         
threshold of experiments like XENON1T

1 GeV
<latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit><latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit><latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit><latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit>

⇠ keV
<latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit><latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit><latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit><latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit>

(1)  CHAMPs can easily reach underground detectors

David Dunsky - CHAMP Cosmic Rays

https://arxiv.org/abs/1812.11116


Direct Detection
• Fermi-accelerated CHAMP background moving faster than 

typically assumed Dark Matter speeds  

• Leads to new signals and regions of            parameter space 
constrained since:

⇠ 220 km/s
<latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit>

(m, q)
<latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit><latexit sha1_base64="Q0F7AHzXIkS1/v+gEzMfPGV3AWI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuix6MVjBbcttEvJptk2NMmuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCxkl8VF4/n/XLFrblzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVa55b8+4vK42bPI4inMApVMGDK2jAHTTBBwIMnuEV3hzpvDjvzseiteDkM8fwB87nD9Svjgc=</latexit>

(2)  CHAMPs below              can impart nuclear recoils above the         
threshold of experiments like XENON1T

1 GeV
<latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit><latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit><latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit><latexit sha1_base64="fI9JxzKbQaa7g925X741Krz8T+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2A9sQ9lsJ+3SzSbsboQS6q/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81jem3GCfkQHkoecUWOlB488dVVEbrDZK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9dyqd3deqV3lcRThCI7hFDy4gBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AVlDkAo=</latexit>

⇠ keV
<latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit><latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit><latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit><latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit>

(3)  CHAMPs are strongly ionizing and produce             ionization losses in 
detectors like MAJORANA

dE/dx
<latexit sha1_base64="KIYxuYwhu8VigQBkJ2nEGF5emEQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GNRBI8VTFtoQ9lsNu3SzW7Y3Ygl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZRWVtfWN8qbla3tnd296v5BS8tMEeoTyaXqhFhTzgT1DTOcdlJFcRJy2g5HN1O//UiVZlI8mHFKgwQPBIsZwcZKfnR7Fj31qzW37s6AlolXkBoUaParX71IkiyhwhCOte56bmqCHCvDCKeTSi/TNMVkhAe0a6nACdVBPjt2gk6sEqFYKlvCoJn6eyLHidbjJLSdCTZDvehNxf+8bmbiqyBnIs0MFWS+KM44MhJNP0cRU5QYPrYEE8XsrYgMscLE2HwqNgRv8eVl0jqve27du7+oNa6LOMpwBMdwCh5cQgPuoAk+EGDwDK/w5gjnxXl3PuatJaeYOYQ/cD5/AFwTjmA=</latexit><latexit sha1_base64="KIYxuYwhu8VigQBkJ2nEGF5emEQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GNRBI8VTFtoQ9lsNu3SzW7Y3Ygl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZRWVtfWN8qbla3tnd296v5BS8tMEeoTyaXqhFhTzgT1DTOcdlJFcRJy2g5HN1O//UiVZlI8mHFKgwQPBIsZwcZKfnR7Fj31qzW37s6AlolXkBoUaParX71IkiyhwhCOte56bmqCHCvDCKeTSi/TNMVkhAe0a6nACdVBPjt2gk6sEqFYKlvCoJn6eyLHidbjJLSdCTZDvehNxf+8bmbiqyBnIs0MFWS+KM44MhJNP0cRU5QYPrYEE8XsrYgMscLE2HwqNgRv8eVl0jqve27du7+oNa6LOMpwBMdwCh5cQgPuoAk+EGDwDK/w5gjnxXl3PuatJaeYOYQ/cD5/AFwTjmA=</latexit><latexit sha1_base64="KIYxuYwhu8VigQBkJ2nEGF5emEQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GNRBI8VTFtoQ9lsNu3SzW7Y3Ygl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZRWVtfWN8qbla3tnd296v5BS8tMEeoTyaXqhFhTzgT1DTOcdlJFcRJy2g5HN1O//UiVZlI8mHFKgwQPBIsZwcZKfnR7Fj31qzW37s6AlolXkBoUaParX71IkiyhwhCOte56bmqCHCvDCKeTSi/TNMVkhAe0a6nACdVBPjt2gk6sEqFYKlvCoJn6eyLHidbjJLSdCTZDvehNxf+8bmbiqyBnIs0MFWS+KM44MhJNP0cRU5QYPrYEE8XsrYgMscLE2HwqNgRv8eVl0jqve27du7+oNa6LOMpwBMdwCh5cQgPuoAk+EGDwDK/w5gjnxXl3PuatJaeYOYQ/cD5/AFwTjmA=</latexit><latexit sha1_base64="KIYxuYwhu8VigQBkJ2nEGF5emEQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GNRBI8VTFtoQ9lsNu3SzW7Y3Ygl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZRWVtfWN8qbla3tnd296v5BS8tMEeoTyaXqhFhTzgT1DTOcdlJFcRJy2g5HN1O//UiVZlI8mHFKgwQPBIsZwcZKfnR7Fj31qzW37s6AlolXkBoUaParX71IkiyhwhCOte56bmqCHCvDCKeTSi/TNMVkhAe0a6nACdVBPjt2gk6sEqFYKlvCoJn6eyLHidbjJLSdCTZDvehNxf+8bmbiqyBnIs0MFWS+KM44MhJNP0cRU5QYPrYEE8XsrYgMscLE2HwqNgRv8eVl0jqve27du7+oNa6LOMpwBMdwCh5cQgPuoAk+EGDwDK/w5gjnxXl3PuatJaeYOYQ/cD5/AFwTjmA=</latexit>

(1)  CHAMPs can easily reach underground detectors

David Dunsky - CHAMP Cosmic Rays

https://arxiv.org/abs/1812.11116


Direct Detection
• Fermi-accelerated CHAMP background moving faster than 

typically assumed Dark Matter speeds  

• Leads to new signals and regions of            parameter space 
constrained since:

⇠ 220 km/s
<latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit><latexit sha1_base64="SMwqFXKyIATl5G4nJntFxXX3PTI=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5oUQY9FLx4r2A9oQtlsN+3S3STsboQQ2r/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWvQAryllE25ppTnuJpFgEnHaDyd3c7z5RqVgcPeosob7Ao4iFjGBtpIFd9RQTqNFw0MyTIp+ISzUd2DWn7iyA1olbkBoUaA3sL28Yk1TQSBOOleq7TqL9HEvNCKfTipcqmmAywSPaNzTCgio/Xxw/RedGGaIwlqYijRbq74kcC6UyEZhOgfVYrXpz8T+vn+rwxs9ZlKSaRmS5KEw50jGaJ4GGTFKieWYIJpKZWxEZY4mJNnlVTAju6svrpNOou07dfbiqNW+LOMpwCmdwAS5cQxPuoQVtIJDBM7zCmzWzXqx362PZWrKKmSr8gfX5A4s8lA0=</latexit>

(m, q)
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(4)  Relativistic CHAMPs emit or induce Cherenkov light when traveling 
through water detectors like Super Kamiokande

(2)  CHAMPs below              can impart nuclear recoils above the         
threshold of experiments like XENON1T

1 GeV
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⇠ keV
<latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit><latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit><latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit><latexit sha1_base64="gJgcczQXJwytVTfKSKGx/nx2S5M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0N4m7m0IJ9W948aCIV3+MN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWj25nfGqPSPI4ezCRBX9JBxEPOqLGS39VckqeukmSEzV654lbdOcgq8XJSgRz1Xvmr249ZKjEyTFCtO56bGD+jynAmcFrqphoTykZ0gB1LIypR+9n86Ck5s0qfhLGyFRkyV39PZFRqPZGB7ZTUDPWyNxP/8zqpCa/9jEdJajBii0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwBQneRwA==</latexit>

(3)  CHAMPs are strongly ionizing and produce             ionization losses in 
detectors like MAJORANA

dE/dx
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(1)  CHAMPs can easily reach underground detectors

David Dunsky - CHAMP Cosmic Rays

https://arxiv.org/abs/1812.11116


Nuclear Recoil at Underground Detectors
Direct Detection of Accelerated CHAMP Cosmic Rays
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Electron recoils, vetoed

Vetoed, too much ionization losses

�Sig = NN

Z
dv �(ER > ER,th)v

dnA

dv
' NN


�(ER > ER,th)v

dnA

dlnv

�
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<

(
15 events/1 ton-year (Xenon1T)

10 events/600 kg-day (CDMS-II)
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Induced/Emitted Cherenkov Light
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Direct Detection of Accelerated CHAMP Cosmic Rays

• Recoiling electrons can emit detectable Cherenkov light in Super-K 

Vetoed by OD PMTs

• Relativistic CHAMPs passing through Antarctic ice may produce more Cherenkov 
photons than IceCube’s dark count

David Dunsky - CHAMP Cosmic Rays

https://arxiv.org/abs/1812.11116


Ionization Particle Searches
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Direct Detection of Accelerated CHAMP Cosmic Rays

• As q grows, CHAMPs yield significant ionization

• Experiments typically scintillation detectors. with constraints in form of upper bound on 
CHAMP flux �(p > p0) =

Z pmax

p0

dnA

dp
v dp
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�MACRO < 6.1⇥ 10�16 cm�2 s�1 sr�1
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�ICCR . 1.8⇥ 10�12 cm�2 s�1 sr�1
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Summary
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CHAMP DM

Direct Detection of Accelerated CHAMP Cosmic Rays

•                                        
Large flux of accelerated 
CHAMPs in the disk today 

• Nuclear/electron recoil 
experiments, Cherenkov and 
ionization detectors place 
stringent bounds on fraction 
of CHAMP dark matter
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Collapse into Disk
• After a halo virializes, CHAMPs fall into disk with baryons if their 

thermalization time is less than free-fall time, ttherm < tcoll
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Collapse into Disk
• After a halo virializes, CHAMPs fall into disk with baryons if their 

thermalization time is less than free-fall time,
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<latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit>

ttherm < tcoll
<latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit><latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit><latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit><latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit>



Collapse into Disk
• After a halo virializes, CHAMPs fall into disk with baryons if their 

thermalization time is less than free-fall time,
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<latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit><latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit><latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit><latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit>
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<latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit><latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit><latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit><latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit>

TX/m = Tvir/mp
<latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit>

ttherm < tcoll
<latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit><latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit><latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit><latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit>

T = Tcool ⇡ 104 K
<latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit><latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit><latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit><latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit>



Collapse into Disk
• After a halo virializes, CHAMPs fall into disk with baryons if their 

thermalization time is less than free-fall time,
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<latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit><latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit><latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit><latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit>

n ⌘ nbxion =
⌦B

⌦M

⇢vir
mp

xion
<latexit sha1_base64="9tLNXsbvk7vMxaynNLl96Mni6/8="></latexit><latexit sha1_base64="9tLNXsbvk7vMxaynNLl96Mni6/8="></latexit><latexit sha1_base64="9tLNXsbvk7vMxaynNLl96Mni6/8="></latexit><latexit sha1_base64="9tLNXsbvk7vMxaynNLl96Mni6/8="></latexit>

ttherm =
3

8
p
2⇡

mme,p

q2↵2ne,p ln⇤

✓
T

me,p
+

TX

m

◆3/2

<latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit><latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit><latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit><latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit>

TX/m = Tvir/mp
<latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit>

ttherm < tcoll
<latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit><latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit><latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit><latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit>

T = Tcool ⇡ 104 K
<latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit><latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit><latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit><latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit>



• If            , number density of CHAMPs in MW disk  
about 100x greater if collapse, m/q2 . 105 GeV

