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We’re made of baryons
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How to get baryons

Sakharov conditions:
B violation

C & CP violation

Depart from thermal eq.

qL q̄Lvs.
qL vs. q̄R



!3

How to get baryons

Sakharov conditions:
B violation

C & CP violation

Depart from thermal eq.

qL q̄Lvs.
qL vs. q̄R

SM can’t quite do it



!3

How to get baryons

Sakharov conditions:
B violation

C & CP violation

Depart from thermal eq.

Inflation means it “must” happen dynamically: “baryogenesis”

qL q̄Lvs.
qL vs. q̄R

SM can’t quite do it



!3

How to get baryons

Sakharov conditions:
B violation

C & CP violation

Depart from thermal eq.

Most models of baryogenesis require a high reheat 
temperature (above EW) which can be problematic

Inflation means it “must” happen dynamically: “baryogenesis”

qL q̄Lvs.
qL vs. q̄R

SM can’t quite do it
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What is the reheat temp.?

V (�)

�

smooths and flattens Universe
Inflation… gets rid of “problematic” things (e.g. monopoles)

can explain pattern of CMB anisotropies

After inflation Universe cold and dominated by inflaton
Coupling to SM reheats Universe
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What is the reheat temp.?
No direct evidence reheating T was high (compared to, 

say, electroweak), could have been low

Issues with high reheat T:
Gravitino production in SUSY extensions

Isocurvature perturbations from axion(-like particles)
Turner, Wilczek, Zee, Seckel; Fox, Pierce, Thomas; + others

Moroi, Murayama, Yamaguchi, Kawasaki, Yanagida; 
Bolz, Brandenburg, Buchmuller;+ others

Relaxion models require low inflation scale
Graham, Kaplan, Rajendran
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What is the reheat temp.?
No direct evidence reheating T was high (compared to, 

say, electroweak), could have been low

Issues with high reheat T:
Gravitino production in SUSY extensions

Isocurvature perturbations from axion(-like particles)
Turner, Wilczek, Zee, Seckel; Fox, Pierce, Thomas; + others

Moroi, Murayama, Yamaguchi, Kawasaki, Yanagida; 
Bolz, Brandenburg, Buchmuller;+ others

Seek baryogenesis at low scales

Relaxion models require low inflation scale
Graham, Kaplan, Rajendran
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An Early Low Scale 
Baryogenesis Model

W � �00
ijkuidjdk

<latexit sha1_base64="llmsVD9aIIpxPypUxrpNdmF9iFE=">AAACFnicbVDLSsNAFJ34rPUVdekmWAQ3lkQEXRbduKxgH9DEMJncttNMkmFmIpSQr3Djr7hxoYhbceffOG2z0NYDMxzOuYeZewLOqFS2/W0sLa+srq1XNqqbW9s7u+beflummSDQIilLRTfAEhhNoKWoYtDlAnAcMOgE0fXE7zyAkDRN7tSYgxfjQUL7lGClJd887bgy4xKUy3QoxPe5ywWNYXYXfk5HUZH5NPRHoR/5Zs2u21NYi8QpSQ2VaPrmlxumJIshUYRhKXuOzZWXY6EoYVBU3UwCxyTCA+hpmuAYpJdP1yqsY62EVj8V+iTKmqq/EzmOpRzHgZ6MsRrKeW8i/uf1MtW/9HKa8ExBQmYP9TNmqdSadGSFVABRbKwJJoLqv1pkiAUmSjdZ1SU48ysvkvZZ3bHrzu15rXFV1lFBh+gInSAHXaAGukFN1EIEPaJn9IrejCfjxXg3PmajS0aZOUB/YHz+ALraoPY=</latexit><latexit sha1_base64="llmsVD9aIIpxPypUxrpNdmF9iFE=">AAACFnicbVDLSsNAFJ34rPUVdekmWAQ3lkQEXRbduKxgH9DEMJncttNMkmFmIpSQr3Djr7hxoYhbceffOG2z0NYDMxzOuYeZewLOqFS2/W0sLa+srq1XNqqbW9s7u+beflummSDQIilLRTfAEhhNoKWoYtDlAnAcMOgE0fXE7zyAkDRN7tSYgxfjQUL7lGClJd887bgy4xKUy3QoxPe5ywWNYXYXfk5HUZH5NPRHoR/5Zs2u21NYi8QpSQ2VaPrmlxumJIshUYRhKXuOzZWXY6EoYVBU3UwCxyTCA+hpmuAYpJdP1yqsY62EVj8V+iTKmqq/EzmOpRzHgZ6MsRrKeW8i/uf1MtW/9HKa8ExBQmYP9TNmqdSadGSFVABRbKwJJoLqv1pkiAUmSjdZ1SU48ysvkvZZ3bHrzu15rXFV1lFBh+gInSAHXaAGukFN1EIEPaJn9IrejCfjxXg3PmajS0aZOUB/YHz+ALraoPY=</latexit><latexit sha1_base64="llmsVD9aIIpxPypUxrpNdmF9iFE=">AAACFnicbVDLSsNAFJ34rPUVdekmWAQ3lkQEXRbduKxgH9DEMJncttNMkmFmIpSQr3Djr7hxoYhbceffOG2z0NYDMxzOuYeZewLOqFS2/W0sLa+srq1XNqqbW9s7u+beflummSDQIilLRTfAEhhNoKWoYtDlAnAcMOgE0fXE7zyAkDRN7tSYgxfjQUL7lGClJd887bgy4xKUy3QoxPe5ywWNYXYXfk5HUZH5NPRHoR/5Zs2u21NYi8QpSQ2VaPrmlxumJIshUYRhKXuOzZWXY6EoYVBU3UwCxyTCA+hpmuAYpJdP1yqsY62EVj8V+iTKmqq/EzmOpRzHgZ6MsRrKeW8i/uf1MtW/9HKa8ExBQmYP9TNmqdSadGSFVABRbKwJJoLqv1pkiAUmSjdZ1SU48ysvkvZZ3bHrzu15rXFV1lFBh+gInSAHXaAGukFN1EIEPaJn9IrejCfjxXg3PmajS0aZOUB/YHz+ALraoPY=</latexit><latexit sha1_base64="llmsVD9aIIpxPypUxrpNdmF9iFE=">AAACFnicbVDLSsNAFJ34rPUVdekmWAQ3lkQEXRbduKxgH9DEMJncttNMkmFmIpSQr3Djr7hxoYhbceffOG2z0NYDMxzOuYeZewLOqFS2/W0sLa+srq1XNqqbW9s7u+beflummSDQIilLRTfAEhhNoKWoYtDlAnAcMOgE0fXE7zyAkDRN7tSYgxfjQUL7lGClJd887bgy4xKUy3QoxPe5ywWNYXYXfk5HUZH5NPRHoR/5Zs2u21NYi8QpSQ2VaPrmlxumJIshUYRhKXuOzZWXY6EoYVBU3UwCxyTCA+hpmuAYpJdP1yqsY62EVj8V+iTKmqq/EzmOpRzHgZ6MsRrKeW8i/uf1MtW/9HKa8ExBQmYP9TNmqdSadGSFVABRbKwJJoLqv1pkiAUmSjdZ1SU48ysvkvZZ3bHrzu15rXFV1lFBh+gInSAHXaAGukFN1EIEPaJn9IrejCfjxXg3PmajS0aZOUB/YHz+ALraoPY=</latexit>

Baryonic RPV SUSY

(this will come up again)

Stop decays source asymmetry 
Low reheat T prevents wash out but…

Too large neutron EDM
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New Models for Low Scale 
Baryogenesis

Basic idea: make neutral (QCD bound) 
states after QCD confines

Coherent oscillations and decays 
source baryon asymmetry

Out of equilibrium condition provided 
by long-lived particle that decays to the 

states that oscillate
Based on work with Kyle Aitken, Seyda Ipek, 

Akshay Ghalsasi, Thomas Neder, & Ann Nelson
+new work by Gilly Elor, Miguel Escudero, & Ann Nelson
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Low Scale Baryogenesis: 
Model I

A (colored) scalar

Neutral Majorana fermions

�

Interactions:
(encoded in

)

If the scalar is sufficiently long-lived it 
can form bound states with light quarks 
called “mesinos”

�q ⇠ �⇤q

�

d̄j

ūi
L � �g⇤ud�

⇤ūRd
c
R � yid��̄id

c
R � 1

2
m�i�i�i + h.c.
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What are Mesinos?

Decay modes: ui

q

u

d

d χ

γ

φ

n

�⇤
�q

u

d

dχ

γ

φ

n ⌘ ��q!BB = +1 + . . .
dj

+conjugate modes for antimesinos

Take quark→squark inside a meson 
“superpartner” of a meson
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What do Mesinos do?

|�L,Hi = p|�qi± q|�̄qi

(Neutral) mesinos can 
turn into antimesinos

Just as in the case of mesons, can 
write down 2x2 Hamiltonian

Mass eigenstates are an 
admixture of “flavor” eigenstates
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<latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit><latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit><latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit><latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit>

m�i
<latexit sha1_base64="KS6lONbr0MMHKcQs/tF3kmJG3B4=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48V7Ae2y5JNs21okl2SrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvSgU31vO+UWltfWNzq7xd2dnd2z+oHh61TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1onGtzO/88S04Yl6sJOUBZIMFY85JdZJjzLM+3TEQz4NqzWv7s2BV4lfkBoUaIbVr/4goZlkylJBjOn5XmqDnGjLqWDTSj8zLCV0TIas56gikpkgn188xWdOGeA40a6UxXP190ROpDETGblOSezILHsz8T+vl9n4Osi5SjPLFF0sijOBbYJn7+MB14xaMXGEUM3drZiOiCbUupAqLgR/+eVV0r6o+17dv7+sNW6KOMpwAqdwDj5cQQPuoAktoKDgGV7hDRn0gt7Rx6K1hIqZY/gD9PkDycGQ+g==</latexit><latexit sha1_base64="KS6lONbr0MMHKcQs/tF3kmJG3B4=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48V7Ae2y5JNs21okl2SrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvSgU31vO+UWltfWNzq7xd2dnd2z+oHh61TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1onGtzO/88S04Yl6sJOUBZIMFY85JdZJjzLM+3TEQz4NqzWv7s2BV4lfkBoUaIbVr/4goZlkylJBjOn5XmqDnGjLqWDTSj8zLCV0TIas56gikpkgn188xWdOGeA40a6UxXP190ROpDETGblOSezILHsz8T+vl9n4Osi5SjPLFF0sijOBbYJn7+MB14xaMXGEUM3drZiOiCbUupAqLgR/+eVV0r6o+17dv7+sNW6KOMpwAqdwDj5cQQPuoAktoKDgGV7hDRn0gt7Rx6K1hIqZY/gD9PkDycGQ+g==</latexit><latexit sha1_base64="KS6lONbr0MMHKcQs/tF3kmJG3B4=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48V7Ae2y5JNs21okl2SrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvSgU31vO+UWltfWNzq7xd2dnd2z+oHh61TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1onGtzO/88S04Yl6sJOUBZIMFY85JdZJjzLM+3TEQz4NqzWv7s2BV4lfkBoUaIbVr/4goZlkylJBjOn5XmqDnGjLqWDTSj8zLCV0TIas56gikpkgn188xWdOGeA40a6UxXP190ROpDETGblOSezILHsz8T+vl9n4Osi5SjPLFF0sijOBbYJn7+MB14xaMXGEUM3drZiOiCbUupAqLgR/+eVV0r6o+17dv7+sNW6KOMpwAqdwDj5cQQPuoAktoKDgGV7hDRn0gt7Rx6K1hIqZY/gD9PkDycGQ+g==</latexit><latexit sha1_base64="KS6lONbr0MMHKcQs/tF3kmJG3B4=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48V7Ae2y5JNs21okl2SrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvSgU31vO+UWltfWNzq7xd2dnd2z+oHh61TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1onGtzO/88S04Yl6sJOUBZIMFY85JdZJjzLM+3TEQz4NqzWv7s2BV4lfkBoUaIbVr/4goZlkylJBjOn5XmqDnGjLqWDTSj8zLCV0TIas56gikpkgn188xWdOGeA40a6UxXP190ROpDETGblOSezILHsz8T+vl9n4Osi5SjPLFF0sijOBbYJn7+MB14xaMXGEUM3drZiOiCbUupAqLgR/+eVV0r6o+17dv7+sNW6KOMpwAqdwDj5cQQPuoAktoKDgGV7hDRn0gt7Rx6K1hIqZY/gD9PkDycGQ+g==</latexit>

What do Mesinos do?

