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⇠ 0.1 fm/c

HARD 

INTERACTION

➡ Shortly after a Heavy Ion Collision (HIC) a de-confined, fluid-like state emerges: the Quark Gluon Plasma (QGP)


➡ Jets in HICs are modified with respect to the p-p reference        Jet Quenching (one of the main QGP signals, and a multi-scale probe of its properties)
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The reasoning, in a nutshell: this phase is too short to bother…
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⇠ 0.1 fm/c

HARD 
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A long-ignored contribution!

➡ BUT: the pre-equilibrium phase of HICs could have a significant effect in Jet Quenching observables.

➡ Shortly after a Heavy Ion Collision (HIC) a de-confined, fluid-like state emerges: the Quark Gluon Plasma (QGP)


➡ Jets in HICs are modified with respect to the p-p reference        Jet Quenching (one of the main QGP signals, and a multi-scale probe of its properties)
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HARD 

INTERACTION

➡ BUT: the pre-equilibrium phase of HICs could have a significant effect in Jet Quenching observables.

The reasoning, in a nutshell: this phase is too short to bother…

• So, how do we quantify the impact of the pre-equilibrium phase of Heavy Ion Collisions over Jet Quenching observables?

➡ Recent results suggest 
otherwise:

A. Ipp, D. I. Müller, D. Schuh; PLB, 2020

M. E. Carrington, A. Czajka, S. Mrowczynski; PRC, 2022

D. Avramescu et al.; PRD, 2023

K. Boguslavski et al.; PLB, 2024           (…)

Some even propose that impact of pre-eq phase      impact of QGP!!

Introduction
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Aµ

➡ Shortly after a Heavy Ion Collision (HIC) a de-confined, fluid-like state emerges: the Quark Gluon Plasma (QGP)


➡ Jets in HICs are modified with respect to the p-p reference        Jet Quenching (one of the main QGP signals, and a multi-scale probe of its properties)

Also see the talks by Adam Takacs (today,    
ddsession), Carlos Lamas (tomorrow,    session) 
and Dana Avramescu (Thu, plenary session)
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• But first: how do we describe the pre-equilibrium phase?

2

The Color Glass Condensate
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➡ f


➡ We use the Color Glass Condensate effective theory, which approximates QCD at high collision energies

2

Moderate energy:

Dilute hadrons

High energy:

Gluon-dense hadrons
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CGC: Classical fields

generated by valence 
partons

The Color Glass Condensate

• But first: how do we describe the pre-equilibrium phase?
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➡ f


➡ We use the Color Glass Condensate effective theory, which approximates QCD at high collision energies

➡ Dynamics of the fields described by the classical Yang-Mills equations:

2

Moderate energy:

Dilute hadrons

High energy:

Gluon-dense hadrons
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F µ ! = ! µ A! ! ! ! Aµ ! ig [Aµ , A! ]

J ! ,a = ! ! + " a(x! , x" )
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CGC: Classical fields

generated by valence 
partons

The Color Glass Condensate

• But first: how do we describe the pre-equilibrium phase?

Evolution with 
separation scale 
described by B-JIMWLK 
equations
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➡ f


➡ We use the Color Glass Condensate effective theory, which approximates QCD at high collision energies

➡ Calculation of observables: medium averages over background fields

➡ Dynamics of the fields described by the classical Yang-Mills equations:

2

Moderate energy:

Dilute hadrons

High energy:

Gluon-dense hadrons
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➡ f


➡ We use the Color Glass Condensate effective theory, which approximates QCD at high collision energies

➡ Calculation of observables: medium averages over background fields

➡ Dynamics of the fields described by the classical Yang-Mills equations:

2

Moderate energy:

Dilute hadrons

High energy:

Gluon-dense hadrons
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!O[! ]" =
!

[d! ]O[! ]W [! ]

➡ Color charge distributions for large nuclei: McLerran-Venugopalan (MV) model

F µ ! = ! µ A! ! ! ! Aµ ! ig [Aµ , A! ]

J ! ,a = ! ! + " a(x! , x" )

[Dµ , F µ ! ] = J ! ! ! a(x)ta
<latexit sha1_base64="48Nj1osuzlXMV9r9+KdOV1ZyYRs="></latexit>

<latexit sha1_base64="QZaZrRbJuliE0ErKRChnkQbq29A=">AAACC3icbVDJTgJBEO3BDXFDPXqZSEzwQmaM25HoxSMmsiTMhPQ0BXToWdJdYyCd+QT9GT0Z9ebNH/BvbJCDgu/0qt6rStULEsEVOs6XlVtaXlldy68XNja3tneKu3sNFaeSQZ3FIpatgCoQPII6chTQSiTQMBDQDIbXE715D1LxOLrDcQJ+SPsR73FG0bQ6xbL2pku0hG6mPYQR6mbW9uQgzsqjjvYSkEl27GedYsmpOFPYi8SdkRKZodYpfnrdmKUhRMgEVartOgn6mkrkTEBW8FIFCWVD2oe2oRENQfl6ekxmH/ViaeMA7Gn926tpqNQ4DIwnpDhQ89qk+Z/WTrF36WseJSlCxIzFaL1U2Bjbk2DsLpfAUIwNoUxyc6XNBlRShia+gnnfnX92kTROKu555ez2tFS9mgWRJwfkkJSJSy5IldyQGqkTRh7JM3kj79aD9WS9WK8/1pw1m9knf2B9fANg3px4</latexit>

W[! (x! )]
<latexit sha1_base64="LqyIG6f+zGQF+4ohT765VNHpvdg=">AAAB7HicbZDLSsNAFIZPvNZ6q7p0M1gEQSiJeFsW3bhwUcFeII1lMj1ph04mYWYilNC30JWoO5/GF/BtnNYutPVf/XP+b+D8J0wF18Z1v5yFxaXlldXCWnF9Y3Nru7Sz29BJphjWWSIS1QqpRsEl1g03AlupQhqHApvh4HqcNx9RaZ7IezNMMYhpT/KIM2rsyG/fWrRLH447bqdUdivuRGTeeFNThqlqndJnu5uwLEZpmKBa+56bmiCnynAmcFRsZxpTyga0h761ksaog3yy8ogcRokipo9k8v7N5jTWehiHlomp6evZbDz8L/MzE10GOZdpZlAyi9gsygQxCRk3J12ukBkxtIYyxe2WhPWposzY+xRtfW+27LxpnFS888rZ3Wm5ejU9RAH24QCOwIMLqMIN1KAODBJ4hjd4d6Tz5Lw4rz/ogjP9swd/5Hx8AzjIjjw=</latexit>

⇤+
0

CGC: Classical fields

generated by valence 
partons

<latexit sha1_base64="i+EwH3iqXW48ndSTm8TYohf1u5s="></latexit>

! ! a(x! )! b(y! )" = g2µ2" ab" (2) (x! # y! )
<latexit sha1_base64="rOLio7M0W95DAjpFMPv5KOd4brk=">AAACB3icbVC5TsNAFFyHK4TLQEmzIiCFJrIRV4MUQUMZJHJIsbHWm5dklfWh3TUisvwB8DNQIaCj5wf4GzYmBSRMNe/NPOnN+DFnUlnWl1GYm19YXCoul1ZW19Y3zM2tpowSQaFBIx6Jtk8kcBZCQzHFoR0LIIHPoeUPL8d66w6EZFF4o0YxuAHph6zHKFF65Zl7DidhnwN2xCC6TUlWufdSJwYRZweOyKVzyzPLVtXKgWeJPSFlNEHdMz+dbkSTAEJFOZGyY1uxclMiFKMcspKTSIgJHZI+dDQNSQDSTfM0Gd7vRQKrAeB8/u1NSSDlKPC1JyBqIKe18fI/rZOo3pmbsjBOFIRUW7TWSzhWER6XgrtMAFV8pAmhgukvMR0QQajS1ZV0fHs67CxpHlbtk+rx9VG5djEpooh20C6qIBudohq6QnXUQBQ9omf0ht6NB+PJeDFef6wFY3Kzjf7A+PgGLrCZcg==</latexit>

! ! a(x! )" = 0 ,

The Color Glass Condensate

• But first: how do we describe the pre-equilibrium phase?

Evolution with 
separation scale 
described by B-JIMWLK 
equations

Gaussian statistics

Analytical calculations are possible
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➡ The CGC gives us the gauge fields before the collision:

3

The Glasma Fields

• How do we use the CGC to describe the pre-equilibrium phase?

t

<latexit sha1_base64="lg/W7KcltGzHwFXFHDAUGWb+7Vg=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSARJYEJ6mgI69DzSXWOCE35AV0bd+Un+gH9jg7NQ8K5O172d1K0gUdKQ6345hZXVtfWN4mZpa3tnd6+8f9AycaoFNkWsYt0OuEElI2ySJIXtRCMPA4X3wfhm5t8/oDYyju5okqAf8mEkB1JwsqPGY69ccavuXGwZvBwqkKveK392+7FIQ4xIKG5Mx3MT8jOuSQqF01I3NZhwMeZD7FiMeIjGz+aLTtnJINaMRsjm79/ZjIfGTMLAZkJOI7PozYb/eZ2UBld+JqMkJYyEjVhvkCpGMZv1ZX2pUZCaWOBCS7slEyOuuSB7lZKt7y2WXYbWWdW7qLqN80rtOj9EEY7gGE7Bg0uowS3UoQkCEJ7hDd6dvvPkvDivP9GCk/85hD9yPr4B39uKmA==</latexit>z

<latexit sha1_base64="XXyBa7UBKMODe4bx5PBCJZutA9c=">AAAB9XicbZDLTgIxFIY7XhFvIy7dNBITXIAzxKgbE6Ibl5jIJYGRdEoHGjoX2zMKTngUXRl154v4Ar6NBWeh4L/6ev6/yTm/GwmuwLK+jIXFpeWV1cxadn1jc2vb3MnVVRhLymo0FKFsukQxwQNWAw6CNSPJiO8K1nAHlxO/cc+k4mFwA6OIOT7pBdzjlIAedczc8LZ4XoDi4+FRW91JSMrjjpm3StZUeB7sFPIoVbVjfra7IY19FgAVRKmWbUXgJEQCp4KNs+1YsYjQAemxlsaA+Ew5yXT3MT7wQomhz/D0/TubEF+pke/qjE+gr2a9yfA/rxWDd+YkPIhiYAHVEe15scAQ4kkFuMsloyBGGgiVXG+JaZ9IQkEXldXn27PHzkO9XLJPStb1cb5ykRaRQXtoHxWQjU5RBV2hKqohioboGb2hd+PBeDJejNef6IKR/tlFf2R8fAN6b5Ek</latexit>

x ! = ( t ! z)/
"

2
<latexit sha1_base64="KTUfu7MfwsrYsxHdJFFMr8+PCb8=">AAAB9XicbZDLTgIxFIY7XhFvIy7dNBITDAnOEKNuTIhuXGIilwRG0ikdaOhcbM8oOOFRdGXUnS/iC/g2FpyFgv/q6/n/Juf8biS4Asv6MhYWl5ZXVjNr2fWNza1tcydXV2EsKavRUISy6RLFBA9YDTgI1owkI74rWMMdXE78xj2TiofBDYwi5vikF3CPUwJ61DFzw9vieQGKj4dHbXUnISmPO2beKllT4XmwU8ijVNWO+dnuhjT2WQBUEKVathWBkxAJnAo2zrZjxSJCB6THWhoD4jPlJNPdx/jACyWGPsPT9+9sQnylRr6rMz6Bvpr1JsP/vFYM3pmT8CCKgQVUR7TnxQJDiCcV4C6XjIIYaSBUcr0lpn0iCQVdVFafb88eOw/1csk+KVnXx/nKRVpEBu2hfVRANjpFFXSFqqiGKBqiZ/SG3o0H48l4MV5/ogtG+mcX/ZHx8Q10Q5Eg</latexit>

x+ = ( t + z)/
!

2
<latexit sha1_base64="w27zIkKHi7vEeLcDrFvxRm7mdmA=">AAACIHicbZDLSgMxFIYz9VbrrerSzWARXEiZEW8boaiIuKpgbaEzDpn0tA1mLuQilDAvoy+jIIi60qcxHSuo9az+/N+fk5wTpowK6TjvVmFicmp6pjhbmptfWFwqL69ciURxAg2SsIS3QiyA0RgakkoGrZQDjkIGzfDmeMibt8AFTeJLOUjBj3Avpl1KsDRWUD5snwTai1S2pb28mw6ZgkyfXg9dL1ZZlvmH34xDJ9PngWtgToJyxak6ednjwh2JChpVPSg/eZ2EqAhiSRgWou06qfQ15pISBlnJUwJSTG5wD9pGxjgC4ev88cze6Cbcln2w8/PPrMaREIMoNJkIy774y4bmf6ytZPfA1zROlYSYmIhhXcVsmdjDbdkdyoFINjACE07NL23SxxwTaXZaMuO7f4cdF1fbVXevunuxU6kdjRZRRGtoHW0iF+2jGjpDddRABN2jR/SK3qw768F6tl6+ogVrdGcV/Srr4xPUf6XX</latexit>

[Dµ , F µ ! ] = J !
1

<latexit sha1_base64="PQfhebvq9CnodjQvBKQ+oCW4hwU=">AAAB+XicbZDLTsJAFIaneEO8VU3cuCkSE1yALfG2MSG6cYmJXBJayXSYwoTpxZlTI1YeRldG3fkavoBv44BdKPqvvjn/P8k5vxtxJsE0P7XMzOzc/EJ2Mbe0vLK6pq9vNGQYC0LrJOShaLlYUs4CWgcGnLYiQbHvctp0B+djv3lLhWRhcAXDiDo+7gXMYwSDGnX0rbvrkp0/tfNFKN3v7dvyRkBSGXX0glk2JzL+gpVCAaWqdfQPuxuS2KcBEI6lbFtmBE6CBTDC6Shnx5JGmAxwj7YVBtin0kkm+4+MXS8UBvSpMXn/zCbYl3LouyrjY+jLaW88/M9rx+CdOAkLohhoQFREeV7MDQiNcQ1GlwlKgA8VYCKY2tIgfSwwAVVWTp1vTR/7FxqVsnVUPrw8KFTP0iKyaBvtoCKy0DGqogtUQ3VE0AN6Qq/oTUu0R+1Ze/mOZrT0zyb6Je39C5ockks=</latexit>

x !
= ( t !

z)/ "
2 <latexit sha1_base64="wgKSBbN5iKK2M+I93kq7s+b89a0=">AAAB+XicbZDLTsJAFIaneEO8VU3cuCkSEwwJtsTbxoToxiUmckloJdNhChOmF2dOjVh5GF0Zdedr+AK+jQN2oei/+ub8/yTn/G7EmQTT/NQyM7Nz8wvZxdzS8srqmr6+0ZBhLAitk5CHouViSTkLaB0YcNqKBMW+y2nTHZyP/eYtFZKFwRUMI+r4uBcwjxEMatTRt+6uS3b+1M4XoXS/t2/LGwFJZdTRC2bZnMj4C1YKBZSq1tE/7G5IYp8GQDiWsm2ZETgJFsAIp6OcHUsaYTLAPdpWGGCfSieZ7D8ydr1QGNCnxuT9M5tgX8qh76qMj6Evp73x8D+vHYN34iQsiGKgAVER5XkxNyA0xjUYXSYoAT5UgIlgakuD9LHABFRZOXW+NX3sX2hUytZR+fDyoFA9S4vIom20g4rIQseoii5QDdURQQ/oCb2iNy3RHrVn7eU7mtHSP5vol7T3L5Pokkc=</latexit>

x
+ =( t

+
z)

/
! 2

Kovner, McLerran and Weigert, Phys. Rev. D 52 (1995)
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➡ The CGC gives us the gauge fields before the collision:

3

The Glasma Fields

t

<latexit sha1_base64="lg/W7KcltGzHwFXFHDAUGWb+7Vg=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSARJYEJ6mgI69DzSXWOCE35AV0bd+Un+gH9jg7NQ8K5O172d1K0gUdKQ6345hZXVtfWN4mZpa3tnd6+8f9AycaoFNkWsYt0OuEElI2ySJIXtRCMPA4X3wfhm5t8/oDYyju5okqAf8mEkB1JwsqPGY69ccavuXGwZvBwqkKveK392+7FIQ4xIKG5Mx3MT8jOuSQqF01I3NZhwMeZD7FiMeIjGz+aLTtnJINaMRsjm79/ZjIfGTMLAZkJOI7PozYb/eZ2UBld+JqMkJYyEjVhvkCpGMZv1ZX2pUZCaWOBCS7slEyOuuSB7lZKt7y2WXYbWWdW7qLqN80rtOj9EEY7gGE7Bg0uowS3UoQkCEJ7hDd6dvvPkvDivP9GCk/85hD9yPr4B39uKmA==</latexit>z

<latexit sha1_base64="XXyBa7UBKMODe4bx5PBCJZutA9c=">AAAB9XicbZDLTgIxFIY7XhFvIy7dNBITXIAzxKgbE6Ibl5jIJYGRdEoHGjoX2zMKTngUXRl154v4Ar6NBWeh4L/6ev6/yTm/GwmuwLK+jIXFpeWV1cxadn1jc2vb3MnVVRhLymo0FKFsukQxwQNWAw6CNSPJiO8K1nAHlxO/cc+k4mFwA6OIOT7pBdzjlIAedczc8LZ4XoDi4+FRW91JSMrjjpm3StZUeB7sFPIoVbVjfra7IY19FgAVRKmWbUXgJEQCp4KNs+1YsYjQAemxlsaA+Ew5yXT3MT7wQomhz/D0/TubEF+pke/qjE+gr2a9yfA/rxWDd+YkPIhiYAHVEe15scAQ4kkFuMsloyBGGgiVXG+JaZ9IQkEXldXn27PHzkO9XLJPStb1cb5ykRaRQXtoHxWQjU5RBV2hKqohioboGb2hd+PBeDJejNef6IKR/tlFf2R8fAN6b5Ek</latexit>

x ! = ( t ! z)/
"

2
<latexit sha1_base64="KTUfu7MfwsrYsxHdJFFMr8+PCb8=">AAAB9XicbZDLTgIxFIY7XhFvIy7dNBITDAnOEKNuTIhuXGIilwRG0ikdaOhcbM8oOOFRdGXUnS/iC/g2FpyFgv/q6/n/Juf8biS4Asv6MhYWl5ZXVjNr2fWNza1tcydXV2EsKavRUISy6RLFBA9YDTgI1owkI74rWMMdXE78xj2TiofBDYwi5vikF3CPUwJ61DFzw9vieQGKj4dHbXUnISmPO2beKllT4XmwU8ijVNWO+dnuhjT2WQBUEKVathWBkxAJnAo2zrZjxSJCB6THWhoD4jPlJNPdx/jACyWGPsPT9+9sQnylRr6rMz6Bvpr1JsP/vFYM3pmT8CCKgQVUR7TnxQJDiCcV4C6XjIIYaSBUcr0lpn0iCQVdVFafb88eOw/1csk+KVnXx/nKRVpEBu2hfVRANjpFFXSFqqiGKBqiZ/SG3o0H48l4MV5/ogtG+mcX/ZHx8Q10Q5Eg</latexit>

x+ = ( t + z)/
!

2

with the Wilson line defined as:

<latexit sha1_base64="HJCe9KFd1J0R7r03pCwh1deq44Q=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwVRJRa3ZFNy4r2Ac0sUymN83QSSbMTIQS+hm6EnXnz/gD/o3TGqGKntW555wL99wg5Uxp2/6wSkvLK6tr5fXKxubW9k51d6+jRCYptKngQvYCooCzBNqaaQ69VAKJAw7dYHw187v3IBUTya2epODHZJSwkFGijeR5hKcRucvZdOAMqjW7bs+BF4jruo1TFzuFUkMFWoPquzcUNIsh0ZQTpfqOnWo/J1IzymFa8TIFKaFjMoK+oQmJQfn5/OYpPgqFxDoCPJ8XszmJlZrEgcnEREfqtzcT//L6mQ4v/JwlaaYhoSZivDDjWAs8q46HTALVfGIIoZKZKzGNiCRUmwdVTP3vjvh/0jmpO+f1s5vTWvOyeEQZHaBDdIwc1EBNdI1aqI0oStEjekGvlrAerCfr+StasoqdffQD1tsnHdGPcQ==</latexit>

! i
1

<latexit sha1_base64="1bqPXSRkUGSpXDPulojTNK2pORI="></latexit>

! i
1(x! ) = !

1
ig

U1(x! )" i U 
1 (x! )

<latexit sha1_base64="w27zIkKHi7vEeLcDrFvxRm7mdmA=">AAACIHicbZDLSgMxFIYz9VbrrerSzWARXEiZEW8boaiIuKpgbaEzDpn0tA1mLuQilDAvoy+jIIi60qcxHSuo9az+/N+fk5wTpowK6TjvVmFicmp6pjhbmptfWFwqL69ciURxAg2SsIS3QiyA0RgakkoGrZQDjkIGzfDmeMibt8AFTeJLOUjBj3Avpl1KsDRWUD5snwTai1S2pb28mw6ZgkyfXg9dL1ZZlvmH34xDJ9PngWtgToJyxak6ednjwh2JChpVPSg/eZ2EqAhiSRgWou06qfQ15pISBlnJUwJSTG5wD9pGxjgC4ev88cze6Cbcln2w8/PPrMaREIMoNJkIy774y4bmf6ytZPfA1zROlYSYmIhhXcVsmdjDbdkdyoFINjACE07NL23SxxwTaXZaMuO7f4cdF1fbVXevunuxU6kdjRZRRGtoHW0iF+2jGjpDddRABN2jR/SK3qw768F6tl6+ogVrdGcV/Srr4xPUf6XX</latexit>

[Dµ , F µ ! ] = J !
1

<latexit sha1_base64="3ZANOfKBowvtUlhoB9pvTi8V+Oc="></latexit>

U1(x! ) = P" exp
!

! ig
" #

"#
dz" 1

" 2 ! 1(z" , x! )
#

<latexit sha1_base64="PQfhebvq9CnodjQvBKQ+oCW4hwU=">AAAB+XicbZDLTsJAFIaneEO8VU3cuCkSE1yALfG2MSG6cYmJXBJayXSYwoTpxZlTI1YeRldG3fkavoBv44BdKPqvvjn/P8k5vxtxJsE0P7XMzOzc/EJ2Mbe0vLK6pq9vNGQYC0LrJOShaLlYUs4CWgcGnLYiQbHvctp0B+djv3lLhWRhcAXDiDo+7gXMYwSDGnX0rbvrkp0/tfNFKN3v7dvyRkBSGXX0glk2JzL+gpVCAaWqdfQPuxuS2KcBEI6lbFtmBE6CBTDC6Shnx5JGmAxwj7YVBtin0kkm+4+MXS8UBvSpMXn/zCbYl3LouyrjY+jLaW88/M9rx+CdOAkLohhoQFREeV7MDQiNcQ1GlwlKgA8VYCKY2tIgfSwwAVVWTp1vTR/7FxqVsnVUPrw8KFTP0iKyaBvtoCKy0DGqogtUQ3VE0AN6Qq/oTUu0R+1Ze/mOZrT0zyb6Je39C5ockks=</latexit>

x !
= ( t !

z)/ "
2 <latexit sha1_base64="wgKSBbN5iKK2M+I93kq7s+b89a0=">AAAB+XicbZDLTsJAFIaneEO8VU3cuCkSEwwJtsTbxoToxiUmckloJdNhChOmF2dOjVh5GF0Zdedr+AK+jQN2oei/+ub8/yTn/G7EmQTT/NQyM7Nz8wvZxdzS8srqmr6+0ZBhLAitk5CHouViSTkLaB0YcNqKBMW+y2nTHZyP/eYtFZKFwRUMI+r4uBcwjxEMatTRt+6uS3b+1M4XoXS/t2/LGwFJZdTRC2bZnMj4C1YKBZSq1tE/7G5IYp8GQDiWsm2ZETgJFsAIp6OcHUsaYTLAPdpWGGCfSieZ7D8ydr1QGNCnxuT9M5tgX8qh76qMj6Evp73x8D+vHYN34iQsiGKgAVER5XkxNyA0xjUYXSYoAT5UgIlgakuD9LHABFRZOXW+NX3sX2hUytZR+fDyoFA9S4vIom20g4rIQseoii5QDdURQQ/oCb2iNy3RHrVn7eU7mtHSP5vol7T3L5Pokkc=</latexit>

x
+ =( t

+
z)

/
! 2

• How do we use the CGC to describe the pre-equilibrium phase?