<latexit sha1_base64="KKxnHzDNvqqOgWBxaLtYv48hGYY=">AAACB3icbVA9SwNBEN2LXzF+nVoKshgEq3gXFC2DFlpGMB+QXMLeZpIs2b07d/eEcMTKxr9iY6GIrX/Bzn/jJrlCEx8MPN6bYWaeH3GmtON8W5mFxaXllexqbm19Y3PL3t6pqjCWFCo05KGs+0QBZwFUNNMc6pEEInwONX9wOfZr9yAVC4NbPYzAE6QXsC6jRBupbe+L47tWETc5KKWYwK7TOsXJQ1MKfAXVUdvOOwVnAjxP3JTkUYpy2/5qdkIaCwg05USphutE2kuI1IxyGOWasYKI0AHpQcPQgAhQXjL5Y4QPjdLB3VCaCjSeqL8nEiKUGgrfdAqi+2rWG4v/eY1Yd8+9hAVRrCGg00XdmGMd4nEouMMkUM2HhhAqmbkV0z6RhGoTXc6E4M6+PE+qxYLrFNybk3zpIo0ji/bQATpCLjpDJXSNyqiCKHpEz+gVvVlP1ov1bn1MWzNWOrOL/sD6/AHFkJf3</latexit><latexit sha1_base64="KKxnHzDNvqqOgWBxaLtYv48hGYY=">AAACB3icbVA9SwNBEN2LXzF+nVoKshgEq3gXFC2DFlpGMB+QXMLeZpIs2b07d/eEcMTKxr9iY6GIrX/Bzn/jJrlCEx8MPN6bYWaeH3GmtON8W5mFxaXllexqbm19Y3PL3t6pqjCWFCo05KGs+0QBZwFUNNMc6pEEInwONX9wOfZr9yAVC4NbPYzAE6QXsC6jRBupbe+L47tWETc5KKWYwK7TOsXJQ1MKfAXVUdvOOwVnAjxP3JTkUYpy2/5qdkIaCwg05USphutE2kuI1IxyGOWasYKI0AHpQcPQgAhQXjL5Y4QPjdLB3VCaCjSeqL8nEiKUGgrfdAqi+2rWG4v/eY1Yd8+9hAVRrCGg00XdmGMd4nEouMMkUM2HhhAqmbkV0z6RhGoTXc6E4M6+PE+qxYLrFNybk3zpIo0ji/bQATpCLjpDJXSNyqiCKHpEz+gVvVlP1ov1bn1MWzNWOrOL/sD6/AHFkJf3</latexit><latexit sha1_base64="KKxnHzDNvqqOgWBxaLtYv48hGYY=">AAACB3icbVA9SwNBEN2LXzF+nVoKshgEq3gXFC2DFlpGMB+QXMLeZpIs2b07d/eEcMTKxr9iY6GIrX/Bzn/jJrlCEx8MPN6bYWaeH3GmtON8W5mFxaXllexqbm19Y3PL3t6pqjCWFCo05KGs+0QBZwFUNNMc6pEEInwONX9wOfZr9yAVC4NbPYzAE6QXsC6jRBupbe+L47tWETc5KKWYwK7TOsXJQ1MKfAXVUdvOOwVnAjxP3JTkUYpy2/5qdkIaCwg05USphutE2kuI1IxyGOWasYKI0AHpQcPQgAhQXjL5Y4QPjdLB3VCaCjSeqL8nEiKUGgrfdAqi+2rWG4v/eY1Yd8+9hAVRrCGg00XdmGMd4nEouMMkUM2HhhAqmbkV0z6RhGoTXc6E4M6+PE+qxYLrFNybk3zpIo0ji/bQATpCLjpDJXSNyqiCKHpEz+gVvVlP1ov1bn1MWzNWOrOL/sD6/AHFkJf3</latexit><latexit sha1_base64="KKxnHzDNvqqOgWBxaLtYv48hGYY=">AAACB3icbVA9SwNBEN2LXzF+nVoKshgEq3gXFC2DFlpGMB+QXMLeZpIs2b07d/eEcMTKxr9iY6GIrX/Bzn/jJrlCEx8MPN6bYWaeH3GmtON8W5mFxaXllexqbm19Y3PL3t6pqjCWFCo05KGs+0QBZwFUNNMc6pEEInwONX9wOfZr9yAVC4NbPYzAE6QXsC6jRBupbe+L47tWETc5KKWYwK7TOsXJQ1MKfAXVUdvOOwVnAjxP3JTkUYpy2/5qdkIaCwg05USphutE2kuI1IxyGOWasYKI0AHpQcPQgAhQXjL5Y4QPjdLB3VCaCjSeqL8nEiKUGgrfdAqi+2rWG4v/eY1Yd8+9hAVRrCGg00XdmGMd4nEouMMkUM2HhhAqmbkV0z6RhGoTXc6E4M6+PE+qxYLrFNybk3zpIo0ji/bQATpCLjpDJXSNyqiCKHpEz+gVvVlP1ov1bn1MWzNWOrOL/sD6/AHFkJf3</latexit>

fX < 1
<latexit sha1_base64="AsiU+UTBDzpedzQ4EcT4zUsIIpY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/4zbNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJndzv/PEtRGxesRpwv2IjpQIBaNopU446JIb4g2qNbfu5iCrxCtIDQo0B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZqmjEjZ/l587ImVWGJIy1LYUkV39PZDQyZhoFtjOiODbL3lz8z+ulGF77mVBJilyxxaIwlQRjMv+dDIXmDOXUEsq0sLcSNqaaMrQJVWwI3vLLq6R9UffcuvdwWWvcFnGU4QRO4Rw8uIIG3EMTWsBgAs/wCm9O4rw4787HorXkFDPH8AfO5w/Ku46K</latexit><latexit sha1_base64="AsiU+UTBDzpedzQ4EcT4zUsIIpY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/4zbNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJndzv/PEtRGxesRpwv2IjpQIBaNopU446JIb4g2qNbfu5iCrxCtIDQo0B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZqmjEjZ/l587ImVWGJIy1LYUkV39PZDQyZhoFtjOiODbL3lz8z+ulGF77mVBJilyxxaIwlQRjMv+dDIXmDOXUEsq0sLcSNqaaMrQJVWwI3vLLq6R9UffcuvdwWWvcFnGU4QRO4Rw8uIIG3EMTWsBgAs/wCm9O4rw4787HorXkFDPH8AfO5w/Ku46K</latexit><latexit sha1_base64="AsiU+UTBDzpedzQ4EcT4zUsIIpY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/4zbNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJndzv/PEtRGxesRpwv2IjpQIBaNopU446JIb4g2qNbfu5iCrxCtIDQo0B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZqmjEjZ/l587ImVWGJIy1LYUkV39PZDQyZhoFtjOiODbL3lz8z+ulGF77mVBJilyxxaIwlQRjMv+dDIXmDOXUEsq0sLcSNqaaMrQJVWwI3vLLq6R9UffcuvdwWWvcFnGU4QRO4Rw8uIIG3EMTWsBgAs/wCm9O4rw4787HorXkFDPH8AfO5w/Ku46K</latexit><latexit sha1_base64="AsiU+UTBDzpedzQ4EcT4zUsIIpY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IOHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/4zbNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJndzv/PEtRGxesRpwv2IjpQIBaNopU446JIb4g2qNbfu5iCrxCtIDQo0B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZqmjEjZ/l587ImVWGJIy1LYUkV39PZDQyZhoFtjOiODbL3lz8z+ulGF77mVBJilyxxaIwlQRjMv+dDIXmDOXUEsq0sLcSNqaaMrQJVWwI3vLLq6R9UffcuvdwWWvcFnGU4QRO4Rw8uIIG3EMTWsBgAs/wCm9O4rw4787HorXkFDPH8AfO5w/Ku46K</latexit>

• Collapsing CHAMPs ruled out if fX =
⌦X

⌦DM
= 1

<latexit sha1_base64="IL2K8Ol8cRO5bq0xi2sVRUlXXIE=">AAACE3icbVDLSgMxFM34rPU16tJNsAjiosyIoBuhqAs3YgX7gM4wZNJMG5pkhiQjlGH+wY2/4saFIm7duPNvTNsRtPVA4HDOudzcEyaMKu04X9bc/MLi0nJppby6tr6xaW9tN1WcSkwaOGaxbIdIEUYFaWiqGWknkiAeMtIKBxcjv3VPpKKxuNPDhPgc9QSNKEbaSIF9GAVteAa9SCKceTec9FDQzn9Y5kkOL6/z3ETcwK44VWcMOEvcglRAgXpgf3rdGKecCI0ZUqrjOon2MyQ1xYzkZS9VJEF4gHqkY6hAnCg/G9+Uw32jdGEUS/OEhmP190SGuFJDHpokR7qvpr2R+J/XSXV06mdUJKkmAk8WRSmDOoajgmCXSoI1GxqCsKTmrxD3kalHmxrLpgR3+uRZ0jyquk7VvT2u1M6LOkpgF+yBA+CCE1ADV6AOGgCDB/AEXsCr9Wg9W2/W+yQ6ZxUzO+APrI9vGOKdAw==</latexit><latexit sha1_base64="IL2K8Ol8cRO5bq0xi2sVRUlXXIE=">AAACE3icbVDLSgMxFM34rPU16tJNsAjiosyIoBuhqAs3YgX7gM4wZNJMG5pkhiQjlGH+wY2/4saFIm7duPNvTNsRtPVA4HDOudzcEyaMKu04X9bc/MLi0nJppby6tr6xaW9tN1WcSkwaOGaxbIdIEUYFaWiqGWknkiAeMtIKBxcjv3VPpKKxuNPDhPgc9QSNKEbaSIF9GAVteAa9SCKceTec9FDQzn9Y5kkOL6/z3ETcwK44VWcMOEvcglRAgXpgf3rdGKecCI0ZUqrjOon2MyQ1xYzkZS9VJEF4gHqkY6hAnCg/G9+Uw32jdGEUS/OEhmP190SGuFJDHpokR7qvpr2R+J/XSXV06mdUJKkmAk8WRSmDOoajgmCXSoI1GxqCsKTmrxD3kalHmxrLpgR3+uRZ0jyquk7VvT2u1M6LOkpgF+yBA+CCE1ADV6AOGgCDB/AEXsCr9Wg9W2/W+yQ6ZxUzO+APrI9vGOKdAw==</latexit><latexit sha1_base64="IL2K8Ol8cRO5bq0xi2sVRUlXXIE=">AAACE3icbVDLSgMxFM34rPU16tJNsAjiosyIoBuhqAs3YgX7gM4wZNJMG5pkhiQjlGH+wY2/4saFIm7duPNvTNsRtPVA4HDOudzcEyaMKu04X9bc/MLi0nJppby6tr6xaW9tN1WcSkwaOGaxbIdIEUYFaWiqGWknkiAeMtIKBxcjv3VPpKKxuNPDhPgc9QSNKEbaSIF9GAVteAa9SCKceTec9FDQzn9Y5kkOL6/z3ETcwK44VWcMOEvcglRAgXpgf3rdGKecCI0ZUqrjOon2MyQ1xYzkZS9VJEF4gHqkY6hAnCg/G9+Uw32jdGEUS/OEhmP190SGuFJDHpokR7qvpr2R+J/XSXV06mdUJKkmAk8WRSmDOoajgmCXSoI1GxqCsKTmrxD3kalHmxrLpgR3+uRZ0jyquk7VvT2u1M6LOkpgF+yBA+CCE1ADV6AOGgCDB/AEXsCr9Wg9W2/W+yQ6ZxUzO+APrI9vGOKdAw==</latexit><latexit sha1_base64="IL2K8Ol8cRO5bq0xi2sVRUlXXIE=">AAACE3icbVDLSgMxFM34rPU16tJNsAjiosyIoBuhqAs3YgX7gM4wZNJMG5pkhiQjlGH+wY2/4saFIm7duPNvTNsRtPVA4HDOudzcEyaMKu04X9bc/MLi0nJppby6tr6xaW9tN1WcSkwaOGaxbIdIEUYFaWiqGWknkiAeMtIKBxcjv3VPpKKxuNPDhPgc9QSNKEbaSIF9GAVteAa9SCKceTec9FDQzn9Y5kkOL6/z3ETcwK44VWcMOEvcglRAgXpgf3rdGKecCI0ZUqrjOon2MyQ1xYzkZS9VJEF4gHqkY6hAnCg/G9+Uw32jdGEUS/OEhmP190SGuFJDHpokR7qvpr2R+J/XSXV06mdUJKkmAk8WRSmDOoajgmCXSoI1GxqCsKTmrxD3kalHmxrLpgR3+uRZ0jyquk7VvT2u1M6LOkpgF+yBA+CCE1ADV6AOGgCDB/AEXsCr9Wg9W2/W+yQ6ZxUzO+APrI9vGOKdAw==</latexit>

Collapse into Disk
• After a halo virializes, CHAMPs fall into disk with baryons if their 

thermalization time is less than free-fall time,

tcoll =
p

3⇡/32G⇢vir =
1

6
p
2

1

H0
p
⌦M

(1 + zvir)
�3/2

<latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit><latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit><latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit><latexit sha1_base64="YaB7jNH57w4pyfnskyBYGfpuAwQ="></latexit>

n ⌘ nbxion =
⌦B

⌦M

⇢vir
mp

xion
<latexit sha1_base64="9tLNXsbvk7vMxaynNLl96Mni6/8="></latexit><latexit sha1_base64="9tLNXsbvk7vMxaynNLl96Mni6/8="></latexit><latexit sha1_base64="9tLNXsbvk7vMxaynNLl96Mni6/8="></latexit><latexit sha1_base64="9tLNXsbvk7vMxaynNLl96Mni6/8="></latexit>

ttherm =
3
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mme,p

q2↵2ne,p ln⇤
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me,p
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TX
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◆3/2

<latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit><latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit><latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit><latexit sha1_base64="0xCxe2iAZPPAOEnyBx5Ior0PUjo="></latexit>