In addition to this

There is also
H = M� i

2
�

12 1212
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strange quarks 
for definiteness)
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<latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit><latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit><latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit><latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit>



Baryon asymmetry per 
mesino-antimesino pair
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�� + ��̄<latexit sha1_base64="vUJ9pFoxHpYiZNDRSjGR5Qq2Rg4="></latexit><latexit sha1_base64="vUJ9pFoxHpYiZNDRSjGR5Qq2Rg4="></latexit><latexit sha1_base64="vUJ9pFoxHpYiZNDRSjGR5Qq2Rg4="></latexit><latexit sha1_base64="vUJ9pFoxHpYiZNDRSjGR5Qq2Rg4="></latexit>

!12

m�s �m�1 ⇠ GeV
<latexit sha1_base64="h4nEFr7XkOOxHGZpiwr5PXWuwoU=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuLEkIuiy6EKXFewFmhAm00k7dGYSZiZCCdm78VXcuFDErS/gzrdx0mahrT8MfPznHM6cP0wYVdpxvq3Kyura+kZ1s7a1vbO7Z+8fdFWcSkw6OGax7IdIEUYF6WiqGeknkiAeMtILJ9dFvfdApKKxuNfThPgcjQSNKEbaWIFd50Hmtcc0UPlpgdigm3uK8syTHN6Qbh7YDafpzASXwS2hAUq1A/vLG8Y45URozJBSA9dJtJ8hqSlmJK95qSIJwhM0IgODAnGi/Gx2Sw6PjTOEUSzNExrO3N8TGeJKTXloOjnSY7VYK8z/aoNUR5d+RkWSaiLwfFGUMqhjWAQDh1QSrNnUAMKSmr9CPEYSYW3iq5kQ3MWTl6F71nSdpnt33mhdlXFUwRGogxPgggvQAregDToAg0fwDF7Bm/VkvVjv1se8tWKVM4fgj6zPHy4Lmx0=</latexit><latexit sha1_base64="h4nEFr7XkOOxHGZpiwr5PXWuwoU=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuLEkIuiy6EKXFewFmhAm00k7dGYSZiZCCdm78VXcuFDErS/gzrdx0mahrT8MfPznHM6cP0wYVdpxvq3Kyura+kZ1s7a1vbO7Z+8fdFWcSkw6OGax7IdIEUYF6WiqGeknkiAeMtILJ9dFvfdApKKxuNfThPgcjQSNKEbaWIFd50Hmtcc0UPlpgdigm3uK8syTHN6Qbh7YDafpzASXwS2hAUq1A/vLG8Y45URozJBSA9dJtJ8hqSlmJK95qSIJwhM0IgODAnGi/Gx2Sw6PjTOEUSzNExrO3N8TGeJKTXloOjnSY7VYK8z/aoNUR5d+RkWSaiLwfFGUMqhjWAQDh1QSrNnUAMKSmr9CPEYSYW3iq5kQ3MWTl6F71nSdpnt33mhdlXFUwRGogxPgggvQAregDToAg0fwDF7Bm/VkvVjv1se8tWKVM4fgj6zPHy4Lmx0=</latexit><latexit sha1_base64="h4nEFr7XkOOxHGZpiwr5PXWuwoU=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuLEkIuiy6EKXFewFmhAm00k7dGYSZiZCCdm78VXcuFDErS/gzrdx0mahrT8MfPznHM6cP0wYVdpxvq3Kyura+kZ1s7a1vbO7Z+8fdFWcSkw6OGax7IdIEUYF6WiqGeknkiAeMtILJ9dFvfdApKKxuNfThPgcjQSNKEbaWIFd50Hmtcc0UPlpgdigm3uK8syTHN6Qbh7YDafpzASXwS2hAUq1A/vLG8Y45URozJBSA9dJtJ8hqSlmJK95qSIJwhM0IgODAnGi/Gx2Sw6PjTOEUSzNExrO3N8TGeJKTXloOjnSY7VYK8z/aoNUR5d+RkWSaiLwfFGUMqhjWAQDh1QSrNnUAMKSmr9CPEYSYW3iq5kQ3MWTl6F71nSdpnt33mhdlXFUwRGogxPgggvQAregDToAg0fwDF7Bm/VkvVjv1se8tWKVM4fgj6zPHy4Lmx0=</latexit><latexit sha1_base64="h4nEFr7XkOOxHGZpiwr5PXWuwoU=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuLEkIuiy6EKXFewFmhAm00k7dGYSZiZCCdm78VXcuFDErS/gzrdx0mahrT8MfPznHM6cP0wYVdpxvq3Kyura+kZ1s7a1vbO7Z+8fdFWcSkw6OGax7IdIEUYF6WiqGeknkiAeMtILJ9dFvfdApKKxuNfThPgcjQSNKEbaWIFd50Hmtcc0UPlpgdigm3uK8syTHN6Qbh7YDafpzASXwS2hAUq1A/vLG8Y45URozJBSA9dJtJ8hqSlmJK95qSIJwhM0IgODAnGi/Gx2Sw6PjTOEUSzNExrO3N8TGeJKTXloOjnSY7VYK8z/aoNUR5d+RkWSaiLwfFGUMqhjWAQDh1QSrNnUAMKSmr9CPEYSYW3iq5kQ3MWTl6F71nSdpnt33mhdlXFUwRGogxPgggvQAregDToAg0fwDF7Bm/VkvVjv1se8tWKVM4fgj6zPHy4Lmx0=</latexit>

�1
<latexit sha1_base64="ikDI8I+hVIxET/DXYhpWKVISvu4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxXtArV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVEN/Gpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPJ16O1g==</latexit><latexit sha1_base64="ikDI8I+hVIxET/DXYhpWKVISvu4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxXtArV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVEN/Gpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPJ16O1g==</latexit><latexit sha1_base64="ikDI8I+hVIxET/DXYhpWKVISvu4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxXtArV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVEN/Gpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPJ16O1g==</latexit><latexit sha1_base64="ikDI8I+hVIxET/DXYhpWKVISvu4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxXtArV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVEN/Gpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPJ16O1g==</latexit>

Using                     , can find |�12| ⇠ ��s!�1
<latexit sha1_base64="CLkgvXBR8uUHqqb30PBeWI9kUpE=">AAACJ3icbVDLSgMxFM34rPVVdekmWARXZUYEXUnRhS4r2FZohiGTZjrBZGZI7ghlOn/jxl9xI6iILv0T08fC14HA4Zx7uTknzKQw4Lofztz8wuLScmWlurq2vrFZ29rumDTXjLdZKlN9E1LDpUh4GwRIfpNpTlUoeTe8PR/73TuujUiTaxhm3Fd0kIhIMApWCmqnRPIIRgVRFOIwwuSCKkXLoPAOS6LFIIYRMUJN5aAgrVgEhkBKmCVeGdTqbsOdAP8l3ozU0QytoPZM+inLFU+ASWpMz3Mz8AuqQTDJyyrJDc8ou6UD3rM0oYobv5jkLPG+Vfo4SrV9CeCJ+n2joMqYoQrt5DiO+e2Nxf+8Xg7RiV+IJMuBJ2x6KMolhhSPS8N9oTkDObSEMi3sXzGLqaYMbLVVW4L3O/Jf0jlseG7DuzqqN89mdVTQLtpDB8hDx6iJLlELtRFD9+gRvaBX58F5ct6c9+nonDPb2UE/4Hx+ATHPp1g=</latexit><latexit sha1_base64="CLkgvXBR8uUHqqb30PBeWI9kUpE=">AAACJ3icbVDLSgMxFM34rPVVdekmWARXZUYEXUnRhS4r2FZohiGTZjrBZGZI7ghlOn/jxl9xI6iILv0T08fC14HA4Zx7uTknzKQw4Lofztz8wuLScmWlurq2vrFZ29rumDTXjLdZKlN9E1LDpUh4GwRIfpNpTlUoeTe8PR/73TuujUiTaxhm3Fd0kIhIMApWCmqnRPIIRgVRFOIwwuSCKkXLoPAOS6LFIIYRMUJN5aAgrVgEhkBKmCVeGdTqbsOdAP8l3ozU0QytoPZM+inLFU+ASWpMz3Mz8AuqQTDJyyrJDc8ou6UD3rM0oYobv5jkLPG+Vfo4SrV9CeCJ+n2joMqYoQrt5DiO+e2Nxf+8Xg7RiV+IJMuBJ2x6KMolhhSPS8N9oTkDObSEMi3sXzGLqaYMbLVVW4L3O/Jf0jlseG7DuzqqN89mdVTQLtpDB8hDx6iJLlELtRFD9+gRvaBX58F5ct6c9+nonDPb2UE/4Hx+ATHPp1g=</latexit><latexit sha1_base64="CLkgvXBR8uUHqqb30PBeWI9kUpE=">AAACJ3icbVDLSgMxFM34rPVVdekmWARXZUYEXUnRhS4r2FZohiGTZjrBZGZI7ghlOn/jxl9xI6iILv0T08fC14HA4Zx7uTknzKQw4Lofztz8wuLScmWlurq2vrFZ29rumDTXjLdZKlN9E1LDpUh4GwRIfpNpTlUoeTe8PR/73TuujUiTaxhm3Fd0kIhIMApWCmqnRPIIRgVRFOIwwuSCKkXLoPAOS6LFIIYRMUJN5aAgrVgEhkBKmCVeGdTqbsOdAP8l3ozU0QytoPZM+inLFU+ASWpMz3Mz8AuqQTDJyyrJDc8ou6UD3rM0oYobv5jkLPG+Vfo4SrV9CeCJ+n2joMqYoQrt5DiO+e2Nxf+8Xg7RiV+IJMuBJ2x6KMolhhSPS8N9oTkDObSEMi3sXzGLqaYMbLVVW4L3O/Jf0jlseG7DuzqqN89mdVTQLtpDB8hDx6iJLlELtRFD9+gRvaBX58F5ct6c9+nonDPb2UE/4Hx+ATHPp1g=</latexit><latexit sha1_base64="CLkgvXBR8uUHqqb30PBeWI9kUpE=">AAACJ3icbVDLSgMxFM34rPVVdekmWARXZUYEXUnRhS4r2FZohiGTZjrBZGZI7ghlOn/jxl9xI6iILv0T08fC14HA4Zx7uTknzKQw4Lofztz8wuLScmWlurq2vrFZ29rumDTXjLdZKlN9E1LDpUh4GwRIfpNpTlUoeTe8PR/73TuujUiTaxhm3Fd0kIhIMApWCmqnRPIIRgVRFOIwwuSCKkXLoPAOS6LFIIYRMUJN5aAgrVgEhkBKmCVeGdTqbsOdAP8l3ozU0QytoPZM+inLFU+ASWpMz3Mz8AuqQTDJyyrJDc8ou6UD3rM0oYobv5jkLPG+Vfo4SrV9CeCJ+n2joMqYoQrt5DiO+e2Nxf+8Xg7RiV+IJMuBJ2x6KMolhhSPS8N9oTkDObSEMi3sXzGLqaYMbLVVW4L3O/Jf0jlseG7DuzqqN89mdVTQLtpDB8hDx6iJLlELtRFD9+gRvaBX58F5ct6c9+nonDPb2UE/4Hx+ATHPp1g=</latexit>

(Need 2     for phase diff.)�i



Out of equilibrium condition

!13

Need a source of scalars/
mesinos out of thermal 
equilibrium (i.e. distinct from 
strong interactions)

For definiteness, can use the 
decay of a singlet

T . TQCD ⇠ 200 MeV

means

so that mesinos form

�3
<latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit>

�⇤

dj

�3
<latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit>

tN3 ⇠ 10�5 s�3
<latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit>



Cosmic history of the 
asymmetry
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t �!

T . 200 MeV

 � T
<latexit sha1_base64="Ls7rbujDx/HJ/uVRNf10JWiGrO4=">AAAB+XicbVA9SwNBEJ2L3/Hr1NJmMQhW4U4ELYM2lgrGBJIQ9jZzyZK93WN3LxKO/BMbC0Vs/Sd2/hs3yRWa+GDg8d4MM/OiVHBjg+DbK62srq1vbG6Vt3d29/b9g8NHozLNsM6UULoZUYOCS6xbbgU2U400iQQ2ouHN1G+MUBuu5IMdp9hJaF/ymDNqndT1/bZQsi8wtlRr9UQeun4lqAYzkGUSFqQCBe66/le7p1iWoLRMUGNaYZDaTk615UzgpNzODKaUDWkfW45KmqDp5LPLJ+TUKT0SK+1KWjJTf0/kNDFmnESuM6F2YBa9qfif18psfNXJuUwzi5LNF8WZIFaRaQykxzUyK8aOUKa5u5WwAdWUWRdW2YUQLr68TB7Pq2FQDe8vKrXrIo5NOIYTOIMQLqEGt3AHdWAwgmd4hTcv9168d+9j3lryipkj+APv8weer5Oh</latexit><latexit sha1_base64="Ls7rbujDx/HJ/uVRNf10JWiGrO4=">AAAB+XicbVA9SwNBEJ2L3/Hr1NJmMQhW4U4ELYM2lgrGBJIQ9jZzyZK93WN3LxKO/BMbC0Vs/Sd2/hs3yRWa+GDg8d4MM/OiVHBjg+DbK62srq1vbG6Vt3d29/b9g8NHozLNsM6UULoZUYOCS6xbbgU2U400iQQ2ouHN1G+MUBuu5IMdp9hJaF/ymDNqndT1/bZQsi8wtlRr9UQeun4lqAYzkGUSFqQCBe66/le7p1iWoLRMUGNaYZDaTk615UzgpNzODKaUDWkfW45KmqDp5LPLJ+TUKT0SK+1KWjJTf0/kNDFmnESuM6F2YBa9qfif18psfNXJuUwzi5LNF8WZIFaRaQykxzUyK8aOUKa5u5WwAdWUWRdW2YUQLr68TB7Pq2FQDe8vKrXrIo5NOIYTOIMQLqEGt3AHdWAwgmd4hTcv9168d+9j3lryipkj+APv8weer5Oh</latexit><latexit sha1_base64="Ls7rbujDx/HJ/uVRNf10JWiGrO4=">AAAB+XicbVA9SwNBEJ2L3/Hr1NJmMQhW4U4ELYM2lgrGBJIQ9jZzyZK93WN3LxKO/BMbC0Vs/Sd2/hs3yRWa+GDg8d4MM/OiVHBjg+DbK62srq1vbG6Vt3d29/b9g8NHozLNsM6UULoZUYOCS6xbbgU2U400iQQ2ouHN1G+MUBuu5IMdp9hJaF/ymDNqndT1/bZQsi8wtlRr9UQeun4lqAYzkGUSFqQCBe66/le7p1iWoLRMUGNaYZDaTk615UzgpNzODKaUDWkfW45KmqDp5LPLJ+TUKT0SK+1KWjJTf0/kNDFmnESuM6F2YBa9qfif18psfNXJuUwzi5LNF8WZIFaRaQykxzUyK8aOUKa5u5WwAdWUWRdW2YUQLr68TB7Pq2FQDe8vKrXrIo5NOIYTOIMQLqEGt3AHdWAwgmd4hTcv9168d+9j3lryipkj+APv8weer5Oh</latexit><latexit sha1_base64="Ls7rbujDx/HJ/uVRNf10JWiGrO4=">AAAB+XicbVA9SwNBEJ2L3/Hr1NJmMQhW4U4ELYM2lgrGBJIQ9jZzyZK93WN3LxKO/BMbC0Vs/Sd2/hs3yRWa+GDg8d4MM/OiVHBjg+DbK62srq1vbG6Vt3d29/b9g8NHozLNsM6UULoZUYOCS6xbbgU2U400iQQ2ouHN1G+MUBuu5IMdp9hJaF/ymDNqndT1/bZQsi8wtlRr9UQeun4lqAYzkGUSFqQCBe66/le7p1iWoLRMUGNaYZDaTk615UzgpNzODKaUDWkfW45KmqDp5LPLJ+TUKT0SK+1KWjJTf0/kNDFmnESuM6F2YBa9qfif18psfNXJuUwzi5LNF8WZIFaRaQykxzUyK8aOUKa5u5WwAdWUWRdW2YUQLr68TB7Pq2FQDe8vKrXrIo5NOIYTOIMQLqEGt3AHdWAwgmd4hTcv9168d+9j3lryipkj+APv8weer5Oh</latexit>