Kovner, McLerran and Weigert, Phys. Rev. D 52 (1995)

(Solving in LC 
gauge            )

<latexit sha1_base64="lLgjMlbsPDa5C/bVCOy0U6J4f1g=">AAAB6nicbZDLTsJAFIZPvSLeUJduisTEjaQ13jYmqBuXmMjF0EqmwwEmzLTNzNSENLyEroy683F8Ad/GAbtQ8F99c/5/kvOfIOZMacf5submFxaXlnMr+dW19Y3NwtZ2XUWJpFijEY9kMyAKOQuxppnm2IwlEhFwbASD67HfeESpWBTe6WGMviC9kHUZJdqM7i8fDr3ihVd02oWSU3YmsmfBzaAEmartwqfXiWgiMNSUE6VarhNrPyVSM8pxlPcShTGhA9LDlsGQCFR+Oll4ZO93I2nrPtqT9+9sSoRSQxGYjCC6r6a98fA/r5Xo7rmfsjBONIbURIzXTbitI3vc2+4wiVTzoQFCJTNb2rRPJKHaXCdv6rvTZWehflR2T8snt8elylV2iBzswh4cgAtnUIEbqEINKAh4hjd4t7j1ZL1Yrz/ROSv7swN/ZH18A6RvjKY=</latexit>

A ! =0
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➡ The CGC gives us the gauge fields before the collision:

3

t

<latexit sha1_base64="lg/W7KcltGzHwFXFHDAUGWb+7Vg=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSARJYEJ6mgI69DzSXWOCE35AV0bd+Un+gH9jg7NQ8K5O172d1K0gUdKQ6345hZXVtfWN4mZpa3tnd6+8f9AycaoFNkWsYt0OuEElI2ySJIXtRCMPA4X3wfhm5t8/oDYyju5okqAf8mEkB1JwsqPGY69ccavuXGwZvBwqkKveK392+7FIQ4xIKG5Mx3MT8jOuSQqF01I3NZhwMeZD7FiMeIjGz+aLTtnJINaMRsjm79/ZjIfGTMLAZkJOI7PozYb/eZ2UBld+JqMkJYyEjVhvkCpGMZv1ZX2pUZCaWOBCS7slEyOuuSB7lZKt7y2WXYbWWdW7qLqN80rtOj9EEY7gGE7Bg0uowS3UoQkCEJ7hDd6dvvPkvDivP9GCk/85hD9yPr4B39uKmA==</latexit>z

<latexit sha1_base64="XXyBa7UBKMODe4bx5PBCJZutA9c=">AAAB9XicbZDLTgIxFIY7XhFvIy7dNBITXIAzxKgbE6Ibl5jIJYGRdEoHGjoX2zMKTngUXRl154v4Ar6NBWeh4L/6ev6/yTm/GwmuwLK+jIXFpeWV1cxadn1jc2vb3MnVVRhLymo0FKFsukQxwQNWAw6CNSPJiO8K1nAHlxO/cc+k4mFwA6OIOT7pBdzjlIAedczc8LZ4XoDi4+FRW91JSMrjjpm3StZUeB7sFPIoVbVjfra7IY19FgAVRKmWbUXgJEQCp4KNs+1YsYjQAemxlsaA+Ew5yXT3MT7wQomhz/D0/TubEF+pke/qjE+gr2a9yfA/rxWDd+YkPIhiYAHVEe15scAQ4kkFuMsloyBGGgiVXG+JaZ9IQkEXldXn27PHzkO9XLJPStb1cb5ykRaRQXtoHxWQjU5RBV2hKqohioboGb2hd+PBeDJejNef6IKR/tlFf2R8fAN6b5Ek</latexit>

x ! = ( t ! z)/
"

2
<latexit sha1_base64="KTUfu7MfwsrYsxHdJFFMr8+PCb8=">AAAB9XicbZDLTgIxFIY7XhFvIy7dNBITDAnOEKNuTIhuXGIilwRG0ikdaOhcbM8oOOFRdGXUnS/iC/g2FpyFgv/q6/n/Juf8biS4Asv6MhYWl5ZXVjNr2fWNza1tcydXV2EsKavRUISy6RLFBA9YDTgI1owkI74rWMMdXE78xj2TiofBDYwi5vikF3CPUwJ61DFzw9vieQGKj4dHbXUnISmPO2beKllT4XmwU8ijVNWO+dnuhjT2WQBUEKVathWBkxAJnAo2zrZjxSJCB6THWhoD4jPlJNPdx/jACyWGPsPT9+9sQnylRr6rMz6Bvpr1JsP/vFYM3pmT8CCKgQVUR7TnxQJDiCcV4C6XjIIYaSBUcr0lpn0iCQVdVFafb88eOw/1csk+KVnXx/nKRVpEBu2hfVRANjpFFXSFqqiGKBqiZ/SG3o0H48l4MV5/ogtG+mcX/ZHx8Q10Q5Eg</latexit>

x+ = ( t + z)/
!

2

<latexit sha1_base64="HJCe9KFd1J0R7r03pCwh1deq44Q=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwVRJRa3ZFNy4r2Ac0sUymN83QSSbMTIQS+hm6EnXnz/gD/o3TGqGKntW555wL99wg5Uxp2/6wSkvLK6tr5fXKxubW9k51d6+jRCYptKngQvYCooCzBNqaaQ69VAKJAw7dYHw187v3IBUTya2epODHZJSwkFGijeR5hKcRucvZdOAMqjW7bs+BF4jruo1TFzuFUkMFWoPquzcUNIsh0ZQTpfqOnWo/J1IzymFa8TIFKaFjMoK+oQmJQfn5/OYpPgqFxDoCPJ8XszmJlZrEgcnEREfqtzcT//L6mQ4v/JwlaaYhoSZivDDjWAs8q46HTALVfGIIoZKZKzGNiCRUmwdVTP3vjvh/0jmpO+f1s5vTWvOyeEQZHaBDdIwc1EBNdI1aqI0oStEjekGvlrAerCfr+StasoqdffQD1tsnHdGPcQ==</latexit>

! i
1

<latexit sha1_base64="DU8kU87//kWhgELqI+D4/pKm94c=">AAAB7XicdZC7TsMwGIUdrqXcCowsFhUSU+SEtmm3ChbGItGL1ITKcZ3GqnOR7SBVUR8DJgRsvAwvwNvglCIBgjN9/s+x9J/fTzmTCqF3Y2V1bX1js7RV3t7Z3duvHBz2ZJIJQrsk4YkY+FhSzmLaVUxxOkgFxZHPad+fXhZ+/44KyZL4Rs1S6kV4ErOAEaz0yHUxT0N8m7P5yB5VqshEDafZQhCZ9VqjdW5rQMhp2Q60NBSqgqU6o8qbO05IFtFYEY6lHFooVV6OhWKE03nZzSRNMZniCR1qjHFEpZcvdp7D0yARUIUULt7fszmOpJxFvs5EWIXyt1cM//KGmQqaXs7iNFM0JjqivSDjUCWwqA7HTFCi+EwDJoLpLSEJscBE6QOVdf2vjvB/6Nmm1TDr17Vq+2J5iBI4BifgDFjAAW1wBTqgCwhIwQN4Bi9GYtwbj8bTZ3TFWP45Aj9kvH4AVbaPlw==</latexit>

! i
2

<latexit sha1_base64="1bqPXSRkUGSpXDPulojTNK2pORI="></latexit>

! i
1(x! ) = !

1
ig

U1(x! )" i U 
1 (x! )

<latexit sha1_base64="A1KkiKxRYLV0MllLsM4AoE/Sgos="></latexit>

! i
2(x! ) = !

1
ig

U2(x! )" i U 
2 (x! )

with the Wilson line defined as:

<latexit sha1_base64="w27zIkKHi7vEeLcDrFvxRm7mdmA=">AAACIHicbZDLSgMxFIYz9VbrrerSzWARXEiZEW8boaiIuKpgbaEzDpn0tA1mLuQilDAvoy+jIIi60qcxHSuo9az+/N+fk5wTpowK6TjvVmFicmp6pjhbmptfWFwqL69ciURxAg2SsIS3QiyA0RgakkoGrZQDjkIGzfDmeMibt8AFTeJLOUjBj3Avpl1KsDRWUD5snwTai1S2pb28mw6ZgkyfXg9dL1ZZlvmH34xDJ9PngWtgToJyxak6ednjwh2JChpVPSg/eZ2EqAhiSRgWou06qfQ15pISBlnJUwJSTG5wD9pGxjgC4ev88cze6Cbcln2w8/PPrMaREIMoNJkIy774y4bmf6ytZPfA1zROlYSYmIhhXcVsmdjDbdkdyoFINjACE07NL23SxxwTaXZaMuO7f4cdF1fbVXevunuxU6kdjRZRRGtoHW0iF+2jGjpDddRABN2jR/SK3qw768F6tl6+ogVrdGcV/Srr4xPUf6XX</latexit>

[Dµ , F µ ! ] = J !
1

<latexit sha1_base64="lj4MRhbHcLeuIWzC+b67B0yJD4A="></latexit>

[Dµ , F µ ! ] = J !
2

<latexit sha1_base64="E5lN1En+T10zMCZd1bSnj21WRMk="></latexit>

U1,2(x! ) = P" exp
!

! ig
" #

$#
dz" 1

" 2 ! 1,2(z" , x! )
#

<latexit sha1_base64="PQfhebvq9CnodjQvBKQ+oCW4hwU=">AAAB+XicbZDLTsJAFIaneEO8VU3cuCkSE1yALfG2MSG6cYmJXBJayXSYwoTpxZlTI1YeRldG3fkavoBv44BdKPqvvjn/P8k5vxtxJsE0P7XMzOzc/EJ2Mbe0vLK6pq9vNGQYC0LrJOShaLlYUs4CWgcGnLYiQbHvctp0B+djv3lLhWRhcAXDiDo+7gXMYwSDGnX0rbvrkp0/tfNFKN3v7dvyRkBSGXX0glk2JzL+gpVCAaWqdfQPuxuS2KcBEI6lbFtmBE6CBTDC6Shnx5JGmAxwj7YVBtin0kkm+4+MXS8UBvSpMXn/zCbYl3LouyrjY+jLaW88/M9rx+CdOAkLohhoQFREeV7MDQiNcQ1GlwlKgA8VYCKY2tIgfSwwAVVWTp1vTR/7FxqVsnVUPrw8KFTP0iKyaBvtoCKy0DGqogtUQ3VE0AN6Qq/oTUu0R+1Ze/mOZrT0zyb6Je39C5ockks=</latexit>

x !
= ( t !

z)/ "
2 <latexit sha1_base64="wgKSBbN5iKK2M+I93kq7s+b89a0=">AAAB+XicbZDLTsJAFIaneEO8VU3cuCkSEwwJtsTbxoToxiUmckloJdNhChOmF2dOjVh5GF0Zdedr+AK+jQN2oei/+ub8/yTn/G7EmQTT/NQyM7Nz8wvZxdzS8srqmr6+0ZBhLAitk5CHouViSTkLaB0YcNqKBMW+y2nTHZyP/eYtFZKFwRUMI+r4uBcwjxEMatTRt+6uS3b+1M4XoXS/t2/LGwFJZdTRC2bZnMj4C1YKBZSq1tE/7G5IYp8GQDiWsm2ZETgJFsAIp6OcHUsaYTLAPdpWGGCfSieZ7D8ydr1QGNCnxuT9M5tgX8qh76qMj6Evp73x8D+vHYN34iQsiGKgAVER5XkxNyA0xjUYXSYoAT5UgIlgakuD9LHABFRZOXW+NX3sX2hUytZR+fDyoFA9S4vIom20g4rIQseoii5QDdURQQ/oCb2iNy3RHrVn7eU7mtHSP5vol7T3L5Pokkc=</latexit>

x
+ =( t

+
z)

/
! 2

The Glasma Fields

• How do we use the CGC to describe the pre-equilibrium phase?

Kovner, McLerran and Weigert, Phys. Rev. D 52 (1995)

(Solving in LC 
gauge            )

<latexit sha1_base64="lLgjMlbsPDa5C/bVCOy0U6J4f1g=">AAAB6nicbZDLTsJAFIZPvSLeUJduisTEjaQ13jYmqBuXmMjF0EqmwwEmzLTNzNSENLyEroy683F8Ad/GAbtQ8F99c/5/kvOfIOZMacf5submFxaXlnMr+dW19Y3NwtZ2XUWJpFijEY9kMyAKOQuxppnm2IwlEhFwbASD67HfeESpWBTe6WGMviC9kHUZJdqM7i8fDr3ihVd02oWSU3YmsmfBzaAEmartwqfXiWgiMNSUE6VarhNrPyVSM8pxlPcShTGhA9LDlsGQCFR+Oll4ZO93I2nrPtqT9+9sSoRSQxGYjCC6r6a98fA/r5Xo7rmfsjBONIbURIzXTbitI3vc2+4wiVTzoQFCJTNb2rRPJKHaXCdv6rvTZWehflR2T8snt8elylV2iBzswh4cgAtnUIEbqEINKAh4hjd4t7j1ZL1Yrz/ROSv7swN/ZH18A6RvjKY=</latexit>

A ! =0

(Solving in LC 
gauge            )

<latexit sha1_base64="R7SlkoKo5F5XeVAFIS32AUYyIbQ=">AAAB6nicbZDLSsNAFIZPvNZ6q7p0k1oEQSiJeNsIVTcuK9iLNLFMpqft0JkkzEyEEvoSuhJ15+P4Ar6N05qFtv6rb87/D5z/BDFnSjvOlzU3v7C4tJxbya+urW9sFra26ypKJMUajXgkmwFRyFmINc00x2YskYiAYyMYXI/9xiNKxaLwTg9j9AXphazLKNFmdH/5cOgVL7yi0y6UnLIzkT0LbgYlyFRtFz69TkQTgaGmnCjVcp1Y+ymRmlGOo7yXKIwJHZAetgyGRKDy08nCI3u/G0lb99GevH9nUyKUGorAZATRfTXtjYf/ea1Ed8/9lIVxojGkJmK8bsJtHdnj3naHSaSaDw0QKpnZ0qZ9IgnV5jp5U9+dLjsL9aOye1o+uT0uVa6yQ+RgF/bgAFw4gwrcQBVqQEHAM7zBu8WtJ+vFev2JzlnZnx34I+vjG6FnjKQ=</latexit>

A+ =0
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➡ f


➡ The CGC gives us the gauge fields before the collision:

3

t

<latexit sha1_base64="lg/W7KcltGzHwFXFHDAUGWb+7Vg=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSARJYEJ6mgI69DzSXWOCE35AV0bd+Un+gH9jg7NQ8K5O172d1K0gUdKQ6345hZXVtfWN4mZpa3tnd6+8f9AycaoFNkWsYt0OuEElI2ySJIXtRCMPA4X3wfhm5t8/oDYyju5okqAf8mEkB1JwsqPGY69ccavuXGwZvBwqkKveK392+7FIQ4xIKG5Mx3MT8jOuSQqF01I3NZhwMeZD7FiMeIjGz+aLTtnJINaMRsjm79/ZjIfGTMLAZkJOI7PozYb/eZ2UBld+JqMkJYyEjVhvkCpGMZv1ZX2pUZCaWOBCS7slEyOuuSB7lZKt7y2WXYbWWdW7qLqN80rtOj9EEY7gGE7Bg0uowS3UoQkCEJ7hDd6dvvPkvDivP9GCk/85hD9yPr4B39uKmA==</latexit>z

<latexit sha1_base64="XXyBa7UBKMODe4bx5PBCJZutA9c=">AAAB9XicbZDLTgIxFIY7XhFvIy7dNBITXIAzxKgbE6Ibl5jIJYGRdEoHGjoX2zMKTngUXRl154v4Ar6NBWeh4L/6ev6/yTm/GwmuwLK+jIXFpeWV1cxadn1jc2vb3MnVVRhLymo0FKFsukQxwQNWAw6CNSPJiO8K1nAHlxO/cc+k4mFwA6OIOT7pBdzjlIAedczc8LZ4XoDi4+FRW91JSMrjjpm3StZUeB7sFPIoVbVjfra7IY19FgAVRKmWbUXgJEQCp4KNs+1YsYjQAemxlsaA+Ew5yXT3MT7wQomhz/D0/TubEF+pke/qjE+gr2a9yfA/rxWDd+YkPIhiYAHVEe15scAQ4kkFuMsloyBGGgiVXG+JaZ9IQkEXldXn27PHzkO9XLJPStb1cb5ykRaRQXtoHxWQjU5RBV2hKqohioboGb2hd+PBeDJejNef6IKR/tlFf2R8fAN6b5Ek</latexit>

x ! = ( t ! z)/
"

2
<latexit sha1_base64="KTUfu7MfwsrYsxHdJFFMr8+PCb8=">AAAB9XicbZDLTgIxFIY7XhFvIy7dNBITDAnOEKNuTIhuXGIilwRG0ikdaOhcbM8oOOFRdGXUnS/iC/g2FpyFgv/q6/n/Juf8biS4Asv6MhYWl5ZXVjNr2fWNza1tcydXV2EsKavRUISy6RLFBA9YDTgI1owkI74rWMMdXE78xj2TiofBDYwi5vikF3CPUwJ61DFzw9vieQGKj4dHbXUnISmPO2beKllT4XmwU8ijVNWO+dnuhjT2WQBUEKVathWBkxAJnAo2zrZjxSJCB6THWhoD4jPlJNPdx/jACyWGPsPT9+9sQnylRr6rMz6Bvpr1JsP/vFYM3pmT8CCKgQVUR7TnxQJDiCcV4C6XjIIYaSBUcr0lpn0iCQVdVFafb88eOw/1csk+KVnXx/nKRVpEBu2hfVRANjpFFXSFqqiGKBqiZ/SG3o0H48l4MV5/ogtG+mcX/ZHx8Q10Q5Eg</latexit>

x+ = ( t + z)/
!

2

<latexit sha1_base64="HJCe9KFd1J0R7r03pCwh1deq44Q=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwVRJRa3ZFNy4r2Ac0sUymN83QSSbMTIQS+hm6EnXnz/gD/o3TGqGKntW555wL99wg5Uxp2/6wSkvLK6tr5fXKxubW9k51d6+jRCYptKngQvYCooCzBNqaaQ69VAKJAw7dYHw187v3IBUTya2epODHZJSwkFGijeR5hKcRucvZdOAMqjW7bs+BF4jruo1TFzuFUkMFWoPquzcUNIsh0ZQTpfqOnWo/J1IzymFa8TIFKaFjMoK+oQmJQfn5/OYpPgqFxDoCPJ8XszmJlZrEgcnEREfqtzcT//L6mQ4v/JwlaaYhoSZivDDjWAs8q46HTALVfGIIoZKZKzGNiCRUmwdVTP3vjvh/0jmpO+f1s5vTWvOyeEQZHaBDdIwc1EBNdI1aqI0oStEjekGvlrAerCfr+StasoqdffQD1tsnHdGPcQ==</latexit>

! i
1

<latexit sha1_base64="DU8kU87//kWhgELqI+D4/pKm94c=">AAAB7XicdZC7TsMwGIUdrqXcCowsFhUSU+SEtmm3ChbGItGL1ITKcZ3GqnOR7SBVUR8DJgRsvAwvwNvglCIBgjN9/s+x9J/fTzmTCqF3Y2V1bX1js7RV3t7Z3duvHBz2ZJIJQrsk4YkY+FhSzmLaVUxxOkgFxZHPad+fXhZ+/44KyZL4Rs1S6kV4ErOAEaz0yHUxT0N8m7P5yB5VqshEDafZQhCZ9VqjdW5rQMhp2Q60NBSqgqU6o8qbO05IFtFYEY6lHFooVV6OhWKE03nZzSRNMZniCR1qjHFEpZcvdp7D0yARUIUULt7fszmOpJxFvs5EWIXyt1cM//KGmQqaXs7iNFM0JjqivSDjUCWwqA7HTFCi+EwDJoLpLSEJscBE6QOVdf2vjvB/6Nmm1TDr17Vq+2J5iBI4BifgDFjAAW1wBTqgCwhIwQN4Bi9GYtwbj8bTZ3TFWP45Aj9kvH4AVbaPlw==</latexit>

! i
2

<latexit sha1_base64="1bqPXSRkUGSpXDPulojTNK2pORI="></latexit>

! i
1(x! ) = !

1
ig

U1(x! )" i U 
1 (x! )

<latexit sha1_base64="A1KkiKxRYLV0MllLsM4AoE/Sgos="></latexit>

! i
2(x! ) = !

1
ig

U2(x! )" i U 
2 (x! )

with the Wilson line defined as:

<latexit sha1_base64="w27zIkKHi7vEeLcDrFvxRm7mdmA=">AAACIHicbZDLSgMxFIYz9VbrrerSzWARXEiZEW8boaiIuKpgbaEzDpn0tA1mLuQilDAvoy+jIIi60qcxHSuo9az+/N+fk5wTpowK6TjvVmFicmp6pjhbmptfWFwqL69ciURxAg2SsIS3QiyA0RgakkoGrZQDjkIGzfDmeMibt8AFTeJLOUjBj3Avpl1KsDRWUD5snwTai1S2pb28mw6ZgkyfXg9dL1ZZlvmH34xDJ9PngWtgToJyxak6ednjwh2JChpVPSg/eZ2EqAhiSRgWou06qfQ15pISBlnJUwJSTG5wD9pGxjgC4ev88cze6Cbcln2w8/PPrMaREIMoNJkIy774y4bmf6ytZPfA1zROlYSYmIhhXcVsmdjDbdkdyoFINjACE07NL23SxxwTaXZaMuO7f4cdF1fbVXevunuxU6kdjRZRRGtoHW0iF+2jGjpDddRABN2jR/SK3qw768F6tl6+ogVrdGcV/Srr4xPUf6XX</latexit>

[Dµ , F µ ! ] = J !
1

<latexit sha1_base64="lj4MRhbHcLeuIWzC+b67B0yJD4A="></latexit>

[Dµ , F µ ! ] = J !
2

<latexit sha1_base64="E5lN1En+T10zMCZd1bSnj21WRMk="></latexit>

U1,2(x! ) = P" exp
!

! ig
" #

$#
dz" 1

" 2 ! 1,2(z" , x! )
#

<latexit sha1_base64="PQfhebvq9CnodjQvBKQ+oCW4hwU=">AAAB+XicbZDLTsJAFIaneEO8VU3cuCkSE1yALfG2MSG6cYmJXBJayXSYwoTpxZlTI1YeRldG3fkavoBv44BdKPqvvjn/P8k5vxtxJsE0P7XMzOzc/EJ2Mbe0vLK6pq9vNGQYC0LrJOShaLlYUs4CWgcGnLYiQbHvctp0B+djv3lLhWRhcAXDiDo+7gXMYwSDGnX0rbvrkp0/tfNFKN3v7dvyRkBSGXX0glk2JzL+gpVCAaWqdfQPuxuS2KcBEI6lbFtmBE6CBTDC6Shnx5JGmAxwj7YVBtin0kkm+4+MXS8UBvSpMXn/zCbYl3LouyrjY+jLaW88/M9rx+CdOAkLohhoQFREeV7MDQiNcQ1GlwlKgA8VYCKY2tIgfSwwAVVWTp1vTR/7FxqVsnVUPrw8KFTP0iKyaBvtoCKy0DGqogtUQ3VE0AN6Qq/oTUu0R+1Ze/mOZrT0zyb6Je39C5ockks=</latexit>

x !
= ( t !

z)/ "
2 <latexit sha1_base64="wgKSBbN5iKK2M+I93kq7s+b89a0=">AAAB+XicbZDLTsJAFIaneEO8VU3cuCkSEwwJtsTbxoToxiUmckloJdNhChOmF2dOjVh5GF0Zdedr+AK+jQN2oei/+ub8/yTn/G7EmQTT/NQyM7Nz8wvZxdzS8srqmr6+0ZBhLAitk5CHouViSTkLaB0YcNqKBMW+y2nTHZyP/eYtFZKFwRUMI+r4uBcwjxEMatTRt+6uS3b+1M4XoXS/t2/LGwFJZdTRC2bZnMj4C1YKBZSq1tE/7G5IYp8GQDiWsm2ZETgJFsAIp6OcHUsaYTLAPdpWGGCfSieZ7D8ydr1QGNCnxuT9M5tgX8qh76qMj6Evp73x8D+vHYN34iQsiGKgAVER5XkxNyA0xjUYXSYoAT5UgIlgakuD9LHABFRZOXW+NX3sX2hUytZR+fDyoFA9S4vIom20g4rIQseoii5QDdURQQ/oCb2iNy3RHrVn7eU7mtHSP5vol7T3L5Pokkc=</latexit>

x
+ =( t

+
z)

/
! 2

➡ And an infinitesimally short time after the collision (Glasma initial condition):
<latexit sha1_base64="+m+9GhmJBTL//WM4gVB1LZayqBo=">AAACC3icbZDLSsNAFIYn9VbrLerSTbAIBaUkxdtGKCoiXVWwF0himEyn7dDJJMxMhBLyCPoyuhJ1584X8G2ctFlo9d/Md87/H5hz/IgSIU3zSyvMzS8sLhWXSyura+sb+uZWW4QxR7iFQhryrg8FpoThliSS4m7EMQx8ijv+6CLzO/eYCxKyWzmOsBvAASN9gqBULU+v2Jde4gRxenB1l70Oi1P3rOFZqlK43/BqU/L0slk1JzL+gpVDGeRqevqn0wtRHGAmEYVC2JYZSTeBXBJEcVpyYoEjiEZwgG2FDAZYuMlko9TY64fckENsTOqf2QQGQowDX2UCKIdi1sua/3l2LPunbkJYFEvMkIoorx9TQ4ZGdhijRzhGko4VQMSJ+qWBhpBDJNX5Smp9a3bZv9CuVa3j6tHNYbl+nh+iCHbALqgAC5yAOrgGTdACCDyCZ/AG3rUH7Ul70V6n0YKWz2yDX9I+vgH9e5r3</latexit>

[Dµ , F µ ! ] = J !
1 + J !

2

! =0
+

<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

t

<latexit sha1_base64="lg/W7KcltGzHwFXFHDAUGWb+7Vg=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSARJYEJ6mgI69DzSXWOCE35AV0bd+Un+gH9jg7NQ8K5O172d1K0gUdKQ6345hZXVtfWN4mZpa3tnd6+8f9AycaoFNkWsYt0OuEElI2ySJIXtRCMPA4X3wfhm5t8/oDYyju5okqAf8mEkB1JwsqPGY69ccavuXGwZvBwqkKveK392+7FIQ4xIKG5Mx3MT8jOuSQqF01I3NZhwMeZD7FiMeIjGz+aLTtnJINaMRsjm79/ZjIfGTMLAZkJOI7PozYb/eZ2UBld+JqMkJYyEjVhvkCpGMZv1ZX2pUZCaWOBCS7slEyOuuSB7lZKt7y2WXYbWWdW7qLqN80rtOj9EEY7gGE7Bg0uowS3UoQkCEJ7hDd6dvvPkvDivP9GCk/85hD9yPr4B39uKmA==</latexit>z

<latexit sha1_base64="XXyBa7UBKMODe4bx5PBCJZutA9c=">AAAB9XicbZDLTgIxFIY7XhFvIy7dNBITXIAzxKgbE6Ibl5jIJYGRdEoHGjoX2zMKTngUXRl154v4Ar6NBWeh4L/6ev6/yTm/GwmuwLK+jIXFpeWV1cxadn1jc2vb3MnVVRhLymo0FKFsukQxwQNWAw6CNSPJiO8K1nAHlxO/cc+k4mFwA6OIOT7pBdzjlIAedczc8LZ4XoDi4+FRW91JSMrjjpm3StZUeB7sFPIoVbVjfra7IY19FgAVRKmWbUXgJEQCp4KNs+1YsYjQAemxlsaA+Ew5yXT3MT7wQomhz/D0/TubEF+pke/qjE+gr2a9yfA/rxWDd+YkPIhiYAHVEe15scAQ4kkFuMsloyBGGgiVXG+JaZ9IQkEXldXn27PHzkO9XLJPStb1cb5ykRaRQXtoHxWQjU5RBV2hKqohioboGb2hd+PBeDJejNef6IKR/tlFf2R8fAN6b5Ek</latexit>

x ! = ( t ! z)/
"

2
<latexit sha1_base64="KTUfu7MfwsrYsxHdJFFMr8+PCb8=">AAAB9XicbZDLTgIxFIY7XhFvIy7dNBITDAnOEKNuTIhuXGIilwRG0ikdaOhcbM8oOOFRdGXUnS/iC/g2FpyFgv/q6/n/Juf8biS4Asv6MhYWl5ZXVjNr2fWNza1tcydXV2EsKavRUISy6RLFBA9YDTgI1owkI74rWMMdXE78xj2TiofBDYwi5vikF3CPUwJ61DFzw9vieQGKj4dHbXUnISmPO2beKllT4XmwU8ijVNWO+dnuhjT2WQBUEKVathWBkxAJnAo2zrZjxSJCB6THWhoD4jPlJNPdx/jACyWGPsPT9+9sQnylRr6rMz6Bvpr1JsP/vFYM3pmT8CCKgQVUR7TnxQJDiCcV4C6XjIIYaSBUcr0lpn0iCQVdVFafb88eOw/1csk+KVnXx/nKRVpEBu2hfVRANjpFFXSFqqiGKBqiZ/SG3o0H48l4MV5/ogtG+mcX/ZHx8Q10Q5Eg</latexit>

x+ = ( t + z)/
!