TX/m = Tvir/mp
<latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit><latexit sha1_base64="HcQDB/DxjxRNuYbHyNhtpau/rlU=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCpzYRQS9C0YvHCv2CNoTNdtsu3U3C7qYQQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+aasokYS2SMQj2Q2wopyFtKWZ5rQbS4pFwGknmNzP/c6USsWisKnTmHoCj0I2ZARrI/l2uel3awLdoqafTZmc1YQf+3bFqToLoHXi5qQCORq+/dUfRCQRNNSEY6V6rhNrL8NSM8LprNRPFI0xmeAR7RkaYkGVly2On6FzowzQMJKmQo0W6u+JDAulUhGYToH1WK16c/E/r5fo4Y2XsTBONA3JctEw4UhHaJ4EGjBJieapIZhIZm5FZIwlJtrkVTIhuKsvr5P2ZdV1qu7jVaV+l8dRhFM4gwtw4Rrq8AANaAGBFJ7hFd6sJ+vFerc+lq0FK58pwx9Ynz9jmJP0</latexit>

ttherm < tcoll
<latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit><latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit><latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit><latexit sha1_base64="pkonSV4n0kti9sN+JttwuxKMoyE=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiKALF0U3LivYWmiHIZOmbWiSGZIzQh0GX8WNC0Xc+h7ufBvTdhbaeiDw8f/nJCd/lAhuwPO+ndLS8srqWnm9srG5tb3j7u61TJxqypo0FrFuR8QwwRVrAgfB2olmREaC3Uej64l//8C04bG6g3HCAkkGivc5JWCl0D2AMIMh0zLHl9iyvVHkoVv1at608CL4BVRRUY3Q/er2YppKpoAKYkzH9xIIMqKBU8HySjc1LCF0RAasY1ERyUyQTbfP8bFVergfa3sU4Kn6eyIj0pixjGynJDA0895E/M/rpNC/CDKukhSYorOH+qnAEONJFLjHNaMgxhYI1dzuiumQaELBBlaxIfjzX16E1mnN92r+7Vm1flXEUUaH6AidIB+dozq6QQ3URBQ9omf0it6cJ+fFeXc+Zq0lp5jZR3/K+fwBnBqVTw==</latexit>

T = Tcool ⇡ 104 K
<latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit><latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit><latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit><latexit sha1_base64="GDDlhXcNUhVHNOhjIV3u+VKb+hg=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIF3QhFN4KbCn1BE8NkOmmHTjLDzEQsoW7d+CtuXCji1i9w5984bbPQ1gMXDufcy733hIJRpR3n21pYXFpeWS2sFdc3Nre27Z3dpuKpxKSBOeOyHSJFGE1IQ1PNSFtIguKQkVY4uBz7rTsiFeVJXQ8F8WPUS2hEMdJGCuyDOjyH9SDDnLMR9JAQkt9D17mtwAdPxtn1KLBLTtmZAM4TNyclkKMW2F9el+M0JonGDCnVcR2h/QxJTTEjo6KXKiIQHqAe6RiaoJgoP5u8MoJHRunCiEtTiYYT9fdEhmKlhnFoOmOk+2rWG4v/eZ1UR2d+RhORapLg6aIoZVBzOM4FdqkkWLOhIQhLam6FuI8kwtqkVzQhuLMvz5PmSdl1yu5NpVS9yOMogH1wCI6BC05BFVyBGmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gBO4plj</latexit>
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Collapse of CHAMPs Into Galactic Disks: Post-Reionization

Milky Way



Fermi Acceleration
Three Key Rates In Galactic Disks 
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<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

A. Bell 1978,  L. Drury 1983



Fermi Acceleration
Three Key Rates In Galactic Disks 

Shock

Earth/Lab Frame

Unshocked Shocked

u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

~p0 = m~v
<latexit sha1_base64="Qri0YM/WzKyB7mEZyr+9uNN5QTo=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUlE0I1QdOOygn1AG8JkOmmHziRhZlIoIeCvuHGhiFu/w51/4zTNQlsPXDhzzr3MvSdIOFPacb6tldW19Y3NylZ1e2d3b98+OGyrOJWEtkjMY9kNsKKcRbSlmea0m0iKRcBpJxjfzfzOhErF4uhRTxPqCTyMWMgI1kby7eP+hJIsyX0H3SCBitck9+2aU3cKoGXilqQGJZq+/dUfxCQVNNKEY6V6rpNoL8NSM8JpXu2niiaYjPGQ9gyNsKDKy4r1c3RmlAEKY2kq0qhQf09kWCg1FYHpFFiP1KI3E//zeqkOr72MRUmqaUTmH4UpRzpGsyzQgElKNJ8agolkZldERlhiok1iVROCu3jyMmlf1F2n7j5c1hq3ZRwVOIFTOAcXrqAB99CEFhDI4Ble4c16sl6sd+tj3rpilTNH8AfW5w9rkpUg</latexit><latexit sha1_base64="Qri0YM/WzKyB7mEZyr+9uNN5QTo=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUlE0I1QdOOygn1AG8JkOmmHziRhZlIoIeCvuHGhiFu/w51/4zTNQlsPXDhzzr3MvSdIOFPacb6tldW19Y3NylZ1e2d3b98+OGyrOJWEtkjMY9kNsKKcRbSlmea0m0iKRcBpJxjfzfzOhErF4uhRTxPqCTyMWMgI1kby7eP+hJIsyX0H3SCBitck9+2aU3cKoGXilqQGJZq+/dUfxCQVNNKEY6V6rpNoL8NSM8JpXu2niiaYjPGQ9gyNsKDKy4r1c3RmlAEKY2kq0qhQf09kWCg1FYHpFFiP1KI3E//zeqkOr72MRUmqaUTmH4UpRzpGsyzQgElKNJ8agolkZldERlhiok1iVROCu3jyMmlf1F2n7j5c1hq3ZRwVOIFTOAcXrqAB99CEFhDI4Ble4c16sl6sd+tj3rpilTNH8AfW5w9rkpUg</latexit><latexit sha1_base64="Qri0YM/WzKyB7mEZyr+9uNN5QTo=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUlE0I1QdOOygn1AG8JkOmmHziRhZlIoIeCvuHGhiFu/w51/4zTNQlsPXDhzzr3MvSdIOFPacb6tldW19Y3NylZ1e2d3b98+OGyrOJWEtkjMY9kNsKKcRbSlmea0m0iKRcBpJxjfzfzOhErF4uhRTxPqCTyMWMgI1kby7eP+hJIsyX0H3SCBitck9+2aU3cKoGXilqQGJZq+/dUfxCQVNNKEY6V6rpNoL8NSM8JpXu2niiaYjPGQ9gyNsKDKy4r1c3RmlAEKY2kq0qhQf09kWCg1FYHpFFiP1KI3E//zeqkOr72MRUmqaUTmH4UpRzpGsyzQgElKNJ8agolkZldERlhiok1iVROCu3jyMmlf1F2n7j5c1hq3ZRwVOIFTOAcXrqAB99CEFhDI4Ble4c16sl6sd+tj3rpilTNH8AfW5w9rkpUg</latexit><latexit sha1_base64="Qri0YM/WzKyB7mEZyr+9uNN5QTo=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUlE0I1QdOOygn1AG8JkOmmHziRhZlIoIeCvuHGhiFu/w51/4zTNQlsPXDhzzr3MvSdIOFPacb6tldW19Y3NylZ1e2d3b98+OGyrOJWEtkjMY9kNsKKcRbSlmea0m0iKRcBpJxjfzfzOhErF4uhRTxPqCTyMWMgI1kby7eP+hJIsyX0H3SCBitck9+2aU3cKoGXilqQGJZq+/dUfxCQVNNKEY6V6rpNoL8NSM8JpXu2niiaYjPGQ9gyNsKDKy4r1c3RmlAEKY2kq0qhQf09kWCg1FYHpFFiP1KI3E//zeqkOr72MRUmqaUTmH4UpRzpGsyzQgElKNJ8agolkZldERlhiok1iVROCu3jyMmlf1F2n7j5c1hq3ZRwVOIFTOAcXrqAB99CEFhDI4Ble4c16sl6sd+tj3rpilTNH8AfW5w9rkpUg</latexit>

A. Bell 1978,  L. Drury 1983



Fermi Acceleration
Three Key Rates In Galactic Disks 

Shock

Earth/Lab Frame

Unshocked Shocked

u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

~ps = m(~v + ~u1)
<latexit sha1_base64="Y15hQBjkZsGkjzjFXTlwuT8YXmQ=">AAACC3icbZBNS8MwGMfT+TbnW9Wjl+AQJsJoRdCLMPTicYJ7ga2UNEu3sCQtSToYpXcvfhUvHhTx6hfw5rcx63rQzT8Efvk/z0Py/IOYUaUd59sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHw7q3cmRCoaiQc9jYnH0VDQkGKkjeXbx/0JwWmc+QpeQ17Lb5MMnsGcksx3T3276tSdXHAZ3AKqoFDTt7/6gwgnnAiNGVKq5zqx9lIkNcWMZJV+okiM8BgNSc+gQJwoL813yeCJcQYwjKQ5QsPc/T2RIq7UlAemkyM9Uou1mflfrZfo8MpLqYgTTQSePxQmDOoIzoKBAyoJ1mxqAGFJzV8hHiGJsDbxVUwI7uLKy9A+r7tO3b2/qDZuijjK4AgcgxpwwSVogDvQBC2AwSN4Bq/gzXqyXqx362PeWrKKmUPwR9bnD5Rpmhg=</latexit><latexit sha1_base64="Y15hQBjkZsGkjzjFXTlwuT8YXmQ=">AAACC3icbZBNS8MwGMfT+TbnW9Wjl+AQJsJoRdCLMPTicYJ7ga2UNEu3sCQtSToYpXcvfhUvHhTx6hfw5rcx63rQzT8Efvk/z0Py/IOYUaUd59sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHw7q3cmRCoaiQc9jYnH0VDQkGKkjeXbx/0JwWmc+QpeQ17Lb5MMnsGcksx3T3276tSdXHAZ3AKqoFDTt7/6gwgnnAiNGVKq5zqx9lIkNcWMZJV+okiM8BgNSc+gQJwoL813yeCJcQYwjKQ5QsPc/T2RIq7UlAemkyM9Uou1mflfrZfo8MpLqYgTTQSePxQmDOoIzoKBAyoJ1mxqAGFJzV8hHiGJsDbxVUwI7uLKy9A+r7tO3b2/qDZuijjK4AgcgxpwwSVogDvQBC2AwSN4Bq/gzXqyXqx362PeWrKKmUPwR9bnD5Rpmhg=</latexit><latexit sha1_base64="Y15hQBjkZsGkjzjFXTlwuT8YXmQ=">AAACC3icbZBNS8MwGMfT+TbnW9Wjl+AQJsJoRdCLMPTicYJ7ga2UNEu3sCQtSToYpXcvfhUvHhTx6hfw5rcx63rQzT8Efvk/z0Py/IOYUaUd59sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHw7q3cmRCoaiQc9jYnH0VDQkGKkjeXbx/0JwWmc+QpeQ17Lb5MMnsGcksx3T3276tSdXHAZ3AKqoFDTt7/6gwgnnAiNGVKq5zqx9lIkNcWMZJV+okiM8BgNSc+gQJwoL813yeCJcQYwjKQ5QsPc/T2RIq7UlAemkyM9Uou1mflfrZfo8MpLqYgTTQSePxQmDOoIzoKBAyoJ1mxqAGFJzV8hHiGJsDbxVUwI7uLKy9A+r7tO3b2/qDZuijjK4AgcgxpwwSVogDvQBC2AwSN4Bq/gzXqyXqx362PeWrKKmUPwR9bnD5Rpmhg=</latexit><latexit sha1_base64="Y15hQBjkZsGkjzjFXTlwuT8YXmQ=">AAACC3icbZBNS8MwGMfT+TbnW9Wjl+AQJsJoRdCLMPTicYJ7ga2UNEu3sCQtSToYpXcvfhUvHhTx6hfw5rcx63rQzT8Efvk/z0Py/IOYUaUd59sqrayurW+UNytb2zu7e/b+QVtFicSkhSMWyW6AFGFUkJammpFuLAniASOdYHw7q3cmRCoaiQc9jYnH0VDQkGKkjeXbx/0JwWmc+QpeQ17Lb5MMnsGcksx3T3276tSdXHAZ3AKqoFDTt7/6gwgnnAiNGVKq5zqx9lIkNcWMZJV+okiM8BgNSc+gQJwoL813yeCJcQYwjKQ5QsPc/T2RIq7UlAemkyM9Uou1mflfrZfo8MpLqYgTTQSePxQmDOoIzoKBAyoJ1mxqAGFJzV8hHiGJsDbxVUwI7uLKy9A+r7tO3b2/qDZuijjK4AgcgxpwwSVogDvQBC2AwSN4Bq/gzXqyXqx362PeWrKKmUPwR9bnD5Rpmhg=</latexit>

A. Bell 1978,  L. Drury 1983
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<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