�3
<latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit>

�3
<latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit>

�3
<latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit>

�3
<latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit>



Calculating the asymmetry
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Boltzmann equations:

Simple sudden 
decay approx:
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Calculating the asymmetry
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Boltzmann equations:

Simple sudden 
decay approx:
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Calculating the asymmetry
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Simple sudden 
decay approx. works 
well
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�3
<latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit>

�3
<latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit><latexit sha1_base64="DA079FNeyqljhBNMIoXWmm1sYRc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRYQPeveiWyn7Fn4EskyAnZchR65a+Oj3FsgSlZYIa0w781IZjqi1nAifFTmYwpWxI+9h2VNIETTieXTshp07pkVhpV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMbX4ZjLNLMo2XxRnAliFZm+TnpcI7Ni5AhlmrtbCRtQTZl1ARVdCMHiy8ukcV4J/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePOW9eO/ex7x1xctnjuAPvM8fKmaO2A==</latexit>



Constraints on this model
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Searches for multijet final states at LHC
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ūo
d̄i d̄j

d̄l

ūm
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Baryon oscillation

⇤ & 100 TeV
<latexit sha1_base64="v9jqELE6/qmw7fsy2q20UYDXPiM=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4KhkRdFl048JFhb6gM5RMJtOGJpkhyQhlqAs3/oobF4q49R/c+Tem7Sy09UDgcM653NwTppxpg9C3s7S8srq2Xtoob25t7+y6e/stnWSK0CZJeKI6IdaUM0mbhhlOO6miWISctsPh9cRv31OlWSIbZpTSQOC+ZDEj2Fip5x75tzYcYb9vbEhAD6GH3FcCNmhr3HMrqIqmgIvEK0gFFKj33C8/SkgmqDSEY627HkpNkGNlGOF0XPYzTVNMhrhPu5ZKLKgO8ukVY3hilQjGibJPGjhVf0/kWGg9EqFNCmwGet6biP953czEl0HOZJoZKslsUZxxaBI4qQRGTFFi+MgSTBSzf4VkgBUmxhZXtiV48ycvktZZ1UNV7+68Ursq6iiBQ3AMToEHLkAN3IA6aAICHsEzeAVvzpPz4rw7H7PoklPMHIA/cD5/AHR6l+M=</latexit><latexit sha1_base64="v9jqELE6/qmw7fsy2q20UYDXPiM=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4KhkRdFl048JFhb6gM5RMJtOGJpkhyQhlqAs3/oobF4q49R/c+Tem7Sy09UDgcM653NwTppxpg9C3s7S8srq2Xtoob25t7+y6e/stnWSK0CZJeKI6IdaUM0mbhhlOO6miWISctsPh9cRv31OlWSIbZpTSQOC+ZDEj2Fip5x75tzYcYb9vbEhAD6GH3FcCNmhr3HMrqIqmgIvEK0gFFKj33C8/SkgmqDSEY627HkpNkGNlGOF0XPYzTVNMhrhPu5ZKLKgO8ukVY3hilQjGibJPGjhVf0/kWGg9EqFNCmwGet6biP953czEl0HOZJoZKslsUZxxaBI4qQRGTFFi+MgSTBSzf4VkgBUmxhZXtiV48ycvktZZ1UNV7+68Ursq6iiBQ3AMToEHLkAN3IA6aAICHsEzeAVvzpPz4rw7H7PoklPMHIA/cD5/AHR6l+M=</latexit><latexit sha1_base64="v9jqELE6/qmw7fsy2q20UYDXPiM=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4KhkRdFl048JFhb6gM5RMJtOGJpkhyQhlqAs3/oobF4q49R/c+Tem7Sy09UDgcM653NwTppxpg9C3s7S8srq2Xtoob25t7+y6e/stnWSK0CZJeKI6IdaUM0mbhhlOO6miWISctsPh9cRv31OlWSIbZpTSQOC+ZDEj2Fip5x75tzYcYb9vbEhAD6GH3FcCNmhr3HMrqIqmgIvEK0gFFKj33C8/SkgmqDSEY627HkpNkGNlGOF0XPYzTVNMhrhPu5ZKLKgO8ukVY3hilQjGibJPGjhVf0/kWGg9EqFNCmwGet6biP953czEl0HOZJoZKslsUZxxaBI4qQRGTFFi+MgSTBSzf4VkgBUmxhZXtiV48ycvktZZ1UNV7+68Ursq6iiBQ3AMToEHLkAN3IA6aAICHsEzeAVvzpPz4rw7H7PoklPMHIA/cD5/AHR6l+M=</latexit><latexit sha1_base64="v9jqELE6/qmw7fsy2q20UYDXPiM=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4KhkRdFl048JFhb6gM5RMJtOGJpkhyQhlqAs3/oobF4q49R/c+Tem7Sy09UDgcM653NwTppxpg9C3s7S8srq2Xtoob25t7+y6e/stnWSK0CZJeKI6IdaUM0mbhhlOO6miWISctsPh9cRv31OlWSIbZpTSQOC+ZDEj2Fip5x75tzYcYb9vbEhAD6GH3FcCNmhr3HMrqIqmgIvEK0gFFKj33C8/SkgmqDSEY627HkpNkGNlGOF0XPYzTVNMhrhPu5ZKLKgO8ukVY3hilQjGibJPGjhVf0/kWGg9EqFNCmwGet6biP953czEl0HOZJoZKslsUZxxaBI4qQRGTFFi+MgSTBSzf4VkgBUmxhZXtiV48ycvktZZ1UNV7+68Ursq6iiBQ3AMToEHLkAN3IA6aAICHsEzeAVvzpPz4rw7H7PoklPMHIA/cD5/AHR6l+M=</latexit>

) m� & 600� 800 GeV
<latexit sha1_base64="01kWUueixaDXHLrruF8BAcZbo0s=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCWDIi2mXRhS6r2Ad0SsmkaRuazAzJHaUM9R/c+CtuXCji1oU7/8b0sdDWA4HDOedyc08QS2GAkG9nbn5hcWk5s5JdXVvf2HS3tismSjTjZRbJSNcCargUIS+DAMlrseZUBZJXg97F0K/ecW1EFN5CP+YNRTuhaAtGwUpN99C/EZ0uUK2je6yaftwVfgdsXuFTQo4KhDykvlb4klcGTTdH8mQEPEu8CcmhCUpN98tvRSxRPAQmqTF1j8TQSKkGwSQfZP3E8JiyHu3wuqUhVdw00tFRA7xvlRZuR9q+EPBI/T2RUmVMXwU2qSh0zbQ3FP/z6gm0C41UhHECPGTjRe1EYojwsCHcEpozkH1LKNPC/hWzLtWUge0xa0vwpk+eJZXjvEfy3vVJrng+qSODdtEeOkAeOkNFdIVKqIwYekTP6BW9OU/Oi/PufIyjc85kZgf9gfP5A0NEnac=</latexit><latexit sha1_base64="01kWUueixaDXHLrruF8BAcZbo0s=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCWDIi2mXRhS6r2Ad0SsmkaRuazAzJHaUM9R/c+CtuXCji1oU7/8b0sdDWA4HDOedyc08QS2GAkG9nbn5hcWk5s5JdXVvf2HS3tismSjTjZRbJSNcCargUIS+DAMlrseZUBZJXg97F0K/ecW1EFN5CP+YNRTuhaAtGwUpN99C/EZ0uUK2je6yaftwVfgdsXuFTQo4KhDykvlb4klcGTTdH8mQEPEu8CcmhCUpN98tvRSxRPAQmqTF1j8TQSKkGwSQfZP3E8JiyHu3wuqUhVdw00tFRA7xvlRZuR9q+EPBI/T2RUmVMXwU2qSh0zbQ3FP/z6gm0C41UhHECPGTjRe1EYojwsCHcEpozkH1LKNPC/hWzLtWUge0xa0vwpk+eJZXjvEfy3vVJrng+qSODdtEeOkAeOkNFdIVKqIwYekTP6BW9OU/Oi/PufIyjc85kZgf9gfP5A0NEnac=</latexit><latexit sha1_base64="01kWUueixaDXHLrruF8BAcZbo0s=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCWDIi2mXRhS6r2Ad0SsmkaRuazAzJHaUM9R/c+CtuXCji1oU7/8b0sdDWA4HDOedyc08QS2GAkG9nbn5hcWk5s5JdXVvf2HS3tismSjTjZRbJSNcCargUIS+DAMlrseZUBZJXg97F0K/ecW1EFN5CP+YNRTuhaAtGwUpN99C/EZ0uUK2je6yaftwVfgdsXuFTQo4KhDykvlb4klcGTTdH8mQEPEu8CcmhCUpN98tvRSxRPAQmqTF1j8TQSKkGwSQfZP3E8JiyHu3wuqUhVdw00tFRA7xvlRZuR9q+EPBI/T2RUmVMXwU2qSh0zbQ3FP/z6gm0C41UhHECPGTjRe1EYojwsCHcEpozkH1LKNPC/hWzLtWUge0xa0vwpk+eJZXjvEfy3vVJrng+qSODdtEeOkAeOkNFdIVKqIwYekTP6BW9OU/Oi/PufIyjc85kZgf9gfP5A0NEnac=</latexit><latexit sha1_base64="01kWUueixaDXHLrruF8BAcZbo0s=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCWDIi2mXRhS6r2Ad0SsmkaRuazAzJHaUM9R/c+CtuXCji1oU7/8b0sdDWA4HDOedyc08QS2GAkG9nbn5hcWk5s5JdXVvf2HS3tismSjTjZRbJSNcCargUIS+DAMlrseZUBZJXg97F0K/ecW1EFN5CP+YNRTuhaAtGwUpN99C/EZ0uUK2je6yaftwVfgdsXuFTQo4KhDykvlb4klcGTTdH8mQEPEu8CcmhCUpN98tvRSxRPAQmqTF1j8TQSKkGwSQfZP3E8JiyHu3wuqUhVdw00tFRA7xvlRZuR9q+EPBI/T2RUmVMXwU2qSh0zbQ3FP/z6gm0C41UhHECPGTjRe1EYojwsCHcEpozkH1LKNPC/hWzLtWUge0xa0vwpk+eJZXjvEfy3vVJrng+qSODdtEeOkAeOkNFdIVKqIwYekTP6BW9OU/Oi/PufIyjc85kZgf9gfP5A0NEnac=</latexit>

�i
<latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit><latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit><latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit><latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit>

�i
<latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit><latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit><latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit><latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit>

�j
<latexit sha1_base64="QzcfLnnRJisc+8VBs0COq557ITU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDLJ7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bVmeG8TrTUptWRC2XQvE6CpS8lRpOk0jyZjS6m/nNJ26s0OoRxykPE9pXIhaMopMaHTYQ3WG3VPYr/hxklQQ5KUOOWrf01elpliVcIZPU2nbgpxhOqEHBJJ8WO5nlKWUj2udtRxVNuA0n82un5NwpPRJr40ohmau/JyY0sXacRK4zoTiwy95M/M9rZxjfhBOh0gy5YotFcSYJajJ7nfSE4Qzl2BHKjHC3EjaghjJ0ARVdCMHyy6ukcVkJ/ErwcFWu3uZxFOAUzuACAriGKtxDDerAYAjP8ApvnvZevHfvY9G65uUzJ/AH3ucPfcKPDw==</latexit><latexit sha1_base64="QzcfLnnRJisc+8VBs0COq557ITU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDLJ7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bVmeG8TrTUptWRC2XQvE6CpS8lRpOk0jyZjS6m/nNJ26s0OoRxykPE9pXIhaMopMaHTYQ3WG3VPYr/hxklQQ5KUOOWrf01elpliVcIZPU2nbgpxhOqEHBJJ8WO5nlKWUj2udtRxVNuA0n82un5NwpPRJr40ohmau/JyY0sXacRK4zoTiwy95M/M9rZxjfhBOh0gy5YotFcSYJajJ7nfSE4Qzl2BHKjHC3EjaghjJ0ARVdCMHyy6ukcVkJ/ErwcFWu3uZxFOAUzuACAriGKtxDDerAYAjP8ApvnvZevHfvY9G65uUzJ/AH3ucPfcKPDw==</latexit><latexit sha1_base64="QzcfLnnRJisc+8VBs0COq557ITU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDLJ7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bVmeG8TrTUptWRC2XQvE6CpS8lRpOk0jyZjS6m/nNJ26s0OoRxykPE9pXIhaMopMaHTYQ3WG3VPYr/hxklQQ5KUOOWrf01elpliVcIZPU2nbgpxhOqEHBJJ8WO5nlKWUj2udtRxVNuA0n82un5NwpPRJr40ohmau/JyY0sXacRK4zoTiwy95M/M9rZxjfhBOh0gy5YotFcSYJajJ7nfSE4Qzl2BHKjHC3EjaghjJ0ARVdCMHyy6ukcVkJ/ErwcFWu3uZxFOAUzuACAriGKtxDDerAYAjP8ApvnvZevHfvY9G65uUzJ/AH3ucPfcKPDw==</latexit><latexit sha1_base64="QzcfLnnRJisc+8VBs0COq557ITU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDLJ7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bVmeG8TrTUptWRC2XQvE6CpS8lRpOk0jyZjS6m/nNJ26s0OoRxykPE9pXIhaMopMaHTYQ3WG3VPYr/hxklQQ5KUOOWrf01elpliVcIZPU2nbgpxhOqEHBJJ8WO5nlKWUj2udtRxVNuA0n82un5NwpPRJr40ohmau/JyY0sXacRK4zoTiwy95M/M9rZxjfhBOh0gy5YotFcSYJajJ7nfSE4Qzl2BHKjHC3EjaghjJ0ARVdCMHyy6ukcVkJ/ErwcFWu3uZxFOAUzuACAriGKtxDDerAYAjP8ApvnvZevHfvY9G65uUzJ/AH3ucPfcKPDw==</latexit>