2
<latexit sha1_base64="vfcGKBmM/K9RvFvO+AdeDlDHA1o=">AAACKHicbVDLTsJAFJ3iC/FVdemmkZhgQkhrfC2JblxiIo+EIrkdLjBh+sjM1IQ0/Q7/wX9wq1t3hp3xSxygCwXP6sw55+bOPV7EmVS2PTFyK6tr6xv5zcLW9s7unrl/0JBhLCjWachD0fJAImcB1hVTHFuRQPA9jk1vdDv1m08oJAuDBzWOsOPDIGB9RkFpqWs6LvBoCCWXQkCRJy4qSE/LbnmuPyYsXfC6ZtGu2DNYy8TJSJFkqHXNL7cX0tjHQFEOUrYdO1KdBIRilGNacGOJEdARDLCtaQA+yk4yOy21TvqhsNQQrdn7dzYBX8qx7+mMD2ooF72p+K83v2Zhr+pfdxIWRLHCgOox7fVjbqnQmrZm9ZhAqvhYE6CC6Z9bdAgCqNLdFnQlzmIBy6RxVnEuKxf358XqTVZOnhyRY1IiDrkiVXJHaqROKHkmr+SNvBsvxofxaUzm0ZyRzRySPzC+fwA/UqcC</latexit>

! (!" ), ! i (!" )
<latexit sha1_base64="rJ4Vgos3ScNQU4sFsr1XmSxZhYI="></latexit>

! i (" = 0 + , x! ) = ! i
1(x! ) + ! i

2(x! )
<latexit sha1_base64="ahxypfHCbQfKHSt7TTKfjys1U4A="></latexit>

! (" = 0 + , x! ) =
ig
2

!
! i

1(x! ), ! i
2(x! )

"

The Glasma Fields

• How do we use the CGC to describe the pre-equilibrium phase?

Kovner, McLerran and Weigert, Phys. Rev. D 52 (1995)

(In Fock-Schwinger gauge gauge                                 )
<latexit sha1_base64="92r+GsMtoDNEhVZ9+yGM4b8XhMA=">AAAB+nicbVDLTsJAFJ36RHxVXbhwUyQmJgTSGl8bE9CNS0zkkdCWTIcLTJg+MjM1kMrP6MqoOz/DH/BvHLALBc/mnnvPmWTO8SJGhTTNL21hcWl5ZTWzll3f2Nza1nd26yKMOYEaCVnImx4WwGgANUklg2bEAfseg4Y3uJnojQfggobBvRxF4Pi4F9AuJViqU1vfr7iFoVu0cwU7V3GLQ1fNKztntvW8WTKnMOaJlZI8SlFt6592JySxD4EkDAvRssxIOgnmkhIG46wdC4gwGeAetBQNsA/CSaYBxsZRN+SG7IMx3X97E+wLMfI95fGx7ItZbXL8T2vFsnvpJDSIYgkBURaldWNmyNCY9GB0KAci2UgRTDhVvzRIH3NMpGorq+Jbs2HnSf2kZJ2Xzu5O8+XrtIgMOkCH6BhZ6AKV0S2qohoiaIye0Rt61x61J+1Fe/2xLmjpmz30B9rHN0RfkVY=</latexit>

A+ x! + A! x+ =0

(Solving in LC 
gauge            )

<latexit sha1_base64="lLgjMlbsPDa5C/bVCOy0U6J4f1g=">AAAB6nicbZDLTsJAFIZPvSLeUJduisTEjaQ13jYmqBuXmMjF0EqmwwEmzLTNzNSENLyEroy683F8Ad/GAbtQ8F99c/5/kvOfIOZMacf5submFxaXlnMr+dW19Y3NwtZ2XUWJpFijEY9kMyAKOQuxppnm2IwlEhFwbASD67HfeESpWBTe6WGMviC9kHUZJdqM7i8fDr3ihVd02oWSU3YmsmfBzaAEmartwqfXiWgiMNSUE6VarhNrPyVSM8pxlPcShTGhA9LDlsGQCFR+Oll4ZO93I2nrPtqT9+9sSoRSQxGYjCC6r6a98fA/r5Xo7rmfsjBONIbURIzXTbitI3vc2+4wiVTzoQFCJTNb2rRPJKHaXCdv6rvTZWehflR2T8snt8elylV2iBzswh4cgAtnUIEbqEINKAh4hjd4t7j1ZL1Yrz/ROSv7swN/ZH18A6RvjKY=</latexit>

A ! =0

(Solving in LC 
gauge            )

<latexit sha1_base64="R7SlkoKo5F5XeVAFIS32AUYyIbQ=">AAAB6nicbZDLSsNAFIZPvNZ6q7p0k1oEQSiJeNsIVTcuK9iLNLFMpqft0JkkzEyEEvoSuhJ15+P4Ar6N05qFtv6rb87/D5z/BDFnSjvOlzU3v7C4tJxbya+urW9sFra26ypKJMUajXgkmwFRyFmINc00x2YskYiAYyMYXI/9xiNKxaLwTg9j9AXphazLKNFmdH/5cOgVL7yi0y6UnLIzkT0LbgYlyFRtFz69TkQTgaGmnCjVcp1Y+ymRmlGOo7yXKIwJHZAetgyGRKDy08nCI3u/G0lb99GevH9nUyKUGorAZATRfTXtjYf/ea1Ed8/9lIVxojGkJmK8bsJtHdnj3naHSaSaDw0QKpnZ0qZ9IgnV5jp5U9+dLjsL9aOye1o+uT0uVa6yQ+RgF/bgAFw4gwrcQBVqQEHAM7zBu8WtJ+vFev2JzlnZnx34I+vjG6FnjKQ=</latexit>

A+ =0
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➡ f


➡ The CGC gives us the gauge fields before the collision:

3

t

<latexit sha1_base64="lg/W7KcltGzHwFXFHDAUGWb+7Vg=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSARJYEJ6mgI69DzSXWOCE35AV0bd+Un+gH9jg7NQ8K5O172d1K0gUdKQ6345hZXVtfWN4mZpa3tnd6+8f9AycaoFNkWsYt0OuEElI2ySJIXtRCMPA4X3wfhm5t8/oDYyju5okqAf8mEkB1JwsqPGY69ccavuXGwZvBwqkKveK392+7FIQ4xIKG5Mx3MT8jOuSQqF01I3NZhwMeZD7FiMeIjGz+aLTtnJINaMRsjm79/ZjIfGTMLAZkJOI7PozYb/eZ2UBld+JqMkJYyEjVhvkCpGMZv1ZX2pUZCaWOBCS7slEyOuuSB7lZKt7y2WXYbWWdW7qLqN80rtOj9EEY7gGE7Bg0uowS3UoQkCEJ7hDd6dvvPkvDivP9GCk/85hD9yPr4B39uKmA==</latexit>z

<latexit sha1_base64="XXyBa7UBKMODe4bx5PBCJZutA9c=">AAAB9XicbZDLTgIxFIY7XhFvIy7dNBITXIAzxKgbE6Ibl5jIJYGRdEoHGjoX2zMKTngUXRl154v4Ar6NBWeh4L/6ev6/yTm/GwmuwLK+jIXFpeWV1cxadn1jc2vb3MnVVRhLymo0FKFsukQxwQNWAw6CNSPJiO8K1nAHlxO/cc+k4mFwA6OIOT7pBdzjlIAedczc8LZ4XoDi4+FRW91JSMrjjpm3StZUeB7sFPIoVbVjfra7IY19FgAVRKmWbUXgJEQCp4KNs+1YsYjQAemxlsaA+Ew5yXT3MT7wQomhz/D0/TubEF+pke/qjE+gr2a9yfA/rxWDd+YkPIhiYAHVEe15scAQ4kkFuMsloyBGGgiVXG+JaZ9IQkEXldXn27PHzkO9XLJPStb1cb5ykRaRQXtoHxWQjU5RBV2hKqohioboGb2hd+PBeDJejNef6IKR/tlFf2R8fAN6b5Ek</latexit>

x ! = ( t ! z)/
"

2
<latexit sha1_base64="KTUfu7MfwsrYsxHdJFFMr8+PCb8=">AAAB9XicbZDLTgIxFIY7XhFvIy7dNBITDAnOEKNuTIhuXGIilwRG0ikdaOhcbM8oOOFRdGXUnS/iC/g2FpyFgv/q6/n/Juf8biS4Asv6MhYWl5ZXVjNr2fWNza1tcydXV2EsKavRUISy6RLFBA9YDTgI1owkI74rWMMdXE78xj2TiofBDYwi5vikF3CPUwJ61DFzw9vieQGKj4dHbXUnISmPO2beKllT4XmwU8ijVNWO+dnuhjT2WQBUEKVathWBkxAJnAo2zrZjxSJCB6THWhoD4jPlJNPdx/jACyWGPsPT9+9sQnylRr6rMz6Bvpr1JsP/vFYM3pmT8CCKgQVUR7TnxQJDiCcV4C6XjIIYaSBUcr0lpn0iCQVdVFafb88eOw/1csk+KVnXx/nKRVpEBu2hfVRANjpFFXSFqqiGKBqiZ/SG3o0H48l4MV5/ogtG+mcX/ZHx8Q10Q5Eg</latexit>

x+ = ( t + z)/
!

2

with the Wilson line defined as:

<latexit sha1_base64="w27zIkKHi7vEeLcDrFvxRm7mdmA=">AAACIHicbZDLSgMxFIYz9VbrrerSzWARXEiZEW8boaiIuKpgbaEzDpn0tA1mLuQilDAvoy+jIIi60qcxHSuo9az+/N+fk5wTpowK6TjvVmFicmp6pjhbmptfWFwqL69ciURxAg2SsIS3QiyA0RgakkoGrZQDjkIGzfDmeMibt8AFTeJLOUjBj3Avpl1KsDRWUD5snwTai1S2pb28mw6ZgkyfXg9dL1ZZlvmH34xDJ9PngWtgToJyxak6ednjwh2JChpVPSg/eZ2EqAhiSRgWou06qfQ15pISBlnJUwJSTG5wD9pGxjgC4ev88cze6Cbcln2w8/PPrMaREIMoNJkIy774y4bmf6ytZPfA1zROlYSYmIhhXcVsmdjDbdkdyoFINjACE07NL23SxxwTaXZaMuO7f4cdF1fbVXevunuxU6kdjRZRRGtoHW0iF+2jGjpDddRABN2jR/SK3qw768F6tl6+ogVrdGcV/Srr4xPUf6XX</latexit>

[Dµ , F µ ! ] = J !
1

<latexit sha1_base64="lj4MRhbHcLeuIWzC+b67B0yJD4A="></latexit>

[Dµ , F µ ! ] = J !
2<latexit sha1_base64="HJCe9KFd1J0R7r03pCwh1deq44Q=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwVRJRa3ZFNy4r2Ac0sUymN83QSSbMTIQS+hm6EnXnz/gD/o3TGqGKntW555wL99wg5Uxp2/6wSkvLK6tr5fXKxubW9k51d6+jRCYptKngQvYCooCzBNqaaQ69VAKJAw7dYHw187v3IBUTya2epODHZJSwkFGijeR5hKcRucvZdOAMqjW7bs+BF4jruo1TFzuFUkMFWoPquzcUNIsh0ZQTpfqOnWo/J1IzymFa8TIFKaFjMoK+oQmJQfn5/OYpPgqFxDoCPJ8XszmJlZrEgcnEREfqtzcT//L6mQ4v/JwlaaYhoSZivDDjWAs8q46HTALVfGIIoZKZKzGNiCRUmwdVTP3vjvh/0jmpO+f1s5vTWvOyeEQZHaBDdIwc1EBNdI1aqI0oStEjekGvlrAerCfr+StasoqdffQD1tsnHdGPcQ==</latexit>

! i
1

<latexit sha1_base64="DU8kU87//kWhgELqI+D4/pKm94c=">AAAB7XicdZC7TsMwGIUdrqXcCowsFhUSU+SEtmm3ChbGItGL1ITKcZ3GqnOR7SBVUR8DJgRsvAwvwNvglCIBgjN9/s+x9J/fTzmTCqF3Y2V1bX1js7RV3t7Z3duvHBz2ZJIJQrsk4YkY+FhSzmLaVUxxOkgFxZHPad+fXhZ+/44KyZL4Rs1S6kV4ErOAEaz0yHUxT0N8m7P5yB5VqshEDafZQhCZ9VqjdW5rQMhp2Q60NBSqgqU6o8qbO05IFtFYEY6lHFooVV6OhWKE03nZzSRNMZniCR1qjHFEpZcvdp7D0yARUIUULt7fszmOpJxFvs5EWIXyt1cM//KGmQqaXs7iNFM0JjqivSDjUCWwqA7HTFCi+EwDJoLpLSEJscBE6QOVdf2vjvB/6Nmm1TDr17Vq+2J5iBI4BifgDFjAAW1wBTqgCwhIwQN4Bi9GYtwbj8bTZ3TFWP45Aj9kvH4AVbaPlw==</latexit>

! i
2

<latexit sha1_base64="1bqPXSRkUGSpXDPulojTNK2pORI="></latexit>

! i
1(x! ) = !

1
ig

U1(x! )" i U 
1 (x! )

<latexit sha1_base64="A1KkiKxRYLV0MllLsM4AoE/Sgos="></latexit>

! i
2(x! ) = !

1
ig

U2(x! )" i U 
2 (x! )

<latexit sha1_base64="E5lN1En+T10zMCZd1bSnj21WRMk="></latexit>

U1,2(x! ) = P" exp
!

! ig
" #

$#
dz" 1

" 2 ! 1,2(z" , x! )
#

<latexit sha1_base64="PQfhebvq9CnodjQvBKQ+oCW4hwU=">AAAB+XicbZDLTsJAFIaneEO8VU3cuCkSE1yALfG2MSG6cYmJXBJayXSYwoTpxZlTI1YeRldG3fkavoBv44BdKPqvvjn/P8k5vxtxJsE0P7XMzOzc/EJ2Mbe0vLK6pq9vNGQYC0LrJOShaLlYUs4CWgcGnLYiQbHvctp0B+djv3lLhWRhcAXDiDo+7gXMYwSDGnX0rbvrkp0/tfNFKN3v7dvyRkBSGXX0glk2JzL+gpVCAaWqdfQPuxuS2KcBEI6lbFtmBE6CBTDC6Shnx5JGmAxwj7YVBtin0kkm+4+MXS8UBvSpMXn/zCbYl3LouyrjY+jLaW88/M9rx+CdOAkLohhoQFREeV7MDQiNcQ1GlwlKgA8VYCKY2tIgfSwwAVVWTp1vTR/7FxqVsnVUPrw8KFTP0iKyaBvtoCKy0DGqogtUQ3VE0AN6Qq/oTUu0R+1Ze/mOZrT0zyb6Je39C5ockks=</latexit>

x !
= ( t !

z)/ "
2 <latexit sha1_base64="wgKSBbN5iKK2M+I93kq7s+b89a0=">AAAB+XicbZDLTsJAFIaneEO8VU3cuCkSEwwJtsTbxoToxiUmckloJdNhChOmF2dOjVh5GF0Zdedr+AK+jQN2oei/+ub8/yTn/G7EmQTT/NQyM7Nz8wvZxdzS8srqmr6+0ZBhLAitk5CHouViSTkLaB0YcNqKBMW+y2nTHZyP/eYtFZKFwRUMI+r4uBcwjxEMatTRt+6uS3b+1M4XoXS/t2/LGwFJZdTRC2bZnMj4C1YKBZSq1tE/7G5IYp8GQDiWsm2ZETgJFsAIp6OcHUsaYTLAPdpWGGCfSieZ7D8ydr1QGNCnxuT9M5tgX8qh76qMj6Evp73x8D+vHYN34iQsiGKgAVER5XkxNyA0xjUYXSYoAT5UgIlgakuD9LHABFRZOXW+NX3sX2hUytZR+fDyoFA9S4vIom20g4rIQseoii5QDdURQQ/oCb2iNy3RHrVn7eU7mtHSP5vol7T3L5Pokkc=</latexit>

x
+ =( t

+
z)

/
! 2

(Solving in LC 
gauge            )

<latexit sha1_base64="lLgjMlbsPDa5C/bVCOy0U6J4f1g=">AAAB6nicbZDLTsJAFIZPvSLeUJduisTEjaQ13jYmqBuXmMjF0EqmwwEmzLTNzNSENLyEroy683F8Ad/GAbtQ8F99c/5/kvOfIOZMacf5submFxaXlnMr+dW19Y3NwtZ2XUWJpFijEY9kMyAKOQuxppnm2IwlEhFwbASD67HfeESpWBTe6WGMviC9kHUZJdqM7i8fDr3ihVd02oWSU3YmsmfBzaAEmartwqfXiWgiMNSUE6VarhNrPyVSM8pxlPcShTGhA9LDlsGQCFR+Oll4ZO93I2nrPtqT9+9sSoRSQxGYjCC6r6a98fA/r5Xo7rmfsjBONIbURIzXTbitI3vc2+4wiVTzoQFCJTNb2rRPJKHaXCdv6rvTZWehflR2T8snt8elylV2iBzswh4cgAtnUIEbqEINKAh4hjd4t7j1ZL1Yrz/ROSv7swN/ZH18A6RvjKY=</latexit>

A ! =0

(Solving in LC 
gauge            )

<latexit sha1_base64="R7SlkoKo5F5XeVAFIS32AUYyIbQ=">AAAB6nicbZDLSsNAFIZPvNZ6q7p0k1oEQSiJeNsIVTcuK9iLNLFMpqft0JkkzEyEEvoSuhJ15+P4Ar6N05qFtv6rb87/D5z/BDFnSjvOlzU3v7C4tJxbya+urW9sFra26ypKJMUajXgkmwFRyFmINc00x2YskYiAYyMYXI/9xiNKxaLwTg9j9AXphazLKNFmdH/5cOgVL7yi0y6UnLIzkT0LbgYlyFRtFz69TkQTgaGmnCjVcp1Y+ymRmlGOo7yXKIwJHZAetgyGRKDy08nCI3u/G0lb99GevH9nUyKUGorAZATRfTXtjYf/ea1Ed8/9lIVxojGkJmK8bsJtHdnj3naHSaSaDw0QKpnZ0qZ9IgnV5jp5U9+dLjsL9aOye1o+uT0uVa6yQ+RgF/bgAFw4gwrcQBVqQEHAM7zBu8WtJ+vFev2JzlnZnx34I+vjG6FnjKQ=</latexit>

A+ =0

➡ And an infinitesimally short time after the collision (Glasma initial condition):

<latexit sha1_base64="1nNDEcX63T2IJYkP/wogb1VuxIc="></latexit>

B ! (! = 0 + , x! ) = ! ig" ij [# i
1(x! ), #j

2(x! )]

<latexit sha1_base64="Cpall9qVyVmulqyyXQ0e3Wqm6zk="></latexit>

E ! (! = 0 + , x! ) = ! ig" ij [# i
1(x! ), #j

2(x! )]

<latexit sha1_base64="rJ4Vgos3ScNQU4sFsr1XmSxZhYI="></latexit>

! i (" = 0 + , x! ) = ! i
1(x! ) + ! i

2(x! )
<latexit sha1_base64="ahxypfHCbQfKHSt7TTKfjys1U4A="></latexit>

! (" = 0 + , x! ) =
ig
2

!
! i

1(x! ), ! i
2(x! )

"

➡ Longitudinal chromo-electric 
and chromo-magnetic fields 
(flux tube picture):

Credit: Fukushima; Acta Phys.Polon. 2011

! =0
+

<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

t

<latexit sha1_base64="lg/W7KcltGzHwFXFHDAUGWb+7Vg=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSARJYEJ6mgI69DzSXWOCE35AV0bd+Un+gH9jg7NQ8K5O172d1K0gUdKQ6345hZXVtfWN4mZpa3tnd6+8f9AycaoFNkWsYt0OuEElI2ySJIXtRCMPA4X3wfhm5t8/oDYyju5okqAf8mEkB1JwsqPGY69ccavuXGwZvBwqkKveK392+7FIQ4xIKG5Mx3MT8jOuSQqF01I3NZhwMeZD7FiMeIjGz+aLTtnJINaMRsjm79/ZjIfGTMLAZkJOI7PozYb/eZ2UBld+JqMkJYyEjVhvkCpGMZv1ZX2pUZCaWOBCS7slEyOuuSB7lZKt7y2WXYbWWdW7qLqN80rtOj9EEY7gGE7Bg0uowS3UoQkCEJ7hDd6dvvPkvDivP9GCk/85hD9yPr4B39uKmA==</latexit>z

<latexit sha1_base64="XXyBa7UBKMODe4bx5PBCJZutA9c=">AAAB9XicbZDLTgIxFIY7XhFvIy7dNBITXIAzxKgbE6Ibl5jIJYGRdEoHGjoX2zMKTngUXRl154v4Ar6NBWeh4L/6ev6/yTm/GwmuwLK+jIXFpeWV1cxadn1jc2vb3MnVVRhLymo0FKFsukQxwQNWAw6CNSPJiO8K1nAHlxO/cc+k4mFwA6OIOT7pBdzjlIAedczc8LZ4XoDi4+FRW91JSMrjjpm3StZUeB7sFPIoVbVjfra7IY19FgAVRKmWbUXgJEQCp4KNs+1YsYjQAemxlsaA+Ew5yXT3MT7wQomhz/D0/TubEF+pke/qjE+gr2a9yfA/rxWDd+YkPIhiYAHVEe15scAQ4kkFuMsloyBGGgiVXG+JaZ9IQkEXldXn27PHzkO9XLJPStb1cb5ykRaRQXtoHxWQjU5RBV2hKqohioboGb2hd+PBeDJejNef6IKR/tlFf2R8fAN6b5Ek</latexit>

x ! = ( t ! z)/
"

2
<latexit sha1_base64="KTUfu7MfwsrYsxHdJFFMr8+PCb8=">AAAB9XicbZDLTgIxFIY7XhFvIy7dNBITDAnOEKNuTIhuXGIilwRG0ikdaOhcbM8oOOFRdGXUnS/iC/g2FpyFgv/q6/n/Juf8biS4Asv6MhYWl5ZXVjNr2fWNza1tcydXV2EsKavRUISy6RLFBA9YDTgI1owkI74rWMMdXE78xj2TiofBDYwi5vikF3CPUwJ61DFzw9vieQGKj4dHbXUnISmPO2beKllT4XmwU8ijVNWO+dnuhjT2WQBUEKVathWBkxAJnAo2zrZjxSJCB6THWhoD4jPlJNPdx/jACyWGPsPT9+9sQnylRr6rMz6Bvpr1JsP/vFYM3pmT8CCKgQVUR7TnxQJDiCcV4C6XjIIYaSBUcr0lpn0iCQVdVFafb88eOw/1csk+KVnXx/nKRVpEBu2hfVRANjpFFXSFqqiGKBqiZ/SG3o0H48l4MV5/ogtG+mcX/ZHx8Q10Q5Eg</latexit>

x+ = ( t + z)/
!

2
<latexit sha1_base64="vfcGKBmM/K9RvFvO+AdeDlDHA1o=">AAACKHicbVDLTsJAFJ3iC/FVdemmkZhgQkhrfC2JblxiIo+EIrkdLjBh+sjM1IQ0/Q7/wX9wq1t3hp3xSxygCwXP6sw55+bOPV7EmVS2PTFyK6tr6xv5zcLW9s7unrl/0JBhLCjWachD0fJAImcB1hVTHFuRQPA9jk1vdDv1m08oJAuDBzWOsOPDIGB9RkFpqWs6LvBoCCWXQkCRJy4qSE/LbnmuPyYsXfC6ZtGu2DNYy8TJSJFkqHXNL7cX0tjHQFEOUrYdO1KdBIRilGNacGOJEdARDLCtaQA+yk4yOy21TvqhsNQQrdn7dzYBX8qx7+mMD2ooF72p+K83v2Zhr+pfdxIWRLHCgOox7fVjbqnQmrZm9ZhAqvhYE6CC6Z9bdAgCqNLdFnQlzmIBy6RxVnEuKxf358XqTVZOnhyRY1IiDrkiVXJHaqROKHkmr+SNvBsvxofxaUzm0ZyRzRySPzC+fwA/UqcC</latexit>

! (!" ), ! i (!" )

<latexit sha1_base64="+m+9GhmJBTL//WM4gVB1LZayqBo=">AAACC3icbZDLSsNAFIYn9VbrLerSTbAIBaUkxdtGKCoiXVWwF0himEyn7dDJJMxMhBLyCPoyuhJ1584X8G2ctFlo9d/Md87/H5hz/IgSIU3zSyvMzS8sLhWXSyura+sb+uZWW4QxR7iFQhryrg8FpoThliSS4m7EMQx8ijv+6CLzO/eYCxKyWzmOsBvAASN9gqBULU+v2Jde4gRxenB1l70Oi1P3rOFZqlK43/BqU/L0slk1JzL+gpVDGeRqevqn0wtRHGAmEYVC2JYZSTeBXBJEcVpyYoEjiEZwgG2FDAZYuMlko9TY64fckENsTOqf2QQGQowDX2UCKIdi1sua/3l2LPunbkJYFEvMkIoorx9TQ4ZGdhijRzhGko4VQMSJ+qWBhpBDJNX5Smp9a3bZv9CuVa3j6tHNYbl+nh+iCHbALqgAC5yAOrgGTdACCDyCZ/AG3rUH7Ul70V6n0YKWz2yDX9I+vgH9e5r3</latexit>

[Dµ , F µ ! ] = J !
1 + J !