~pds = m(~v + ~u1 � ~u2)
<latexit sha1_base64="2YdksJeuDlgytTWbF1Z4pBaIs8E=">AAACGnicbZDLSsNAFIYn9VbrLerSzWARKmLJFEE3QtGNywr2Am0Ik8mkHTq5MDMplJDncOOruHGhiDtx49s4TYNo9YeBj/+cw5nzuzFnUlnWp1FaWl5ZXSuvVzY2t7Z3zN29jowSQWibRDwSPRdLyllI24opTnuxoDhwOe264+tZvTuhQrIovFPTmNoBHobMZwQrbTkmGkwoSePMST2ZwUsY1HJjksETmFOSOQiefnPj2DGrVt3KBf8CKqAKCrUc833gRSQJaKgIx1L2kRUrO8VCMcJpVhkkksaYjPGQ9jWGOKDSTvPTMnikHQ/6kdAvVDB3f06kOJByGri6M8BqJBdrM/O/Wj9R/oWdsjBOFA3JfJGfcKgiOMsJekxQovhUAyaC6b9CMsICE6XTrOgQ0OLJf6HTqCOrjm7Pqs2rIo4yOACHoAYQOAdNcANaoA0IuAeP4Bm8GA/Gk/FqvM1bS0Yxsw9+yfj4AtGcoA8=</latexit><latexit sha1_base64="2YdksJeuDlgytTWbF1Z4pBaIs8E=">AAACGnicbZDLSsNAFIYn9VbrLerSzWARKmLJFEE3QtGNywr2Am0Ik8mkHTq5MDMplJDncOOruHGhiDtx49s4TYNo9YeBj/+cw5nzuzFnUlnWp1FaWl5ZXSuvVzY2t7Z3zN29jowSQWibRDwSPRdLyllI24opTnuxoDhwOe264+tZvTuhQrIovFPTmNoBHobMZwQrbTkmGkwoSePMST2ZwUsY1HJjksETmFOSOQiefnPj2DGrVt3KBf8CKqAKCrUc833gRSQJaKgIx1L2kRUrO8VCMcJpVhkkksaYjPGQ9jWGOKDSTvPTMnikHQ/6kdAvVDB3f06kOJByGri6M8BqJBdrM/O/Wj9R/oWdsjBOFA3JfJGfcKgiOMsJekxQovhUAyaC6b9CMsICE6XTrOgQ0OLJf6HTqCOrjm7Pqs2rIo4yOACHoAYQOAdNcANaoA0IuAeP4Bm8GA/Gk/FqvM1bS0Yxsw9+yfj4AtGcoA8=</latexit><latexit sha1_base64="2YdksJeuDlgytTWbF1Z4pBaIs8E=">AAACGnicbZDLSsNAFIYn9VbrLerSzWARKmLJFEE3QtGNywr2Am0Ik8mkHTq5MDMplJDncOOruHGhiDtx49s4TYNo9YeBj/+cw5nzuzFnUlnWp1FaWl5ZXSuvVzY2t7Z3zN29jowSQWibRDwSPRdLyllI24opTnuxoDhwOe264+tZvTuhQrIovFPTmNoBHobMZwQrbTkmGkwoSePMST2ZwUsY1HJjksETmFOSOQiefnPj2DGrVt3KBf8CKqAKCrUc833gRSQJaKgIx1L2kRUrO8VCMcJpVhkkksaYjPGQ9jWGOKDSTvPTMnikHQ/6kdAvVDB3f06kOJByGri6M8BqJBdrM/O/Wj9R/oWdsjBOFA3JfJGfcKgiOMsJekxQovhUAyaC6b9CMsICE6XTrOgQ0OLJf6HTqCOrjm7Pqs2rIo4yOACHoAYQOAdNcANaoA0IuAeP4Bm8GA/Gk/FqvM1bS0Yxsw9+yfj4AtGcoA8=</latexit><latexit sha1_base64="2YdksJeuDlgytTWbF1Z4pBaIs8E=">AAACGnicbZDLSsNAFIYn9VbrLerSzWARKmLJFEE3QtGNywr2Am0Ik8mkHTq5MDMplJDncOOruHGhiDtx49s4TYNo9YeBj/+cw5nzuzFnUlnWp1FaWl5ZXSuvVzY2t7Z3zN29jowSQWibRDwSPRdLyllI24opTnuxoDhwOe264+tZvTuhQrIovFPTmNoBHobMZwQrbTkmGkwoSePMST2ZwUsY1HJjksETmFOSOQiefnPj2DGrVt3KBf8CKqAKCrUc833gRSQJaKgIx1L2kRUrO8VCMcJpVhkkksaYjPGQ9jWGOKDSTvPTMnikHQ/6kdAvVDB3f06kOJByGri6M8BqJBdrM/O/Wj9R/oWdsjBOFA3JfJGfcKgiOMsJekxQovhUAyaC6b9CMsICE6XTrOgQ0OLJf6HTqCOrjm7Pqs2rIo4yOACHoAYQOAdNcANaoA0IuAeP4Bm8GA/Gk/FqvM1bS0Yxsw9+yfj4AtGcoA8=</latexit>

A. Bell 1978,  L. Drury 1983



Fermi Acceleration
Three Key Rates In Galactic Disks 

Shock

Earth/Lab Frame

Unshocked Shocked

u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

pds = m
p

v2 + 2v(u1 � u2) cos ✓ + (u1 � u2)2
<latexit sha1_base64="B/JPZ5HWviak29hpBm3Z94x5CGQ="></latexit><latexit sha1_base64="B/JPZ5HWviak29hpBm3Z94x5CGQ="></latexit><latexit sha1_base64="B/JPZ5HWviak29hpBm3Z94x5CGQ="></latexit><latexit sha1_base64="B/JPZ5HWviak29hpBm3Z94x5CGQ="></latexit>

A. Bell 1978,  L. Drury 1983
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u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

pds ' p0(1 +
u1 � u2

v
cos ✓)

<latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit>

A. Bell 1978,  L. Drury 1983



Fermi Acceleration
Three Key Rates In Galactic Disks 

Shock

Earth/Lab Frame

Unshocked Shocked

u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

pds ' p0(1 +
u1 � u2

v
cos ✓)

<latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit>

A. Bell 1978,  L. Drury 1983
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u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

pds ' p0(1 +
u1 � u2

v
cos ✓)

<latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit>

�p = p0
u1 � u2

v
cos ✓

<latexit sha1_base64="aDo29A6VKseHU6pKbXgrktvJJv0=">AAACFXicbVDJSgNBEO1xjXGLevTSGAQPGmaCoBchqAePEcwCmTD0dGqSJj0L3TWBMOQnvPgrXjwo4lXw5t/YWQ6a+KDg8V4VVfX8RAqNtv1tLS2vrK6t5zbym1vbO7uFvf26jlPFocZjGaumzzRIEUENBUpoJgpY6Eto+P2bsd8YgNIijh5wmEA7ZN1IBIIzNJJXOHVvQSKjCb2iiWe7gWI8Sz2HntHUK4+ywcjlsaYu9gCZVyjaJXsCukicGSmSGape4cvtxDwNIUIumdYtx06wnTGFgksY5d1UQ8J4n3WhZWjEQtDtbPLViB4bpUODWJmKkE7U3xMZC7Uehr7pDBn29Lw3Fv/zWikGl+1MREmKEPHpoiCVFGM6joh2hAKOcmgI40qYWynvMRMMmiDzJgRn/uVFUi+XHLvk3J8XK9ezOHLkkByRE+KQC1Ihd6RKaoSTR/JMXsmb9WS9WO/Wx7R1yZrNHJA/sD5/AGkPnb4=</latexit><latexit sha1_base64="aDo29A6VKseHU6pKbXgrktvJJv0=">AAACFXicbVDJSgNBEO1xjXGLevTSGAQPGmaCoBchqAePEcwCmTD0dGqSJj0L3TWBMOQnvPgrXjwo4lXw5t/YWQ6a+KDg8V4VVfX8RAqNtv1tLS2vrK6t5zbym1vbO7uFvf26jlPFocZjGaumzzRIEUENBUpoJgpY6Eto+P2bsd8YgNIijh5wmEA7ZN1IBIIzNJJXOHVvQSKjCb2iiWe7gWI8Sz2HntHUK4+ywcjlsaYu9gCZVyjaJXsCukicGSmSGape4cvtxDwNIUIumdYtx06wnTGFgksY5d1UQ8J4n3WhZWjEQtDtbPLViB4bpUODWJmKkE7U3xMZC7Uehr7pDBn29Lw3Fv/zWikGl+1MREmKEPHpoiCVFGM6joh2hAKOcmgI40qYWynvMRMMmiDzJgRn/uVFUi+XHLvk3J8XK9ezOHLkkByRE+KQC1Ihd6RKaoSTR/JMXsmb9WS9WO/Wx7R1yZrNHJA/sD5/AGkPnb4=</latexit><latexit sha1_base64="aDo29A6VKseHU6pKbXgrktvJJv0=">AAACFXicbVDJSgNBEO1xjXGLevTSGAQPGmaCoBchqAePEcwCmTD0dGqSJj0L3TWBMOQnvPgrXjwo4lXw5t/YWQ6a+KDg8V4VVfX8RAqNtv1tLS2vrK6t5zbym1vbO7uFvf26jlPFocZjGaumzzRIEUENBUpoJgpY6Eto+P2bsd8YgNIijh5wmEA7ZN1IBIIzNJJXOHVvQSKjCb2iiWe7gWI8Sz2HntHUK4+ywcjlsaYu9gCZVyjaJXsCukicGSmSGape4cvtxDwNIUIumdYtx06wnTGFgksY5d1UQ8J4n3WhZWjEQtDtbPLViB4bpUODWJmKkE7U3xMZC7Uehr7pDBn29Lw3Fv/zWikGl+1MREmKEPHpoiCVFGM6joh2hAKOcmgI40qYWynvMRMMmiDzJgRn/uVFUi+XHLvk3J8XK9ezOHLkkByRE+KQC1Ihd6RKaoSTR/JMXsmb9WS9WO/Wx7R1yZrNHJA/sD5/AGkPnb4=</latexit><latexit sha1_base64="aDo29A6VKseHU6pKbXgrktvJJv0=">AAACFXicbVDJSgNBEO1xjXGLevTSGAQPGmaCoBchqAePEcwCmTD0dGqSJj0L3TWBMOQnvPgrXjwo4lXw5t/YWQ6a+KDg8V4VVfX8RAqNtv1tLS2vrK6t5zbym1vbO7uFvf26jlPFocZjGaumzzRIEUENBUpoJgpY6Eto+P2bsd8YgNIijh5wmEA7ZN1IBIIzNJJXOHVvQSKjCb2iiWe7gWI8Sz2HntHUK4+ywcjlsaYu9gCZVyjaJXsCukicGSmSGape4cvtxDwNIUIumdYtx06wnTGFgksY5d1UQ8J4n3WhZWjEQtDtbPLViB4bpUODWJmKkE7U3xMZC7Uehr7pDBn29Lw3Fv/zWikGl+1MREmKEPHpoiCVFGM6joh2hAKOcmgI40qYWynvMRMMmiDzJgRn/uVFUi+XHLvk3J8XK9ezOHLkkByRE+KQC1Ihd6RKaoSTR/JMXsmb9WS9WO/Wx7R1yZrNHJA/sD5/AGkPnb4=</latexit>

A. Bell 1978,  L. Drury 1983
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u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

pds ' p0(1 +
u1 � u2

v
cos ✓)

<latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit>

h�pi = p0
u1 � u2

v

2

3
<latexit sha1_base64="2H/o6qmpLRygRd9Uu1ihFmSDIe4=">AAACJnicbZDLSsNAFIYn9VbrrerSzWAR3FiSKuimUNSFywr2Ak0Jk+lJO3QyCTOTQgl5Gje+ihsXFRF3PorTy0Jbfxj4+c45nDm/H3OmtG1/Wbm19Y3Nrfx2YWd3b/+geHjUVFEiKTRoxCPZ9okCzgQ0NNMc2rEEEvocWv7wblpvjUAqFoknPY6hG5K+YAGjRBvkFasuJ6LPAbv3wDXBMXblHFRx7NluIAlNE8/BFzjxKlk6yvCcGX+ZecWSXbZnwqvGWZgSWqjuFSduL6JJCEJTTpTqOHasuymRmlEOWcFNFMSEDkkfOsYKEoLqprMzM3xmSA8HkTRPaDyjvydSEio1Dn3TGRI9UMu1Kfyv1kl0cNNNmYgTDYLOFwUJxzrC08xwj0mgmo+NIVQy81dMB8SkoE2yBROCs3zyqmlWyo5ddh6vSrXbRRx5dIJO0Tly0DWqoQdURw1E0TN6RRP0br1Yb9aH9TlvzVmLmWP0R9b3D2zIpIY=</latexit><latexit sha1_base64="2H/o6qmpLRygRd9Uu1ihFmSDIe4=">AAACJnicbZDLSsNAFIYn9VbrrerSzWAR3FiSKuimUNSFywr2Ak0Jk+lJO3QyCTOTQgl5Gje+ihsXFRF3PorTy0Jbfxj4+c45nDm/H3OmtG1/Wbm19Y3Nrfx2YWd3b/+geHjUVFEiKTRoxCPZ9okCzgQ0NNMc2rEEEvocWv7wblpvjUAqFoknPY6hG5K+YAGjRBvkFasuJ6LPAbv3wDXBMXblHFRx7NluIAlNE8/BFzjxKlk6yvCcGX+ZecWSXbZnwqvGWZgSWqjuFSduL6JJCEJTTpTqOHasuymRmlEOWcFNFMSEDkkfOsYKEoLqprMzM3xmSA8HkTRPaDyjvydSEio1Dn3TGRI9UMu1Kfyv1kl0cNNNmYgTDYLOFwUJxzrC08xwj0mgmo+NIVQy81dMB8SkoE2yBROCs3zyqmlWyo5ddh6vSrXbRRx5dIJO0Tly0DWqoQdURw1E0TN6RRP0br1Yb9aH9TlvzVmLmWP0R9b3D2zIpIY=</latexit><latexit sha1_base64="2H/o6qmpLRygRd9Uu1ihFmSDIe4=">AAACJnicbZDLSsNAFIYn9VbrrerSzWAR3FiSKuimUNSFywr2Ak0Jk+lJO3QyCTOTQgl5Gje+ihsXFRF3PorTy0Jbfxj4+c45nDm/H3OmtG1/Wbm19Y3Nrfx2YWd3b/+geHjUVFEiKTRoxCPZ9okCzgQ0NNMc2rEEEvocWv7wblpvjUAqFoknPY6hG5K+YAGjRBvkFasuJ6LPAbv3wDXBMXblHFRx7NluIAlNE8/BFzjxKlk6yvCcGX+ZecWSXbZnwqvGWZgSWqjuFSduL6JJCEJTTpTqOHasuymRmlEOWcFNFMSEDkkfOsYKEoLqprMzM3xmSA8HkTRPaDyjvydSEio1Dn3TGRI9UMu1Kfyv1kl0cNNNmYgTDYLOFwUJxzrC08xwj0mgmo+NIVQy81dMB8SkoE2yBROCs3zyqmlWyo5ddh6vSrXbRRx5dIJO0Tly0DWqoQdURw1E0TN6RRP0br1Yb9aH9TlvzVmLmWP0R9b3D2zIpIY=</latexit><latexit sha1_base64="2H/o6qmpLRygRd9Uu1ihFmSDIe4=">AAACJnicbZDLSsNAFIYn9VbrrerSzWAR3FiSKuimUNSFywr2Ak0Jk+lJO3QyCTOTQgl5Gje+ihsXFRF3PorTy0Jbfxj4+c45nDm/H3OmtG1/Wbm19Y3Nrfx2YWd3b/+geHjUVFEiKTRoxCPZ9okCzgQ0NNMc2rEEEvocWv7wblpvjUAqFoknPY6hG5K+YAGjRBvkFasuJ6LPAbv3wDXBMXblHFRx7NluIAlNE8/BFzjxKlk6yvCcGX+ZecWSXbZnwqvGWZgSWqjuFSduL6JJCEJTTpTqOHasuymRmlEOWcFNFMSEDkkfOsYKEoLqprMzM3xmSA8HkTRPaDyjvydSEio1Dn3TGRI9UMu1Kfyv1kl0cNNNmYgTDYLOFwUJxzrC08xwj0mgmo+NIVQy81dMB8SkoE2yBROCs3zyqmlWyo5ddh6vSrXbRRx5dIJO0Tly0DWqoQdURw1E0TN6RRP0br1Yb9aH9TlvzVmLmWP0R9b3D2zIpIY=</latexit>

A. Bell 1978,  L. Drury 1983



Fermi Acceleration
Three Key Rates In Galactic Disks 

Shock

Earth/Lab Frame

Unshocked Shocked

u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

pds ' p0(1 +
u1 � u2

v
cos ✓)

<latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit>

h�picycle = p0
u1 � u2

v

4

3
<latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit>

A. Bell 1978,  L. Drury 1983
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2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

pds ' p0(1 +
u1 � u2

v
cos ✓)

<latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit>

h�picycle = p0
u1 � u2

v

4

3
<latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit>

p1 = p0 +�p0
<latexit sha1_base64="cUeIAFMF3dXWvw04vyoqIlf/n4c=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQSiJCLoRirpwWcE+oA1hMp20QyfJMDMRSuzCX3HjQhG3/oY7/8ZJm4W2Hrhw5px7mXtPIDhT2nG+rYXFpeWV1dJaeX1jc2vb3tltqiSVhDZIwhPZDrCinMW0oZnmtC0kxVHAaSsYXud+64FKxZL4Xo8E9SLcj1nICNZG8u194bvoEgnfQSeoe0O5xvnDtytO1ZkAzRO3IBUoUPftr24vIWlEY004VqrjOkJ7GZaaEU7H5W6qqMBkiPu0Y2iMI6q8bLL/GB0ZpYfCRJqKNZqovycyHCk1igLTGWE9ULNeLv7ndVIdXngZi0WqaUymH4UpRzpBeRioxyQlmo8MwUQysysiAywx0SaysgnBnT15njRPq65Tde/OKrWrIo4SHMAhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx98l5PT</latexit><latexit sha1_base64="cUeIAFMF3dXWvw04vyoqIlf/n4c=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQSiJCLoRirpwWcE+oA1hMp20QyfJMDMRSuzCX3HjQhG3/oY7/8ZJm4W2Hrhw5px7mXtPIDhT2nG+rYXFpeWV1dJaeX1jc2vb3tltqiSVhDZIwhPZDrCinMW0oZnmtC0kxVHAaSsYXud+64FKxZL4Xo8E9SLcj1nICNZG8u194bvoEgnfQSeoe0O5xvnDtytO1ZkAzRO3IBUoUPftr24vIWlEY004VqrjOkJ7GZaaEU7H5W6qqMBkiPu0Y2iMI6q8bLL/GB0ZpYfCRJqKNZqovycyHCk1igLTGWE9ULNeLv7ndVIdXngZi0WqaUymH4UpRzpBeRioxyQlmo8MwUQysysiAywx0SaysgnBnT15njRPq65Tde/OKrWrIo4SHMAhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx98l5PT</latexit><latexit sha1_base64="cUeIAFMF3dXWvw04vyoqIlf/n4c=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQSiJCLoRirpwWcE+oA1hMp20QyfJMDMRSuzCX3HjQhG3/oY7/8ZJm4W2Hrhw5px7mXtPIDhT2nG+rYXFpeWV1dJaeX1jc2vb3tltqiSVhDZIwhPZDrCinMW0oZnmtC0kxVHAaSsYXud+64FKxZL4Xo8E9SLcj1nICNZG8u194bvoEgnfQSeoe0O5xvnDtytO1ZkAzRO3IBUoUPftr24vIWlEY004VqrjOkJ7GZaaEU7H5W6qqMBkiPu0Y2iMI6q8bLL/GB0ZpYfCRJqKNZqovycyHCk1igLTGWE9ULNeLv7ndVIdXngZi0WqaUymH4UpRzpBeRioxyQlmo8MwUQysysiAywx0SaysgnBnT15njRPq65Tde/OKrWrIo4SHMAhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx98l5PT</latexit><latexit sha1_base64="cUeIAFMF3dXWvw04vyoqIlf/n4c=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQSiJCLoRirpwWcE+oA1hMp20QyfJMDMRSuzCX3HjQhG3/oY7/8ZJm4W2Hrhw5px7mXtPIDhT2nG+rYXFpeWV1dJaeX1jc2vb3tltqiSVhDZIwhPZDrCinMW0oZnmtC0kxVHAaSsYXud+64FKxZL4Xo8E9SLcj1nICNZG8u194bvoEgnfQSeoe0O5xvnDtytO1ZkAzRO3IBUoUPftr24vIWlEY004VqrjOkJ7GZaaEU7H5W6qqMBkiPu0Y2iMI6q8bLL/GB0ZpYfCRJqKNZqovycyHCk1igLTGWE9ULNeLv7ndVIdXngZi0WqaUymH4UpRzpBeRioxyQlmo8MwUQysysiAywx0SaysgnBnT15njRPq65Tde/OKrWrIo4SHMAhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx98l5PT</latexit>

A. Bell 1978,  L. Drury 1983
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u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

pds ' p0(1 +
u1 � u2

v
cos ✓)

<latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit>

h�picycle = p0
u1 � u2

v

4

3
<latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit>

p1 = p0

✓
1 +

4

3

u1 � u2

v0

◆

<latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit><latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit><latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit><latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit>

A. Bell 1978,  L. Drury 1983



Fermi Acceleration
Three Key Rates In Galactic Disks 

Shock

Earth/Lab Frame

Unshocked Shocked

u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

pds ' p0(1 +
u1 � u2

v
cos ✓)

<latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit>
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u1 � u2

v

4

3
<latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit>

p1 = p0

✓
1 +

4

3

u1 � u2

v0

◆

<latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit><latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit><latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit><latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit>

p2 = p1 +�p1
<latexit sha1_base64="guqzKX22nnaIM8s4BNjhDq604QE=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiCEJJiqAboagLlxXsA9oQJtNJO3SSDDMTodQu/BU3LhRx62+482+ctFlo64ELZ865l7n3BIIzpR3n2yosLa+srhXXSxubW9s79u5eUyWpJLRBEp7IdoAV5SymDc00p20hKY4CTlvB8DrzWw9UKpbE93okqBfhfsxCRrA2km8fCL+KLpHwXXSKujeUa5w9fLvsVJwp0CJxc1KGHHXf/ur2EpJGNNaEY6U6riO0N8ZSM8LppNRNFRWYDHGfdgyNcUSVN57uP0HHRumhMJGmYo2m6u+JMY6UGkWB6YywHqh5LxP/8zqpDi+8MYtFqmlMZh+FKUc6QVkYqMckJZqPDMFEMrMrIgMsMdEmspIJwZ0/eZE0qxXXqbh3Z+XaVR5HEQ7hCE7AhXOowS3UoQEEHuEZXuHNerJerHfrY9ZasPKZffgD6/MHgUOT1g==</latexit><latexit sha1_base64="guqzKX22nnaIM8s4BNjhDq604QE=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiCEJJiqAboagLlxXsA9oQJtNJO3SSDDMTodQu/BU3LhRx62+482+ctFlo64ELZ865l7n3BIIzpR3n2yosLa+srhXXSxubW9s79u5eUyWpJLRBEp7IdoAV5SymDc00p20hKY4CTlvB8DrzWw9UKpbE93okqBfhfsxCRrA2km8fCL+KLpHwXXSKujeUa5w9fLvsVJwp0CJxc1KGHHXf/ur2EpJGNNaEY6U6riO0N8ZSM8LppNRNFRWYDHGfdgyNcUSVN57uP0HHRumhMJGmYo2m6u+JMY6UGkWB6YywHqh5LxP/8zqpDi+8MYtFqmlMZh+FKUc6QVkYqMckJZqPDMFEMrMrIgMsMdEmspIJwZ0/eZE0qxXXqbh3Z+XaVR5HEQ7hCE7AhXOowS3UoQEEHuEZXuHNerJerHfrY9ZasPKZffgD6/MHgUOT1g==</latexit><latexit sha1_base64="guqzKX22nnaIM8s4BNjhDq604QE=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiCEJJiqAboagLlxXsA9oQJtNJO3SSDDMTodQu/BU3LhRx62+482+ctFlo64ELZ865l7n3BIIzpR3n2yosLa+srhXXSxubW9s79u5eUyWpJLRBEp7IdoAV5SymDc00p20hKY4CTlvB8DrzWw9UKpbE93okqBfhfsxCRrA2km8fCL+KLpHwXXSKujeUa5w9fLvsVJwp0CJxc1KGHHXf/ur2EpJGNNaEY6U6riO0N8ZSM8LppNRNFRWYDHGfdgyNcUSVN57uP0HHRumhMJGmYo2m6u+JMY6UGkWB6YywHqh5LxP/8zqpDi+8MYtFqmlMZh+FKUc6QVkYqMckJZqPDMFEMrMrIgMsMdEmspIJwZ0/eZE0qxXXqbh3Z+XaVR5HEQ7hCE7AhXOowS3UoQEEHuEZXuHNerJerHfrY9ZasPKZffgD6/MHgUOT1g==</latexit><latexit sha1_base64="guqzKX22nnaIM8s4BNjhDq604QE=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiCEJJiqAboagLlxXsA9oQJtNJO3SSDDMTodQu/BU3LhRx62+482+ctFlo64ELZ865l7n3BIIzpR3n2yosLa+srhXXSxubW9s79u5eUyWpJLRBEp7IdoAV5SymDc00p20hKY4CTlvB8DrzWw9UKpbE93okqBfhfsxCRrA2km8fCL+KLpHwXXSKujeUa5w9fLvsVJwp0CJxc1KGHHXf/ur2EpJGNNaEY6U6riO0N8ZSM8LppNRNFRWYDHGfdgyNcUSVN57uP0HHRumhMJGmYo2m6u+JMY6UGkWB6YywHqh5LxP/8zqpDi+8MYtFqmlMZh+FKUc6QVkYqMckJZqPDMFEMrMrIgMsMdEmspIJwZ0/eZE0qxXXqbh3Z+XaVR5HEQ7hCE7AhXOowS3UoQEEHuEZXuHNerJerHfrY9ZasPKZffgD6/MHgUOT1g==</latexit>

A. Bell 1978,  L. Drury 1983
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<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

pds ' p0(1 +
u1 � u2

v
cos ✓)

<latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit>

h�picycle = p0
u1 � u2

v

4

3
<latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit>

p1 = p0

✓
1 +

4

3

u1 � u2

v0

◆

<latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit><latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit><latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit><latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit>

p2 = p1

✓
1 +

4

3

u1 � u2

v1

◆

<latexit sha1_base64="fPaWwy6x3BSIb0/nJvpPq2YIImQ="></latexit><latexit sha1_base64="fPaWwy6x3BSIb0/nJvpPq2YIImQ="></latexit><latexit sha1_base64="fPaWwy6x3BSIb0/nJvpPq2YIImQ="></latexit><latexit sha1_base64="fPaWwy6x3BSIb0/nJvpPq2YIImQ="></latexit>

A. Bell 1978,  L. Drury 1983
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Unshocked Shocked

u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

pds ' p0(1 +
u1 � u2

v
cos ✓)

<latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit>

h�picycle = p0
u1 � u2

v

4

3
<latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit>

p1 = p0

✓
1 +

4

3

u1 � u2

v0

◆

<latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit><latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit><latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit><latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit>

p2 = p0

✓
1 +

4

3

u1 � u2

v0

◆✓
1 +

4

3

u1 � u2

v1

◆

<latexit sha1_base64="qG0ZWkEThXM86EEQVlhK9ZZtb3g="></latexit><latexit sha1_base64="qG0ZWkEThXM86EEQVlhK9ZZtb3g="></latexit><latexit sha1_base64="qG0ZWkEThXM86EEQVlhK9ZZtb3g="></latexit><latexit sha1_base64="qG0ZWkEThXM86EEQVlhK9ZZtb3g="></latexit>

A. Bell 1978,  L. Drury 1983



Fermi Acceleration
Three Key Rates In Galactic Disks 

Shock

Earth/Lab Frame

Unshocked Shocked

u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

pds ' p0(1 +
u1 � u2

v
cos ✓)

<latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit><latexit sha1_base64="z33ssfZi3GG1dYt/OG/jglX2Xic=">AAACHnicbVDJSgNBEO2Je9yiHr00BkERw0xQ9Ch68RjBqJAZhp6eGtOkZ7G7JhCG+RIv/ooXD4oInvRv7CwHtwcFj/eqqKoXZFJotO1PqzI1PTM7N79QXVxaXlmtra1f6TRXHNo8lam6CZgGKRJoo0AJN5kCFgcSroPe2dC/7oPSIk0ucZCBF7PbRESCMzSSXzvM/CLUJXW1iOGOZr6949A96kaK8SL3HbpPc79ZFv3S5ammLnYB2a5fq9sNewT6lzgTUicTtPzauxumPI8hQS6Z1h3HztArmELBJZRVN9eQMd5jt9AxNGExaK8YvVfSbaOENEqVqQTpSP0+UbBY60EcmM6YYVf/9obif14nx+jYK0SS5QgJHy+KckkxpcOsaCgUcJQDQxhXwtxKeZeZZNAkWjUhOL9f/kuumg3HbjgXB/WT00kc82STbJEd4pAjckLOSYu0CSf35JE8kxfrwXqyXq23cWvFmsxskB+wPr4A0QqhCw==</latexit>

h�picycle = p0
u1 � u2

v

4

3
<latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit><latexit sha1_base64="MBcNvGpBmLd/FeeBMJn6HxDBFW4="></latexit>

p1 = p0

✓
1 +

4

3

u1 � u2

v0

◆

<latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit><latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit><latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit><latexit sha1_base64="tQe2vGceCanwPeeQ2w1/xrJ059w="></latexit>

p2 = p0

✓
1 +

4

3

u1 � u2

v0

◆✓
1 +

4

3

u1 � u2

v1

◆

<latexit sha1_base64="qG0ZWkEThXM86EEQVlhK9ZZtb3g="></latexit><latexit sha1_base64="qG0ZWkEThXM86EEQVlhK9ZZtb3g="></latexit><latexit sha1_base64="qG0ZWkEThXM86EEQVlhK9ZZtb3g="></latexit><latexit sha1_base64="qG0ZWkEThXM86EEQVlhK9ZZtb3g="></latexit>

pn = p0

nY

i=1

✓
1 +

4

3

u1 � u2

vi�1

◆

<latexit sha1_base64="hjB6o9ZpiHyZJAHjX1b+zm/tHxs="></latexit><latexit sha1_base64="hjB6o9ZpiHyZJAHjX1b+zm/tHxs="></latexit><latexit sha1_base64="hjB6o9ZpiHyZJAHjX1b+zm/tHxs="></latexit><latexit sha1_base64="hjB6o9ZpiHyZJAHjX1b+zm/tHxs="></latexit>

A. Bell 1978,  L. Drury 1983
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Shock

Earth/Lab Frame

Unshocked Shocked

u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

Pgoner =
�out

�in
<latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit><latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit><latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit><latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit>

A. Bell 1978,  L. Drury 1983



Fermi Acceleration
Three Key Rates In Galactic Disks 

Shock

Earth/Lab Frame

Unshocked Shocked

u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

Pgoner =
�out

�in
<latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit><latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit><latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit><latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit>

�out = nu2
<latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit><latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit><latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit><latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit>

A. Bell 1978,  L. Drury 1983
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<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>
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A. Bell 1978,  L. Drury 1983
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<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>
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Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

Pgoner =
�out

�in
<latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit><latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit><latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit><latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit> �in =

1

4⇡R2

Z

shock
n~v · ~da =

nv

4
<latexit sha1_base64="xXeEPOYiW1seb1cb1SOYAazr0G8="></latexit><latexit sha1_base64="xXeEPOYiW1seb1cb1SOYAazr0G8="></latexit><latexit sha1_base64="xXeEPOYiW1seb1cb1SOYAazr0G8="></latexit><latexit sha1_base64="xXeEPOYiW1seb1cb1SOYAazr0G8="></latexit>

�out = nu2
<latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit><latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit><latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit><latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit>

Pn =
nY

i=1

✓
1� 4u2

vi�1

◆

<latexit sha1_base64="EgLxBzf/VEUmAAE5/BfL1co+y20="></latexit><latexit sha1_base64="EgLxBzf/VEUmAAE5/BfL1co+y20="></latexit><latexit sha1_base64="EgLxBzf/VEUmAAE5/BfL1co+y20="></latexit><latexit sha1_base64="EgLxBzf/VEUmAAE5/BfL1co+y20="></latexit>

A. Bell 1978,  L. Drury 1983
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u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

pn = p0

nY

i=1

✓
1 +

4

3

u1 � u2

vi�1

◆

<latexit sha1_base64="hjB6o9ZpiHyZJAHjX1b+zm/tHxs="></latexit><latexit sha1_base64="hjB6o9ZpiHyZJAHjX1b+zm/tHxs="></latexit><latexit sha1_base64="hjB6o9ZpiHyZJAHjX1b+zm/tHxs="></latexit><latexit sha1_base64="hjB6o9ZpiHyZJAHjX1b+zm/tHxs="></latexit>

Pgoner =
�out

�in
<latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit><latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit><latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit><latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit> �in =

1

4⇡R2

Z

shock
n~v · ~da =

nv

4
<latexit sha1_base64="xXeEPOYiW1seb1cb1SOYAazr0G8="></latexit><latexit sha1_base64="xXeEPOYiW1seb1cb1SOYAazr0G8="></latexit><latexit sha1_base64="xXeEPOYiW1seb1cb1SOYAazr0G8="></latexit><latexit sha1_base64="xXeEPOYiW1seb1cb1SOYAazr0G8="></latexit>

�out = nu2
<latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit><latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit><latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit><latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit>

Pn =
nY

i=1

✓
1� 4u2

vi�1

◆

<latexit sha1_base64="EgLxBzf/VEUmAAE5/BfL1co+y20="></latexit><latexit sha1_base64="EgLxBzf/VEUmAAE5/BfL1co+y20="></latexit><latexit sha1_base64="EgLxBzf/VEUmAAE5/BfL1co+y20="></latexit><latexit sha1_base64="EgLxBzf/VEUmAAE5/BfL1co+y20="></latexit>

A. Bell 1978,  L. Drury 1983



Fermi Acceleration
Three Key Rates In Galactic Disks 

Shock

Earth/Lab Frame

Unshocked Shocked

u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

pn = p0

nY

i=1

✓
1 +

4

3

u1 � u2

vi�1

◆

<latexit sha1_base64="hjB6o9ZpiHyZJAHjX1b+zm/tHxs="></latexit><latexit sha1_base64="hjB6o9ZpiHyZJAHjX1b+zm/tHxs="></latexit><latexit sha1_base64="hjB6o9ZpiHyZJAHjX1b+zm/tHxs="></latexit><latexit sha1_base64="hjB6o9ZpiHyZJAHjX1b+zm/tHxs="></latexit>

Pgoner =
�out

�in
<latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit><latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit><latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit><latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit> �in =

1

4⇡R2

Z

shock
n~v · ~da =

nv

4
<latexit sha1_base64="xXeEPOYiW1seb1cb1SOYAazr0G8="></latexit><latexit sha1_base64="xXeEPOYiW1seb1cb1SOYAazr0G8="></latexit><latexit sha1_base64="xXeEPOYiW1seb1cb1SOYAazr0G8="></latexit><latexit sha1_base64="xXeEPOYiW1seb1cb1SOYAazr0G8="></latexit>

�out = nu2
<latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit><latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit><latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit><latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit>

lnPn =
nX

i=1

ln

✓
1� 4u2

vi�1

◆
' �4u2

nX

i=1

1

vi�1
<latexit sha1_base64="HwuCRKHil3qEiPm6R7aTcd3QFjg="></latexit><latexit sha1_base64="HwuCRKHil3qEiPm6R7aTcd3QFjg="></latexit><latexit sha1_base64="HwuCRKHil3qEiPm6R7aTcd3QFjg="></latexit><latexit sha1_base64="HwuCRKHil3qEiPm6R7aTcd3QFjg="></latexit>

A. Bell 1978,  L. Drury 1983



Fermi Acceleration
Three Key Rates In Galactic Disks 

Shock

Earth/Lab Frame

Unshocked Shocked

u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

Pgoner =
�out

�in
<latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit><latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit><latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit><latexit sha1_base64="zcLHmTTLc7+J6TKYkGNJpXl0sUU=">AAACEXicbVDLSgMxFM34rPU16tJNsAhdlRkRdCMU3bisYB/QliGT3mlDM8mQZIQyzC+48VfcuFDErTt3/o1pOwttPRA4nHMvN+eECWfaeN63s7K6tr6xWdoqb+/s7u27B4ctLVNFoUkll6oTEg2cCWgaZjh0EgUkDjm0w/HN1G8/gNJMinszSaAfk6FgEaPEWClwq40gG0oBKsdXuBcpQrNeY8SCTKYmzwvORJ4HbsWreTPgZeIXpIIKNAL3qzeQNI1BGMqJ1l3fS0w/I8owyiEv91INCaFjMoSupYLEoPvZLFGOT60ywJFU9gmDZ+rvjYzEWk/i0E7GxIz0ojcV//O6qYku+zZQkhoQdH4oSjk2Ek/rwQOmgBo+sYRQxexfMR0RW4uxJZZtCf5i5GXSOqv5Xs2/O6/Ur4s6SugYnaAq8tEFqqNb1EBNRNEjekav6M15cl6cd+djPrriFDtH6A+czx+6Kp45</latexit> �in =
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4⇡R2

Z

shock
n~v · ~da =

nv

4
<latexit sha1_base64="xXeEPOYiW1seb1cb1SOYAazr0G8="></latexit><latexit sha1_base64="xXeEPOYiW1seb1cb1SOYAazr0G8="></latexit><latexit sha1_base64="xXeEPOYiW1seb1cb1SOYAazr0G8="></latexit><latexit sha1_base64="xXeEPOYiW1seb1cb1SOYAazr0G8="></latexit>

�out = nu2
<latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit><latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit><latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit><latexit sha1_base64="lvyjqPpmLPrD1mTSQ8R9B+aWzK0=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6EUoevFYwX5AG8Jmu2mXbjZhd1YsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMizLBNXjet7O2vrG5tV3aKe/u7R8cukeVtk6NoqxFU5GqbkQ0E1yyFnAQrJspRpJIsE40vp35nUemNE/lA0wyFiRkKHnMKQErhW6l3xzxME8NTPE1ltiE9dCtejVvDrxK/IJUUYFm6H71Byk1CZNABdG653sZBDlRwKlg03LfaJYROiZD1rNUkoTpIJ/fPsVnVhngOFW2JOC5+nsiJ4nWkySynQmBkV72ZuJ/Xs9AfBXkXGYGmKSLRbERGFI8CwIPuGIUxMQSQhW3t2I6IopQsHGVbQj+8surpF2v+V7Nv7+oNm6KOEroBJ2ic+SjS9RAd6iJWoiiJ/SMXtGbM3VenHfnY9G65hQzx+gPnM8fyvKTnA==</latexit>
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nX

i=1
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✓
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4
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u1 � u2
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vi�1
<latexit sha1_base64="Tjnmi9gpOS20scZbw1tUTfoOYRA="></latexit><latexit sha1_base64="Tjnmi9gpOS20scZbw1tUTfoOYRA="></latexit><latexit sha1_base64="Tjnmi9gpOS20scZbw1tUTfoOYRA="></latexit><latexit sha1_base64="Tjnmi9gpOS20scZbw1tUTfoOYRA="></latexit>

lnPn =
nX

i=1

ln

✓
1� 4u2

vi�1

◆
' �4u2

nX

i=1

1

vi�1
<latexit sha1_base64="HwuCRKHil3qEiPm6R7aTcd3QFjg="></latexit><latexit sha1_base64="HwuCRKHil3qEiPm6R7aTcd3QFjg="></latexit><latexit sha1_base64="HwuCRKHil3qEiPm6R7aTcd3QFjg="></latexit><latexit sha1_base64="HwuCRKHil3qEiPm6R7aTcd3QFjg="></latexit>