�k
<latexit sha1_base64="InHb0VZDOQ18fwcCdJEzxQfH+aI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvx3rhXrvhVfw6ySoKcVCBHvVf+6vYVS2OUlglqTCfwExtmVFvOBE5L3dRgQtmYDrHjqKQxmjCbXzslZ07pk4HSrqQlc/X3REZjYyZx5Dpjakdm2ZuJ/3md1A6uw4zLJLUo2WLRIBXEKjJ7nfS5RmbFxBHKNHe3EjaimjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8ff0aPEA==</latexit><latexit sha1_base64="InHb0VZDOQ18fwcCdJEzxQfH+aI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvx3rhXrvhVfw6ySoKcVCBHvVf+6vYVS2OUlglqTCfwExtmVFvOBE5L3dRgQtmYDrHjqKQxmjCbXzslZ07pk4HSrqQlc/X3REZjYyZx5Dpjakdm2ZuJ/3md1A6uw4zLJLUo2WLRIBXEKjJ7nfS5RmbFxBHKNHe3EjaimjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8ff0aPEA==</latexit><latexit sha1_base64="InHb0VZDOQ18fwcCdJEzxQfH+aI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvx3rhXrvhVfw6ySoKcVCBHvVf+6vYVS2OUlglqTCfwExtmVFvOBE5L3dRgQtmYDrHjqKQxmjCbXzslZ07pk4HSrqQlc/X3REZjYyZx5Dpjakdm2ZuJ/3md1A6uw4zLJLUo2WLRIBXEKjJ7nfS5RmbFxBHKNHe3EjaimjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8ff0aPEA==</latexit><latexit sha1_base64="InHb0VZDOQ18fwcCdJEzxQfH+aI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvx3rhXrvhVfw6ySoKcVCBHvVf+6vYVS2OUlglqTCfwExtmVFvOBE5L3dRgQtmYDrHjqKQxmjCbXzslZ07pk4HSrqQlc/X3REZjYyZx5Dpjakdm2ZuJ/3md1A6uw4zLJLUo2WLRIBXEKjJ7nfS5RmbFxBHKNHe3EjaimjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8ff0aPEA==</latexit>



Constraints on this model
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Searches for multijet final states at LHC

�⇤

�

�

d̄i

ūj
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Baryon oscillation

⇤ & 100 TeV
<latexit sha1_base64="v9jqELE6/qmw7fsy2q20UYDXPiM=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4KhkRdFl048JFhb6gM5RMJtOGJpkhyQhlqAs3/oobF4q49R/c+Tem7Sy09UDgcM653NwTppxpg9C3s7S8srq2Xtoob25t7+y6e/stnWSK0CZJeKI6IdaUM0mbhhlOO6miWISctsPh9cRv31OlWSIbZpTSQOC+ZDEj2Fip5x75tzYcYb9vbEhAD6GH3FcCNmhr3HMrqIqmgIvEK0gFFKj33C8/SkgmqDSEY627HkpNkGNlGOF0XPYzTVNMhrhPu5ZKLKgO8ukVY3hilQjGibJPGjhVf0/kWGg9EqFNCmwGet6biP953czEl0HOZJoZKslsUZxxaBI4qQRGTFFi+MgSTBSzf4VkgBUmxhZXtiV48ycvktZZ1UNV7+68Ursq6iiBQ3AMToEHLkAN3IA6aAICHsEzeAVvzpPz4rw7H7PoklPMHIA/cD5/AHR6l+M=</latexit><latexit sha1_base64="v9jqELE6/qmw7fsy2q20UYDXPiM=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4KhkRdFl048JFhb6gM5RMJtOGJpkhyQhlqAs3/oobF4q49R/c+Tem7Sy09UDgcM653NwTppxpg9C3s7S8srq2Xtoob25t7+y6e/stnWSK0CZJeKI6IdaUM0mbhhlOO6miWISctsPh9cRv31OlWSIbZpTSQOC+ZDEj2Fip5x75tzYcYb9vbEhAD6GH3FcCNmhr3HMrqIqmgIvEK0gFFKj33C8/SkgmqDSEY627HkpNkGNlGOF0XPYzTVNMhrhPu5ZKLKgO8ukVY3hilQjGibJPGjhVf0/kWGg9EqFNCmwGet6biP953czEl0HOZJoZKslsUZxxaBI4qQRGTFFi+MgSTBSzf4VkgBUmxhZXtiV48ycvktZZ1UNV7+68Ursq6iiBQ3AMToEHLkAN3IA6aAICHsEzeAVvzpPz4rw7H7PoklPMHIA/cD5/AHR6l+M=</latexit><latexit sha1_base64="v9jqELE6/qmw7fsy2q20UYDXPiM=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4KhkRdFl048JFhb6gM5RMJtOGJpkhyQhlqAs3/oobF4q49R/c+Tem7Sy09UDgcM653NwTppxpg9C3s7S8srq2Xtoob25t7+y6e/stnWSK0CZJeKI6IdaUM0mbhhlOO6miWISctsPh9cRv31OlWSIbZpTSQOC+ZDEj2Fip5x75tzYcYb9vbEhAD6GH3FcCNmhr3HMrqIqmgIvEK0gFFKj33C8/SkgmqDSEY627HkpNkGNlGOF0XPYzTVNMhrhPu5ZKLKgO8ukVY3hilQjGibJPGjhVf0/kWGg9EqFNCmwGet6biP953czEl0HOZJoZKslsUZxxaBI4qQRGTFFi+MgSTBSzf4VkgBUmxhZXtiV48ycvktZZ1UNV7+68Ursq6iiBQ3AMToEHLkAN3IA6aAICHsEzeAVvzpPz4rw7H7PoklPMHIA/cD5/AHR6l+M=</latexit><latexit sha1_base64="v9jqELE6/qmw7fsy2q20UYDXPiM=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4KhkRdFl048JFhb6gM5RMJtOGJpkhyQhlqAs3/oobF4q49R/c+Tem7Sy09UDgcM653NwTppxpg9C3s7S8srq2Xtoob25t7+y6e/stnWSK0CZJeKI6IdaUM0mbhhlOO6miWISctsPh9cRv31OlWSIbZpTSQOC+ZDEj2Fip5x75tzYcYb9vbEhAD6GH3FcCNmhr3HMrqIqmgIvEK0gFFKj33C8/SkgmqDSEY627HkpNkGNlGOF0XPYzTVNMhrhPu5ZKLKgO8ukVY3hilQjGibJPGjhVf0/kWGg9EqFNCmwGet6biP953czEl0HOZJoZKslsUZxxaBI4qQRGTFFi+MgSTBSzf4VkgBUmxhZXtiV48ycvktZZ1UNV7+68Ursq6iiBQ3AMToEHLkAN3IA6aAICHsEzeAVvzpPz4rw7H7PoklPMHIA/cD5/AHR6l+M=</latexit>

) m� & 600� 800 GeV
<latexit sha1_base64="01kWUueixaDXHLrruF8BAcZbo0s=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCWDIi2mXRhS6r2Ad0SsmkaRuazAzJHaUM9R/c+CtuXCji1oU7/8b0sdDWA4HDOedyc08QS2GAkG9nbn5hcWk5s5JdXVvf2HS3tismSjTjZRbJSNcCargUIS+DAMlrseZUBZJXg97F0K/ecW1EFN5CP+YNRTuhaAtGwUpN99C/EZ0uUK2je6yaftwVfgdsXuFTQo4KhDykvlb4klcGTTdH8mQEPEu8CcmhCUpN98tvRSxRPAQmqTF1j8TQSKkGwSQfZP3E8JiyHu3wuqUhVdw00tFRA7xvlRZuR9q+EPBI/T2RUmVMXwU2qSh0zbQ3FP/z6gm0C41UhHECPGTjRe1EYojwsCHcEpozkH1LKNPC/hWzLtWUge0xa0vwpk+eJZXjvEfy3vVJrng+qSODdtEeOkAeOkNFdIVKqIwYekTP6BW9OU/Oi/PufIyjc85kZgf9gfP5A0NEnac=</latexit><latexit sha1_base64="01kWUueixaDXHLrruF8BAcZbo0s=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCWDIi2mXRhS6r2Ad0SsmkaRuazAzJHaUM9R/c+CtuXCji1oU7/8b0sdDWA4HDOedyc08QS2GAkG9nbn5hcWk5s5JdXVvf2HS3tismSjTjZRbJSNcCargUIS+DAMlrseZUBZJXg97F0K/ecW1EFN5CP+YNRTuhaAtGwUpN99C/EZ0uUK2je6yaftwVfgdsXuFTQo4KhDykvlb4klcGTTdH8mQEPEu8CcmhCUpN98tvRSxRPAQmqTF1j8TQSKkGwSQfZP3E8JiyHu3wuqUhVdw00tFRA7xvlRZuR9q+EPBI/T2RUmVMXwU2qSh0zbQ3FP/z6gm0C41UhHECPGTjRe1EYojwsCHcEpozkH1LKNPC/hWzLtWUge0xa0vwpk+eJZXjvEfy3vVJrng+qSODdtEeOkAeOkNFdIVKqIwYekTP6BW9OU/Oi/PufIyjc85kZgf9gfP5A0NEnac=</latexit><latexit sha1_base64="01kWUueixaDXHLrruF8BAcZbo0s=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCWDIi2mXRhS6r2Ad0SsmkaRuazAzJHaUM9R/c+CtuXCji1oU7/8b0sdDWA4HDOedyc08QS2GAkG9nbn5hcWk5s5JdXVvf2HS3tismSjTjZRbJSNcCargUIS+DAMlrseZUBZJXg97F0K/ecW1EFN5CP+YNRTuhaAtGwUpN99C/EZ0uUK2je6yaftwVfgdsXuFTQo4KhDykvlb4klcGTTdH8mQEPEu8CcmhCUpN98tvRSxRPAQmqTF1j8TQSKkGwSQfZP3E8JiyHu3wuqUhVdw00tFRA7xvlRZuR9q+EPBI/T2RUmVMXwU2qSh0zbQ3FP/z6gm0C41UhHECPGTjRe1EYojwsCHcEpozkH1LKNPC/hWzLtWUge0xa0vwpk+eJZXjvEfy3vVJrng+qSODdtEeOkAeOkNFdIVKqIwYekTP6BW9OU/Oi/PufIyjc85kZgf9gfP5A0NEnac=</latexit><latexit sha1_base64="01kWUueixaDXHLrruF8BAcZbo0s=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCWDIi2mXRhS6r2Ad0SsmkaRuazAzJHaUM9R/c+CtuXCji1oU7/8b0sdDWA4HDOedyc08QS2GAkG9nbn5hcWk5s5JdXVvf2HS3tismSjTjZRbJSNcCargUIS+DAMlrseZUBZJXg97F0K/ecW1EFN5CP+YNRTuhaAtGwUpN99C/EZ0uUK2je6yaftwVfgdsXuFTQo4KhDykvlb4klcGTTdH8mQEPEu8CcmhCUpN98tvRSxRPAQmqTF1j8TQSKkGwSQfZP3E8JiyHu3wuqUhVdw00tFRA7xvlRZuR9q+EPBI/T2RUmVMXwU2qSh0zbQ3FP/z6gm0C41UhHECPGTjRe1EYojwsCHcEpozkH1LKNPC/hWzLtWUge0xa0vwpk+eJZXjvEfy3vVJrng+qSODdtEeOkAeOkNFdIVKqIwYekTP6BW9OU/Oi/PufIyjc85kZgf9gfP5A0NEnac=</latexit>

What about these? Can we use them instead of mesinos?