2

(In Fock-Schwinger gauge gauge                                 )
<latexit sha1_base64="92r+GsMtoDNEhVZ9+yGM4b8XhMA=">AAAB+nicbVDLTsJAFJ36RHxVXbhwUyQmJgTSGl8bE9CNS0zkkdCWTIcLTJg+MjM1kMrP6MqoOz/DH/BvHLALBc/mnnvPmWTO8SJGhTTNL21hcWl5ZTWzll3f2Nza1nd26yKMOYEaCVnImx4WwGgANUklg2bEAfseg4Y3uJnojQfggobBvRxF4Pi4F9AuJViqU1vfr7iFoVu0cwU7V3GLQ1fNKztntvW8WTKnMOaJlZI8SlFt6592JySxD4EkDAvRssxIOgnmkhIG46wdC4gwGeAetBQNsA/CSaYBxsZRN+SG7IMx3X97E+wLMfI95fGx7ItZbXL8T2vFsnvpJDSIYgkBURaldWNmyNCY9GB0KAci2UgRTDhVvzRIH3NMpGorq+Jbs2HnSf2kZJ2Xzu5O8+XrtIgMOkCH6BhZ6AKV0S2qohoiaIye0Rt61x61J+1Fe/2xLmjpmz30B9rHN0RfkVY=</latexit>

A+ x! + A! x+ =0

The Glasma Fields

• How do we use the CGC to describe the pre-equilibrium phase?

Kovner, McLerran and Weigert, Phys. Rev. D 52 (1995)
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The Glasma Fields (at              ) 
<latexit sha1_base64="wmUV5Q0Fy0BinnS1iYQXXCFTGk0=">AAACGHicbVDLSgNBEJz1bXxFPXpZDIIghF3xdRJFD17EiMYEsjH0jr3JkNkHM71CWPYnPKof4028evNbvDiJOWi0TtVd1TPd5SdSaHKcD2tsfGJyanpmtjA3v7C4VFxeudFxqjhWeSxjVfdBoxQRVkmQxHqiEEJfYs3vnvT12j0qLeLomnoJNkNoRyIQHMi06h5BeujcbrWKJafsDGD/Je6QlNgQlVbx07uLeRpiRFyC1g3XSaiZgSLBJeYFL9WYAO9CGxuGRhCibmaDfXN7I4iVTR20B/VPbwah1r3QN54QqKNHtX7zP62RUnDQzESUpIQRNxajBam0Kbb7Z9t3QiEn2TMEuBJmS5t3QAEnE07BO0VzhcJz8+6xTDrgI3n9T/yAg8wuzq/yjIe6l2d+nkW5ScsdzeYvudkuu3vl3cud0tHBMLcZtsbW2SZz2T47YmeswqqMM8ke2BN7th6tF+vVevu2jlnDmVX2C9b7F1f5oSY=</latexit>

! > 0+

<latexit sha1_base64="MxTYh6ydYW+T9S86Fzr6jkM4CAE="></latexit>

[Dµ , F µ ! ] = J !
1 + J !

2 = ! 1(x! , x" )" ! + + ! 2(x! , x+ )" ! "t

<latexit sha1_base64="lg/W7KcltGzHwFXFHDAUGWb+7Vg=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSARJYEJ6mgI69DzSXWOCE35AV0bd+Un+gH9jg7NQ8K5O172d1K0gUdKQ6345hZXVtfWN4mZpa3tnd6+8f9AycaoFNkWsYt0OuEElI2ySJIXtRCMPA4X3wfhm5t8/oDYyju5okqAf8mEkB1JwsqPGY69ccavuXGwZvBwqkKveK392+7FIQ4xIKG5Mx3MT8jOuSQqF01I3NZhwMeZD7FiMeIjGz+aLTtnJINaMRsjm79/ZjIfGTMLAZkJOI7PozYb/eZ2UBld+JqMkJYyEjVhvkCpGMZv1ZX2pUZCaWOBCS7slEyOuuSB7lZKt7y2WXYbWWdW7qLqN80rtOj9EEY7gGE7Bg0uowS3UoQkCEJ7hDd6dvvPkvDivP9GCk/85hD9yPr4B39uKmA==</latexit>z

! , ! i
<latexit sha1_base64="tuCBqud3GgKZ4czwzoeIOlGz9mQ=">AAAB9nicbZC7TsMwFIadcivlFujIYlEhMVRVUpBgrGBhLBK9SE2oTlynsepcZDuIKOqrwISAjQfhBXgb3DYDtPzT5/P/ls75vYQzqSzr2yitrW9sbpW3Kzu7e/sH5uFRV8apILRDYh6LvgeSchbRjmKK034iKIQepz1vcjPze49USBZH9ypLqBvCOGI+I6D0aGhWHeBJAHWnvoCHnE2HZs1qWHPhVbALqKFC7aH55YxikoY0UoSDlAPbSpSbg1CMcDqtOKmkCZAJjOlAYwQhlW4+X36KT/1YYBVQPH//zuYQSpmFns6EoAK57M2G/3mDVPlXbs6iJFU0IjqiPT/lWMV41gEeMUGJ4pkGIILpLTEJQABRuqmKPt9ePnYVus2Gfd5o3l3UWtdFEWV0jE7QGbLRJWqhW9RGHURQhl7QO/ownoxn49V4W0RLRvGniv7I+PwBPQ+SOQ==</latexit>

x+x!

• How do we use the CGC to describe the pre-equilibrium phase?

Kovner, McLerran and Weigert, Phys. Rev. D 52 (1995)
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<latexit sha1_base64="MxTYh6ydYW+T9S86Fzr6jkM4CAE="></latexit>

[Dµ , F µ ! ] = J !
1 + J !

2 = ! 1(x! , x" )" ! + + ! 2(x! , x+ )" ! "t

<latexit sha1_base64="lg/W7KcltGzHwFXFHDAUGWb+7Vg=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSARJYEJ6mgI69DzSXWOCE35AV0bd+Un+gH9jg7NQ8K5O172d1K0gUdKQ6345hZXVtfWN4mZpa3tnd6+8f9AycaoFNkWsYt0OuEElI2ySJIXtRCMPA4X3wfhm5t8/oDYyju5okqAf8mEkB1JwsqPGY69ccavuXGwZvBwqkKveK392+7FIQ4xIKG5Mx3MT8jOuSQqF01I3NZhwMeZD7FiMeIjGz+aLTtnJINaMRsjm79/ZjIfGTMLAZkJOI7PozYb/eZ2UBld+JqMkJYyEjVhvkCpGMZv1ZX2pUZCaWOBCS7slEyOuuSB7lZKt7y2WXYbWWdW7qLqN80rtOj9EEY7gGE7Bg0uowS3UoQkCEJ7hDd6dvvPkvDivP9GCk/85hD9yPr4B39uKmA==</latexit>z

! , ! i
<latexit sha1_base64="tuCBqud3GgKZ4czwzoeIOlGz9mQ=">AAAB9nicbZC7TsMwFIadcivlFujIYlEhMVRVUpBgrGBhLBK9SE2oTlynsepcZDuIKOqrwISAjQfhBXgb3DYDtPzT5/P/ls75vYQzqSzr2yitrW9sbpW3Kzu7e/sH5uFRV8apILRDYh6LvgeSchbRjmKK034iKIQepz1vcjPze49USBZH9ypLqBvCOGI+I6D0aGhWHeBJAHWnvoCHnE2HZs1qWHPhVbALqKFC7aH55YxikoY0UoSDlAPbSpSbg1CMcDqtOKmkCZAJjOlAYwQhlW4+X36KT/1YYBVQPH//zuYQSpmFns6EoAK57M2G/3mDVPlXbs6iJFU0IjqiPT/lWMV41gEeMUGJ4pkGIILpLTEJQABRuqmKPt9ePnYVus2Gfd5o3l3UWtdFEWV0jE7QGbLRJWqhW9RGHURQhl7QO/ownoxn49V4W0RLRvGniv7I+PwBPQ+SOQ==</latexit>

x+x!

<latexit sha1_base64="j3tvdIaEFlC8lEAAokF8M5gM0Dw="></latexit>

[Dµ , F µ ! ] = J !
1 + J !

2 ! ! 1(x! )" (x" )" ! + + ! 2(x! )" (x+ )" ! "(Extremely Lorentz-
contracted nuclei)

Boo
st

Boost

The Glasma Fields (at              ) 
<latexit sha1_base64="wmUV5Q0Fy0BinnS1iYQXXCFTGk0=">AAACGHicbVDLSgNBEJz1bXxFPXpZDIIghF3xdRJFD17EiMYEsjH0jr3JkNkHM71CWPYnPKof4028evNbvDiJOWi0TtVd1TPd5SdSaHKcD2tsfGJyanpmtjA3v7C4VFxeudFxqjhWeSxjVfdBoxQRVkmQxHqiEEJfYs3vnvT12j0qLeLomnoJNkNoRyIQHMi06h5BeujcbrWKJafsDGD/Je6QlNgQlVbx07uLeRpiRFyC1g3XSaiZgSLBJeYFL9WYAO9CGxuGRhCibmaDfXN7I4iVTR20B/VPbwah1r3QN54QqKNHtX7zP62RUnDQzESUpIQRNxajBam0Kbb7Z9t3QiEn2TMEuBJmS5t3QAEnE07BO0VzhcJz8+6xTDrgI3n9T/yAg8wuzq/yjIe6l2d+nkW5ScsdzeYvudkuu3vl3cud0tHBMLcZtsbW2SZz2T47YmeswqqMM8ke2BN7th6tF+vVevu2jlnDmVX2C9b7F1f5oSY=</latexit>

! > 0+

• How do we use the CGC to describe the pre-equilibrium phase?

Kovner, McLerran and Weigert, Phys. Rev. D 52 (1995)
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<latexit sha1_base64="MxTYh6ydYW+T9S86Fzr6jkM4CAE="></latexit>

[Dµ , F µ ! ] = J !
1 + J !

2 = ! 1(x! , x" )" ! + + ! 2(x! , x+ )" ! "t

<latexit sha1_base64="lg/W7KcltGzHwFXFHDAUGWb+7Vg=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSARJYEJ6mgI69DzSXWOCE35AV0bd+Un+gH9jg7NQ8K5O172d1K0gUdKQ6345hZXVtfWN4mZpa3tnd6+8f9AycaoFNkWsYt0OuEElI2ySJIXtRCMPA4X3wfhm5t8/oDYyju5okqAf8mEkB1JwsqPGY69ccavuXGwZvBwqkKveK392+7FIQ4xIKG5Mx3MT8jOuSQqF01I3NZhwMeZD7FiMeIjGz+aLTtnJINaMRsjm79/ZjIfGTMLAZkJOI7PozYb/eZ2UBld+JqMkJYyEjVhvkCpGMZv1ZX2pUZCaWOBCS7slEyOuuSB7lZKt7y2WXYbWWdW7qLqN80rtOj9EEY7gGE7Bg0uowS3UoQkCEJ7hDd6dvvPkvDivP9GCk/85hD9yPr4B39uKmA==</latexit>z

! , ! i
<latexit sha1_base64="tuCBqud3GgKZ4czwzoeIOlGz9mQ=">AAAB9nicbZC7TsMwFIadcivlFujIYlEhMVRVUpBgrGBhLBK9SE2oTlynsepcZDuIKOqrwISAjQfhBXgb3DYDtPzT5/P/ls75vYQzqSzr2yitrW9sbpW3Kzu7e/sH5uFRV8apILRDYh6LvgeSchbRjmKK034iKIQepz1vcjPze49USBZH9ypLqBvCOGI+I6D0aGhWHeBJAHWnvoCHnE2HZs1qWHPhVbALqKFC7aH55YxikoY0UoSDlAPbSpSbg1CMcDqtOKmkCZAJjOlAYwQhlW4+X36KT/1YYBVQPH//zuYQSpmFns6EoAK57M2G/3mDVPlXbs6iJFU0IjqiPT/lWMV41gEeMUGJ4pkGIILpLTEJQABRuqmKPt9ePnYVus2Gfd5o3l3UWtdFEWV0jE7QGbLRJWqhW9RGHURQhl7QO/ownoxn49V4W0RLRvGniv7I+PwBPQ+SOQ==</latexit>

x+x!

<latexit sha1_base64="j3tvdIaEFlC8lEAAokF8M5gM0Dw="></latexit>

[Dµ , F µ ! ] = J !
1 + J !

2 ! ! 1(x! )" (x" )" ! + + ! 2(x! )" (x+ )" ! "(Extremely Lorentz-
contracted nuclei)

<latexit sha1_base64="oE73nhPyuuqJT4Ewl+owq5aPSIk=">AAAB+HicbZDLSsNAFIYn9VbrLSqu3AwWQRBLUkTdKEU3LivYCzRpmUwn7dDJxZkTaQ19F12JuvM5fAHfxmnNQqv/6pvz/wPn/F4suALL+jRyc/MLi0v55cLK6tr6hrm5VVdRIimr0UhEsukRxQQPWQ04CNaMJSOBJ1jDG1xN/MY9k4pH4S2MYuYGpBdyn1MCetQxdxwgybmj7iSk5WH7cNg+Gl9YHbNolayp8F+wMyiiTNWO+eF0I5oELAQqiFIt24rBTYkETgUbF5xEsZjQAemxlsaQBEy56XT9Md73I4mhz/D0/TObkkCpUeDpTECgr2a9yfA/r5WAf+amPIwTYCHVEe35icAQ4UkLuMsloyBGGgiVXG+JaZ9IQkF3VdDn27PH/oV6uWSflOyb42LlMisij3bRHjpANjpFFXSNqqiGKErRE3pFb8aD8Wg8Gy/f0ZyR/dlGv2S8fwE/JpK9</latexit>

! =
!

2x+ x! > 0
<latexit sha1_base64="V7jcIdrAsJbmE2tOyY7jKzwsURs=">AAAB+XicbVDLSsNAFJ3UV62vqODGTbAILqQkIupGKCrisoJ9QBLDZDpph85MwsxEKDEfoytRd/6GP+DfOKlZaOvZ3HPvORfuPWFCiVS2/WVU5uYXFpeqy7WV1bX1DXNzqyPjVCDcRjGNRS+EElPCcVsRRXEvERiykOJuOLos9O4DFpLE/E6NE+wzOOAkIggqPQrMHfcqyDyW5ofX90X1eJr753Zg1u2GPYE1S5yS1EGJVmB+ev0YpQxzhSiU0nXsRPkZFIogivOal0qcQDSCA+xqyiHD0s8m9+fWfhQLSw2xNel/ezPIpByzUHsYVEM5rRXD/zQ3VdGZnxGepApzpC1ai1JqqdgqYrD6RGCk6FgTiATRV1poCAVESodV0+8708/Oks5RwzlpOLfH9eZFGUQV7II9cAAccAqa4Aa0QBsg8AiewRt4NzLjyXgxXn+sFaPc2QZ/YHx8A1aTk2U=</latexit>

[Dµ , F µ ! ] = 0

<latexit sha1_base64="xAyW6hSlwSoG4KBADOX/23nhOLI="></latexit>

! = " !" ig" [#, $! #] !
1
"

!
D i , $! #i " = 0

! = %!"
1
"

$!
1
"

$! (" 2#) !
!
D i ,

!
D i , #

""
= 0

! = i !"
1
"

$! ("$! #i ) ! ig" 2 !
#,

!
D j , #

""
!

!
D j , F ji "

= 0

Boo
st

Boost

The Glasma Fields (at              ) 
<latexit sha1_base64="wmUV5Q0Fy0BinnS1iYQXXCFTGk0=">AAACGHicbVDLSgNBEJz1bXxFPXpZDIIghF3xdRJFD17EiMYEsjH0jr3JkNkHM71CWPYnPKof4028evNbvDiJOWi0TtVd1TPd5SdSaHKcD2tsfGJyanpmtjA3v7C4VFxeudFxqjhWeSxjVfdBoxQRVkmQxHqiEEJfYs3vnvT12j0qLeLomnoJNkNoRyIQHMi06h5BeujcbrWKJafsDGD/Je6QlNgQlVbx07uLeRpiRFyC1g3XSaiZgSLBJeYFL9WYAO9CGxuGRhCibmaDfXN7I4iVTR20B/VPbwah1r3QN54QqKNHtX7zP62RUnDQzESUpIQRNxajBam0Kbb7Z9t3QiEn2TMEuBJmS5t3QAEnE07BO0VzhcJz8+6xTDrgI3n9T/yAg8wuzq/yjIe6l2d+nkW5ScsdzeYvudkuu3vl3cud0tHBMLcZtsbW2SZz2T47YmeswqqMM8ke2BN7th6tF+vVevu2jlnDmVX2C9b7F1f5oSY=</latexit>

! > 0+

• How do we use the CGC to describe the pre-equilibrium phase?

➡ Typically solved through numerical methods. Analytical approximations include:


• Weak field limit (i.e. expanding in orders of one of the sources), e.g.                                                   ,  


• Expanding the fields in powers of the proper time, e.g.                                                                                        , also works by

PGR and S. Demirci; PRD, 2023   T. Lappi and S. Schlichting; PRD, 2018

M. E. Carrington, A. Czajka, S. Mrowczynski; PRC, 2022

Kovner, McLerran and Weigert, Phys. Rev. D 52 (1995)

G. Chen, R. J. Fries, J. I. Kapusta, Y. Li
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<latexit sha1_base64="MxTYh6ydYW+T9S86Fzr6jkM4CAE="></latexit>

[Dµ , F µ ! ] = J !
1 + J !

2 = ! 1(x! , x" )" ! + + ! 2(x! , x+ )" ! "t

<latexit sha1_base64="lg/W7KcltGzHwFXFHDAUGWb+7Vg=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSARJYEJ6mgI69DzSXWOCE35AV0bd+Un+gH9jg7NQ8K5O172d1K0gUdKQ6345hZXVtfWN4mZpa3tnd6+8f9AycaoFNkWsYt0OuEElI2ySJIXtRCMPA4X3wfhm5t8/oDYyju5okqAf8mEkB1JwsqPGY69ccavuXGwZvBwqkKveK392+7FIQ4xIKG5Mx3MT8jOuSQqF01I3NZhwMeZD7FiMeIjGz+aLTtnJINaMRsjm79/ZjIfGTMLAZkJOI7PozYb/eZ2UBld+JqMkJYyEjVhvkCpGMZv1ZX2pUZCaWOBCS7slEyOuuSB7lZKt7y2WXYbWWdW7qLqN80rtOj9EEY7gGE7Bg0uowS3UoQkCEJ7hDd6dvvPkvDivP9GCk/85hD9yPr4B39uKmA==</latexit>z

! , ! i
<latexit sha1_base64="tuCBqud3GgKZ4czwzoeIOlGz9mQ=">AAAB9nicbZC7TsMwFIadcivlFujIYlEhMVRVUpBgrGBhLBK9SE2oTlynsepcZDuIKOqrwISAjQfhBXgb3DYDtPzT5/P/ls75vYQzqSzr2yitrW9sbpW3Kzu7e/sH5uFRV8apILRDYh6LvgeSchbRjmKK034iKIQepz1vcjPze49USBZH9ypLqBvCOGI+I6D0aGhWHeBJAHWnvoCHnE2HZs1qWHPhVbALqKFC7aH55YxikoY0UoSDlAPbSpSbg1CMcDqtOKmkCZAJjOlAYwQhlW4+X36KT/1YYBVQPH//zuYQSpmFns6EoAK57M2G/3mDVPlXbs6iJFU0IjqiPT/lWMV41gEeMUGJ4pkGIILpLTEJQABRuqmKPt9ePnYVus2Gfd5o3l3UWtdFEWV0jE7QGbLRJWqhW9RGHURQhl7QO/ownoxn49V4W0RLRvGniv7I+PwBPQ+SOQ==</latexit>

x+x!

<latexit sha1_base64="j3tvdIaEFlC8lEAAokF8M5gM0Dw="></latexit>

[Dµ , F µ ! ] = J !
1 + J !

2 ! ! 1(x! )" (x" )" ! + + ! 2(x! )" (x+ )" ! "(Extremely Lorentz-
contracted nuclei)

<latexit sha1_base64="TIWqhn9P1RwpT0Y2Cb92nx7i+4Y="></latexit>

! !
1
"

! ! (" 2#) = " ! i ! i #

! ! (" ! ! #i ) = " ! k ! k #i

Boo
st

Boost

➡ Where we impose                    (Coulomb gauge condition). A good approximation for high momentum modes!

➡ Assuming UV dominance, we employ the linearized Yang-Mills equations (as in                                                ):

<latexit sha1_base64="8EaxGiXgSAOsK4EV8XLeOXlTppw=">AAAB+nicbZC7TsMwFIYdrqXcAgwMLBEVElOVIAQsSBUsjEWiF6kJkeOetFadi+wTpCrkZWBCwMZj8AK8DU7pAC1n+nz+35b/P0gFV2jbX8bC4tLyymplrbq+sbm1be7stlWSSQYtlohEdgOqQPAYWshRQDeVQKNAQCcYXZd65wGk4kl8h+MUvIgOYh5yRlGvfHPfTalEToWf88INAOm9hkvbN2t23Z6MNQ/OFGpkOk3f/HT7CcsiiJEJqlTPsVP08vJxJqCoupmClLIRHUBPY0wjUF4+CVBYR2EiLRyCNTn/9uY0UmocBdoTURyqWa1c/qf1MgwvvJzHaYYQM23RWpgJCxOr7MHqcwkMxVgDZZLrX1psSCVlqNuq6vjObNh5aJ/UnbO6c3taa1xNi6iQA3JIjolDzkmD3JAmaRFGCvJM3si78Wg8GS/G6491wZje2SN/xvj4BulWlFk=</latexit>

! i " i = 0

PGR and T. Lappi; PRD, 2021

<latexit sha1_base64="xAyW6hSlwSoG4KBADOX/23nhOLI="></latexit>

! = " !" ig" [#, $! #] !
1
"

!
D i , $! #i " = 0

! = %!"
1
"

$!
1
"

$! (" 2#) !
!
D i ,

!
D i , #

""
= 0

! = i !"
1
"

$! ("$! #i ) ! ig" 2 !
#,

!
D j , #

""
!

!
D j , F ji "

= 0

<latexit sha1_base64="oE73nhPyuuqJT4Ewl+owq5aPSIk=">AAAB+HicbZDLSsNAFIYn9VbrLSqu3AwWQRBLUkTdKEU3LivYCzRpmUwn7dDJxZkTaQ19F12JuvM5fAHfxmnNQqv/6pvz/wPn/F4suALL+jRyc/MLi0v55cLK6tr6hrm5VVdRIimr0UhEsukRxQQPWQ04CNaMJSOBJ1jDG1xN/MY9k4pH4S2MYuYGpBdyn1MCetQxdxwgybmj7iSk5WH7cNg+Gl9YHbNolayp8F+wMyiiTNWO+eF0I5oELAQqiFIt24rBTYkETgUbF5xEsZjQAemxlsaQBEy56XT9Md73I4mhz/D0/TObkkCpUeDpTECgr2a9yfA/r5WAf+amPIwTYCHVEe35icAQ4UkLuMsloyBGGgiVXG+JaZ9IQkF3VdDn27PH/oV6uWSflOyb42LlMisij3bRHjpANjpFFXSNqqiGKErRE3pFb8aD8Wg8Gy/f0ZyR/dlGv2S8fwE/JpK9</latexit>

! =
!

2x+ x! > 0
<latexit sha1_base64="V7jcIdrAsJbmE2tOyY7jKzwsURs=">AAAB+XicbVDLSsNAFJ3UV62vqODGTbAILqQkIupGKCrisoJ9QBLDZDpph85MwsxEKDEfoytRd/6GP+DfOKlZaOvZ3HPvORfuPWFCiVS2/WVU5uYXFpeqy7WV1bX1DXNzqyPjVCDcRjGNRS+EElPCcVsRRXEvERiykOJuOLos9O4DFpLE/E6NE+wzOOAkIggqPQrMHfcqyDyW5ofX90X1eJr753Zg1u2GPYE1S5yS1EGJVmB+ev0YpQxzhSiU0nXsRPkZFIogivOal0qcQDSCA+xqyiHD0s8m9+fWfhQLSw2xNel/ezPIpByzUHsYVEM5rRXD/zQ3VdGZnxGepApzpC1ai1JqqdgqYrD6RGCk6FgTiATRV1poCAVESodV0+8708/Oks5RwzlpOLfH9eZFGUQV7II9cAAccAqa4Aa0QBsg8AiewRt4NzLjyXgxXn+sFaPc2QZ/YHx8A1aTk2U=</latexit>

[Dµ , F µ ! ] = 0

The Glasma Fields (at              ) 
<latexit sha1_base64="wmUV5Q0Fy0BinnS1iYQXXCFTGk0=">AAACGHicbVDLSgNBEJz1bXxFPXpZDIIghF3xdRJFD17EiMYEsjH0jr3JkNkHM71CWPYnPKof4028evNbvDiJOWi0TtVd1TPd5SdSaHKcD2tsfGJyanpmtjA3v7C4VFxeudFxqjhWeSxjVfdBoxQRVkmQxHqiEEJfYs3vnvT12j0qLeLomnoJNkNoRyIQHMi06h5BeujcbrWKJafsDGD/Je6QlNgQlVbx07uLeRpiRFyC1g3XSaiZgSLBJeYFL9WYAO9CGxuGRhCibmaDfXN7I4iVTR20B/VPbwah1r3QN54QqKNHtX7zP62RUnDQzESUpIQRNxajBam0Kbb7Z9t3QiEn2TMEuBJmS5t3QAEnE07BO0VzhcJz8+6xTDrgI3n9T/yAg8wuzq/yjIe6l2d+nkW5ScsdzeYvudkuu3vl3cud0tHBMLcZtsbW2SZz2T47YmeswqqMM8ke2BN7th6tF+vVevu2jlnDmVX2C9b7F1f5oSY=</latexit>

! > 0+

• How do we use the CGC to describe the pre-equilibrium phase?