A. Bell 1978,  L. Drury 1983
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u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

Prob(p|p0) =
✓

p

p0

◆� 3u2
u1�u2

<latexit sha1_base64="51blboJEEBxs864uTy5zshLnq3o="></latexit><latexit sha1_base64="51blboJEEBxs864uTy5zshLnq3o="></latexit><latexit sha1_base64="51blboJEEBxs864uTy5zshLnq3o="></latexit><latexit sha1_base64="51blboJEEBxs864uTy5zshLnq3o="></latexit>

A. Bell 1978,  L. Drury 1983



Fermi Acceleration
Three Key Rates In Galactic Disks 

Shock

Earth/Lab Frame

Unshocked Shocked

u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

Prob(p|p0) =
✓

p

p0

◆� 3u2
u1�u2

<latexit sha1_base64="51blboJEEBxs864uTy5zshLnq3o="></latexit><latexit sha1_base64="51blboJEEBxs864uTy5zshLnq3o="></latexit><latexit sha1_base64="51blboJEEBxs864uTy5zshLnq3o="></latexit><latexit sha1_base64="51blboJEEBxs864uTy5zshLnq3o="></latexit>

u1

u2
=

� + 1

� � 1
= 4

<latexit sha1_base64="zYjwhoz/TNPQvvscbpK5Pme9r64=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCII52DvQiDL14nOBeYC0lzdItLElLkgqj9IN48at48aCIFw+C38Zs60E3H0j48f8/D8nzDxNGlXacb2tpeWV1bb20Ud7c2t7Ztff22ypOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo5uJ33kgUtFY3OtxQnyOBoJGFCNtpMA+9yKJcJYGbm6uWg6v4EzxBohzBE+hMQo+M2z8emBXnKozLbgIbgEVUFQzsD+9foxTToTGDCnVc51E+xmSmmJG8rKXKpIgPEID0jMoECfKz6bL5fDYKH0YxdIcoeFU/T2RIa7UmIemkyM9VPPeRPzP66U6uvQzKpJUE4FnD0UpgzqGk6Rgn0qCNRsbQFhS81eIh8hko02eZROCO7/yIrRrVdepunf1SuO6iKMEDsEROAEuuAANcAuaoAUweATP4BW8WU/Wi/Vufcxal6xi5gD8KevrB36zn6o=</latexit><latexit sha1_base64="zYjwhoz/TNPQvvscbpK5Pme9r64=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCII52DvQiDL14nOBeYC0lzdItLElLkgqj9IN48at48aCIFw+C38Zs60E3H0j48f8/D8nzDxNGlXacb2tpeWV1bb20Ud7c2t7Ztff22ypOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo5uJ33kgUtFY3OtxQnyOBoJGFCNtpMA+9yKJcJYGbm6uWg6v4EzxBohzBE+hMQo+M2z8emBXnKozLbgIbgEVUFQzsD+9foxTToTGDCnVc51E+xmSmmJG8rKXKpIgPEID0jMoECfKz6bL5fDYKH0YxdIcoeFU/T2RIa7UmIemkyM9VPPeRPzP66U6uvQzKpJUE4FnD0UpgzqGk6Rgn0qCNRsbQFhS81eIh8hko02eZROCO7/yIrRrVdepunf1SuO6iKMEDsEROAEuuAANcAuaoAUweATP4BW8WU/Wi/Vufcxal6xi5gD8KevrB36zn6o=</latexit><latexit sha1_base64="zYjwhoz/TNPQvvscbpK5Pme9r64=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCII52DvQiDL14nOBeYC0lzdItLElLkgqj9IN48at48aCIFw+C38Zs60E3H0j48f8/D8nzDxNGlXacb2tpeWV1bb20Ud7c2t7Ztff22ypOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo5uJ33kgUtFY3OtxQnyOBoJGFCNtpMA+9yKJcJYGbm6uWg6v4EzxBohzBE+hMQo+M2z8emBXnKozLbgIbgEVUFQzsD+9foxTToTGDCnVc51E+xmSmmJG8rKXKpIgPEID0jMoECfKz6bL5fDYKH0YxdIcoeFU/T2RIa7UmIemkyM9VPPeRPzP66U6uvQzKpJUE4FnD0UpgzqGk6Rgn0qCNRsbQFhS81eIh8hko02eZROCO7/yIrRrVdepunf1SuO6iKMEDsEROAEuuAANcAuaoAUweATP4BW8WU/Wi/Vufcxal6xi5gD8KevrB36zn6o=</latexit><latexit sha1_base64="zYjwhoz/TNPQvvscbpK5Pme9r64=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCII52DvQiDL14nOBeYC0lzdItLElLkgqj9IN48at48aCIFw+C38Zs60E3H0j48f8/D8nzDxNGlXacb2tpeWV1bb20Ud7c2t7Ztff22ypOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo5uJ33kgUtFY3OtxQnyOBoJGFCNtpMA+9yKJcJYGbm6uWg6v4EzxBohzBE+hMQo+M2z8emBXnKozLbgIbgEVUFQzsD+9foxTToTGDCnVc51E+xmSmmJG8rKXKpIgPEID0jMoECfKz6bL5fDYKH0YxdIcoeFU/T2RIa7UmIemkyM9VPPeRPzP66U6uvQzKpJUE4FnD0UpgzqGk6Rgn0qCNRsbQFhS81eIh8hko02eZROCO7/yIrRrVdepunf1SuO6iKMEDsEROAEuuAANcAuaoAUweATP4BW8WU/Wi/Vufcxal6xi5gD8KevrB36zn6o=</latexit>

A. Bell 1978,  L. Drury 1983
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u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

Prob(p|p0) =
✓

p

p0

◆� 3u2
u1�u2

<latexit sha1_base64="51blboJEEBxs864uTy5zshLnq3o="></latexit><latexit sha1_base64="51blboJEEBxs864uTy5zshLnq3o="></latexit><latexit sha1_base64="51blboJEEBxs864uTy5zshLnq3o="></latexit><latexit sha1_base64="51blboJEEBxs864uTy5zshLnq3o="></latexit>

u1

u2
=

� + 1

� � 1
= 4

<latexit sha1_base64="zYjwhoz/TNPQvvscbpK5Pme9r64=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCII52DvQiDL14nOBeYC0lzdItLElLkgqj9IN48at48aCIFw+C38Zs60E3H0j48f8/D8nzDxNGlXacb2tpeWV1bb20Ud7c2t7Ztff22ypOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo5uJ33kgUtFY3OtxQnyOBoJGFCNtpMA+9yKJcJYGbm6uWg6v4EzxBohzBE+hMQo+M2z8emBXnKozLbgIbgEVUFQzsD+9foxTToTGDCnVc51E+xmSmmJG8rKXKpIgPEID0jMoECfKz6bL5fDYKH0YxdIcoeFU/T2RIa7UmIemkyM9VPPeRPzP66U6uvQzKpJUE4FnD0UpgzqGk6Rgn0qCNRsbQFhS81eIh8hko02eZROCO7/yIrRrVdepunf1SuO6iKMEDsEROAEuuAANcAuaoAUweATP4BW8WU/Wi/Vufcxal6xi5gD8KevrB36zn6o=</latexit><latexit sha1_base64="zYjwhoz/TNPQvvscbpK5Pme9r64=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCII52DvQiDL14nOBeYC0lzdItLElLkgqj9IN48at48aCIFw+C38Zs60E3H0j48f8/D8nzDxNGlXacb2tpeWV1bb20Ud7c2t7Ztff22ypOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo5uJ33kgUtFY3OtxQnyOBoJGFCNtpMA+9yKJcJYGbm6uWg6v4EzxBohzBE+hMQo+M2z8emBXnKozLbgIbgEVUFQzsD+9foxTToTGDCnVc51E+xmSmmJG8rKXKpIgPEID0jMoECfKz6bL5fDYKH0YxdIcoeFU/T2RIa7UmIemkyM9VPPeRPzP66U6uvQzKpJUE4FnD0UpgzqGk6Rgn0qCNRsbQFhS81eIh8hko02eZROCO7/yIrRrVdepunf1SuO6iKMEDsEROAEuuAANcAuaoAUweATP4BW8WU/Wi/Vufcxal6xi5gD8KevrB36zn6o=</latexit><latexit sha1_base64="zYjwhoz/TNPQvvscbpK5Pme9r64=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCII52DvQiDL14nOBeYC0lzdItLElLkgqj9IN48at48aCIFw+C38Zs60E3H0j48f8/D8nzDxNGlXacb2tpeWV1bb20Ud7c2t7Ztff22ypOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo5uJ33kgUtFY3OtxQnyOBoJGFCNtpMA+9yKJcJYGbm6uWg6v4EzxBohzBE+hMQo+M2z8emBXnKozLbgIbgEVUFQzsD+9foxTToTGDCnVc51E+xmSmmJG8rKXKpIgPEID0jMoECfKz6bL5fDYKH0YxdIcoeFU/T2RIa7UmIemkyM9VPPeRPzP66U6uvQzKpJUE4FnD0UpgzqGk6Rgn0qCNRsbQFhS81eIh8hko02eZROCO7/yIrRrVdepunf1SuO6iKMEDsEROAEuuAANcAuaoAUweATP4BW8WU/Wi/Vufcxal6xi5gD8KevrB36zn6o=</latexit><latexit sha1_base64="zYjwhoz/TNPQvvscbpK5Pme9r64=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCII52DvQiDL14nOBeYC0lzdItLElLkgqj9IN48at48aCIFw+C38Zs60E3H0j48f8/D8nzDxNGlXacb2tpeWV1bb20Ud7c2t7Ztff22ypOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo5uJ33kgUtFY3OtxQnyOBoJGFCNtpMA+9yKJcJYGbm6uWg6v4EzxBohzBE+hMQo+M2z8emBXnKozLbgIbgEVUFQzsD+9foxTToTGDCnVc51E+xmSmmJG8rKXKpIgPEID0jMoECfKz6bL5fDYKH0YxdIcoeFU/T2RIa7UmIemkyM9VPPeRPzP66U6uvQzKpJUE4FnD0UpgzqGk6Rgn0qCNRsbQFhS81eIh8hko02eZROCO7/yIrRrVdepunf1SuO6iKMEDsEROAEuuAANcAuaoAUweATP4BW8WU/Wi/Vufcxal6xi5gD8KevrB36zn6o=</latexit>