�i
<latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit><latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit><latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit><latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit>

�i
<latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit><latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit><latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit><latexit sha1_base64="ffjCex2X5SihkBJ/9NPEJylN/W8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvxHu+VK37Vn4OskiAnFchR75W/un3F0hilZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4KmmMJszm107JmVP6ZKC0K2nJXP09kdHYmEkcuc6Y2pFZ9mbif14ntYPrMOMySS1Ktlg0SAWxisxeJ32ukVkxcYQyzd2thI2opsy6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHfD6PDg==</latexit>

�j
<latexit sha1_base64="QzcfLnnRJisc+8VBs0COq557ITU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDLJ7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bVmeG8TrTUptWRC2XQvE6CpS8lRpOk0jyZjS6m/nNJ26s0OoRxykPE9pXIhaMopMaHTYQ3WG3VPYr/hxklQQ5KUOOWrf01elpliVcIZPU2nbgpxhOqEHBJJ8WO5nlKWUj2udtRxVNuA0n82un5NwpPRJr40ohmau/JyY0sXacRK4zoTiwy95M/M9rZxjfhBOh0gy5YotFcSYJajJ7nfSE4Qzl2BHKjHC3EjaghjJ0ARVdCMHyy6ukcVkJ/ErwcFWu3uZxFOAUzuACAriGKtxDDerAYAjP8ApvnvZevHfvY9G65uUzJ/AH3ucPfcKPDw==</latexit><latexit sha1_base64="QzcfLnnRJisc+8VBs0COq557ITU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDLJ7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bVmeG8TrTUptWRC2XQvE6CpS8lRpOk0jyZjS6m/nNJ26s0OoRxykPE9pXIhaMopMaHTYQ3WG3VPYr/hxklQQ5KUOOWrf01elpliVcIZPU2nbgpxhOqEHBJJ8WO5nlKWUj2udtRxVNuA0n82un5NwpPRJr40ohmau/JyY0sXacRK4zoTiwy95M/M9rZxjfhBOh0gy5YotFcSYJajJ7nfSE4Qzl2BHKjHC3EjaghjJ0ARVdCMHyy6ukcVkJ/ErwcFWu3uZxFOAUzuACAriGKtxDDerAYAjP8ApvnvZevHfvY9G65uUzJ/AH3ucPfcKPDw==</latexit><latexit sha1_base64="QzcfLnnRJisc+8VBs0COq557ITU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDLJ7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bVmeG8TrTUptWRC2XQvE6CpS8lRpOk0jyZjS6m/nNJ26s0OoRxykPE9pXIhaMopMaHTYQ3WG3VPYr/hxklQQ5KUOOWrf01elpliVcIZPU2nbgpxhOqEHBJJ8WO5nlKWUj2udtRxVNuA0n82un5NwpPRJr40ohmau/JyY0sXacRK4zoTiwy95M/M9rZxjfhBOh0gy5YotFcSYJajJ7nfSE4Qzl2BHKjHC3EjaghjJ0ARVdCMHyy6ukcVkJ/ErwcFWu3uZxFOAUzuACAriGKtxDDerAYAjP8ApvnvZevHfvY9G65uUzJ/AH3ucPfcKPDw==</latexit><latexit sha1_base64="QzcfLnnRJisc+8VBs0COq557ITU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDLJ7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo4bVmeG8TrTUptWRC2XQvE6CpS8lRpOk0jyZjS6m/nNJ26s0OoRxykPE9pXIhaMopMaHTYQ3WG3VPYr/hxklQQ5KUOOWrf01elpliVcIZPU2nbgpxhOqEHBJJ8WO5nlKWUj2udtRxVNuA0n82un5NwpPRJr40ohmau/JyY0sXacRK4zoTiwy95M/M9rZxjfhBOh0gy5YotFcSYJajJ7nfSE4Qzl2BHKjHC3EjaghjJ0ARVdCMHyy6ukcVkJ/ErwcFWu3uZxFOAUzuACAriGKtxDDerAYAjP8ApvnvZevHfvY9G65uUzJ/AH3ucPfcKPDw==</latexit>

�k
<latexit sha1_base64="InHb0VZDOQ18fwcCdJEzxQfH+aI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvx3rhXrvhVfw6ySoKcVCBHvVf+6vYVS2OUlglqTCfwExtmVFvOBE5L3dRgQtmYDrHjqKQxmjCbXzslZ07pk4HSrqQlc/X3REZjYyZx5Dpjakdm2ZuJ/3md1A6uw4zLJLUo2WLRIBXEKjJ7nfS5RmbFxBHKNHe3EjaimjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8ff0aPEA==</latexit><latexit sha1_base64="InHb0VZDOQ18fwcCdJEzxQfH+aI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvx3rhXrvhVfw6ySoKcVCBHvVf+6vYVS2OUlglqTCfwExtmVFvOBE5L3dRgQtmYDrHjqKQxmjCbXzslZ07pk4HSrqQlc/X3REZjYyZx5Dpjakdm2ZuJ/3md1A6uw4zLJLUo2WLRIBXEKjJ7nfS5RmbFxBHKNHe3EjaimjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8ff0aPEA==</latexit><latexit sha1_base64="InHb0VZDOQ18fwcCdJEzxQfH+aI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvx3rhXrvhVfw6ySoKcVCBHvVf+6vYVS2OUlglqTCfwExtmVFvOBE5L3dRgQtmYDrHjqKQxmjCbXzslZ07pk4HSrqQlc/X3REZjYyZx5Dpjakdm2ZuJ/3md1A6uw4zLJLUo2WLRIBXEKjJ7nfS5RmbFxBHKNHe3EjaimjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8ff0aPEA==</latexit><latexit sha1_base64="InHb0VZDOQ18fwcCdJEzxQfH+aI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNLhvx3rhXrvhVfw6ySoKcVCBHvVf+6vYVS2OUlglqTCfwExtmVFvOBE5L3dRgQtmYDrHjqKQxmjCbXzslZ07pk4HSrqQlc/X3REZjYyZx5Dpjakdm2ZuJ/3md1A6uw4zLJLUo2WLRIBXEKjJ7nfS5RmbFxBHKNHe3EjaimjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8ff0aPEA==</latexit>
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<latexit sha1_base64="49K8BXdVTo1hT/jLXPvu6NvX2bs=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CiB48RjAPTJYwO+lNhszOLjOzQgj5Cy8eFPHq33jzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Mbz2h0jyWD2acoB/RgeQhZ9RY6bF7i8JQUruu9Iolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5lfPCVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/8CZdJalCyxaIwFcTEZPY+6XOFzIixJZQpbm8lbEgVZcaGVLAheMsvr5Jmpey5Ze/+olStZXHk4QRO4Rw8uIQq3EEdGsBAwjO8wpujnRfn3flYtOacbOYY/sD5/AE7a4/1</latexit><latexit sha1_base64="49K8BXdVTo1hT/jLXPvu6NvX2bs=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CiB48RjAPTJYwO+lNhszOLjOzQgj5Cy8eFPHq33jzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Mbz2h0jyWD2acoB/RgeQhZ9RY6bF7i8JQUruu9Iolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5lfPCVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/8CZdJalCyxaIwFcTEZPY+6XOFzIixJZQpbm8lbEgVZcaGVLAheMsvr5Jmpey5Ze/+olStZXHk4QRO4Rw8uIQq3EEdGsBAwjO8wpujnRfn3flYtOacbOYY/sD5/AE7a4/1</latexit><latexit sha1_base64="49K8BXdVTo1hT/jLXPvu6NvX2bs=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CiB48RjAPTJYwO+lNhszOLjOzQgj5Cy8eFPHq33jzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Mbz2h0jyWD2acoB/RgeQhZ9RY6bF7i8JQUruu9Iolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5lfPCVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/8CZdJalCyxaIwFcTEZPY+6XOFzIixJZQpbm8lbEgVZcaGVLAheMsvr5Jmpey5Ze/+olStZXHk4QRO4Rw8uIQq3EEdGsBAwjO8wpujnRfn3flYtOacbOYY/sD5/AE7a4/1</latexit><latexit sha1_base64="49K8BXdVTo1hT/jLXPvu6NvX2bs=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CiB48RjAPTJYwO+lNhszOLjOzQgj5Cy8eFPHq33jzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Mbz2h0jyWD2acoB/RgeQhZ9RY6bF7i8JQUruu9Iolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5lfPCVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/8CZdJalCyxaIwFcTEZPY+6XOFzIixJZQpbm8lbEgVZcaGVLAheMsvr5Jmpey5Ze/+olStZXHk4QRO4Rw8uIQq3EEdGsBAwjO8wpujnRfn3flYtOacbOYY/sD5/AE7a4/1</latexit>

⌧16O > 1.9⇥ 1032 yr
<latexit sha1_base64="oMlVcnfnvAquOb189jDX1PWUeoc=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUHwIGE6istFgl68GcEkQiYJPZ1O0qRnobtGCMP4EV78FS8eFPEqePNv7CwHTXxQ8Hiviqp6XiSFBsf5tjJz8wuLS9nl3Mrq2vqGvblV1WGsGK+wUIbqzqOaSxHwCgiQ/C5SnPqe5DWvfzn0a/dcaREGtzCIeMOn3UB0BKNgpJZ94AKNW0kzIcepq3x8nZ6TwpkLwucaE6eZHBbTh2ToDFTasvNOwRkBzxIyIXk0Qbllf7ntkMU+D4BJqnWdOBE0EqpAMMnTnBtrHlHWp11eNzSgZmsjGX2V4j2jtHEnVKYCwCP190RCfa0Hvmc6fQo9Pe0Nxf+8egyd00YigigGHrDxok4sMYR4GBFuC8UZyIEhlClhbsWsRxVlYILMmRDI9MuzpFosEKdAbo7ypYtJHFm0g3bRPiLoBJXQFSqjCmLoET2jV/RmPVkv1rv1MW7NWJOZbfQH1ucP/ZueEw==</latexit><latexit sha1_base64="oMlVcnfnvAquOb189jDX1PWUeoc=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUHwIGE6istFgl68GcEkQiYJPZ1O0qRnobtGCMP4EV78FS8eFPEqePNv7CwHTXxQ8Hiviqp6XiSFBsf5tjJz8wuLS9nl3Mrq2vqGvblV1WGsGK+wUIbqzqOaSxHwCgiQ/C5SnPqe5DWvfzn0a/dcaREGtzCIeMOn3UB0BKNgpJZ94AKNW0kzIcepq3x8nZ6TwpkLwucaE6eZHBbTh2ToDFTasvNOwRkBzxIyIXk0Qbllf7ntkMU+D4BJqnWdOBE0EqpAMMnTnBtrHlHWp11eNzSgZmsjGX2V4j2jtHEnVKYCwCP190RCfa0Hvmc6fQo9Pe0Nxf+8egyd00YigigGHrDxok4sMYR4GBFuC8UZyIEhlClhbsWsRxVlYILMmRDI9MuzpFosEKdAbo7ypYtJHFm0g3bRPiLoBJXQFSqjCmLoET2jV/RmPVkv1rv1MW7NWJOZbfQH1ucP/ZueEw==</latexit><latexit sha1_base64="oMlVcnfnvAquOb189jDX1PWUeoc=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUHwIGE6istFgl68GcEkQiYJPZ1O0qRnobtGCMP4EV78FS8eFPEqePNv7CwHTXxQ8Hiviqp6XiSFBsf5tjJz8wuLS9nl3Mrq2vqGvblV1WGsGK+wUIbqzqOaSxHwCgiQ/C5SnPqe5DWvfzn0a/dcaREGtzCIeMOn3UB0BKNgpJZ94AKNW0kzIcepq3x8nZ6TwpkLwucaE6eZHBbTh2ToDFTasvNOwRkBzxIyIXk0Qbllf7ntkMU+D4BJqnWdOBE0EqpAMMnTnBtrHlHWp11eNzSgZmsjGX2V4j2jtHEnVKYCwCP190RCfa0Hvmc6fQo9Pe0Nxf+8egyd00YigigGHrDxok4sMYR4GBFuC8UZyIEhlClhbsWsRxVlYILMmRDI9MuzpFosEKdAbo7ypYtJHFm0g3bRPiLoBJXQFSqjCmLoET2jV/RmPVkv1rv1MW7NWJOZbfQH1ucP/ZueEw==</latexit><latexit sha1_base64="oMlVcnfnvAquOb189jDX1PWUeoc=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUHwIGE6istFgl68GcEkQiYJPZ1O0qRnobtGCMP4EV78FS8eFPEqePNv7CwHTXxQ8Hiviqp6XiSFBsf5tjJz8wuLS9nl3Mrq2vqGvblV1WGsGK+wUIbqzqOaSxHwCgiQ/C5SnPqe5DWvfzn0a/dcaREGtzCIeMOn3UB0BKNgpJZ94AKNW0kzIcepq3x8nZ6TwpkLwucaE6eZHBbTh2ToDFTasvNOwRkBzxIyIXk0Qbllf7ntkMU+D4BJqnWdOBE0EqpAMMnTnBtrHlHWp11eNzSgZmsjGX2V4j2jtHEnVKYCwCP190RCfa0Hvmc6fQo9Pe0Nxf+8egyd00YigigGHrDxok4sMYR4GBFuC8UZyIEhlClhbsWsRxVlYILMmRDI9MuzpFosEKdAbo7ypYtJHFm0g3bRPiLoBJXQFSqjCmLoET2jV/RmPVkv1rv1MW7NWJOZbfQH1ucP/ZueEw==</latexit>

⌧n!n̄ > 3.5⇥ 108 s
<latexit sha1_base64="j44vXALh6p6SvDpA9bRd7SgDtRI=">AAACE3icbVDLSsNAFJ3UV62vqks3g0UQFyHxgV1J0Y3LCvYBTS2T6aQdOpmEmRuhhPgNbvwVNy4UcevGnX/j9LHQ1gMXDufcy733+LHgGhzn28otLC4tr+RXC2vrG5tbxe2duo4SRVmNRiJSTZ9oJrhkNeAgWDNWjIS+YA1/cDXyG/dMaR7JWxjGrB2SnuQBpwSM1CkeeUCSTio9iDyfKCyzixP7zAMeMo1d5y4tZw+pp0Kss06x5NjOGHieuFNSQlNUO8UvrxvRJGQSqCBat1wnhnZKFHAqWFbwEs1iQgekx1qGSmJ2ttPxTxk+MEoXB5EyJQGP1d8TKQm1Hoa+6QwJ9PWsNxL/81oJBOV2ymWcAJN0sihIBIYIjwLCXa4YBTE0hFDFza2Y9okiFEyMBROCO/vyPKkf265juzenpcrlNI482kP76BC56BxV0DWqohqi6BE9o1f0Zj1ZL9a79TFpzVnTmV30B9bnDz79nb0=</latexit><latexit sha1_base64="j44vXALh6p6SvDpA9bRd7SgDtRI=">AAACE3icbVDLSsNAFJ3UV62vqks3g0UQFyHxgV1J0Y3LCvYBTS2T6aQdOpmEmRuhhPgNbvwVNy4UcevGnX/j9LHQ1gMXDufcy733+LHgGhzn28otLC4tr+RXC2vrG5tbxe2duo4SRVmNRiJSTZ9oJrhkNeAgWDNWjIS+YA1/cDXyG/dMaR7JWxjGrB2SnuQBpwSM1CkeeUCSTio9iDyfKCyzixP7zAMeMo1d5y4tZw+pp0Kss06x5NjOGHieuFNSQlNUO8UvrxvRJGQSqCBat1wnhnZKFHAqWFbwEs1iQgekx1qGSmJ2ttPxTxk+MEoXB5EyJQGP1d8TKQm1Hoa+6QwJ9PWsNxL/81oJBOV2ymWcAJN0sihIBIYIjwLCXa4YBTE0hFDFza2Y9okiFEyMBROCO/vyPKkf265juzenpcrlNI482kP76BC56BxV0DWqohqi6BE9o1f0Zj1ZL9a79TFpzVnTmV30B9bnDz79nb0=</latexit><latexit sha1_base64="j44vXALh6p6SvDpA9bRd7SgDtRI=">AAACE3icbVDLSsNAFJ3UV62vqks3g0UQFyHxgV1J0Y3LCvYBTS2T6aQdOpmEmRuhhPgNbvwVNy4UcevGnX/j9LHQ1gMXDufcy733+LHgGhzn28otLC4tr+RXC2vrG5tbxe2duo4SRVmNRiJSTZ9oJrhkNeAgWDNWjIS+YA1/cDXyG/dMaR7JWxjGrB2SnuQBpwSM1CkeeUCSTio9iDyfKCyzixP7zAMeMo1d5y4tZw+pp0Kss06x5NjOGHieuFNSQlNUO8UvrxvRJGQSqCBat1wnhnZKFHAqWFbwEs1iQgekx1qGSmJ2ttPxTxk+MEoXB5EyJQGP1d8TKQm1Hoa+6QwJ9PWsNxL/81oJBOV2ymWcAJN0sihIBIYIjwLCXa4YBTE0hFDFza2Y9okiFEyMBROCO/vyPKkf265juzenpcrlNI482kP76BC56BxV0DWqohqi6BE9o1f0Zj1ZL9a79TFpzVnTmV30B9bnDz79nb0=</latexit><latexit sha1_base64="j44vXALh6p6SvDpA9bRd7SgDtRI=">AAACE3icbVDLSsNAFJ3UV62vqks3g0UQFyHxgV1J0Y3LCvYBTS2T6aQdOpmEmRuhhPgNbvwVNy4UcevGnX/j9LHQ1gMXDufcy733+LHgGhzn28otLC4tr+RXC2vrG5tbxe2duo4SRVmNRiJSTZ9oJrhkNeAgWDNWjIS+YA1/cDXyG/dMaR7JWxjGrB2SnuQBpwSM1CkeeUCSTio9iDyfKCyzixP7zAMeMo1d5y4tZw+pp0Kss06x5NjOGHieuFNSQlNUO8UvrxvRJGQSqCBat1wnhnZKFHAqWFbwEs1iQgekx1qGSmJ2ttPxTxk+MEoXB5EyJQGP1d8TKQm1Hoa+6QwJ9PWsNxL/81oJBOV2ymWcAJN0sihIBIYIjwLCXa4YBTE0hFDFza2Y9okiFEyMBROCO/vyPKkf265juzenpcrlNI482kP76BC56BxV0DWqohqi6BE9o1f0Zj1ZL9a79TFpzVnTmV30B9bnDz79nb0=</latexit>