Kovner, McLerran and Weigert, Phys. Rev. D 52 (1995)

➡ Typically solved through numerical methods. Analytical approximations include:


• Weak field limit (i.e. expanding in orders of one of the sources), e.g.                                                   ,  


• Expanding the fields in powers of the proper time, e.g.                                                                                        , also works by

PGR and S. Demirci; PRD, 2023   T. Lappi and S. Schlichting; PRD, 2018

M. E. Carrington, A. Czajka, S. Mrowczynski; PRC, 2022 G. Chen, R. J. Fries, J. I. Kapusta, Y. Li

J. P. Blaizot, T. Lappi and Y. Mehtar-Tani; 
Nucl. Phys. A 846 (2010) 63
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,
<latexit sha1_base64="o1Xv9OSu205a0LYaTYaUYFubSRg="></latexit>

! (" , k! ) =
"
k

E !
0 (k! )J1(k" )

<latexit sha1_base64="aXKLBYZdkBXvQTdjBmtvdQ6LGnA="></latexit>

! i (" , k! ) = ! i
#ij kj

k2 B !
0 (k! )J0(k" )

➡  (Where                                                                                   ,                                                                                 ) 
<latexit sha1_base64="1nNDEcX63T2IJYkP/wogb1VuxIc="></latexit>

B ! (! = 0 + , x! ) = ! ig" ij [# i
1(x! ), #j

2(x! )]
<latexit sha1_base64="Cpall9qVyVmulqyyXQ0e3Wqm6zk="></latexit>

E ! (! = 0 + , x! ) = ! ig" ij [# i
1(x! ), #j

2(x! )]

➡ Boundary conditions obtained by matching to               solution (                                                             ):
<latexit sha1_base64="Nr5C6iLZDMPhUiKnyGUclxNbtq0=">AAAB6XicbZDLSgNBEEVr4ivGV9Slm8EgCEKYEVE3QtCNywjmAckYejo1SZOeB901QhjyEboSdefv+AP+jZ04C028q9N1b0Pd8hMpNDnOl1VYWl5ZXSuulzY2t7Z3yrt7TR2nimODxzJWbZ9plCLCBgmS2E4UstCX2PJHN1O/9YhKizi6p3GCXsgGkQgEZ2RG7S6x9Mp5OOmVK07VmcleBDeHCuSq98qf3X7M0xAj4pJp3XGdhLyMKRJc4qTUTTUmjI/YADsGIxai9rLZvhP7KIiVTUO0Z+/f2YyFWo9D32RCRkM9702H/3mdlIJLLxNRkhJG3ESMF6TSptie1rb7QiEnOTbAuBJmS5sPmWKczHFKpr47X3YRmqdV97zq3p1Vatf5IYpwAIdwDC5cQA1uoQ4N4CDhGd7g3RpZT9aL9foTLVj5n334I+vjGxvajQE=</latexit>

! = 0 + <latexit sha1_base64="Xvc9CJaNy7u1en2AL4YQjeZ28RM="></latexit>

E ! (! = 0 + , x! ), B ! (! = 0 + , x! )

Non-Linear Initial Conditions, Linear Evolution H. Fujii, K. Fukushima, Y. Hidaka; PRC, 2008

PGR and T. Lappi; PRD, 2021

➡ Free plane wave solution of linearized Yang-Mills equations in momentum space:

<latexit sha1_base64="8uz4sl2pD11l7eN1AyweJUrvK1M=">AAACKHicbVDLSsNAFJ34tr6qLt0MFqUFKYmIuhFEEcRVBatCU8JketMOnTyYuRFKyA/pr7jQlag7v8Rp7KJaz2bOnHMu3Hv8RAqNtv1uTU3PzM7NLyyWlpZXVtfK6xu3Ok4VhyaPZazufaZBigiaKFDCfaKAhb6EO79/PvTvHkBpEUc3OEigHbJuJALBGRrJK1+4PiCrusjSvb6XuQmoJK/R3ZNC9+zqmOgGivFsn155TrU/nKjlWfHmXrli1+0CdJI4I1IhIzS88rPbiXkaQoRcMq1bjp1gO2MKBZeQl9xUQ8J4n3WhZWjEQtDtrDg3pztBrCj2gBb/8WzGQq0HoW8yIcOe/usNxf+8VorBcTsTUZIiRNxEjBekkmJMh63RjlDAUQ4MYVwJsyXlPWbqQNNtyZzv/D12ktzu153DunN9UDk9GxWxQLbINqkShxyRU3JJGqRJOHkir+SDfFqP1ov1Zr3/RKes0cwm+QXr6xvEEqW/</latexit>

! (" , k! ) = ! 0(k! )
2J1(k" )

k"

<latexit sha1_base64="i4CTrhR27nDLlraZZgWvHLJZBvM=">AAACG3icbVBLSwMxGMz6rPVV9eglWJQKUnZFtBeh6EU8VbCt0K1LNn61odkHybdCWfpT9M/oSao3D/4bs3XB55zmm5lAZvxYCo22/W5NTc/Mzs0XFoqLS8srq6W19ZaOEsWhySMZqSufaZAihCYKlHAVK2CBL6HtD04zv30HSosovMRhDN2A3YaiJzhDI3mlmusDsmtRcZElewMvdWNQ8WiX7hznjmdXvuTz7Mqiu16pbFftCehf4uSkTHI0vNLYvYl4EkCIXDKtO44dYzdlCgWXMCq6iYaY8QG7hY6hIQtAd9NJwxHd7kWKYh/o5P6eTVmg9TDwTSZg2Ne/vUz8z+sk2Kt1UxHGCULITcR4vURSjGg2FL0RCjjKoSGMK2F+SXmfKcbRzFk09Z3fZf+S1n7VOaw6Fwfl+kk+RIFski1SIQ45InVyRhqkSTh5IE/khbxa99aj9WyNP6NTVv5mg/yA9fYBgyigXw==</latexit>

! i (" , k! ) = ! i
0(k! )J0(k" )

<latexit sha1_base64="TIWqhn9P1RwpT0Y2Cb92nx7i+4Y="></latexit>

! !
1
"

! ! (" 2#) = " ! i ! i #

! ! (" ! ! #i ) = " ! k ! k #i
, Appropriate for high-

momentum modes
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,
<latexit sha1_base64="o1Xv9OSu205a0LYaTYaUYFubSRg="></latexit>

! (" , k! ) =
"
k

E !
0 (k! )J1(k" )

<latexit sha1_base64="aXKLBYZdkBXvQTdjBmtvdQ6LGnA="></latexit>

! i (" , k! ) = ! i
#ij kj

k2 B !
0 (k! )J0(k" )

➡  (Where                                                                                   ,                                                                                 ) 
<latexit sha1_base64="1nNDEcX63T2IJYkP/wogb1VuxIc="></latexit>

B ! (! = 0 + , x! ) = ! ig" ij [# i
1(x! ), #j

2(x! )]
<latexit sha1_base64="Cpall9qVyVmulqyyXQ0e3Wqm6zk="></latexit>

E ! (! = 0 + , x! ) = ! ig" ij [# i
1(x! ), #j

2(x! )]

➡ Boundary conditions obtained by matching to               solution (                                                             ):
<latexit sha1_base64="Nr5C6iLZDMPhUiKnyGUclxNbtq0=">AAAB6XicbZDLSgNBEEVr4ivGV9Slm8EgCEKYEVE3QtCNywjmAckYejo1SZOeB901QhjyEboSdefv+AP+jZ04C028q9N1b0Pd8hMpNDnOl1VYWl5ZXSuulzY2t7Z3yrt7TR2nimODxzJWbZ9plCLCBgmS2E4UstCX2PJHN1O/9YhKizi6p3GCXsgGkQgEZ2RG7S6x9Mp5OOmVK07VmcleBDeHCuSq98qf3X7M0xAj4pJp3XGdhLyMKRJc4qTUTTUmjI/YADsGIxai9rLZvhP7KIiVTUO0Z+/f2YyFWo9D32RCRkM9702H/3mdlIJLLxNRkhJG3ESMF6TSptie1rb7QiEnOTbAuBJmS5sPmWKczHFKpr47X3YRmqdV97zq3p1Vatf5IYpwAIdwDC5cQA1uoQ4N4CDhGd7g3RpZT9aL9foTLVj5n334I+vjGxvajQE=</latexit>

! = 0 + <latexit sha1_base64="Xvc9CJaNy7u1en2AL4YQjeZ28RM="></latexit>

E ! (! = 0 + , x! ), B ! (! = 0 + , x! )

➡ Chromo-electric and chromo-magnetic fields at            :
<latexit sha1_base64="iKY0PRDiBqudqLXTTbBpemlruOU=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV2FGRF1J0I3LCOYByRB6OjVJm54H3TVCCPkGXYm683/8Af/GTpyFJt7V6bq3oW4FqZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNk2RaYF0kKtGtgBtUMsY6SVLYSjXyKFDYDIY3U7/5iNrIJL6nUYp+xPuxDKXgZEeNDvHsyu2Wym7FnYktgpdDGXLVuqXPTi8RWYQxCcWNaXtuSv6Ya5JC4aTYyQymXAx5H9sWYx6h8cezbSfsOEw0owGy2ft3dswjY0ZRYDMRp4GZ96bD/7x2RuGlP5ZxmhHGwkasF2aKUcKmpVlPahSkRha40NJuycSAay7InqZo63vzZRehcVrxzivu3Vm5ep0fogCHcAQn4MEFVOEWalAHAQ/wDG/w7kjnyXlxXn+iS07+5wD+yPn4BgI0jGQ=</latexit>

! > 0

<latexit sha1_base64="mxQuS/s8bwASkQevaaqkMO8vXbU="></latexit>

E ! (! , k! ) = E !
0 (k! )J0(k! )

E i (! , k! ) = ! i "ij kj

k
B !

0 (k! )J1(k! )

B ! (! , k! ) = B !
0 (k! )J0(k! )

B i (! , k! ) = ! i "ij kj

k
E !

0 (k! )J1(k! )

Non-Linear Initial Conditions, Linear Evolution

➡ Free plane wave solution of linearized Yang-Mills equations in momentum space:

<latexit sha1_base64="8uz4sl2pD11l7eN1AyweJUrvK1M=">AAACKHicbVDLSsNAFJ34tr6qLt0MFqUFKYmIuhFEEcRVBatCU8JketMOnTyYuRFKyA/pr7jQlag7v8Rp7KJaz2bOnHMu3Hv8RAqNtv1uTU3PzM7NLyyWlpZXVtfK6xu3Ok4VhyaPZazufaZBigiaKFDCfaKAhb6EO79/PvTvHkBpEUc3OEigHbJuJALBGRrJK1+4PiCrusjSvb6XuQmoJK/R3ZNC9+zqmOgGivFsn155TrU/nKjlWfHmXrli1+0CdJI4I1IhIzS88rPbiXkaQoRcMq1bjp1gO2MKBZeQl9xUQ8J4n3WhZWjEQtDtrDg3pztBrCj2gBb/8WzGQq0HoW8yIcOe/usNxf+8VorBcTsTUZIiRNxEjBekkmJMh63RjlDAUQ4MYVwJsyXlPWbqQNNtyZzv/D12ktzu153DunN9UDk9GxWxQLbINqkShxyRU3JJGqRJOHkir+SDfFqP1ov1Zr3/RKes0cwm+QXr6xvEEqW/</latexit>

! (" , k! ) = ! 0(k! )
2J1(k" )

k"

<latexit sha1_base64="i4CTrhR27nDLlraZZgWvHLJZBvM=">AAACG3icbVBLSwMxGMz6rPVV9eglWJQKUnZFtBeh6EU8VbCt0K1LNn61odkHybdCWfpT9M/oSao3D/4bs3XB55zmm5lAZvxYCo22/W5NTc/Mzs0XFoqLS8srq6W19ZaOEsWhySMZqSufaZAihCYKlHAVK2CBL6HtD04zv30HSosovMRhDN2A3YaiJzhDI3mlmusDsmtRcZElewMvdWNQ8WiX7hznjmdXvuTz7Mqiu16pbFftCehf4uSkTHI0vNLYvYl4EkCIXDKtO44dYzdlCgWXMCq6iYaY8QG7hY6hIQtAd9NJwxHd7kWKYh/o5P6eTVmg9TDwTSZg2Ne/vUz8z+sk2Kt1UxHGCULITcR4vURSjGg2FL0RCjjKoSGMK2F+SXmfKcbRzFk09Z3fZf+S1n7VOaw6Fwfl+kk+RIFski1SIQ45InVyRhqkSTh5IE/khbxa99aj9WyNP6NTVv5mg/yA9fYBgyigXw==</latexit>

! i (" , k! ) = ! i
0(k! )J0(k" )

<latexit sha1_base64="TIWqhn9P1RwpT0Y2Cb92nx7i+4Y="></latexit>

! !
1
"

! ! (" 2#) = " ! i ! i #

! ! (" ! ! #i ) = " ! k ! k #i
, Appropriate for high-

momentum modes

H. Fujii, K. Fukushima, Y. Hidaka; PRC, 2008

PGR and T. Lappi; PRD, 2021

➡ Transverse components emerge           

“Flux tube” picture starts breaking 
down, but it’s approximately valid 
while the CGC is applicable

<latexit sha1_base64="cNLDQTyZF9ukcwrsI1invUlID3A=">AAACCHicbZC7TsMwFIadcivl0gAji0WFxFQSxG2sYGFsJXqRmihy3JPGqp1EtoOoqr4Ar8AKOxti5S1YeRLckgEK//T5/P+Rj/4w40xpx/mwSkvLK6tr5fXKxubWdtXe2e2oNJcU2jTlqeyFRAFnCbQ10xx6mQQiQg7dcHQ987t3IBVLk1s9zsAXZJiwiFGizSiwq54mOfYUE9g9bgUqsGtO3ZkL/wW3gBoq1AzsT2+Q0lxAoiknSvVdJ9P+hEjNKIdpxcsVZISOyBD6BhMiQPmT+eFTfBilEusY8Pz9MzshQqmxCE1GEB2rRW82/NcbSpLFjN4v/KyjS3/CkizXkFCzaLwo51ineNYKHjAJVPOxAUIlM7djGhNJqDbdVUwp7mIFf6FzUnfP62et01rjqqinjPbRATpCLrpADXSDmqiNKMrRI3pCz9aD9WK9Wm/f0ZJV7OyhX7LevwA5mZk/</latexit>

! ! 1/Q s
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➡ This solution effectively resums the UV divergencies present in the power series in       (see                                                                        )

5

,
<latexit sha1_base64="o1Xv9OSu205a0LYaTYaUYFubSRg="></latexit>

! (" , k! ) =
"
k

E !
0 (k! )J1(k" )

<latexit sha1_base64="aXKLBYZdkBXvQTdjBmtvdQ6LGnA="></latexit>

! i (" , k! ) = ! i
#ij kj

k2 B !
0 (k! )J0(k" )

➡  (Where                                                                                   ,                                                                                 ) 
<latexit sha1_base64="1nNDEcX63T2IJYkP/wogb1VuxIc="></latexit>

B ! (! = 0 + , x! ) = ! ig" ij [# i
1(x! ), #j

2(x! )]
<latexit sha1_base64="Cpall9qVyVmulqyyXQ0e3Wqm6zk="></latexit>

E ! (! = 0 + , x! ) = ! ig" ij [# i
1(x! ), #j

2(x! )]

➡ Boundary conditions obtained by matching to               solution (                                                             ):
<latexit sha1_base64="Nr5C6iLZDMPhUiKnyGUclxNbtq0=">AAAB6XicbZDLSgNBEEVr4ivGV9Slm8EgCEKYEVE3QtCNywjmAckYejo1SZOeB901QhjyEboSdefv+AP+jZ04C028q9N1b0Pd8hMpNDnOl1VYWl5ZXSuulzY2t7Z3yrt7TR2nimODxzJWbZ9plCLCBgmS2E4UstCX2PJHN1O/9YhKizi6p3GCXsgGkQgEZ2RG7S6x9Mp5OOmVK07VmcleBDeHCuSq98qf3X7M0xAj4pJp3XGdhLyMKRJc4qTUTTUmjI/YADsGIxai9rLZvhP7KIiVTUO0Z+/f2YyFWo9D32RCRkM9702H/3mdlIJLLxNRkhJG3ESMF6TSptie1rb7QiEnOTbAuBJmS5sPmWKczHFKpr47X3YRmqdV97zq3p1Vatf5IYpwAIdwDC5cQA1uoQ4N4CDhGd7g3RpZT9aL9foTLVj5n334I+vjGxvajQE=</latexit>

! = 0 + <latexit sha1_base64="Xvc9CJaNy7u1en2AL4YQjeZ28RM="></latexit>

E ! (! = 0 + , x! ), B ! (! = 0 + , x! )

➡ Chromo-electric and chromo-magnetic fields at            :
<latexit sha1_base64="iKY0PRDiBqudqLXTTbBpemlruOU=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV2FGRF1J0I3LCOYByRB6OjVJm54H3TVCCPkGXYm683/8Af/GTpyFJt7V6bq3oW4FqZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNk2RaYF0kKtGtgBtUMsY6SVLYSjXyKFDYDIY3U7/5iNrIJL6nUYp+xPuxDKXgZEeNDvHsyu2Wym7FnYktgpdDGXLVuqXPTi8RWYQxCcWNaXtuSv6Ya5JC4aTYyQymXAx5H9sWYx6h8cezbSfsOEw0owGy2ft3dswjY0ZRYDMRp4GZ96bD/7x2RuGlP5ZxmhHGwkasF2aKUcKmpVlPahSkRha40NJuycSAay7InqZo63vzZRehcVrxzivu3Vm5ep0fogCHcAQn4MEFVOEWalAHAQ/wDG/w7kjnyXlxXn+iS07+5wD+yPn4BgI0jGQ=</latexit>

! > 0

<latexit sha1_base64="mxQuS/s8bwASkQevaaqkMO8vXbU="></latexit>

E ! (! , k! ) = E !
0 (k! )J0(k! )

E i (! , k! ) = ! i "ij kj

k
B !

0 (k! )J1(k! )

B ! (! , k! ) = B !
0 (k! )J0(k! )

B i (! , k! ) = ! i "ij kj

k
E !

0 (k! )J1(k! )

➡ Transverse components emerge           

“Flux tube” picture starts breaking 
down, but it’s approximately valid 
while the CGC is applicable

<latexit sha1_base64="cNLDQTyZF9ukcwrsI1invUlID3A=">AAACCHicbZC7TsMwFIadcivl0gAji0WFxFQSxG2sYGFsJXqRmihy3JPGqp1EtoOoqr4Ar8AKOxti5S1YeRLckgEK//T5/P+Rj/4w40xpx/mwSkvLK6tr5fXKxubWdtXe2e2oNJcU2jTlqeyFRAFnCbQ10xx6mQQiQg7dcHQ987t3IBVLk1s9zsAXZJiwiFGizSiwq54mOfYUE9g9bgUqsGtO3ZkL/wW3gBoq1AzsT2+Q0lxAoiknSvVdJ9P+hEjNKIdpxcsVZISOyBD6BhMiQPmT+eFTfBilEusY8Pz9MzshQqmxCE1GEB2rRW82/NcbSpLFjN4v/KyjS3/CkizXkFCzaLwo51ineNYKHjAJVPOxAUIlM7djGhNJqDbdVUwp7mIFf6FzUnfP62et01rjqqinjPbRATpCLrpADXSDmqiNKMrRI3pCz9aD9WK9Wm/f0ZJV7OyhX7LevwA5mZk/</latexit>

! ! 1/Q s

Non-Linear Initial Conditions, Linear Evolution

➡ Free plane wave solution of linearized Yang-Mills equations in momentum space:

<latexit sha1_base64="8uz4sl2pD11l7eN1AyweJUrvK1M=">AAACKHicbVDLSsNAFJ34tr6qLt0MFqUFKYmIuhFEEcRVBatCU8JketMOnTyYuRFKyA/pr7jQlag7v8Rp7KJaz2bOnHMu3Hv8RAqNtv1uTU3PzM7NLyyWlpZXVtfK6xu3Ok4VhyaPZazufaZBigiaKFDCfaKAhb6EO79/PvTvHkBpEUc3OEigHbJuJALBGRrJK1+4PiCrusjSvb6XuQmoJK/R3ZNC9+zqmOgGivFsn155TrU/nKjlWfHmXrli1+0CdJI4I1IhIzS88rPbiXkaQoRcMq1bjp1gO2MKBZeQl9xUQ8J4n3WhZWjEQtDtrDg3pztBrCj2gBb/8WzGQq0HoW8yIcOe/usNxf+8VorBcTsTUZIiRNxEjBekkmJMh63RjlDAUQ4MYVwJsyXlPWbqQNNtyZzv/D12ktzu153DunN9UDk9GxWxQLbINqkShxyRU3JJGqRJOHkir+SDfFqP1ov1Zr3/RKes0cwm+QXr6xvEEqW/</latexit>

! (" , k! ) = ! 0(k! )
2J1(k" )

k"

<latexit sha1_base64="i4CTrhR27nDLlraZZgWvHLJZBvM=">AAACG3icbVBLSwMxGMz6rPVV9eglWJQKUnZFtBeh6EU8VbCt0K1LNn61odkHybdCWfpT9M/oSao3D/4bs3XB55zmm5lAZvxYCo22/W5NTc/Mzs0XFoqLS8srq6W19ZaOEsWhySMZqSufaZAihCYKlHAVK2CBL6HtD04zv30HSosovMRhDN2A3YaiJzhDI3mlmusDsmtRcZElewMvdWNQ8WiX7hznjmdXvuTz7Mqiu16pbFftCehf4uSkTHI0vNLYvYl4EkCIXDKtO44dYzdlCgWXMCq6iYaY8QG7hY6hIQtAd9NJwxHd7kWKYh/o5P6eTVmg9TDwTSZg2Ne/vUz8z+sk2Kt1UxHGCULITcR4vURSjGg2FL0RCjjKoSGMK2F+SXmfKcbRzFk09Z3fZf+S1n7VOaw6Fwfl+kk+RIFski1SIQ45InVyRhqkSTh5IE/khbxa99aj9WyNP6NTVv5mg/yA9fYBgyigXw==</latexit>

! i (" , k! ) = ! i
0(k! )J0(k" )

<latexit sha1_base64="TIWqhn9P1RwpT0Y2Cb92nx7i+4Y="></latexit>

! !
1
"

! ! (" 2#) = " ! i ! i #

! ! (" ! ! #i ) = " ! k ! k #i
, Appropriate for high-

momentum modes

H. Fujii, K. Fukushima, Y. Hidaka; PRC, 2008

PGR and T. Lappi; PRD, 2021

<latexit sha1_base64="yBTEdyg9M65/UjpRLJLuJYr1QSc=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm2ARXJVEvC2LblxWsBdoQ5lMT9qhkwszJ0IJfQRdibrzhXwB38ZJzUJb/9U35/8Hzn/8RApNjvNllVZW19Y3ypuVre2d3b3q/kFbx6ni2OKxjFXXZxqliLBFgiR2E4Us9CV2/Mlt7nceUWkRRw80TdAL2SgSgeCM8lGfWDqo1py6M5e9DG4BNSjUHFQ/+8OYpyFGxCXTuuc6CXkZUyS4xFmln2pMGJ+wEfYMRixE7WXzXWf2SRArm8Zoz9+/sxkLtZ6GvsmEjMZ60cuH/3m9lIJrLxNRkhJG3ESMF6TSptjOK9tDoZCTnBpgXAmzpc3HTDFO5jAVU99dLLsM7bO6e1m/uD+vNW6KQ5ThCI7hFFy4ggbcQRNawGEMz/AG79bIerJerNefaMkq/hzCH1kf3xJHi+c=</latexit>! H. Fujii, K. Fukushima, Y. Hidaka; PRC, 2008
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➡ We start from the following Vlasov-type equation:


➡ Based on the following approximations:       1    Collision-less (low concentration of hard probes in the Glasma)


➡                       2    Mean field (      dominated by ensemble-averaged field)

• How do quarks move through the Glasma? Let Q (t, r, p)  be the quark distribution function
<latexit sha1_base64="L9oiUe4NF8PWvDHAR8sZz+sOfFk=">AAAB+3icbZDLSsNAFIZP6q3WW9SN4GawCBWkJOKly4Ibly3YC7ShTKaTdugkE2YmQgnxZXQl6s638AV8G6c1glbP6pvz/wPn//2YM6Ud58MqLC2vrK4V10sbm1vbO/buXluJRBLaIoIL2fWxopxFtKWZ5rQbS4pDn9OOP7me6Z07KhUT0a2extQL8ShiASNYm9XAPmhW9Gna9wUfIpl9U5ydDOyyU3Xmg/6Cm0MZ8mkM7Pf+UJAkpJEmHCvVc51YeymWmhFOs1I/UTTGZIJHtGcwwiFVXjpPkKHjQEikxxTN3z+9KQ6Vmoa+8YRYj9WiNlv+p/USHdS8lEVxomlEjMVoQcKRFmhWBBoySYnmUwOYSGauRGSMJSba1FUy8d3FsH+hfVZ1L6sXzfNyvZYXUYRDOIIKuHAFdbiBBrSAwD08wgu8Wpn1YD1Zz1/WgpX/2YdfY719AvnWk6o=</latexit>

Q(t, r , p)

6

M. E. Carrington, A. Czajka, S. Mrowczynski; PRC, 2022

Stanislaw Mrowczynski; Eur. Phys. Journal A, 2018

Fokker-Planck Equation

<latexit sha1_base64="uNRi5deQKSdZgq5SPIgx5Wxw1Hs=">AAAB73icbZDLTsJAFIZP8YZ4Q126mUhMXJHWeFsSdeESE7kktJLpcAoTphdmpiSk4Tl0ZdSd7+IL+DYO2IWi/+qb8/+TnP/4ieBK2/anVVhaXlldK66XNja3tnfKu3tNFaeSYYPFIpZtnyoUPMKG5lpgO5FIQ19gyx9ez/zWGKXicXSvJwl6Ie1HPOCMajN6cHGU8nHmMirIzbRbrthVey7yF5wcKpCr3i1/uL2YpSFGmgmqVMexE+1lVGrOBE5LbqowoWxI+9gxGNEQlZfNt56SoyCWRA+QzN8/sxkNlZqEvsmEVA/Uojcb/ud1Uh1cehmPklRjxEzEeEEqiI7JrDzpcYlMi4kByiQ3WxI2oJIybU5UMvWdxbJ/oXlSdc6rZ3enldpVfogiHMAhHIMDF1CDW6hDAxhIeIJXeLNG1qP1bL18RwtW/mcffsl6/wJK+5AT</latexit>

! D

<latexit sha1_base64="jtV+pa2aMmNmexUbU+F6fukvam8=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhMXJEZ44MliRuXaERIYEJ6mhro0PNId40JIXyBroy684/8Af/GBmeh4F2drns7qVtBqqQh1/1yCiura+sbxc3S1vbO7l55/+DBJJkW2BSJSnQ74AaVjLFJkhS2U408ChS2gtH1zG89ojYyie9pnKIf8UEsQyk42dFdd9orV9yqOxdbBi+HCuRq9Mqf3X4isghjEoob0/HclPwJ1ySFwmmpmxlMuRjxAXYsxjxC40/mm07ZSZhoRkNk8/fv7IRHxoyjwGYiTkOz6M2G/3mdjMKaP5FxmhHGwkasF2aKUcJmhVlfahSkxha40NJuycSQay7InqVk63uLZZfh4azqXVYvbs8r9Vp+iCIcwTGcggdXUIcbaEATBITwDG/w7qDz5Lw4rz/RgpP/OYQ/cj6+AZF+ivw=</latexit>

}

“Material derivative”

<latexit sha1_base64="3Sh3J5iot5YAAX9zdmovJjAHSlc="></latexit>!
! t + v á!