=
p0
p

<latexit sha1_base64="uJfQM4C8UXGHCLpkAL8Og1CoB28=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigl6EohePFewHtCFstpt26Waz7G6EGvJLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvFBypo3rfjultfWNza3ydmVnd2+/Wjs47OgkVYS2ScIT1QuxppwJ2jbMcNqTiuI45LQbTm5nfveRKs0S8WCmkvoxHgkWMYKNlYJa9RoNIoVJJgM3z2Qe1Opuw50DrRKvIHUo0ApqX4NhQtKYCkM41rrvudL4GVaGEU7zyiDVVGIywSPat1TgmGo/mx+eo1OrDFGUKFvCoLn6eyLDsdbTOLSdMTZjvezNxP+8fmqiKz9jQqaGCrJYFKUcmQTNUkBDpigxfGoJJorZWxEZY5uDsVlVbAje8surpHPe8NyGd39Rb94UcZThGE7gDDy4hCbcQQvaQCCFZ3iFN+fJeXHenY9Fa8kpZo7gD5zPH3bDkvU=</latexit><latexit sha1_base64="uJfQM4C8UXGHCLpkAL8Og1CoB28=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigl6EohePFewHtCFstpt26Waz7G6EGvJLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvFBypo3rfjultfWNza3ydmVnd2+/Wjs47OgkVYS2ScIT1QuxppwJ2jbMcNqTiuI45LQbTm5nfveRKs0S8WCmkvoxHgkWMYKNlYJa9RoNIoVJJgM3z2Qe1Opuw50DrRKvIHUo0ApqX4NhQtKYCkM41rrvudL4GVaGEU7zyiDVVGIywSPat1TgmGo/mx+eo1OrDFGUKFvCoLn6eyLDsdbTOLSdMTZjvezNxP+8fmqiKz9jQqaGCrJYFKUcmQTNUkBDpigxfGoJJorZWxEZY5uDsVlVbAje8surpHPe8NyGd39Rb94UcZThGE7gDDy4hCbcQQvaQCCFZ3iFN+fJeXHenY9Fa8kpZo7gD5zPH3bDkvU=</latexit><latexit sha1_base64="uJfQM4C8UXGHCLpkAL8Og1CoB28=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigl6EohePFewHtCFstpt26Waz7G6EGvJLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvFBypo3rfjultfWNza3ydmVnd2+/Wjs47OgkVYS2ScIT1QuxppwJ2jbMcNqTiuI45LQbTm5nfveRKs0S8WCmkvoxHgkWMYKNlYJa9RoNIoVJJgM3z2Qe1Opuw50DrRKvIHUo0ApqX4NhQtKYCkM41rrvudL4GVaGEU7zyiDVVGIywSPat1TgmGo/mx+eo1OrDFGUKFvCoLn6eyLDsdbTOLSdMTZjvezNxP+8fmqiKz9jQqaGCrJYFKUcmQTNUkBDpigxfGoJJorZWxEZY5uDsVlVbAje8surpHPe8NyGd39Rb94UcZThGE7gDDy4hCbcQQvaQCCFZ3iFN+fJeXHenY9Fa8kpZo7gD5zPH3bDkvU=</latexit><latexit sha1_base64="uJfQM4C8UXGHCLpkAL8Og1CoB28=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigl6EohePFewHtCFstpt26Waz7G6EGvJLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvFBypo3rfjultfWNza3ydmVnd2+/Wjs47OgkVYS2ScIT1QuxppwJ2jbMcNqTiuI45LQbTm5nfveRKs0S8WCmkvoxHgkWMYKNlYJa9RoNIoVJJgM3z2Qe1Opuw50DrRKvIHUo0ApqX4NhQtKYCkM41rrvudL4GVaGEU7zyiDVVGIywSPat1TgmGo/mx+eo1OrDFGUKFvCoLn6eyLDsdbTOLSdMTZjvezNxP+8fmqiKz9jQqaGCrJYFKUcmQTNUkBDpigxfGoJJorZWxEZY5uDsVlVbAje8surpHPe8NyGd39Rb94UcZThGE7gDDy4hCbcQQvaQCCFZ3iFN+fJeXHenY9Fa8kpZo7gD5zPH3bDkvU=</latexit>

A. Bell 1978,  L. Drury 1983



Fermi Acceleration
Three Key Rates In Galactic Disks 

Shock

Earth/Lab Frame

Unshocked Shocked

u0
2 ⇡ cs,2

<latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit><latexit sha1_base64="in5b7Duz3RCkRzf2c/P0FsfHqfI=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyiCykzRbDLghuXFewD2mHIpJk2NJOEJCPWofgrblwo4tb/cOffmLaz0NYDFw7n3Mu990SSUW0879sprKyurW8UN0tb2zu7e+7+QUuLVGHSxIIJ1YmQJoxy0jTUMNKRiqAkYqQdja6nfvueKE0FvzNjSYIEDTiNKUbGSqF7lJ6FVdhDUirxAHGY6YvqJHTLXsWbAS4TPydlkKMRul+9vsBpQrjBDGnd9T1pggwpQzEjk1Iv1UQiPEID0rWUo4ToIJtdP4GnVunDWChb3MCZ+nsiQ4nW4ySynQkyQ73oTcX/vG5q4lqQUS5TQzieL4pTBo2A0yhgnyqCDRtbgrCi9laIh0ghbGxgJRuCv/jyMmlVK75X8W8vy/VaHkcRHIMTcA58cAXq4AY0QBNg8AiewSt4c56cF+fd+Zi3Fpx85hD8gfP5AyUrlFc=</latexit>

u0
1 ⇡ cs,1

<latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit><latexit sha1_base64="aWLoqqwDDsxwmzPYgJGBvqnClu0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkV0IWUigl0W3LisYB/QDkMmzbShmSQkGbEOxV9x40IRt/6HO//G9LHQ1gMXDufcy733xIozY4Pg21taXlldWy9sFDe3tnd2/b39hpGZJrROJJe6FWNDORO0bpnltKU0xWnMaTMeXI/95j3VhklxZ4eKhinuCZYwgq2TIv8wO40Q7GCltHyAJMrNORpFfikoBxPARYJmpARmqEX+V6crSZZSYQnHxrRRoGyYY20Z4XRU7GSGKkwGuEfbjgqcUhPmk+tH8MQpXZhI7UpYOFF/T+Q4NWaYxq4zxbZv5r2x+J/XzmxSCXMmVGapINNFScahlXAcBewyTYnlQ0cw0czdCkkfa0ysC6zoQkDzLy+SxkUZBWV0e1mqVmZxFMAROAZnAIErUAU3oAbqgIBH8AxewZv35L14797HtHXJm80cgD/wPn8AIhKUVQ==</latexit>

Vs
<latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit><latexit sha1_base64="xal76TtelGJdVhuHU3ZDAMB6wl0=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodU3fbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AzvsjcA=</latexit>

Shock

Shock Rest Frame

Unshocked/Upstream Shocked/Downstream

u1 = Vs � u0
1 ⇡ Vs

<latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit><latexit sha1_base64="SY2eR93NBPHoNeqTYmLfoOT4V6Y=">AAACBXicbZDLSgMxFIYz9VbrbdSlLoJFdGOZEUE3QtGNywr2Au0wZNJMG5pJQpIRy9CNG1/FjQtF3PoO7nwbM20X2vpD4OM/53By/kgyqo3nfTuFhcWl5ZXiamltfWNzy93eaWiRKkzqWDChWhHShFFO6oYaRlpSEZREjDSjwXVeb94Tpangd2YoSZCgHqcxxchYK3T309CHl7ARangCLR/BDpJSiYfcCt2yV/HGgvPgT6EMpqqF7lenK3CaEG4wQ1q3fU+aIEPKUMzIqNRJNZEID1CPtC1ylBAdZOMrRvDQOl0YC2UfN3Ds/p7IUKL1MIlsZ4JMX8/WcvO/Wjs18UWQUS5TQzieLIpTBo2AeSSwSxXBhg0tIKyo/SvEfaQQNja4kg3Bnz15HhqnFd+r+Ldn5erVNI4i2AMH4Bj44BxUwQ2ogTrA4BE8g1fw5jw5L8678zFpLTjTmV3wR87nDxEvlmQ=</latexit>

u2 = Vs � u0
2

<latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit><latexit sha1_base64="2msHpYexUblLAqtxqx9m0wEHq+Y=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiurEkRdCNUHTjsoK9QBvCZDpph04mYWZSKKFv4saFIm59E3e+jdM0C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8P693JlQqFosnPU2oF+GhYCEjWBvLt+3Ur6Nb1PYVukSGz3276tScXGgV3AKqUKjp21/9QUzSiApNOFaq5zqJ9jIsNSOczir9VNEEkzEe0p5BgSOqvCy/fIbOjDNAYSzNExrl7u+JDEdKTaPAdEZYj9RybW7+V+ulOrzxMiaSVFNBFovClCMdo3kMaMAkJZpPDWAimbkVkRGWmGgTVsWE4C5/eRXa9Zrr1NzHq2rjroijDCdwChfgwjU04AGa0AICE3iGV3izMuvFerc+Fq0lq5g5hj+yPn8AbP+RkA==</latexit>

~v<latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit><latexit sha1_base64="CWJndlfUsv8hHZ1l1dH2XMHFC4Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8HkPvc7U1Sax/LJzBL0IzqSPOSMGit1+lNk2XQ+qNbcursAWSdeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOK/1UY0LZhI6wZ6mkEWo/W5w7JxdWGZIwVrakIQv190RGI61nUWA7I2rGetXLxf+8XmrCWz/jMkkNSrZcFKaCmJjkv5MhV8iMmFlCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMJjAM7zCm5M4L86787FsLTnFzCn8gfP5A67Zj8g=</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

Prob(p|p0) =
✓

p

p0

◆� 3u2
u1�u2

<latexit sha1_base64="51blboJEEBxs864uTy5zshLnq3o="></latexit><latexit sha1_base64="51blboJEEBxs864uTy5zshLnq3o="></latexit><latexit sha1_base64="51blboJEEBxs864uTy5zshLnq3o="></latexit><latexit sha1_base64="51blboJEEBxs864uTy5zshLnq3o="></latexit>

u1

u2
=

� + 1

� � 1
= 4

<latexit sha1_base64="zYjwhoz/TNPQvvscbpK5Pme9r64=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCII52DvQiDL14nOBeYC0lzdItLElLkgqj9IN48at48aCIFw+C38Zs60E3H0j48f8/D8nzDxNGlXacb2tpeWV1bb20Ud7c2t7Ztff22ypOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo5uJ33kgUtFY3OtxQnyOBoJGFCNtpMA+9yKJcJYGbm6uWg6v4EzxBohzBE+hMQo+M2z8emBXnKozLbgIbgEVUFQzsD+9foxTToTGDCnVc51E+xmSmmJG8rKXKpIgPEID0jMoECfKz6bL5fDYKH0YxdIcoeFU/T2RIa7UmIemkyM9VPPeRPzP66U6uvQzKpJUE4FnD0UpgzqGk6Rgn0qCNRsbQFhS81eIh8hko02eZROCO7/yIrRrVdepunf1SuO6iKMEDsEROAEuuAANcAuaoAUweATP4BW8WU/Wi/Vufcxal6xi5gD8KevrB36zn6o=</latexit><latexit sha1_base64="zYjwhoz/TNPQvvscbpK5Pme9r64=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCII52DvQiDL14nOBeYC0lzdItLElLkgqj9IN48at48aCIFw+C38Zs60E3H0j48f8/D8nzDxNGlXacb2tpeWV1bb20Ud7c2t7Ztff22ypOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo5uJ33kgUtFY3OtxQnyOBoJGFCNtpMA+9yKJcJYGbm6uWg6v4EzxBohzBE+hMQo+M2z8emBXnKozLbgIbgEVUFQzsD+9foxTToTGDCnVc51E+xmSmmJG8rKXKpIgPEID0jMoECfKz6bL5fDYKH0YxdIcoeFU/T2RIa7UmIemkyM9VPPeRPzP66U6uvQzKpJUE4FnD0UpgzqGk6Rgn0qCNRsbQFhS81eIh8hko02eZROCO7/yIrRrVdepunf1SuO6iKMEDsEROAEuuAANcAuaoAUweATP4BW8WU/Wi/Vufcxal6xi5gD8KevrB36zn6o=</latexit><latexit sha1_base64="zYjwhoz/TNPQvvscbpK5Pme9r64=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCII52DvQiDL14nOBeYC0lzdItLElLkgqj9IN48at48aCIFw+C38Zs60E3H0j48f8/D8nzDxNGlXacb2tpeWV1bb20Ud7c2t7Ztff22ypOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo5uJ33kgUtFY3OtxQnyOBoJGFCNtpMA+9yKJcJYGbm6uWg6v4EzxBohzBE+hMQo+M2z8emBXnKozLbgIbgEVUFQzsD+9foxTToTGDCnVc51E+xmSmmJG8rKXKpIgPEID0jMoECfKz6bL5fDYKH0YxdIcoeFU/T2RIa7UmIemkyM9VPPeRPzP66U6uvQzKpJUE4FnD0UpgzqGk6Rgn0qCNRsbQFhS81eIh8hko02eZROCO7/yIrRrVdepunf1SuO6iKMEDsEROAEuuAANcAuaoAUweATP4BW8WU/Wi/Vufcxal6xi5gD8KevrB36zn6o=</latexit><latexit sha1_base64="zYjwhoz/TNPQvvscbpK5Pme9r64=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCII52DvQiDL14nOBeYC0lzdItLElLkgqj9IN48at48aCIFw+C38Zs60E3H0j48f8/D8nzDxNGlXacb2tpeWV1bb20Ud7c2t7Ztff22ypOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo5uJ33kgUtFY3OtxQnyOBoJGFCNtpMA+9yKJcJYGbm6uWg6v4EzxBohzBE+hMQo+M2z8emBXnKozLbgIbgEVUFQzsD+9foxTToTGDCnVc51E+xmSmmJG8rKXKpIgPEID0jMoECfKz6bL5fDYKH0YxdIcoeFU/T2RIa7UmIemkyM9VPPeRPzP66U6uvQzKpJUE4FnD0UpgzqGk6Rgn0qCNRsbQFhS81eIh8hko02eZROCO7/yIrRrVdepunf1SuO6iKMEDsEROAEuuAANcAuaoAUweATP4BW8WU/Wi/Vufcxal6xi5gD8KevrB36zn6o=</latexit>

=
p0
p
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A. Bell 1978,  L. Drury 1983
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• Max momentum set by tacc = 8
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Maximum Acceleration
Three Key Rates In Galactic Disks 
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No acceleration as 



Ionization Particle Searches
Direct Detection of Accelerated CHAMP Cosmic Rays

• As q grows, CHAMPs yield significant ionization

• Experiments are typically scintillation detectors with constraints in form of upper bound on 
CHAMP flux �(p > p0) =

Z pmax

p0

dnA

dp
v dp
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