����M12 �
i

2
�12

���� > 1.9⇥ 10�33 GeV
<latexit sha1_base64="dG5tKCL/RGr1PZvIKCZElO4aBuE="></latexit><latexit sha1_base64="dG5tKCL/RGr1PZvIKCZElO4aBuE="></latexit><latexit sha1_base64="dG5tKCL/RGr1PZvIKCZElO4aBuE="></latexit><latexit sha1_base64="dG5tKCL/RGr1PZvIKCZElO4aBuE="></latexit>


Le↵ � (udd)2

⇤5
) M12,�12 / 1

⇤5
, ⇤ & 100 TeV

�

<latexit sha1_base64="ezsaa0barWbKNi6oBJWNhDlj6B0="></latexit><latexit sha1_base64="ezsaa0barWbKNi6oBJWNhDlj6B0="></latexit><latexit sha1_base64="ezsaa0barWbKNi6oBJWNhDlj6B0="></latexit><latexit sha1_base64="ezsaa0barWbKNi6oBJWNhDlj6B0="></latexit>
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Baryon (neutron) oscillations

translates to

or

n

n

. . .

⇡

⇡16
O

Present best limit 
on         
processes comes 
from Super-K limit 
on lifetime of

�B = 2
<latexit sha1_base64="49K8BXdVTo1hT/jLXPvu6NvX2bs=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CiB48RjAPTJYwO+lNhszOLjOzQgj5Cy8eFPHq33jzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Mbz2h0jyWD2acoB/RgeQhZ9RY6bF7i8JQUruu9Iolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5lfPCVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/8CZdJalCyxaIwFcTEZPY+6XOFzIixJZQpbm8lbEgVZcaGVLAheMsvr5Jmpey5Ze/+olStZXHk4QRO4Rw8uIQq3EEdGsBAwjO8wpujnRfn3flYtOacbOYY/sD5/AE7a4/1</latexit><latexit sha1_base64="49K8BXdVTo1hT/jLXPvu6NvX2bs=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CiB48RjAPTJYwO+lNhszOLjOzQgj5Cy8eFPHq33jzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Mbz2h0jyWD2acoB/RgeQhZ9RY6bF7i8JQUruu9Iolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5lfPCVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/8CZdJalCyxaIwFcTEZPY+6XOFzIixJZQpbm8lbEgVZcaGVLAheMsvr5Jmpey5Ze/+olStZXHk4QRO4Rw8uIQq3EEdGsBAwjO8wpujnRfn3flYtOacbOYY/sD5/AE7a4/1</latexit><latexit sha1_base64="49K8BXdVTo1hT/jLXPvu6NvX2bs=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CiB48RjAPTJYwO+lNhszOLjOzQgj5Cy8eFPHq33jzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Mbz2h0jyWD2acoB/RgeQhZ9RY6bF7i8JQUruu9Iolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5lfPCVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/8CZdJalCyxaIwFcTEZPY+6XOFzIixJZQpbm8lbEgVZcaGVLAheMsvr5Jmpey5Ze/+olStZXHk4QRO4Rw8uIQq3EEdGsBAwjO8wpujnRfn3flYtOacbOYY/sD5/AE7a4/1</latexit><latexit sha1_base64="49K8BXdVTo1hT/jLXPvu6NvX2bs=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQS9CiB48RjAPTJYwO+lNhszOLjOzQgj5Cy8eFPHq33jzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Mbz2h0jyWD2acoB/RgeQhZ9RY6bF7i8JQUruu9Iolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5lfPCVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/8CZdJalCyxaIwFcTEZPY+6XOFzIixJZQpbm8lbEgVZcaGVLAheMsvr5Jmpey5Ze/+olStZXHk4QRO4Rw8uIQq3EEdGsBAwjO8wpujnRfn3flYtOacbOYY/sD5/AE7a4/1</latexit>

⌧16O > 1.9⇥ 1032 yr
<latexit sha1_base64="oMlVcnfnvAquOb189jDX1PWUeoc=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUHwIGE6istFgl68GcEkQiYJPZ1O0qRnobtGCMP4EV78FS8eFPEqePNv7CwHTXxQ8Hiviqp6XiSFBsf5tjJz8wuLS9nl3Mrq2vqGvblV1WGsGK+wUIbqzqOaSxHwCgiQ/C5SnPqe5DWvfzn0a/dcaREGtzCIeMOn3UB0BKNgpJZ94AKNW0kzIcepq3x8nZ6TwpkLwucaE6eZHBbTh2ToDFTasvNOwRkBzxIyIXk0Qbllf7ntkMU+D4BJqnWdOBE0EqpAMMnTnBtrHlHWp11eNzSgZmsjGX2V4j2jtHEnVKYCwCP190RCfa0Hvmc6fQo9Pe0Nxf+8egyd00YigigGHrDxok4sMYR4GBFuC8UZyIEhlClhbsWsRxVlYILMmRDI9MuzpFosEKdAbo7ypYtJHFm0g3bRPiLoBJXQFSqjCmLoET2jV/RmPVkv1rv1MW7NWJOZbfQH1ucP/ZueEw==</latexit><latexit sha1_base64="oMlVcnfnvAquOb189jDX1PWUeoc=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUHwIGE6istFgl68GcEkQiYJPZ1O0qRnobtGCMP4EV78FS8eFPEqePNv7CwHTXxQ8Hiviqp6XiSFBsf5tjJz8wuLS9nl3Mrq2vqGvblV1WGsGK+wUIbqzqOaSxHwCgiQ/C5SnPqe5DWvfzn0a/dcaREGtzCIeMOn3UB0BKNgpJZ94AKNW0kzIcepq3x8nZ6TwpkLwucaE6eZHBbTh2ToDFTasvNOwRkBzxIyIXk0Qbllf7ntkMU+D4BJqnWdOBE0EqpAMMnTnBtrHlHWp11eNzSgZmsjGX2V4j2jtHEnVKYCwCP190RCfa0Hvmc6fQo9Pe0Nxf+8egyd00YigigGHrDxok4sMYR4GBFuC8UZyIEhlClhbsWsRxVlYILMmRDI9MuzpFosEKdAbo7ypYtJHFm0g3bRPiLoBJXQFSqjCmLoET2jV/RmPVkv1rv1MW7NWJOZbfQH1ucP/ZueEw==</latexit><latexit sha1_base64="oMlVcnfnvAquOb189jDX1PWUeoc=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUHwIGE6istFgl68GcEkQiYJPZ1O0qRnobtGCMP4EV78FS8eFPEqePNv7CwHTXxQ8Hiviqp6XiSFBsf5tjJz8wuLS9nl3Mrq2vqGvblV1WGsGK+wUIbqzqOaSxHwCgiQ/C5SnPqe5DWvfzn0a/dcaREGtzCIeMOn3UB0BKNgpJZ94AKNW0kzIcepq3x8nZ6TwpkLwucaE6eZHBbTh2ToDFTasvNOwRkBzxIyIXk0Qbllf7ntkMU+D4BJqnWdOBE0EqpAMMnTnBtrHlHWp11eNzSgZmsjGX2V4j2jtHEnVKYCwCP190RCfa0Hvmc6fQo9Pe0Nxf+8egyd00YigigGHrDxok4sMYR4GBFuC8UZyIEhlClhbsWsRxVlYILMmRDI9MuzpFosEKdAbo7ypYtJHFm0g3bRPiLoBJXQFSqjCmLoET2jV/RmPVkv1rv1MW7NWJOZbfQH1ucP/ZueEw==</latexit><latexit sha1_base64="oMlVcnfnvAquOb189jDX1PWUeoc=">AAACFXicbVDJSgNBEO2JW4zbqEcvjUHwIGE6istFgl68GcEkQiYJPZ1O0qRnobtGCMP4EV78FS8eFPEqePNv7CwHTXxQ8Hiviqp6XiSFBsf5tjJz8wuLS9nl3Mrq2vqGvblV1WGsGK+wUIbqzqOaSxHwCgiQ/C5SnPqe5DWvfzn0a/dcaREGtzCIeMOn3UB0BKNgpJZ94AKNW0kzIcepq3x8nZ6TwpkLwucaE6eZHBbTh2ToDFTasvNOwRkBzxIyIXk0Qbllf7ntkMU+D4BJqnWdOBE0EqpAMMnTnBtrHlHWp11eNzSgZmsjGX2V4j2jtHEnVKYCwCP190RCfa0Hvmc6fQo9Pe0Nxf+8egyd00YigigGHrDxok4sMYR4GBFuC8UZyIEhlClhbsWsRxVlYILMmRDI9MuzpFosEKdAbo7ypYtJHFm0g3bRPiLoBJXQFSqjCmLoET2jV/RmPVkv1rv1MW7NWJOZbfQH1ucP/ZueEw==</latexit>

⌧n!n̄ > 3.5⇥ 108 s
<latexit sha1_base64="j44vXALh6p6SvDpA9bRd7SgDtRI=">AAACE3icbVDLSsNAFJ3UV62vqks3g0UQFyHxgV1J0Y3LCvYBTS2T6aQdOpmEmRuhhPgNbvwVNy4UcevGnX/j9LHQ1gMXDufcy733+LHgGhzn28otLC4tr+RXC2vrG5tbxe2duo4SRVmNRiJSTZ9oJrhkNeAgWDNWjIS+YA1/cDXyG/dMaR7JWxjGrB2SnuQBpwSM1CkeeUCSTio9iDyfKCyzixP7zAMeMo1d5y4tZw+pp0Kss06x5NjOGHieuFNSQlNUO8UvrxvRJGQSqCBat1wnhnZKFHAqWFbwEs1iQgekx1qGSmJ2ttPxTxk+MEoXB5EyJQGP1d8TKQm1Hoa+6QwJ9PWsNxL/81oJBOV2ymWcAJN0sihIBIYIjwLCXa4YBTE0hFDFza2Y9okiFEyMBROCO/vyPKkf265juzenpcrlNI482kP76BC56BxV0DWqohqi6BE9o1f0Zj1ZL9a79TFpzVnTmV30B9bnDz79nb0=</latexit><latexit sha1_base64="j44vXALh6p6SvDpA9bRd7SgDtRI=">AAACE3icbVDLSsNAFJ3UV62vqks3g0UQFyHxgV1J0Y3LCvYBTS2T6aQdOpmEmRuhhPgNbvwVNy4UcevGnX/j9LHQ1gMXDufcy733+LHgGhzn28otLC4tr+RXC2vrG5tbxe2duo4SRVmNRiJSTZ9oJrhkNeAgWDNWjIS+YA1/cDXyG/dMaR7JWxjGrB2SnuQBpwSM1CkeeUCSTio9iDyfKCyzixP7zAMeMo1d5y4tZw+pp0Kss06x5NjOGHieuFNSQlNUO8UvrxvRJGQSqCBat1wnhnZKFHAqWFbwEs1iQgekx1qGSmJ2ttPxTxk+MEoXB5EyJQGP1d8TKQm1Hoa+6QwJ9PWsNxL/81oJBOV2ymWcAJN0sihIBIYIjwLCXa4YBTE0hFDFza2Y9okiFEyMBROCO/vyPKkf265juzenpcrlNI482kP76BC56BxV0DWqohqi6BE9o1f0Zj1ZL9a79TFpzVnTmV30B9bnDz79nb0=</latexit><latexit sha1_base64="j44vXALh6p6SvDpA9bRd7SgDtRI=">AAACE3icbVDLSsNAFJ3UV62vqks3g0UQFyHxgV1J0Y3LCvYBTS2T6aQdOpmEmRuhhPgNbvwVNy4UcevGnX/j9LHQ1gMXDufcy733+LHgGhzn28otLC4tr+RXC2vrG5tbxe2duo4SRVmNRiJSTZ9oJrhkNeAgWDNWjIS+YA1/cDXyG/dMaR7JWxjGrB2SnuQBpwSM1CkeeUCSTio9iDyfKCyzixP7zAMeMo1d5y4tZw+pp0Kss06x5NjOGHieuFNSQlNUO8UvrxvRJGQSqCBat1wnhnZKFHAqWFbwEs1iQgekx1qGSmJ2ttPxTxk+MEoXB5EyJQGP1d8TKQm1Hoa+6QwJ9PWsNxL/81oJBOV2ymWcAJN0sihIBIYIjwLCXa4YBTE0hFDFza2Y9okiFEyMBROCO/vyPKkf265juzenpcrlNI482kP76BC56BxV0DWqohqi6BE9o1f0Zj1ZL9a79TFpzVnTmV30B9bnDz79nb0=</latexit><latexit sha1_base64="j44vXALh6p6SvDpA9bRd7SgDtRI=">AAACE3icbVDLSsNAFJ3UV62vqks3g0UQFyHxgV1J0Y3LCvYBTS2T6aQdOpmEmRuhhPgNbvwVNy4UcevGnX/j9LHQ1gMXDufcy733+LHgGhzn28otLC4tr+RXC2vrG5tbxe2duo4SRVmNRiJSTZ9oJrhkNeAgWDNWjIS+YA1/cDXyG/dMaR7JWxjGrB2SnuQBpwSM1CkeeUCSTio9iDyfKCyzixP7zAMeMo1d5y4tZw+pp0Kss06x5NjOGHieuFNSQlNUO8UvrxvRJGQSqCBat1wnhnZKFHAqWFbwEs1iQgekx1qGSmJ2ttPxTxk+MEoXB5EyJQGP1d8TKQm1Hoa+6QwJ9PWsNxL/81oJBOV2ymWcAJN0sihIBIYIjwLCXa4YBTE0hFDFza2Y9okiFEyMBROCO/vyPKkf265juzenpcrlNI482kP76BC56BxV0DWqohqi6BE9o1f0Zj1ZL9a79TFpzVnTmV30B9bnDz79nb0=</latexit>