"
Q(t, r , p) "

1
2

{ F(t, r ), ! pQ(t, r , p)} = 0

<latexit sha1_base64="D+nVXS0dlB04WJWjV4ikt/V5skM=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjPio8uCIC4r2Ie0Q8mkd9rQZDIkGaEM8wNu3eo/uBO3/oW/4FeY1lnY1rM6955zw8kJYs60cd0vp7Cyura+UdwsbW3v7O6V9w9aWiaKQpNKLlUnIBo4i6BpmOHQiRUQEXBoB+Prqd5+BKWZjO7NJAZfkGHEQkaJsauHtBdIPsA3Wb9ccavuDHiZeDmpoByNfvm7N5A0ERAZyonWXc+NjZ8SZRjlkJV6iYaY0DEZQtfSiAjQfjoLnOGTUCpsRoBn819vSoTWExFYjyBmpBe16fI/rZuYsOanLIoTAxG1FquFCcdG4um/8YApoIZPLCFUMZsS0xFRhBrbztxLgoxBSSlsWhJR4FnJluMtVrFMWmdV77J6cXdeqdfymoroCB2jU+ShK1RHt6iBmogigZ7RC3p1npw35935+LUWnPzmEM3B+fwB1RyaaA==</latexit>

F

<latexit sha1_base64="L9oiUe4NF8PWvDHAR8sZz+sOfFk=">AAAB+3icbZDLSsNAFIZP6q3WW9SN4GawCBWkJOKly4Ibly3YC7ShTKaTdugkE2YmQgnxZXQl6s638AV8G6c1glbP6pvz/wPn//2YM6Ud58MqLC2vrK4V10sbm1vbO/buXluJRBLaIoIL2fWxopxFtKWZ5rQbS4pDn9OOP7me6Z07KhUT0a2extQL8ShiASNYm9XAPmhW9Gna9wUfIpl9U5ydDOyyU3Xmg/6Cm0MZ8mkM7Pf+UJAkpJEmHCvVc51YeymWmhFOs1I/UTTGZIJHtGcwwiFVXjpPkKHjQEikxxTN3z+9KQ6Vmoa+8YRYj9WiNlv+p/USHdS8lEVxomlEjMVoQcKRFmhWBBoySYnmUwOYSGauRGSMJSba1FUy8d3FsH+hfVZ1L6sXzfNyvZYXUYRDOIIKuHAFdbiBBrSAwD08wgu8Wpn1YD1Zz1/WgpX/2YdfY719AvnWk6o=</latexit>

Q(t, r , p)
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➡ We assume the following decomposition:

<latexit sha1_base64="jtV+pa2aMmNmexUbU+F6fukvam8=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhMXJEZ44MliRuXaERIYEJ6mhro0PNId40JIXyBroy684/8Af/GBmeh4F2drns7qVtBqqQh1/1yCiura+sbxc3S1vbO7l55/+DBJJkW2BSJSnQ74AaVjLFJkhS2U408ChS2gtH1zG89ojYyie9pnKIf8UEsQyk42dFdd9orV9yqOxdbBi+HCuRq9Mqf3X4isghjEoob0/HclPwJ1ySFwmmpmxlMuRjxAXYsxjxC40/mm07ZSZhoRkNk8/fv7IRHxoyjwGYiTkOz6M2G/3mdjMKaP5FxmhHGwkasF2aKUcJmhVlfahSkxha40NJuycSQay7InqVk63uLZZfh4azqXVYvbs8r9Vp+iCIcwTGcggdXUIcbaEATBITwDG/w7qDz5Lw4rz/RgpP/OYQ/cj6+AZF+ivw=</latexit>

}

<latexit sha1_base64="jtV+pa2aMmNmexUbU+F6fukvam8=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhMXJEZ44MliRuXaERIYEJ6mhro0PNId40JIXyBroy684/8Af/GBmeh4F2drns7qVtBqqQh1/1yCiura+sbxc3S1vbO7l55/+DBJJkW2BSJSnQ74AaVjLFJkhS2U408ChS2gtH1zG89ojYyie9pnKIf8UEsQyk42dFdd9orV9yqOxdbBi+HCuRq9Mqf3X4isghjEoob0/HclPwJ1ySFwmmpmxlMuRjxAXYsxjxC40/mm07ZSZhoRkNk8/fv7IRHxoyjwGYiTkOz6M2G/3mdjMKaP5FxmhHGwkasF2aKUcJmhVlfahSkxha40NJuycSQay7InqVk63uLZZfh4azqXVYvbs8r9Vp+iCIcwTGcggdXUIcbaEATBITwDG/w7qDz5Lw4rz/RgpP/OYQ/cj6+AZF+ivw=</latexit>

}

“Regular”    and   “Turbulent”  components  

6

<latexit sha1_base64="CfEniHFcVe04yVh9VOflkO84fG8="></latexit>

Q(t, r , p) = !Q(t, r , p)" + ! Q(t, r , p) # n(t, r , p) + ! Q(t, r , p)

Fokker-Planck Equation

• How do quarks move through the Glasma? Let Q (t, r, p)  be the quark distribution function
<latexit sha1_base64="L9oiUe4NF8PWvDHAR8sZz+sOfFk=">AAAB+3icbZDLSsNAFIZP6q3WW9SN4GawCBWkJOKly4Ibly3YC7ShTKaTdugkE2YmQgnxZXQl6s638AV8G6c1glbP6pvz/wPn//2YM6Ud58MqLC2vrK4V10sbm1vbO/buXluJRBLaIoIL2fWxopxFtKWZ5rQbS4pDn9OOP7me6Z07KhUT0a2extQL8ShiASNYm9XAPmhW9Gna9wUfIpl9U5ydDOyyU3Xmg/6Cm0MZ8mkM7Pf+UJAkpJEmHCvVc51YeymWmhFOs1I/UTTGZIJHtGcwwiFVXjpPkKHjQEikxxTN3z+9KQ6Vmoa+8YRYj9WiNlv+p/USHdS8lEVxomlEjMVoQcKRFmhWBBoySYnmUwOYSGauRGSMJSba1FUy8d3FsH+hfVZ1L6sXzfNyvZYXUYRDOIIKuHAFdbiBBrSAwD08wgu8Wpn1YD1Zz1/WgpX/2YdfY719AvnWk6o=</latexit>

Q(t, r , p)

➡ We start from the following Vlasov-type equation:


➡ Based on the following approximations:       1    Collision-less (low concentration of hard probes in the Glasma)


➡                       2    Mean field (      dominated by ensemble-averaged field)

<latexit sha1_base64="uNRi5deQKSdZgq5SPIgx5Wxw1Hs=">AAAB73icbZDLTsJAFIZP8YZ4Q126mUhMXJHWeFsSdeESE7kktJLpcAoTphdmpiSk4Tl0ZdSd7+IL+DYO2IWi/+qb8/+TnP/4ieBK2/anVVhaXlldK66XNja3tnfKu3tNFaeSYYPFIpZtnyoUPMKG5lpgO5FIQ19gyx9ez/zWGKXicXSvJwl6Ie1HPOCMajN6cHGU8nHmMirIzbRbrthVey7yF5wcKpCr3i1/uL2YpSFGmgmqVMexE+1lVGrOBE5LbqowoWxI+9gxGNEQlZfNt56SoyCWRA+QzN8/sxkNlZqEvsmEVA/Uojcb/ud1Uh1cehmPklRjxEzEeEEqiI7JrDzpcYlMi4kByiQ3WxI2oJIybU5UMvWdxbJ/oXlSdc6rZ3enldpVfogiHMAhHIMDF1CDW6hDAxhIeIJXeLNG1qP1bL18RwtW/mcffsl6/wJK+5AT</latexit>

! D

<latexit sha1_base64="jtV+pa2aMmNmexUbU+F6fukvam8=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhMXJEZ44MliRuXaERIYEJ6mhro0PNId40JIXyBroy684/8Af/GBmeh4F2drns7qVtBqqQh1/1yCiura+sbxc3S1vbO7l55/+DBJJkW2BSJSnQ74AaVjLFJkhS2U408ChS2gtH1zG89ojYyie9pnKIf8UEsQyk42dFdd9orV9yqOxdbBi+HCuRq9Mqf3X4isghjEoob0/HclPwJ1ySFwmmpmxlMuRjxAXYsxjxC40/mm07ZSZhoRkNk8/fv7IRHxoyjwGYiTkOz6M2G/3mdjMKaP5FxmhHGwkasF2aKUcJmhVlfahSkxha40NJuycSQay7InqVk63uLZZfh4azqXVYvbs8r9Vp+iCIcwTGcggdXUIcbaEATBITwDG/w7qDz5Lw4rz/RgpP/OYQ/cj6+AZF+ivw=</latexit>

}

“Material derivative”

<latexit sha1_base64="3Sh3J5iot5YAAX9zdmovJjAHSlc="></latexit>!
! t + v á!

"
Q(t, r , p) "

1
2

{ F(t, r ), ! pQ(t, r , p)} = 0

<latexit sha1_base64="D+nVXS0dlB04WJWjV4ikt/V5skM=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjPio8uCIC4r2Ie0Q8mkd9rQZDIkGaEM8wNu3eo/uBO3/oW/4FeY1lnY1rM6955zw8kJYs60cd0vp7Cyura+UdwsbW3v7O6V9w9aWiaKQpNKLlUnIBo4i6BpmOHQiRUQEXBoB+Prqd5+BKWZjO7NJAZfkGHEQkaJsauHtBdIPsA3Wb9ccavuDHiZeDmpoByNfvm7N5A0ERAZyonWXc+NjZ8SZRjlkJV6iYaY0DEZQtfSiAjQfjoLnOGTUCpsRoBn819vSoTWExFYjyBmpBe16fI/rZuYsOanLIoTAxG1FquFCcdG4um/8YApoIZPLCFUMZsS0xFRhBrbztxLgoxBSSlsWhJR4FnJluMtVrFMWmdV77J6cXdeqdfymoroCB2jU+ShK1RHt6iBmogigZ7RC3p1npw35935+LUWnPzmEM3B+fwB1RyaaA==</latexit>

F
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➡ By substituting, taking the ensemble average and tracing over color indices one arrives at a Fokker-Planck transport 
equation:


➡ Where the collision terms are defined as:


➡ With  is defined as the temperature of an equilibrated plasma with the same energy density as the medium, 

➡                    is the velocity of the probe, and                                                            is the Lorentz force generated 


➡ by the mean color fields.
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Fokker-Planck Equation

• How do quarks move through the Glasma? Let Q (t, r, p)  be the quark distribution function
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v = p/E p

➡ We assume the following decomposition:
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➡ We start from the following Vlasov-type equation:


➡ Based on the following approximations:       1    Collision-less (low concentration of hard probes in the Glasma)


➡                       2    Mean field (      dominated by ensemble-averaged field)
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➡ By substituting, taking the ensemble average and tracing over color indices one arrives at a Fokker-Planck transport 
equation:


➡ Where the collision terms are defined as:


➡ With  is defined as the temperature of an equilibrated plasma with the same energy density as the medium, 

➡                    is the velocity of the probe, and                                                            is the Lorentz force generated 


➡ by the mean color fields.
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• How do quarks move through the Glasma? Let Q (t, r, p)  be the quark distribution function
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}

“Regular”    and   “Turbulent”  components  

<latexit sha1_base64="CfEniHFcVe04yVh9VOflkO84fG8="></latexit>

Q(t, r , p) = !Q(t, r , p)" + ! Q(t, r , p) # n(t, r , p) + ! Q(t, r , p)

➡ We start from the following Vlasov-type equation:


➡ Based on the following approximations:       1    Collision-less (low concentration of hard probes in the Glasma)


➡                       2    Mean field (      dominated by ensemble-averaged field)

<latexit sha1_base64="uNRi5deQKSdZgq5SPIgx5Wxw1Hs=">AAAB73icbZDLTsJAFIZP8YZ4Q126mUhMXJHWeFsSdeESE7kktJLpcAoTphdmpiSk4Tl0ZdSd7+IL+DYO2IWi/+qb8/+TnP/4ieBK2/anVVhaXlldK66XNja3tnfKu3tNFaeSYYPFIpZtnyoUPMKG5lpgO5FIQ19gyx9ez/zWGKXicXSvJwl6Ie1HPOCMajN6cHGU8nHmMirIzbRbrthVey7yF5wcKpCr3i1/uL2YpSFGmgmqVMexE+1lVGrOBE5LbqowoWxI+9gxGNEQlZfNt56SoyCWRA+QzN8/sxkNlZqEvsmEVA/Uojcb/ud1Uh1cehmPklRjxEzEeEEqiI7JrDzpcYlMi4kByiQ3WxI2oJIybU5UMvWdxbJ/oXlSdc6rZ3enldpVfogiHMAhHIMDF1CDW6hDAxhIeIJXeLNG1qP1bL18RwtW/mcffsl6/wJK+5AT</latexit>

! D

<latexit sha1_base64="jtV+pa2aMmNmexUbU+F6fukvam8=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhMXJEZ44MliRuXaERIYEJ6mhro0PNId40JIXyBroy684/8Af/GBmeh4F2drns7qVtBqqQh1/1yCiura+sbxc3S1vbO7l55/+DBJJkW2BSJSnQ74AaVjLFJkhS2U408ChS2gtH1zG89ojYyie9pnKIf8UEsQyk42dFdd9orV9yqOxdbBi+HCuRq9Mqf3X4isghjEoob0/HclPwJ1ySFwmmpmxlMuRjxAXYsxjxC40/mm07ZSZhoRkNk8/fv7IRHxoyjwGYiTkOz6M2G/3mdjMKaP5FxmhHGwkasF2aKUcJmhVlfahSkxha40NJuycSQay7InqVk63uLZZfh4azqXVYvbs8r9Vp+iCIcwTGcggdXUIcbaEATBITwDG/w7qDz5Lw4rz/RgpP/OYQ/cj6+AZF+ivw=</latexit>

}

“Material derivative”

<latexit sha1_base64="3Sh3J5iot5YAAX9zdmovJjAHSlc="></latexit>!
! t + v á!

"
Q(t, r , p) "

1
2

{ F(t, r ), ! pQ(t, r , p)} = 0

<latexit sha1_base64="D+nVXS0dlB04WJWjV4ikt/V5skM=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjPio8uCIC4r2Ie0Q8mkd9rQZDIkGaEM8wNu3eo/uBO3/oW/4FeY1lnY1rM6955zw8kJYs60cd0vp7Cyura+UdwsbW3v7O6V9w9aWiaKQpNKLlUnIBo4i6BpmOHQiRUQEXBoB+Prqd5+BKWZjO7NJAZfkGHEQkaJsauHtBdIPsA3Wb9ccavuDHiZeDmpoByNfvm7N5A0ERAZyonWXc+NjZ8SZRjlkJV6iYaY0DEZQtfSiAjQfjoLnOGTUCpsRoBn819vSoTWExFYjyBmpBe16fI/rZuYsOanLIoTAxG1FquFCcdG4um/8YApoIZPLCFUMZsS0xFRhBrbztxLgoxBSSlsWhJR4FnJluMtVrFMWmdV77J6cXdeqdfymoroCB2jU+ShK1RHt6iBmogigZ7RC3p1npw35935+LUWnPzmEM3B+fwB1RyaaA==</latexit>

F

<latexit sha1_base64="L9oiUe4NF8PWvDHAR8sZz+sOfFk=">AAAB+3icbZDLSsNAFIZP6q3WW9SN4GawCBWkJOKly4Ibly3YC7ShTKaTdugkE2YmQgnxZXQl6s638AV8G6c1glbP6pvz/wPn//2YM6Ud58MqLC2vrK4V10sbm1vbO/buXluJRBLaIoIL2fWxopxFtKWZ5rQbS4pDn9OOP7me6Z07KhUT0a2extQL8ShiASNYm9XAPmhW9Gna9wUfIpl9U5ydDOyyU3Xmg/6Cm0MZ8mkM7Pf+UJAkpJEmHCvVc51YeymWmhFOs1I/UTTGZIJHtGcwwiFVXjpPkKHjQEikxxTN3z+9KQ6Vmoa+8YRYj9WiNlv+p/USHdS8lEVxomlEjMVoQcKRFmhWBBoySYnmUwOYSGauRGSMJSba1FUy8d3FsH+hfVZ1L6sXzfNyvZYXUYRDOIIKuHAFdbiBBrSAwD08wgu8Wpn1YD1Zz1/WgpX/2YdfY719AvnWk6o=</latexit>

Q(t, r , p)

M. E. Carrington, A. Czajka, S. Mrowczynski; PRC, 2022

Stanislaw Mrowczynski; Eur. Phys. Journal A, 2018

<latexit sha1_base64="FWfwqHX05Gy1eIt96ZH0hbrV2is="></latexit>X

<latexit sha1_base64="FWfwqHX05Gy1eIt96ZH0hbrV2is="></latexit>

X

<latexit sha1_base64="FWfwqHX05Gy1eIt96ZH0hbrV2is="></latexit>

X

<latexit sha1_base64="FWfwqHX05Gy1eIt96ZH0hbrV2is="></latexit>

X

<latexit sha1_base64="FWfwqHX05Gy1eIt96ZH0hbrV2is="></latexit>

X

<latexit sha1_base64="FWfwqHX05Gy1eIt96ZH0hbrV2is="></latexit>

X

<latexit sha1_base64="LlC3ruW2q+/rH2N6XE3wd/w7bx4=">AAAB+3icbZDLSsNAFIYn9VbrLepGcDNYhApSEvHSZcGNywr2Am0ok+lJO3QyCTMToYT4MroSdedb+AK+jdMaQVvP6pvz/wPn//2YM6Ud59MqLC2vrK4V10sbm1vbO/buXktFiaTQpBGPZMcnCjgT0NRMc+jEEkjoc2j74+up3r4HqVgk7vQkBi8kQ8ECRok2q759ICr6NO35ER9gmf1QnJ307bJTdWaDF8HNoYzyafTtj94gokkIQlNOlOq6Tqy9lEjNKIes1EsUxISOyRC6BgUJQXnpLEGGj4NIYj0CPHv/9qYkVGoS+sYTEj1S89p0+Z/WTXRQ81Im4kSDoMZitCDhWEd4WgQeMAlU84kBQiUzV2I6IpJQbeoqmfjufNhFaJ1V3cvqxe15uV7LiyiiQ3SEKshFV6iOblADNRFFD+gJvaI3K7MerWfr5dtasPI/++jPWO9fJ8aTxw==</latexit>

n(t, r , p)

➡ Transport coefficients:
<latexit sha1_base64="fzAOwkWSpbiircA8PwbBnKXHun4="></latexit>

dE
dx

= !
v
T

v!"

v2 X !" (v ) ,
<latexit sha1_base64="AcWdehY+GFzBVh+ype4l1dqy/3c="></latexit>

öq =
2
v

!
! !" !

v! v"

v2

"
X !" (v )

<latexit sha1_base64="5xYJNKPLlP8nxQbERcqj+No6iDY=">AAACIHicbZBLSwMxFIUzvq2vqks3wSK4scyIr40g6sKlgvVBp5Y78U4bmnmQ3BHK0D+jf0ZBEHWlv8a0DuLrrk7ud0JyTpAqach135yh4ZHRsfGJydLU9MzsXHl+4cwkmRZYE4lK9EUABpWMsUaSFF6kGiEKFJ4HnYM+P79BbWQSn1I3xUYErViGUgDZVbO864caRO4riFsKuX+IioCnV7kPKm1Dz9cD0MsLQr3dtcsv2ixX3Ko7GP5XeIWosGKOm+VH/zoRWYQxCQXG1D03pUYOmqSwr5T8zGAKogMtrFsZQ4SmkQ9i9vhKmGhObeSD83dvDpEx3SiwngiobX6z/vI/Vs8o3GnkMk4zwlhYi2VhpjglvN8Wv5YaBamuFSC0tL/kog22MbKdlmx873fYv+JsveptVTdPNip7+0URE2yJLbNV5rFttseO2DGrMcHu2AN7Ya/OrXPvPDnPn9Yhp7izyH6M8/4BRZ2kOw==</latexit>

! ! p! "
! t

= # Y ! ,
<latexit sha1_base64="RstqrBx03aXvfQGr4GGDFpEbvGI="></latexit>

1
2

! ! p! ! p" "
! t

= X !"
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➡ Substituting the chromodynamic fields, one obtains (                                                                                          ):M. E. Carrington, A. Czajka, S. Mrowczynski; PRC, 2022

<latexit sha1_base64="N7yjhL2elNp/sjkaIq3GFGeH9RQ="></latexit>

X !" (v ) =
g2

2Nc

! t

0
dt!" !E !

a (t, x)E "
a (t " t ! , y )#+ ! "## !

v# !E !
a (t, x)B #!

a (t " t ! , y )#

+ ! !## !
v# !B #!

a (t, x)E "
a (t " t ! , y )#+ ! !## !

! "$$ !
v# v$!B #!

a (t, x)B $!

a (t " t ! , y )#
#

With e.g.                                                                                                                                 and
<latexit sha1_base64="7Ztecq5AEld0tE/wFcQJuL+q3c4=">AAACAnicbZC7TsMwFIadcivlFmBkwKJCsFAliEsXpEosjEWiF6mNKsc9aa06F9lORRRlg5eBCQEbj8AL8Da4JQO0nOnz+X9L5//diDOpLOvLKCwsLi2vFFdLa+sbm1vm9k5ThrGg0KAhD0XbJRI4C6ChmOLQjgQQ3+XQckfXE701BiFZGNypJALHJ4OAeYwSpVc9cz/tuiHv4yS7yuk+O8lpnKmjnlm2KtZ08DzYOZRRPvWe+dnthzT2IVCUEyk7thUpJyVCMcohK3VjCRGhIzKAjsaA+CCddBokw4deKLAaAp6+f3tT4kuZ+K72+EQN5aw2Wf6ndWLlVZ2UBVGsIKDaojUv5liFeNIH7jMBVPFEA6GC6SsxHRJBqNKtlXR8ezbsPDRPK/ZF5fz2rFyr5kUU0R46QMfIRpeohm5QHTUQRY/oGb2hd+PBeDJejNcfa8HI/+yiP2N8fAMTvZch</latexit>

y = x ! v t !

<latexit sha1_base64="L+nFwrXEFn4OeI1pQ3VgVfwwrT0="></latexit>

E ! (! , x! )= ! ig" ij
!

d2k!

(2#)2

!
d2u! [$i

1(u! ), $j
2(u! )]J0(k! )eik ! (x " u) !