����M12 �
i

2
�12

���� > 1.9⇥ 10�33 GeV
<latexit sha1_base64="dG5tKCL/RGr1PZvIKCZElO4aBuE="></latexit><latexit sha1_base64="dG5tKCL/RGr1PZvIKCZElO4aBuE="></latexit><latexit sha1_base64="dG5tKCL/RGr1PZvIKCZElO4aBuE="></latexit><latexit sha1_base64="dG5tKCL/RGr1PZvIKCZElO4aBuE="></latexit>

⇒hard to implement asymmetry with neutron oscillations


Le↵ � (udd)2

⇤5
) M12,�12 / 1

⇤5
, ⇤ & 100 TeV

�
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(Heavy flavor) Baryon oscillations
What if �B = 2 �S = 4operators had e.g. ?

Dominant constraints could be from colliders
�12, M12 could be much, much larger

u

d

d χ

γ

φ

n

uū

s

s̄ s

s̄

u

d

dχ

γ

φ

n⌅0⌅̄0

Kuzmin (’94)

Leads to oscillation of 
cascade baryons 

Le↵ � (uss)2

⇤5
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n

n

K

K

K

K

is kinematically 
forbidden!

Then direct 
dinucleon 

decay
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Low Scale Baryogenesis: 
Model II

L � �g⇤ud�
⇤ūRd

c
R � yid��̄id

c
R � 1

2
m�i�i�i + h.c.
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Same model but different regime: m�1,2 ⌧ m�
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uR

dR

dR

ūR

d̄R

d̄R

φφ

χ

m χRelevant operator for 
oscillations:

χ

n n̄ n n̄
χ

⇡0

B B̄ B B̄

�12 M12

M12,�12 � 10�33 GeV
<latexit sha1_base64="YN/feR5OOrTSiuLj3+4IorlPJeE=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRXGhJWkGXRRd1I1SwF2himUyn7dCZJMxMhBLiE7jxVdy4UMStW3e+jdM0C239YeDjP+dw5vxeyKhUlvVt5BYWl5ZX8quFtfWNzS1ze6cpg0hg0sABC0TbQ5Iw6pOGooqRdigI4h4jLW90Oam37omQNPBv1TgkLkcDn/YpRkpbXfPwuhvb5eTYqSHOUcrOYABt6y4+qVSSB0dwWCPNrlm0SlYqOA92BkWQqd41v5xegCNOfIUZkrJjW6FyYyQUxYwkBSeSJER4hAako9FHnEg3Tu9J4IF2erAfCP18BVP390SMuJRj7ulOjtRQztYm5n+1TqT6525M/TBSxMfTRf2IQRXASTiwRwXBio01ICyo/ivEQyQQVjrCgg7Bnj15Hprlkm2V7JvTYvUiiyMP9sA+OAI2OANVcAXqoAEweATP4BW8GU/Gi/FufExbc0Y2swv+yPj8AQuWmsI=</latexit><latexit sha1_base64="YN/feR5OOrTSiuLj3+4IorlPJeE=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRXGhJWkGXRRd1I1SwF2himUyn7dCZJMxMhBLiE7jxVdy4UMStW3e+jdM0C239YeDjP+dw5vxeyKhUlvVt5BYWl5ZX8quFtfWNzS1ze6cpg0hg0sABC0TbQ5Iw6pOGooqRdigI4h4jLW90Oam37omQNPBv1TgkLkcDn/YpRkpbXfPwuhvb5eTYqSHOUcrOYABt6y4+qVSSB0dwWCPNrlm0SlYqOA92BkWQqd41v5xegCNOfIUZkrJjW6FyYyQUxYwkBSeSJER4hAako9FHnEg3Tu9J4IF2erAfCP18BVP390SMuJRj7ulOjtRQztYm5n+1TqT6525M/TBSxMfTRf2IQRXASTiwRwXBio01ICyo/ivEQyQQVjrCgg7Bnj15Hprlkm2V7JvTYvUiiyMP9sA+OAI2OANVcAXqoAEweATP4BW8GU/Gi/FufExbc0Y2swv+yPj8AQuWmsI=</latexit><latexit sha1_base64="YN/feR5OOrTSiuLj3+4IorlPJeE=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRXGhJWkGXRRd1I1SwF2himUyn7dCZJMxMhBLiE7jxVdy4UMStW3e+jdM0C239YeDjP+dw5vxeyKhUlvVt5BYWl5ZX8quFtfWNzS1ze6cpg0hg0sABC0TbQ5Iw6pOGooqRdigI4h4jLW90Oam37omQNPBv1TgkLkcDn/YpRkpbXfPwuhvb5eTYqSHOUcrOYABt6y4+qVSSB0dwWCPNrlm0SlYqOA92BkWQqd41v5xegCNOfIUZkrJjW6FyYyQUxYwkBSeSJER4hAako9FHnEg3Tu9J4IF2erAfCP18BVP390SMuJRj7ulOjtRQztYm5n+1TqT6525M/TBSxMfTRf2IQRXASTiwRwXBio01ICyo/ivEQyQQVjrCgg7Bnj15Hprlkm2V7JvTYvUiiyMP9sA+OAI2OANVcAXqoAEweATP4BW8GU/Gi/FufExbc0Y2swv+yPj8AQuWmsI=</latexit><latexit sha1_base64="YN/feR5OOrTSiuLj3+4IorlPJeE=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRXGhJWkGXRRd1I1SwF2himUyn7dCZJMxMhBLiE7jxVdy4UMStW3e+jdM0C239YeDjP+dw5vxeyKhUlvVt5BYWl5ZX8quFtfWNzS1ze6cpg0hg0sABC0TbQ5Iw6pOGooqRdigI4h4jLW90Oam37omQNPBv1TgkLkcDn/YpRkpbXfPwuhvb5eTYqSHOUcrOYABt6y4+qVSSB0dwWCPNrlm0SlYqOA92BkWQqd41v5xegCNOfIUZkrJjW6FyYyQUxYwkBSeSJER4hAako9FHnEg3Tu9J4IF2erAfCP18BVP390SMuJRj7ulOjtRQztYm5n+1TqT6525M/TBSxMfTRf2IQRXASTiwRwXBio01ICyo/ivEQyQQVjrCgg7Bnj15Hprlkm2V7JvTYvUiiyMP9sA+OAI2OANVcAXqoAEweATP4BW8GU/Gi/FufExbc0Y2swv+yPj8AQuWmsI=</latexit>
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Low Scale Baryogenesis: 
Model II

d

d

u

� New fermions (again, need at 
least 2) long-lived

�� /
m5

�

m4
�

L � �g⇤ud�
⇤ūRd

c
R � yid��̄id

c
R � 1

2
m�i�i�i + h.c.
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Same model but different regime: m�1,2 ⌧ m�
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Collider constraints (on colored scalars) similar



(Indirect) dinucleon decay

There is still 
contribution to 

dinucleon decay in 
presence of weak 

interactions
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Naive estimate of suppression 
(proper treatment involves 

matching onto chiral 
perturbation theory)



(Indirect) dinucleon decay

There is still 
contribution to 

dinucleon decay in 
presence of weak 

interactions
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Naive estimate of suppression 
(proper treatment involves 

matching onto chiral 
perturbation theory)

Combined limits 
on possible 
operators



Calculating the asymmetry
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More complicated 
because of 
decoherence due 
to scattering on 
plasma

Heavy B 
system density 

matrix:

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

B
<latexit sha1_base64="F3W/LT4R0ex5C2N5m1EuE811oh0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1u4xKUuuVyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5XArwT3V+VqLY+jAKdwBhcQwDVU4Q7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4A2zmOpA==</latexit><latexit sha1_base64="F3W/LT4R0ex5C2N5m1EuE811oh0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1u4xKUuuVyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5XArwT3V+VqLY+jAKdwBhcQwDVU4Q7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4A2zmOpA==</latexit><latexit sha1_base64="F3W/LT4R0ex5C2N5m1EuE811oh0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1u4xKUuuVyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5XArwT3V+VqLY+jAKdwBhcQwDVU4Q7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4A2zmOpA==</latexit><latexit sha1_base64="F3W/LT4R0ex5C2N5m1EuE811oh0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1u4xKUuuVyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5XArwT3V+VqLY+jAKdwBhcQwDVU4Q7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4A2zmOpA==</latexit> B

<latexit sha1_base64="F3W/LT4R0ex5C2N5m1EuE811oh0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1u4xKUuuVyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5XArwT3V+VqLY+jAKdwBhcQwDVU4Q7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4A2zmOpA==</latexit><latexit sha1_base64="F3W/LT4R0ex5C2N5m1EuE811oh0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1u4xKUuuVyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5XArwT3V+VqLY+jAKdwBhcQwDVU4Q7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4A2zmOpA==</latexit><latexit sha1_base64="F3W/LT4R0ex5C2N5m1EuE811oh0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1u4xKUuuVyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5XArwT3V+VqLY+jAKdwBhcQwDVU4Q7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4A2zmOpA==</latexit><latexit sha1_base64="F3W/LT4R0ex5C2N5m1EuE811oh0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjixWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1u4xKUuuVyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcFNmAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5XArwT3V+VqLY+jAKdwBhcQwDVU4Q7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4A2zmOpA==</latexit>

Again, use long-lived 
fermion decaying out-of-eq.

Sudden decay approx:

(Similar to resonant leptogenesis of Akhmedov-Rubakov-Smirnov; 
see also Asaka & Shaposhnikov + many others)



Calculating the asymmetry
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<latexit sha1_base64="VHgKDQhCyWUgpBckz0Iswi2sDdE=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4sSQi6LLoxp0V7AOaECbTSTt0JgkzE6GELtz4K25cKOLWj3Dn3zhts6itBy6cOede5t4Tppwp7Tg/1srq2vrGZmmrvL2zu7dvHxy2VJJJQpsk4YnshFhRzmLa1Exz2kklxSLktB0ObyZ++5FKxZL4QY9S6gvcj1nECNZGCuyKdydoHwc5CcdnXojl3Duwq07NmQItE7cgVSjQCOxvr5eQTNBYE46V6rpOqv0cS80Ip+OylymaYjLEfdo1NMaCKj+fHjFGJ0bpoSiRpmKNpur8RI6FUiMRmk6B9UAtehPxP6+b6ejKz1mcZprGZPZRlHGkEzRJBPWYpETzkSGYSGZ2RWSAJSba5FY2IbiLJy+T1nnNdWru/UW1fl3EUYIKHMMpuHAJdbiFBjSBwBO8wBu8W8/Wq/Vhfc5aV6xi5gj+wPr6BdxjmDk=</latexit><latexit sha1_base64="VHgKDQhCyWUgpBckz0Iswi2sDdE=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4sSQi6LLoxp0V7AOaECbTSTt0JgkzE6GELtz4K25cKOLWj3Dn3zhts6itBy6cOede5t4Tppwp7Tg/1srq2vrGZmmrvL2zu7dvHxy2VJJJQpsk4YnshFhRzmLa1Exz2kklxSLktB0ObyZ++5FKxZL4QY9S6gvcj1nECNZGCuyKdydoHwc5CcdnXojl3Duwq07NmQItE7cgVSjQCOxvr5eQTNBYE46V6rpOqv0cS80Ip+OylymaYjLEfdo1NMaCKj+fHjFGJ0bpoSiRpmKNpur8RI6FUiMRmk6B9UAtehPxP6+b6ejKz1mcZprGZPZRlHGkEzRJBPWYpETzkSGYSGZ2RWSAJSba5FY2IbiLJy+T1nnNdWru/UW1fl3EUYIKHMMpuHAJdbiFBjSBwBO8wBu8W8/Wq/Vhfc5aV6xi5gj+wPr6BdxjmDk=</latexit><latexit sha1_base64="VHgKDQhCyWUgpBckz0Iswi2sDdE=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4sSQi6LLoxp0V7AOaECbTSTt0JgkzE6GELtz4K25cKOLWj3Dn3zhts6itBy6cOede5t4Tppwp7Tg/1srq2vrGZmmrvL2zu7dvHxy2VJJJQpsk4YnshFhRzmLa1Exz2kklxSLktB0ObyZ++5FKxZL4QY9S6gvcj1nECNZGCuyKdydoHwc5CcdnXojl3Duwq07NmQItE7cgVSjQCOxvr5eQTNBYE46V6rpOqv0cS80Ip+OylymaYjLEfdo1NMaCKj+fHjFGJ0bpoSiRpmKNpur8RI6FUiMRmk6B9UAtehPxP6+b6ejKz1mcZprGZPZRlHGkEzRJBPWYpETzkSGYSGZ2RWSAJSba5FY2IbiLJy+T1nnNdWru/UW1fl3EUYIKHMMpuHAJdbiFBjSBwBO8wBu8W8/Wq/Vhfc5aV6xi5gj+wPr6BdxjmDk=</latexit><latexit sha1_base64="VHgKDQhCyWUgpBckz0Iswi2sDdE=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4sSQi6LLoxp0V7AOaECbTSTt0JgkzE6GELtz4K25cKOLWj3Dn3zhts6itBy6cOede5t4Tppwp7Tg/1srq2vrGZmmrvL2zu7dvHxy2VJJJQpsk4YnshFhRzmLa1Exz2kklxSLktB0ObyZ++5FKxZL4QY9S6gvcj1nECNZGCuyKdydoHwc5CcdnXojl3Duwq07NmQItE7cgVSjQCOxvr5eQTNBYE46V6rpOqv0cS80Ip+OylymaYjLEfdo1NMaCKj+fHjFGJ0bpoSiRpmKNpur8RI6FUiMRmk6B9UAtehPxP6+b6ejKz1mcZprGZPZRlHGkEzRJBPWYpETzkSGYSGZ2RWSAJSba5FY2IbiLJy+T1nnNdWru/UW1fl3EUYIKHMMpuHAJdbiFBjSBwBO8wBu8W8/Wq/Vhfc5aV6xi5gj+wPr6BdxjmDk=</latexit>