➡ We have:                                                                                                                  with      the velocity of the probe


➡ and:                                                                                                          with

<latexit sha1_base64="fzAOwkWSpbiircA8PwbBnKXHun4="></latexit>

dE
dx

= !
v
T

v!"

v2 X !" (v ) ,
<latexit sha1_base64="AcWdehY+GFzBVh+ype4l1dqy/3c="></latexit>

öq =
2
v

!
! !" !

v! v"

v2

"
X !" (v )

<latexit sha1_base64="/p2ikVG6fEw6UAYe0mx2uvok8LA="></latexit>

X !" (v ) !
1

2Nc

! t

0
dt!Tr "F ! (t, x)F " (t # t ! , x # v t!)$

<latexit sha1_base64="hmPxRLuaU3fyCRsUiU2MavnlFlI=">AAAB6nicbZDLTsJAFIZP8YZ4Q126mUhMXJHW4GVJ4sYlJnIx0JDpcAoTZtpmZkpCGl5CV0bd+Ti+gG/jgF0o+K++Of8/yflPkAiujet+OYW19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzauzoMesFsRiQyaxfrrhVdyGyCl4OFcjV6Jc/e4OYpRIjwwTVuuu5ifEzqgxnAmelXqoxoWxMh9i1GFGJ2s8WC8/IWRgrYkZIFu/f2YxKracysBlJzUgve/Phf143NeGNn/EoSQ1GzEasF6aCmJjMe5MBV8iMmFqgTHG7JWEjqigz9jolW99bLrsKrYuqd1W9vK9V6rX8EEU4gVM4Bw+uoQ530IAmMJDwDG/w7gjnyXlxXn+iBSf/cwx/5Hx8A6aEjfA=</latexit>v

<latexit sha1_base64="XNi+MosJ1m90MmkHVWx1Le88PNc="></latexit>

F (t, x) ! g (E(t, x) + v " B (t, x))

Transport Coefficients in the Glasma

<latexit sha1_base64="SfuWNm1KmosrWgYeUQuDCuC9L8Y=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeGFJ4sYlJHJJoCHT4RQmTKfNzNQEG15AV0bd+Ui+gG/jgF0o+K++Of8/yflPkAiujet+OYW19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53HlBpHst7M03Qj+hI8pAzauyo+TgoV9yquxBZBS+HCuRqDMqf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLRWfkLIwVMWMki/fvbEYjradRYDMRNWO97M2H/3m91IQ1P+MySQ1KZiPWC1NBTEzmfcmQK2RGTC1QprjdkrAxVZQZe5WSre8tl12F9kXVu65eNS8r9Vp+iCKcwCmcgwc3UIc7aEALGCA8wxu8O0PnyXlxXn+iBSf/cwx/5Hx8A95zipM=</latexit>z
<latexit sha1_base64="HS8wFXDA9WxAVq7nst9j6iGBkFw=">AAAB6nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeGFJ4sYlJnIx0JDpcAoTZtpmZkpCGl5CV0bd+Ti+gG/jgF0o+K++Of8/yflPkAiujet+OYW19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzauzoMesFsRiQyaxfrrhVdyGyCl4OFcjV6Jc/e4OYpRIjwwTVuuu5ifEzqgxnAmelXqoxoWxMh9i1GFGJ2s8WC8/IWRgrYkZIFu/f2YxKracysBlJzUgve/Phf143NWHNz3iUpAYjZiPWC1NBTEzmvcmAK2RGTC1QprjdkrARVZQZe52Sre8tl12F1kXVu65e3V9W6rX8EEU4gVM4Bw9uoA530IAmMJDwDG/w7gjnyXlxXn+iBSf/cwx/5Hx8A6e4jfQ=</latexit>v

<latexit sha1_base64="C7IIKviwJTE11kmKynRNSIQDDYY=">AAAB4nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJeOmy4MZlC/YCbSiT6Uk7dDIJMxMhhL6ArkTd+Ui+gG/jtGah1X/1zfn/gfOfIBFcG9f9dEpr6xubW+Xtys7u3v5B9fCoq+NUMeywWMSqH1CNgkvsGG4E9hOFNAoE9oLZ7cLvPaDSPJb3JkvQj+hE8pAzauyonY2qNbfuLkX+gldADQq1RtWP4ThmaYTSMEG1HnhuYvycKsOZwHllmGpMKJvRCQ4sShqh9vPlonNyFsaKmCmS5ftnNqeR1lkU2ExEzVSveovhf94gNWHDz7lMUoOS2Yj1wlQQE5NFXzLmCpkRmQXKFLdbEjalijJjr1Kx9b3Vsn+he1H3rutX7ctas1EcogwncArn4MENNOEOWtABBghP8Apvzth5dJ6dl+9oySn+HMMvOe9f3PWKkg==</latexit>y

<latexit sha1_base64="Jz8pRG/dXGysqrAFqsjJiPuQwz4=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeGFJ4sYlJHJJoCHT4RQmTKfNzNRIGl5AV0bd+Ui+gG/jgF0o+K++Of8/yflPkAiujet+OYW19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53HlBpHst7M03Qj+hI8pAzauyo+TgoV9yquxBZBS+HCuRqDMqf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLRWfkLIwVMWMki/fvbEYjradRYDMRNWO97M2H/3m91IQ1P+MySQ1KZiPWC1NBTEzmfcmQK2RGTC1QprjdkrAxVZQZe5WSre8tl12F9kXVu65eNS8r9Vp+iCKcwCmcgwc3UIc7aEALGCA8wxu8O0PnyXlxXn+iBSf/cwx/5Hx8A9t3ipE=</latexit>x

<latexit sha1_base64="6jo+DS7QcWz+N9xV6xNgieVcBWg=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJeOmyIILLCvYibSiT6Uk7dJIJMxOhhL6ErkTd+Ti+gG/jtGahrf/qm/P/A+c/QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRQ9YLpBiQm2m/XHGr7lxkGbwcKpCr0S9/9gaSpRHGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrMaYRaj+bLzwlJ6FUxIyQzN+/sxmNtJ5Egc1E1Iz0ojcb/ud1UxPW/IzHSWowZjZivTAVxEgy600GXCEzYmKBMsXtloSNqKLM2OuUbH1vsewytM6q3mX14u68Uq/lhyjCERzDKXhwBXW4hQY0gUEEz/AG745wnpwX5/UnWnDyP4fwR87HN15pjcM=</latexit>

E
<latexit sha1_base64="6jo+DS7QcWz+N9xV6xNgieVcBWg=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJeOmyIILLCvYibSiT6Uk7dJIJMxOhhL6ErkTd+Ti+gG/jtGahrf/qm/P/A+c/QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRQ9YLpBiQm2m/XHGr7lxkGbwcKpCr0S9/9gaSpRHGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrMaYRaj+bLzwlJ6FUxIyQzN+/sxmNtJ5Egc1E1Iz0ojcb/ud1UxPW/IzHSWowZjZivTAVxEgy600GXCEzYmKBMsXtloSNqKLM2OuUbH1vsewytM6q3mX14u68Uq/lhyjCERzDKXhwBXW4hQY0gUEEz/AG745wnpwX5/UnWnDyP4fwR87HN15pjcM=</latexit>

E

<latexit sha1_base64="6jo+DS7QcWz+N9xV6xNgieVcBWg=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJeOmyIILLCvYibSiT6Uk7dJIJMxOhhL6ErkTd+Ti+gG/jtGahrf/qm/P/A+c/QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRQ9YLpBiQm2m/XHGr7lxkGbwcKpCr0S9/9gaSpRHGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrMaYRaj+bLzwlJ6FUxIyQzN+/sxmNtJ5Egc1E1Iz0ojcb/ud1UxPW/IzHSWowZjZivTAVxEgy600GXCEzYmKBMsXtloSNqKLM2OuUbH1vsewytM6q3mX14u68Uq/lhyjCERzDKXhwBXW4hQY0gUEEz/AG745wnpwX5/UnWnDyP4fwR87HN15pjcM=</latexit>

E
<latexit sha1_base64="6jo+DS7QcWz+N9xV6xNgieVcBWg=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJeOmyIILLCvYibSiT6Uk7dJIJMxOhhL6ErkTd+Ti+gG/jtGahrf/qm/P/A+c/QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRQ9YLpBiQm2m/XHGr7lxkGbwcKpCr0S9/9gaSpRHGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrMaYRaj+bLzwlJ6FUxIyQzN+/sxmNtJ5Egc1E1Iz0ojcb/ud1UxPW/IzHSWowZjZivTAVxEgy600GXCEzYmKBMsXtloSNqKLM2OuUbH1vsewytM6q3mX14u68Uq/lhyjCERzDKXhwBXW4hQY0gUEEz/AG745wnpwX5/UnWnDyP4fwR87HN15pjcM=</latexit>

E

<latexit sha1_base64="6jo+DS7QcWz+N9xV6xNgieVcBWg=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJeOmyIILLCvYibSiT6Uk7dJIJMxOhhL6ErkTd+Ti+gG/jtGahrf/qm/P/A+c/QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRQ9YLpBiQm2m/XHGr7lxkGbwcKpCr0S9/9gaSpRHGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrMaYRaj+bLzwlJ6FUxIyQzN+/sxmNtJ5Egc1E1Iz0ojcb/ud1UxPW/IzHSWowZjZivTAVxEgy600GXCEzYmKBMsXtloSNqKLM2OuUbH1vsewytM6q3mX14u68Uq/lhyjCERzDKXhwBXW4hQY0gUEEz/AG745wnpwX5/UnWnDyP4fwR87HN15pjcM=</latexit>

E

<latexit sha1_base64="b4+jSus8RTXvSC9PBMq6cmQOcrs=">AAAB6nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeGFJdOMSE7kYaMh0OIUJ004zMzUhDS+hK6PufBxfwLdxwC4U/FffnP+f5PwnSATXxnW/nMLK6tr6RnGztLW9s7tX3j9oaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjt6yHqBFANyPe2XK27VnYssg5dDBXI1+uXP3kCyNMLYMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtxjRC7WfzhafkJJSKmBGS+ft3NqOR1pMosJmImpFe9GbD/7xuasKan/E4SQ3GzEasF6aCGElmvcmAK2RGTCxQprjdkrARVZQZe52Sre8tll2G1lnVu6xe3J1X6rX8EEU4gmM4BQ+uoA630IAmMIjgGd7g3RHOk/PivP5EC07+5xD+yPn4BlnsjcA=</latexit>

B

<latexit sha1_base64="b4+jSus8RTXvSC9PBMq6cmQOcrs=">AAAB6nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeGFJdOMSE7kYaMh0OIUJ004zMzUhDS+hK6PufBxfwLdxwC4U/FffnP+f5PwnSATXxnW/nMLK6tr6RnGztLW9s7tX3j9oaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjt6yHqBFANyPe2XK27VnYssg5dDBXI1+uXP3kCyNMLYMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtxjRC7WfzhafkJJSKmBGS+ft3NqOR1pMosJmImpFe9GbD/7xuasKan/E4SQ3GzEasF6aCGElmvcmAK2RGTCxQprjdkrARVZQZe52Sre8tll2G1lnVu6xe3J1X6rX8EEU4gmM4BQ+uoA630IAmMIjgGd7g3RHOk/PivP5EC07+5xD+yPn4BlnsjcA=</latexit>

B

<latexit sha1_base64="b4+jSus8RTXvSC9PBMq6cmQOcrs=">AAAB6nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeGFJdOMSE7kYaMh0OIUJ004zMzUhDS+hK6PufBxfwLdxwC4U/FffnP+f5PwnSATXxnW/nMLK6tr6RnGztLW9s7tX3j9oaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjt6yHqBFANyPe2XK27VnYssg5dDBXI1+uXP3kCyNMLYMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtxjRC7WfzhafkJJSKmBGS+ft3NqOR1pMosJmImpFe9GbD/7xuasKan/E4SQ3GzEasF6aCGElmvcmAK2RGTCxQprjdkrARVZQZe52Sre8tll2G1lnVu6xe3J1X6rX8EEU4gmM4BQ+uoA630IAmMIjgGd7g3RHOk/PivP5EC07+5xD+yPn4BlnsjcA=</latexit>

B

<latexit sha1_base64="b4+jSus8RTXvSC9PBMq6cmQOcrs=">AAAB6nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeGFJdOMSE7kYaMh0OIUJ004zMzUhDS+hK6PufBxfwLdxwC4U/FffnP+f5PwnSATXxnW/nMLK6tr6RnGztLW9s7tX3j9oaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjt6yHqBFANyPe2XK27VnYssg5dDBXI1+uXP3kCyNMLYMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtxjRC7WfzhafkJJSKmBGS+ft3NqOR1pMosJmImpFe9GbD/7xuasKan/E4SQ3GzEasF6aCGElmvcmAK2RGTCxQprjdkrARVZQZe52Sre8tll2G1lnVu6xe3J1X6rX8EEU4gmM4BQ+uoA630IAmMIjgGd7g3RHOk/PivP5EC07+5xD+yPn4BlnsjcA=</latexit>

B
<latexit sha1_base64="b4+jSus8RTXvSC9PBMq6cmQOcrs=">AAAB6nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeGFJdOMSE7kYaMh0OIUJ004zMzUhDS+hK6PufBxfwLdxwC4U/FffnP+f5PwnSATXxnW/nMLK6tr6RnGztLW9s7tX3j9oaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjt6yHqBFANyPe2XK27VnYssg5dDBXI1+uXP3kCyNMLYMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtxjRC7WfzhafkJJSKmBGS+ft3NqOR1pMosJmImpFe9GbD/7xuasKan/E4SQ3GzEasF6aCGElmvcmAK2RGTCxQprjdkrARVZQZe52Sre8tll2G1lnVu6xe3J1X6rX8EEU4gmM4BQ+uoA630IAmMIjgGd7g3RHOk/PivP5EC07+5xD+yPn4BlnsjcA=</latexit>

B
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➡ Substituting the chromodynamic fields, one obtains (                                                                                          ):M. E. Carrington, A. Czajka, S. Mrowczynski; PRC, 2022

<latexit sha1_base64="N7yjhL2elNp/sjkaIq3GFGeH9RQ="></latexit>

X !" (v ) =
g2

2Nc

! t

0
dt!" !E !

a (t, x)E "
a (t " t ! , y )#+ ! "## !

v# !E !
a (t, x)B #!

a (t " t ! , y )#

+ ! !## !
v# !B #!

a (t, x)E "
a (t " t ! , y )#+ ! !## !

! "$$ !
v# v$!B #!

a (t, x)B $!

a (t " t ! , y )#
#

With e.g.                                                                                                                                 and
<latexit sha1_base64="7Ztecq5AEld0tE/wFcQJuL+q3c4=">AAACAnicbZC7TsMwFIadcivlFmBkwKJCsFAliEsXpEosjEWiF6mNKsc9aa06F9lORRRlg5eBCQEbj8AL8Da4JQO0nOnz+X9L5//diDOpLOvLKCwsLi2vFFdLa+sbm1vm9k5ThrGg0KAhD0XbJRI4C6ChmOLQjgQQ3+XQckfXE701BiFZGNypJALHJ4OAeYwSpVc9cz/tuiHv4yS7yuk+O8lpnKmjnlm2KtZ08DzYOZRRPvWe+dnthzT2IVCUEyk7thUpJyVCMcohK3VjCRGhIzKAjsaA+CCddBokw4deKLAaAp6+f3tT4kuZ+K72+EQN5aw2Wf6ndWLlVZ2UBVGsIKDaojUv5liFeNIH7jMBVPFEA6GC6SsxHRJBqNKtlXR8ezbsPDRPK/ZF5fz2rFyr5kUU0R46QMfIRpeohm5QHTUQRY/oGb2hd+PBeDJejNcfa8HI/+yiP2N8fAMTvZch</latexit>

y = x ! v t !

<latexit sha1_base64="L+nFwrXEFn4OeI1pQ3VgVfwwrT0="></latexit>

E ! (! , x! )= ! ig" ij
!

d2k!

(2#)2

!
d2u! [$i

1(u! ), $j
2(u! )]J0(k! )eik ! (x " u) !

<latexit sha1_base64="SfuWNm1KmosrWgYeUQuDCuC9L8Y=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeGFJ4sYlJHJJoCHT4RQmTKfNzNQEG15AV0bd+Ui+gG/jgF0o+K++Of8/yflPkAiujet+OYW19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53HlBpHst7M03Qj+hI8pAzauyo+TgoV9yquxBZBS+HCuRqDMqf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLRWfkLIwVMWMki/fvbEYjradRYDMRNWO97M2H/3m91IQ1P+MySQ1KZiPWC1NBTEzmfcmQK2RGTC1QprjdkrAxVZQZe5WSre8tl12F9kXVu65eNS8r9Vp+iCKcwCmcgwc3UIc7aEALGCA8wxu8O0PnyXlxXn+iBSf/cwx/5Hx8A95zipM=</latexit>z
<latexit sha1_base64="HS8wFXDA9WxAVq7nst9j6iGBkFw=">AAAB6nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeGFJ4sYlJnIx0JDpcAoTZtpmZkpCGl5CV0bd+Ti+gG/jgF0o+K++Of8/yflPkAiujet+OYW19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzauzoMesFsRiQyaxfrrhVdyGyCl4OFcjV6Jc/e4OYpRIjwwTVuuu5ifEzqgxnAmelXqoxoWxMh9i1GFGJ2s8WC8/IWRgrYkZIFu/f2YxKracysBlJzUgve/Phf143NWHNz3iUpAYjZiPWC1NBTEzmvcmAK2RGTC1QprjdkrARVZQZe52Sre8tl12F1kXVu65e3V9W6rX8EEU4gVM4Bw9uoA530IAmMJDwDG/w7gjnyXlxXn+iBSf/cwx/5Hx8A6e4jfQ=</latexit>v

<latexit sha1_base64="C7IIKviwJTE11kmKynRNSIQDDYY=">AAAB4nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJeOmy4MZlC/YCbSiT6Uk7dDIJMxMhhL6ArkTd+Ui+gG/jtGah1X/1zfn/gfOfIBFcG9f9dEpr6xubW+Xtys7u3v5B9fCoq+NUMeywWMSqH1CNgkvsGG4E9hOFNAoE9oLZ7cLvPaDSPJb3JkvQj+hE8pAzauyonY2qNbfuLkX+gldADQq1RtWP4ThmaYTSMEG1HnhuYvycKsOZwHllmGpMKJvRCQ4sShqh9vPlonNyFsaKmCmS5ftnNqeR1lkU2ExEzVSveovhf94gNWHDz7lMUoOS2Yj1wlQQE5NFXzLmCpkRmQXKFLdbEjalijJjr1Kx9b3Vsn+he1H3rutX7ctas1EcogwncArn4MENNOEOWtABBghP8Apvzth5dJ6dl+9oySn+HMMvOe9f3PWKkg==</latexit>y

<latexit sha1_base64="Jz8pRG/dXGysqrAFqsjJiPuQwz4=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeGFJ4sYlJHJJoCHT4RQmTKfNzNRIGl5AV0bd+Ui+gG/jgF0o+K++Of8/yflPkAiujet+OYW19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53HlBpHst7M03Qj+hI8pAzauyo+TgoV9yquxBZBS+HCuRqDMqf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLRWfkLIwVMWMki/fvbEYjradRYDMRNWO97M2H/3m91IQ1P+MySQ1KZiPWC1NBTEzmfcmQK2RGTC1QprjdkrAxVZQZe5WSre8tl12F9kXVu65eNS8r9Vp+iCKcwCmcgwc3UIc7aEALGCA8wxu8O0PnyXlxXn+iBSf/cwx/5Hx8A9t3ipE=</latexit>x

<latexit sha1_base64="6jo+DS7QcWz+N9xV6xNgieVcBWg=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJeOmyIILLCvYibSiT6Uk7dJIJMxOhhL6ErkTd+Ti+gG/jtGahrf/qm/P/A+c/QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRQ9YLpBiQm2m/XHGr7lxkGbwcKpCr0S9/9gaSpRHGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrMaYRaj+bLzwlJ6FUxIyQzN+/sxmNtJ5Egc1E1Iz0ojcb/ud1UxPW/IzHSWowZjZivTAVxEgy600GXCEzYmKBMsXtloSNqKLM2OuUbH1vsewytM6q3mX14u68Uq/lhyjCERzDKXhwBXW4hQY0gUEEz/AG745wnpwX5/UnWnDyP4fwR87HN15pjcM=</latexit>

E
<latexit sha1_base64="6jo+DS7QcWz+N9xV6xNgieVcBWg=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJeOmyIILLCvYibSiT6Uk7dJIJMxOhhL6ErkTd+Ti+gG/jtGahrf/qm/P/A+c/QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRQ9YLpBiQm2m/XHGr7lxkGbwcKpCr0S9/9gaSpRHGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrMaYRaj+bLzwlJ6FUxIyQzN+/sxmNtJ5Egc1E1Iz0ojcb/ud1UxPW/IzHSWowZjZivTAVxEgy600GXCEzYmKBMsXtloSNqKLM2OuUbH1vsewytM6q3mX14u68Uq/lhyjCERzDKXhwBXW4hQY0gUEEz/AG745wnpwX5/UnWnDyP4fwR87HN15pjcM=</latexit>

E

<latexit sha1_base64="6jo+DS7QcWz+N9xV6xNgieVcBWg=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJeOmyIILLCvYibSiT6Uk7dJIJMxOhhL6ErkTd+Ti+gG/jtGahrf/qm/P/A+c/QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRQ9YLpBiQm2m/XHGr7lxkGbwcKpCr0S9/9gaSpRHGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrMaYRaj+bLzwlJ6FUxIyQzN+/sxmNtJ5Egc1E1Iz0ojcb/ud1UxPW/IzHSWowZjZivTAVxEgy600GXCEzYmKBMsXtloSNqKLM2OuUbH1vsewytM6q3mX14u68Uq/lhyjCERzDKXhwBXW4hQY0gUEEz/AG745wnpwX5/UnWnDyP4fwR87HN15pjcM=</latexit>

E
<latexit sha1_base64="6jo+DS7QcWz+N9xV6xNgieVcBWg=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJeOmyIILLCvYibSiT6Uk7dJIJMxOhhL6ErkTd+Ti+gG/jtGahrf/qm/P/A+c/QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRQ9YLpBiQm2m/XHGr7lxkGbwcKpCr0S9/9gaSpRHGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrMaYRaj+bLzwlJ6FUxIyQzN+/sxmNtJ5Egc1E1Iz0ojcb/ud1UxPW/IzHSWowZjZivTAVxEgy600GXCEzYmKBMsXtloSNqKLM2OuUbH1vsewytM6q3mX14u68Uq/lhyjCERzDKXhwBXW4hQY0gUEEz/AG745wnpwX5/UnWnDyP4fwR87HN15pjcM=</latexit>

E

<latexit sha1_base64="6jo+DS7QcWz+N9xV6xNgieVcBWg=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJeOmyIILLCvYibSiT6Uk7dJIJMxOhhL6ErkTd+Ti+gG/jtGahrf/qm/P/A+c/QSK4Nq775RRWVtfWN4qbpa3tnd298v5BS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjRQ9YLpBiQm2m/XHGr7lxkGbwcKpCr0S9/9gaSpRHGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrMaYRaj+bLzwlJ6FUxIyQzN+/sxmNtJ5Egc1E1Iz0ojcb/ud1UxPW/IzHSWowZjZivTAVxEgy600GXCEzYmKBMsXtloSNqKLM2OuUbH1vsewytM6q3mX14u68Uq/lhyjCERzDKXhwBXW4hQY0gUEEz/AG745wnpwX5/UnWnDyP4fwR87HN15pjcM=</latexit>

E

<latexit sha1_base64="b4+jSus8RTXvSC9PBMq6cmQOcrs=">AAAB6nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeGFJdOMSE7kYaMh0OIUJ004zMzUhDS+hK6PufBxfwLdxwC4U/FffnP+f5PwnSATXxnW/nMLK6tr6RnGztLW9s7tX3j9oaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjt6yHqBFANyPe2XK27VnYssg5dDBXI1+uXP3kCyNMLYMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtxjRC7WfzhafkJJSKmBGS+ft3NqOR1pMosJmImpFe9GbD/7xuasKan/E4SQ3GzEasF6aCGElmvcmAK2RGTCxQprjdkrARVZQZe52Sre8tll2G1lnVu6xe3J1X6rX8EEU4gmM4BQ+uoA630IAmMIjgGd7g3RHOk/PivP5EC07+5xD+yPn4BlnsjcA=</latexit>

B

<latexit sha1_base64="b4+jSus8RTXvSC9PBMq6cmQOcrs=">AAAB6nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeGFJdOMSE7kYaMh0OIUJ004zMzUhDS+hK6PufBxfwLdxwC4U/FffnP+f5PwnSATXxnW/nMLK6tr6RnGztLW9s7tX3j9oaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjt6yHqBFANyPe2XK27VnYssg5dDBXI1+uXP3kCyNMLYMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtxjRC7WfzhafkJJSKmBGS+ft3NqOR1pMosJmImpFe9GbD/7xuasKan/E4SQ3GzEasF6aCGElmvcmAK2RGTCxQprjdkrARVZQZe52Sre8tll2G1lnVu6xe3J1X6rX8EEU4gmM4BQ+uoA630IAmMIjgGd7g3RHOk/PivP5EC07+5xD+yPn4BlnsjcA=</latexit>

B

<latexit sha1_base64="b4+jSus8RTXvSC9PBMq6cmQOcrs=">AAAB6nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeGFJdOMSE7kYaMh0OIUJ004zMzUhDS+hK6PufBxfwLdxwC4U/FffnP+f5PwnSATXxnW/nMLK6tr6RnGztLW9s7tX3j9oaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjt6yHqBFANyPe2XK27VnYssg5dDBXI1+uXP3kCyNMLYMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtxjRC7WfzhafkJJSKmBGS+ft3NqOR1pMosJmImpFe9GbD/7xuasKan/E4SQ3GzEasF6aCGElmvcmAK2RGTCxQprjdkrARVZQZe52Sre8tll2G1lnVu6xe3J1X6rX8EEU4gmM4BQ+uoA630IAmMIjgGd7g3RHOk/PivP5EC07+5xD+yPn4BlnsjcA=</latexit>

B

<latexit sha1_base64="b4+jSus8RTXvSC9PBMq6cmQOcrs=">AAAB6nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeGFJdOMSE7kYaMh0OIUJ004zMzUhDS+hK6PufBxfwLdxwC4U/FffnP+f5PwnSATXxnW/nMLK6tr6RnGztLW9s7tX3j9oaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjt6yHqBFANyPe2XK27VnYssg5dDBXI1+uXP3kCyNMLYMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtxjRC7WfzhafkJJSKmBGS+ft3NqOR1pMosJmImpFe9GbD/7xuasKan/E4SQ3GzEasF6aCGElmvcmAK2RGTCxQprjdkrARVZQZe52Sre8tll2G1lnVu6xe3J1X6rX8EEU4gmM4BQ+uoA630IAmMIjgGd7g3RHOk/PivP5EC07+5xD+yPn4BlnsjcA=</latexit>

B
<latexit sha1_base64="b4+jSus8RTXvSC9PBMq6cmQOcrs=">AAAB6nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeGFJdOMSE7kYaMh0OIUJ004zMzUhDS+hK6PufBxfwLdxwC4U/FffnP+f5PwnSATXxnW/nMLK6tr6RnGztLW9s7tX3j9oaZkqhk0mhVSdgGoUPMam4UZgJ1FIo0BgOxjfzPz2IyrNZXxvJgn6ER3GPOSMGjt6yHqBFANyPe2XK27VnYssg5dDBXI1+uXP3kCyNMLYMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtxjRC7WfzhafkJJSKmBGS+ft3NqOR1pMosJmImpFe9GbD/7xuasKan/E4SQ3GzEasF6aCGElmvcmAK2RGTCxQprjdkrARVZQZe52Sre8tll2G1lnVu6xe3J1X6rX8EEU4gmM4BQ+uoA630IAmMIjgGd7g3RHOk/PivP5EC07+5xD+yPn4BlnsjcA=</latexit>