system
mB = 7 GeV, �B = 3⇥ 10�12 GeV

<latexit sha1_base64="SmU5NIs/zBkWpWD/YnJubByOaVQ=">AAACJ3icbVDLSgMxFM3Ud32NunQTLIILLTNVqBul1IUuFewDOrXcSdM2NJkZkoxQhvo1bvwVN4KK6NI/MX2I2nogcDjnXG7u8SPOlHacDys1Mzs3v7C4lF5eWV1btzc2yyqMJaElEvJQVn1QlLOAljTTnFYjSUH4nFb87tnAr9xSqVgYXOteROsC2gFrMQLaSA37VDQSjwDHxf5J/s6TAp/T8v6ddw5CwI916GkmqMKuc5McuLn+d7JhZ5ysMwSeJu6YZNAYlw372WuGJBY00ISDUjXXiXQ9AakZ4bSf9mJFIyBdaNOaoQGYrfVkeGcf7xqliVuhNC/QeKj+nkhAKNUTvkkK0B016Q3E/7xarFvH9YQFUaxpQEaLWjHHOsSD0nCTSUo07xkCRDLzV0w6IIFoU23alOBOnjxNyrms62Tdq6NMoTiuYxFtox20h1yURwV0gS5RCRF0jx7RC3q1Hqwn6816H0VT1nhmC/2B9fkFhVekdg==</latexit><latexit sha1_base64="SmU5NIs/zBkWpWD/YnJubByOaVQ=">AAACJ3icbVDLSgMxFM3Ud32NunQTLIILLTNVqBul1IUuFewDOrXcSdM2NJkZkoxQhvo1bvwVN4KK6NI/MX2I2nogcDjnXG7u8SPOlHacDys1Mzs3v7C4lF5eWV1btzc2yyqMJaElEvJQVn1QlLOAljTTnFYjSUH4nFb87tnAr9xSqVgYXOteROsC2gFrMQLaSA37VDQSjwDHxf5J/s6TAp/T8v6ddw5CwI916GkmqMKuc5McuLn+d7JhZ5ysMwSeJu6YZNAYlw372WuGJBY00ISDUjXXiXQ9AakZ4bSf9mJFIyBdaNOaoQGYrfVkeGcf7xqliVuhNC/QeKj+nkhAKNUTvkkK0B016Q3E/7xarFvH9YQFUaxpQEaLWjHHOsSD0nCTSUo07xkCRDLzV0w6IIFoU23alOBOnjxNyrms62Tdq6NMoTiuYxFtox20h1yURwV0gS5RCRF0jx7RC3q1Hqwn6816H0VT1nhmC/2B9fkFhVekdg==</latexit><latexit sha1_base64="SmU5NIs/zBkWpWD/YnJubByOaVQ=">AAACJ3icbVDLSgMxFM3Ud32NunQTLIILLTNVqBul1IUuFewDOrXcSdM2NJkZkoxQhvo1bvwVN4KK6NI/MX2I2nogcDjnXG7u8SPOlHacDys1Mzs3v7C4lF5eWV1btzc2yyqMJaElEvJQVn1QlLOAljTTnFYjSUH4nFb87tnAr9xSqVgYXOteROsC2gFrMQLaSA37VDQSjwDHxf5J/s6TAp/T8v6ddw5CwI916GkmqMKuc5McuLn+d7JhZ5ysMwSeJu6YZNAYlw372WuGJBY00ISDUjXXiXQ9AakZ4bSf9mJFIyBdaNOaoQGYrfVkeGcf7xqliVuhNC/QeKj+nkhAKNUTvkkK0B016Q3E/7xarFvH9YQFUaxpQEaLWjHHOsSD0nCTSUo07xkCRDLzV0w6IIFoU23alOBOnjxNyrms62Tdq6NMoTiuYxFtox20h1yURwV0gS5RCRF0jx7RC3q1Hqwn6816H0VT1nhmC/2B9fkFhVekdg==</latexit><latexit sha1_base64="SmU5NIs/zBkWpWD/YnJubByOaVQ=">AAACJ3icbVDLSgMxFM3Ud32NunQTLIILLTNVqBul1IUuFewDOrXcSdM2NJkZkoxQhvo1bvwVN4KK6NI/MX2I2nogcDjnXG7u8SPOlHacDys1Mzs3v7C4lF5eWV1btzc2yyqMJaElEvJQVn1QlLOAljTTnFYjSUH4nFb87tnAr9xSqVgYXOteROsC2gFrMQLaSA37VDQSjwDHxf5J/s6TAp/T8v6ddw5CwI916GkmqMKuc5McuLn+d7JhZ5ysMwSeJu6YZNAYlw372WuGJBY00ISDUjXXiXQ9AakZ4bSf9mJFIyBdaNOaoQGYrfVkeGcf7xqliVuhNC/QeKj+nkhAKNUTvkkK0B016Q3E/7xarFvH9YQFUaxpQEaLWjHHOsSD0nCTSUo07xkCRDLzV0w6IIFoU23alOBOnjxNyrms62Tdq6NMoTiuYxFtox20h1yURwV0gS5RCRF0jx7RC3q1Hqwn6816H0VT1nhmC/2B9fkFhVekdg==</latexit>

|M12| = 3⇥ 10�15 GeV, |�12/M12| = 0.3
<latexit sha1_base64="xOipS9JWoUuFgp0yMdSubyTitRg="></latexit><latexit sha1_base64="xOipS9JWoUuFgp0yMdSubyTitRg="></latexit><latexit sha1_base64="xOipS9JWoUuFgp0yMdSubyTitRg="></latexit><latexit sha1_base64="xOipS9JWoUuFgp0yMdSubyTitRg="></latexit>

m�3 = 7.5 GeV, ��3 = 3⇥ 10�23 GeV
<latexit sha1_base64="T2JIS1T5WvOF3t01XWPEjLlSNkA="></latexit><latexit sha1_base64="T2JIS1T5WvOF3t01XWPEjLlSNkA="></latexit><latexit sha1_base64="T2JIS1T5WvOF3t01XWPEjLlSNkA="></latexit><latexit sha1_base64="T2JIS1T5WvOF3t01XWPEjLlSNkA="></latexit>

Importance of decoherence 
due to scattering means 

asymmetry generated at late 
times, T~10 MeV

Results for
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Low Scale Baryogenesis: 
Model II, Probes

PB!B̄ ⇠ |M12|2

�2
B

⇠ 10�5

“Wrong sign” baryon decays, displaced vertices…

B branchings can be O(10�3)

[1708.05808]

b

q̄

q̄0

�

meson ! baryon + �i [+meson(s)]

baryon ! meson(s) + �i
<latexit sha1_base64="VW0urMVo/yJfDDE9CGT2xkTHAKw="></latexit><latexit sha1_base64="VW0urMVo/yJfDDE9CGT2xkTHAKw="></latexit><latexit sha1_base64="VW0urMVo/yJfDDE9CGT2xkTHAKw="></latexit><latexit sha1_base64="VW0urMVo/yJfDDE9CGT2xkTHAKw="></latexit>

�b!�1ūd̄ ⇠
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guby1d
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�
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+O

✓
�m5
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b

◆

' 2⇥ 10�15 GeV

✓
�m

2 GeV

◆4✓ 1.2 TeV

m�/
p
guby1d

◆4

<latexit sha1_base64="lj5mU88caMGvoPQ5ctUB/NsFt9A="></latexit><latexit sha1_base64="lj5mU88caMGvoPQ5ctUB/NsFt9A="></latexit><latexit sha1_base64="lj5mU88caMGvoPQ5ctUB/NsFt9A="></latexit><latexit sha1_base64="lj5mU88caMGvoPQ5ctUB/NsFt9A="></latexit>
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Low Scale Baryogenesis: 
Model III

Lint � �g⇤ud�
⇤ūRd

c
R � yd��̄Ld

c
R � y0⌘�̄L⇠R �m��̄L�R + h.c.

<latexit sha1_base64="3WEdjjVMIRALqG6CsH2czQ2OlbU="></latexit><latexit sha1_base64="3WEdjjVMIRALqG6CsH2czQ2OlbU="></latexit><latexit sha1_base64="3WEdjjVMIRALqG6CsH2czQ2OlbU="></latexit><latexit sha1_base64="3WEdjjVMIRALqG6CsH2czQ2OlbU="></latexit>

Dirac, dark sector that carries baryon number:�
<latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit>

⌘, ⇠
<latexit sha1_base64="IdgLQdQ8SpGyEnrO5nuGriuK4Wg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KCURQY9FLx4r2A9sQtlsJ+3SzSbsbsRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhUyeZYthgiUhUO6QaBZfYMNwIbKcKaRwKbIXDm6nfekSleSLvzSjFIKZ9ySPOqLHSg4+GVvyK/8S7pbJbdWcgy8TLSRly1LulL7+XsCxGaZigWnc8NzXBmCrDmcBJ0c80ppQNaR87lkoaow7Gs4sn5NQqPRIlypY0ZKb+nhjTWOtRHNrOmJqBXvSm4n9eJzPRVTDmMs0MSjZfFGWCmIRM3yc9rpAZMbKEMsXtrYQNqKLM2JCKNgRv8eVl0jyvem7Vu7so167zOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AeVxkGU=</latexit><latexit sha1_base64="IdgLQdQ8SpGyEnrO5nuGriuK4Wg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KCURQY9FLx4r2A9sQtlsJ+3SzSbsbsRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhUyeZYthgiUhUO6QaBZfYMNwIbKcKaRwKbIXDm6nfekSleSLvzSjFIKZ9ySPOqLHSg4+GVvyK/8S7pbJbdWcgy8TLSRly1LulL7+XsCxGaZigWnc8NzXBmCrDmcBJ0c80ppQNaR87lkoaow7Gs4sn5NQqPRIlypY0ZKb+nhjTWOtRHNrOmJqBXvSm4n9eJzPRVTDmMs0MSjZfFGWCmIRM3yc9rpAZMbKEMsXtrYQNqKLM2JCKNgRv8eVl0jyvem7Vu7so167zOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AeVxkGU=</latexit><latexit sha1_base64="IdgLQdQ8SpGyEnrO5nuGriuK4Wg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KCURQY9FLx4r2A9sQtlsJ+3SzSbsbsRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhUyeZYthgiUhUO6QaBZfYMNwIbKcKaRwKbIXDm6nfekSleSLvzSjFIKZ9ySPOqLHSg4+GVvyK/8S7pbJbdWcgy8TLSRly1LulL7+XsCxGaZigWnc8NzXBmCrDmcBJ0c80ppQNaR87lkoaow7Gs4sn5NQqPRIlypY0ZKb+nhjTWOtRHNrOmJqBXvSm4n9eJzPRVTDmMs0MSjZfFGWCmIRM3yc9rpAZMbKEMsXtrYQNqKLM2JCKNgRv8eVl0jyvem7Vu7so167zOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AeVxkGU=</latexit><latexit sha1_base64="IdgLQdQ8SpGyEnrO5nuGriuK4Wg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KCURQY9FLx4r2A9sQtlsJ+3SzSbsbsRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhUyeZYthgiUhUO6QaBZfYMNwIbKcKaRwKbIXDm6nfekSleSLvzSjFIKZ9ySPOqLHSg4+GVvyK/8S7pbJbdWcgy8TLSRly1LulL7+XsCxGaZigWnc8NzXBmCrDmcBJ0c80ppQNaR87lkoaow7Gs4sn5NQqPRIlypY0ZKb+nhjTWOtRHNrOmJqBXvSm4n9eJzPRVTDmMs0MSjZfFGWCmIRM3yc9rpAZMbKEMsXtrYQNqKLM2JCKNgRv8eVl0jyvem7Vu7so167zOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AeVxkGU=</latexit>

No baryon number violation no⇒dinucleon decay constraints

Now asymmetry sourced by B 
meson oscillations, produced 

out-of-equilibrium

Exotic B meson 
branching must be 

~1-10%!

Elor, Escudero, & Nelson arXiv:1810.00880



Wrap up
Baryogenesis requires new physics 

Typically active above electroweak scale

Low scale scenarios generally more challenging

Can lead to unique phenomenology

Testable! (In the near future!)

Described some new models involving 
coherent oscillations