B

➡ We have:                                                                                                                  with      the velocity of the probe


➡ and:                                                                                                          with

<latexit sha1_base64="fzAOwkWSpbiircA8PwbBnKXHun4="></latexit>

dE
dx

= !
v
T

v!"

v2 X !" (v ) ,
<latexit sha1_base64="AcWdehY+GFzBVh+ype4l1dqy/3c="></latexit>

öq =
2
v

!
! !" !

v! v"

v2

"
X !" (v )

<latexit sha1_base64="/p2ikVG6fEw6UAYe0mx2uvok8LA="></latexit>

X !" (v ) !
1

2Nc

! t

0
dt!Tr "F ! (t, x)F " (t # t ! , x # v t!)$

<latexit sha1_base64="hmPxRLuaU3fyCRsUiU2MavnlFlI=">AAAB6nicbZDLTsJAFIZP8YZ4Q126mUhMXJHW4GVJ4sYlJnIx0JDpcAoTZtpmZkpCGl5CV0bd+Ti+gG/jgF0o+K++Of8/yflPkAiujet+OYW19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4du63J6g0j6MHM03Ql3QY8ZAzauzoMesFsRiQyaxfrrhVdyGyCl4OFcjV6Jc/e4OYpRIjwwTVuuu5ifEzqgxnAmelXqoxoWxMh9i1GFGJ2s8WC8/IWRgrYkZIFu/f2YxKracysBlJzUgve/Phf143NeGNn/EoSQ1GzEasF6aCmJjMe5MBV8iMmFqgTHG7JWEjqigz9jolW99bLrsKrYuqd1W9vK9V6rX8EEU4gVM4Bw+uoQ530IAmMJDwDG/w7gjnyXlxXn+iBSf/cwx/5Hx8A6aEjfA=</latexit>v

<latexit sha1_base64="XNi+MosJ1m90MmkHVWx1Le88PNc="></latexit>

F (t, x) ! g (E(t, x) + v " B (t, x))

➡ Building blocks of the calculation:  2-point correlators 
  (a.k.a. Weizsacker-Williams distributions)

<latexit sha1_base64="i9mFDap3/rwWD8ki0WDS7fT7xzE=">AAACHnicbVDJSgNBEO1xN26jHr00BsGDhBlxAy9BLx4VTCJkxqGmrSRteha6e4QwzL/oz+hFUW/6N3bGCG7v9F69V0VVhangSjvOuzU2PjE5NT0zW5mbX1hcspdXmirJJMMGS0QiL0JQKHiMDc21wItUIkShwFbYPx76rRuUiifxuR6k6EfQjXmHM9CmFNiHnoC4K5DmXjksD0WGRe6BSHtwmcMWLwL3S4Vb10YVhSfLnsCuOjWnBP1L3BGpkhFOA/vRu0pYFmGsmQCl2q6Taj8HqTkTWFS8TGEKrA9dbBsaQ4TKz8u9CrrRSSTVPaSl/p7NIVJqEIUmE4Huqd/esPif185058DPeZxmGmNmIsbrZILqhA5/Ra+4RKbFwBBgkpstKeuBBKbNRyvmfPf3sX9Jc7vm7tV2z3aq9aPRI2bIGlknm8Ql+6ROTsgpaRBG7sgDeSGv1q11bz1Zz5/RMWvUs0p+wHr7AH0Go+U=</latexit>

! ! a,i
1 ! b,j

1 "
<latexit sha1_base64="KiM+/mUkBIHIwjBRv9owjtRPB2M=">AAACJnicbVDJSgNBEO1xjXGLevTSGAQPQ5gRt6OYi8cIRoXMONR0KkmTnoXuHiEM8z/6L6In0dz8FDtjBLd3eq/eq6KqwlRwpR1nbM3Mzs0vLFaWqssrq2vrtY3NK5VkkmGbJSKRNyEoFDzGtuZa4E0qEaJQ4HU4bE786zuUiifxpR6l6EfQj3mPM9CmFNSanoC4L5DmXjmsI/uhnzu20ziynSL3QKQDuM2ZPSyC/S/VtYVRReHJsjeo1Z2GU4L+Je6U1MkUraD26HUTlkUYayZAqY7rpNrPQWrOBBZVL1OYAhtCHzuGxhCh8vNyv4Lu9hJJ9QBpqb9nc4iUGkWhyUSgB+q3Nyn+53Uy3Tvxcx6nmcaYmYjxepmgOqGTn9Eul8i0GBkCTHKzJWUDkMC0+WzVnO/+PvYvudpvuEeNw4uD+unZ9BEVsk12yB5xyTE5JeekRdqEkQfyTN7I2Lq3nqwX6/UzOmNNe7bID1jvH5uPpdY=</latexit>

! ! c,k
2 ! d,l

2 "
<latexit sha1_base64="z1TycIgmf968vzAle9uktQVqiME=">AAACFnicbVDLTgJBEJz1ifhCPXqZSEw8ELKLih6JXjxiIo+EXcjs0MCE2YczsyRksv+hP6MnoyYevPo3DshBwTpVd1V3usuPOZPKtr+speWV1bX1zEZ2c2t7Zze3t1+XUSIo1GjEI9H0iQTOQqgppjg0YwEk8Dk0/OH1RG+MQEgWhXdqHIMXkH7IeowSZVqd3KkL9wkbYe1Od7VE3/e0XbCL5YKd6kan1NZDnqYpdrvAFWlr2k07ubxdtKfAi8SZkTyaodrJfbjdiCYBhIpyImXLsWPlaSIUoxzSrJtIiAkdkj60DA1JANLT04NSfNyLBFYDwNP6t1eTQMpx4BtPQNRAzmuT5n9aK1G9S0+zME4UhNRYjNZLOFYRnmSEu0wAVXxsCKGCmSsxHRBBqDJJZs37zvyzi6ReKjrl4vntWb5yNQsigw7RETpBDrpAFXSDqqiGKHpEz+gNvVsP1pP1Yr3+WJes2cwB+gPr8xsVvZ9I</latexit>

! W kl
2 ! cd

<latexit sha1_base64="R1HEDKljv9yt1GubX4B9rpdX2as=">AAACDnicbVDJTgJBEO3BDXFDPXrpSExMTMiMcTsSvXjERJaEGSY9TQEtPYvdPSSkM/+gP6Mno948+AP+jQ1yUPCdXtV7Val6QcKZVLb9ZeUWFpeWV/KrhbX1jc2t4vZOXcapoFCjMY9FMyASOIugppji0EwEkDDg0AgGV2O9MQQhWRzdqlECXkh6EesySpRp+cUjF+5TNsTanezSAU8h0w3faWt2l2UZdjvAFWlrEmR+sWSX7QnwPHGmpISmqPrFT7cT0zSESFFOpGw5dqI8TYRilENWcFMJCaED0oOWoREJQXp6ckiGD7qxwKoPeFL/9moSSjkKA+MJierLWW3c/E9rpap74WkWJamCiBqL0bopxyrG42xwhwmgio8MIVQwcyWmfSIIVSbBgnnfmX12ntSPy85Z+fTmpFS5nAaRR3toHx0iB52jCrpGVVRDFD2iZ/SG3q0H68l6sV5/rDlrOrOL/sD6+AYUPJ1Y</latexit>

! W ij
1 ! ab

Transport Coefficients in the Glasma
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➡ In terms of the Weizsäcker-Williams distributions:

<latexit sha1_base64="SghFOoqczUoXNrCEH9JJ+6h3VgE="></latexit>

dE
dx

= !
v
T

g4(N 2
c ! 1)
2

! t

0
dt!

!

k ! q!

!

u ! v!

W ik
1 (u" , v" )W jl

2 (u" , v" )eik ! (x # u) ! eiq ! (y# v) !

"
"

! ij ! kl (v$)2

v2 J0(kt)J0(q(t ! t !)) ! "ij "kl
"

v" " k"

vk

# "
v" " q"

vq

#
J1(kt)J1(q(t ! t !))

#

Analytical Results
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➡ In terms of the Weizsäcker-Williams distributions:

<latexit sha1_base64="SghFOoqczUoXNrCEH9JJ+6h3VgE="></latexit>

dE
dx

= !
v
T

g4(N 2
c ! 1)
2

! t

0
dt!

!

k ! q!

!

u ! v!

W ik
1 (u" , v" )W jl

2 (u" , v" )eik ! (x # u) ! eiq ! (y# v) !

"
"

! ij ! kl (v$)2

v2 J0(kt)J0(q(t ! t !)) ! "ij "kl
"

v" " k"

vk

# "
v" " q"

vq

#
J1(kt)J1(q(t ! t !))

#

➡ We might adopt different models for         
<latexit sha1_base64="qm58V16rY/Pce1GnSec8ZJ6kuGk="></latexit>

W ij (r ! )=
1
2

!
! ij G(r ! ) +

!
! ij ! 2

r i r j

r 2

"
h(r ! )

"

<latexit sha1_base64="gSz3buvlfH+HN1VZutVJ3c32jy0="></latexit>

GMV (r ! )=
g2 øµ2

4! Nc
(mrK 1(mr ) ! 2K 0(mr ))

1 ! exp
!

g4 øµ 2 N c
4! m 2 (mrK 1(mr ) ! 1)

"

g4 øµ 2

4! m 2 (mrK 1(mr ) ! 1)
<latexit sha1_base64="HWphs/Dz3AtC4lGBnKwoO1kgTHM="></latexit>

hMV (r ! )= !
g2 øµ2

4! Nc
mrK 1(mr )

1 ! exp
!

g4 øµ 2 N c
4! m 2 (mrK 1(mr ) ! 1)

"

g4 øµ 2

4! m 2 (mrK 1(mr ) ! 1)
.

In the MV model:

In the GBW model:
<latexit sha1_base64="3yOV8tTfmvj6fM7R6OcZRCfyvXs="></latexit>

GGBW (r ) =
Q2

s

g2Nc

1 ! exp
!

! Q 2
s r 2

4

"

Q2
sr 2/ 4

<latexit sha1_base64="fLa8x/+Pxd1RyUploJVUtsBo5PY=">AAAB9nicbZDLTgIxFIY7XhFvoyzdNBIT3JAZY9SNCcGFLjGRSwKEdMqBaehc0p4xTCa8iq6MuvNBfAHfxoIsFPxXX8//Nznn92IpNDrOl7Wyura+sZnbym/v7O7t2weHDR0likOdRzJSLY9pkCKEOgqU0IoVsMCT0PRGN1O/+QhKiyh8wDSGbsCGoRgIztCMenbB72UdhDFmt9XmZFJSp9dOzy46ZWcmugzuHIpkrlrP/uz0I54EECKXTOu268TYzZhCwSVM8p1EQ8z4iA2hbTBkAehuNlt+Qk8GkaLoA529f2czFmidBp7JBAx9vehNh/957QQHV91MhHGCEHITMd4gkRQjOu2A9oUCjjI1wLgSZkvKfaYYR9NU3pzvLh67DI2zsntRdu7Pi5XqvIgcOSLHpERcckkq5I7USJ1wkpJn8kberbH1ZL1Yrz/RFWv+p0D+yPr4Bs1xkes=</latexit>

hGBW (r ) = 0

Analytical Results

Just substitute and 
integrate!
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<latexit sha1_base64="yBTEdyg9M65/UjpRLJLuJYr1QSc=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm2ARXJVEvC2LblxWsBdoQ5lMT9qhkwszJ0IJfQRdibrzhXwB38ZJzUJb/9U35/8Hzn/8RApNjvNllVZW19Y3ypuVre2d3b3q/kFbx6ni2OKxjFXXZxqliLBFgiR2E4Us9CV2/Mlt7nceUWkRRw80TdAL2SgSgeCM8lGfWDqo1py6M5e9DG4BNSjUHFQ/+8OYpyFGxCXTuuc6CXkZUyS4xFmln2pMGJ+wEfYMRixE7WXzXWf2SRArm8Zoz9+/sxkLtZ6GvsmEjMZ60cuH/3m9lIJrLxNRkhJG3ESMF6TSptjOK9tDoZCTnBpgXAmzpc3HTDFO5jAVU99dLLsM7bO6e1m/uD+vNW6KQ5ThCI7hFFy4ggbcQRNawGEMz/AG79bIerJerNefaMkq/hzCH1kf3xJHi+c=</latexit>!

<latexit sha1_base64="EZy6eTN6TTsKVo1xY3AenmFCnf4=">AAAB7nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeFsS3bjERC4JNGQ6nMKEaTvOTElIw2voyqg7H8YX8G0csAsF/9U35/8nOf8JpODauO6XU1hZXVvfKG6WtrZ3dvfK+wdNnaSKYYMlIlHtgGoUPMaG4UZgWyqkUSCwFYxuZ35rjErzJH4wE4l+RAcxDzmjxo78cS/rSqqoECimvXLFrbpzkWXwcqhArnqv/NntJyyNMDZMUK07niuNn1FlOBM4LXVTjZKyER1gx2JMI9R+Nl96Sk7CRBEzRDJ//85mNNJ6EgU2E1Ez1IvebPif10lNeO1nPJapwZjZiPXCVBCTkFl30ucKmRETC5QpbrckbGjbM2MvVLL1vcWyy9A8q3qX1Yv780rtJj9EEY7gGE7BgyuowR3UoQEMHuEZ3uDdkc6T8+K8/kQLTv7nEP7I+fgGLYiQEQ==</latexit>v!

<latexit sha1_base64="jeAAG+4UIqSKVsnt2NnXfb5SBP4=">AAAB6nicbZDLTsJAFIZP8YZ4Q126aSQmrkhrvC2JblxiIhcDDZkOpzBhpp3MTElIw0voyqg7H8cX8G0csAsF/9U35/8nOf8JJWfaeN6XU1hZXVvfKG6WtrZ3dvfK+wdNnaSKYoMmPFHtkGjkLMaGYYZjWyokIuTYCke3M781RqVZEj+YicRAkEHMIkaJsaPHcS/rSlRy2itXvKo3l7sMfg4VyFXvlT+7/YSmAmNDOdG643vSBBlRhlGO01I31SgJHZEBdizGRKAOsvnCU/ckSpRrhujO37+zGRFaT0RoM4KYoV70ZsP/vE5qousgY7FMDcbURqwXpdw1iTvr7faZQmr4xAKhitktXTokilBjr1Oy9f3FssvQPKv6l9WL+/NK7SY/RBGO4BhOwYcrqMEd1KEBFAQ8wxu8O9x5cl6c159owcn/HMIfOR/fKnSOUw==</latexit>v!

<latexit sha1_base64="FlwH0x2xguPP11iPdJAcuz9BhM4=">AAAB6XicbZDLSgNBEEVrfMb4irp0MxgEV2FGfG0CQTcuI5gHJEPo6dQkTXoedNcIcchH6ErUnb/jD/g3duIsNPGuTte9DXXLT6TQ5Dhf1tLyyuraemGjuLm1vbNb2ttv6jhVHBs8lrFq+0yjFBE2SJDEdqKQhb7Elj+6mfqtB1RaxNE9jRP0QjaIRCA4IzNqd5FY9bHq9Eplp+LMZC+Cm0MZctV7pc9uP+ZpiBFxybTuuE5CXsYUCS5xUuymGhPGR2yAHYMRC1F72WzfiX0cxMqmIdqz9+9sxkKtx6FvMiGjoZ73psP/vE5KwZWXiShJCSNuIsYLUmlTbE9r232hkJMcG2BcCbOlzYdMMU7mOEVT350vuwjN04p7UTm/OyvXrvNDFOAQjuAEXLiEGtxCHRrAQcIzvMG7NbKerBfr9Se6ZOV/DuCPrI9vSg6NIw==</latexit>

! = z = 0

<latexit sha1_base64="6AyIKVszegTAseth5HFRolbf4KA="></latexit>

! dE/dx (Qs1 = Qs2 = 3 .635 GeV, m = 0 .3635 GeV)
<latexit sha1_base64="iClCXx1g9OnIBnIrYvFYxXXgA7A="></latexit>

öq (Qs1 = Qs2 = 3 .635 GeV, m = 0 .3635 GeV)

<latexit sha1_base64="i3NU6+oateoeGFgaWVpmhMy2S/o=">AAACBXicbVDLSgNBEJyN7/ha9ehlMAjxYLIrvg4eBBE9KpgYyC5hdtKbDJl9MNMrhiVn/Rk9iXrzB/wB/8ZJzMFXnaq7qqGrglQKjY7zYRUmJqemZ2bnivMLi0vL9spqXSeZ4lDjiUxUI2AapIihhgIlNFIFLAokXAe9k6F+fQNKiyS+wn4KfsQ6sQgFZ2hWLXtju31abd9ST0KIZeoh3GJ+BvVqGA08JTpd3GrZJafijED/EndMSmSMi5b97rUTnkUQI5dM66brpOjnTKHgEgZFL9OQMt5jHWgaGrMItJ+PsgzoZpgoil2go/m7N2eR1v0oMJ6IYVf/1obL/7RmhuGhn4s4zRBibixGCzNJMaHDSmhbKOAo+4YwroT5kvIuU4yjKa5o4ru/w/4l9Z2Ku1/Zu9wtHR+Ni5gl62SDlIlLDsgxOScXpEY4uSeP5IW8WnfWg/VkPX9ZC9b4Zo38gPX2CSarl6g=</latexit> !
dE

/d
x

(G
eV

/fm
)

<latexit sha1_base64="L6NnCd+uqms6IE6LDC7vmXTieIk=">AAACD3icbZDLSsNAFIYn3q23qks3g0VQkJqIt4ULwYUuFWwtNLVMpifN0MnFmROxhDyEvoyuRN0JvoBv4/Sy0OpZfXP+f+D8v5dIodG2v6yx8YnJqemZ2cLc/MLiUnF5parjVHGo8FjGquYxDVJEUEGBEmqJAhZ6Eq69zmlPv74DpUUcXWE3gUbI2pHwBWdoVs3ithswzG5z6krwcZO6CPeYnUE1v9kd8I4f5q4S7QC3msWSXbb7Q/+CM4QSGc5Fs/jptmKehhAhl0zrumMn2MiYQsEl5AU31ZAw3mFtqBuMWAi6kfVT5XTDjxXFAGj//dObsVDrbugZT8gw0KNab/mfVk/RP2pkIkpShIgbi9H8VFKMaa8c2hIKOMquAcaVMFdSHjDFOJoKCya+Mxr2L1R3y85Bef9yr3RyPCxihqyRdbJJHHJITsg5uSAVwskjeSZv5N16sJ6sF+t1YB2zhn9Wya+xPr4BbR6c1g==</latexit>

öq
! G

eV
2
/fm

"

<latexit sha1_base64="NX0hCSL0GF3Vm0VGMDW80ItiC+M=">AAAB7XicbZC7TsMwFIYdrqXcCowsFhVSWaoEcRsYKrEwFolepKaqHPekterEkX2CqKI+BkwI2HgZXoC3wS0ZoOWfPp//t3T+EyRSGHTdL2dpeWV1bb2wUdzc2t7ZLe3tN41KNYcGV1LpdsAMSBFDAwVKaCcaWBRIaAWjm6nfegBthIrvcZxAN2KDWISCM7QjHys+wiNmYTQ56ZXKbtWdiS6Cl0OZ5Kr3Sp9+X/E0ghi5ZMZ0PDfBbsY0Ci5hUvRTAwnjIzaAjsWYRWC62WznCT0OlaY4BDp7/85mLDJmHAU2EzEcmnlvOvzP66QYXnUzEScpQsxtxHphKikqOq1O+0IDRzm2wLgWdkvKh0wzjvZARVvfmy+7CM3TqndRPb87K9eu80MUyCE5IhXikUtSI7ekThqEk4Q8kzfy7ijnyXlxXn+iS07+54D8kfPxDdndjzw=</latexit>

t (fm)
<latexit sha1_base64="NX0hCSL0GF3Vm0VGMDW80ItiC+M=">AAAB7XicbZC7TsMwFIYdrqXcCowsFhVSWaoEcRsYKrEwFolepKaqHPekterEkX2CqKI+BkwI2HgZXoC3wS0ZoOWfPp//t3T+EyRSGHTdL2dpeWV1bb2wUdzc2t7ZLe3tN41KNYcGV1LpdsAMSBFDAwVKaCcaWBRIaAWjm6nfegBthIrvcZxAN2KDWISCM7QjHys+wiNmYTQ56ZXKbtWdiS6Cl0OZ5Kr3Sp9+X/E0ghi5ZMZ0PDfBbsY0Ci5hUvRTAwnjIzaAjsWYRWC62WznCT0OlaY4BDp7/85mLDJmHAU2EzEcmnlvOvzP66QYXnUzEScpQsxtxHphKikqOq1O+0IDRzm2wLgWdkvKh0wzjvZARVvfmy+7CM3TqndRPb87K9eu80MUyCE5IhXikUtSI7ekThqEk4Q8kzfy7ijnyXlxXn+iS07+54D8kfPxDdndjzw=</latexit>

t (fm)

<latexit sha1_base64="4mkvh03V/g/7JFdxfs0C3dA0LDA="></latexit>

MV model
!

v! = 1 /
!

2
"

MV model (v! = 1 .0)

<latexit sha1_base64="+qrXDCZy6mUctpSI9hZe/ThgDFo=">AAACX3icjZFLS8NAFIUn8VXrK9aVuBksim5CIj7qQii4cSNUsLXQlDIZb9rByYOZG7HE/EP/gEv9JaY1C60intWZe76BuWf8RAqNjvNqmHPzC4tLleXqyura+oa1WevoOFUc2jyWser6TIMUEbRRoIRuooCFvoQ7/+Fykt89gtIijm5xnEA/ZMNIBIIzLEYD63nfQ3jC7LpDc09CgAePg8xLQCU5vaCu7XhKDEd46HnVP0nHPv832SjJ6sCqO7YzFf1p3NLUSanWwHrx7mOehhAhl0zrnusk2M+YQsEl5FUv1ZAw/sCG0CtsxELQ/WzaUk73glhRHAGdnr+yGQu1Hod+wYQMR3o2mwx/y3opBo1+JqIkRYh4gRRZkEqKMZ2UTe+FAo5yXBjGlSheSfmIKcax+JLJ+u7ssj9N58h2T+2Tm+N60y6LqJAdsksOiEvOSJNckRZpE07ejYqxadSMN3PJXDetT9Q0yjtb5JvM7Q8j27Ly</latexit>

MV ( v! = 1 .0)

MV ( v! = 0 .9)

MV ( v! = 0 .8)

➡ We focus on the MV model results (GBW model less reliable)

➡ The results are presented for different values of the transverse and longitudinal components of the velocity of 

the probe                                     .

<latexit sha1_base64="F+cFVxyXhkK+QKydm3I+zvx3Dwc="></latexit>!
with v2 = v2

! + v2
" = 1

"
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<latexit sha1_base64="yBTEdyg9M65/UjpRLJLuJYr1QSc=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm2ARXJVEvC2LblxWsBdoQ5lMT9qhkwszJ0IJfQRdibrzhXwB38ZJzUJb/9U35/8Hzn/8RApNjvNllVZW19Y3ypuVre2d3b3q/kFbx6ni2OKxjFXXZxqliLBFgiR2E4Us9CV2/Mlt7nceUWkRRw80TdAL2SgSgeCM8lGfWDqo1py6M5e9DG4BNSjUHFQ/+8OYpyFGxCXTuuc6CXkZUyS4xFmln2pMGJ+wEfYMRixE7WXzXWf2SRArm8Zoz9+/sxkLtZ6GvsmEjMZ60cuH/3m9lIJrLxNRkhJG3ESMF6TSptjOK9tDoZCTnBpgXAmzpc3HTDFO5jAVU99dLLsM7bO6e1m/uD+vNW6KQ5ThCI7hFFy4ggbcQRNawGEMz/AG79bIerJerNefaMkq/hzCH1kf3xJHi+c=</latexit>!

➡ We focus on the MV model results (GBW model less reliable)

➡ The results are presented for different values of the transverse and longitudinal components of the velocity of 

the probe                                     .

➡ The energy loss is significantly more sensitive to the value of longitudinal component 

➡ We compare to the results obtained in

➡ We obtain significantly larger values of


<latexit sha1_base64="EZy6eTN6TTsKVo1xY3AenmFCnf4=">AAAB7nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeFsS3bjERC4JNGQ6nMKEaTvOTElIw2voyqg7H8YX8G0csAsF/9U35/8nOf8JpODauO6XU1hZXVvfKG6WtrZ3dvfK+wdNnaSKYYMlIlHtgGoUPMaG4UZgWyqkUSCwFYxuZ35rjErzJH4wE4l+RAcxDzmjxo78cS/rSqqoECimvXLFrbpzkWXwcqhArnqv/NntJyyNMDZMUK07niuNn1FlOBM4LXVTjZKyER1gx2JMI9R+Nl96Sk7CRBEzRDJ//85mNNJ6EgU2E1Ez1IvebPif10lNeO1nPJapwZjZiPXCVBCTkFl30ucKmRETC5QpbrckbGjbM2MvVLL1vcWyy9A8q3qX1Yv780rtJj9EEY7gGE7BgyuowR3UoQEMHuEZ3uDdkc6T8+K8/kQLTv7nEP7I+fgGLYiQEQ==</latexit>v!

<latexit sha1_base64="jeAAG+4UIqSKVsnt2NnXfb5SBP4=">AAAB6nicbZDLTsJAFIZP8YZ4Q126aSQmrkhrvC2JblxiIhcDDZkOpzBhpp3MTElIw0voyqg7H8cX8G0csAsF/9U35/8nOf8JJWfaeN6XU1hZXVvfKG6WtrZ3dvfK+wdNnaSKYoMmPFHtkGjkLMaGYYZjWyokIuTYCke3M781RqVZEj+YicRAkEHMIkaJsaPHcS/rSlRy2itXvKo3l7sMfg4VyFXvlT+7/YSmAmNDOdG643vSBBlRhlGO01I31SgJHZEBdizGRKAOsvnCU/ckSpRrhujO37+zGRFaT0RoM4KYoV70ZsP/vE5qousgY7FMDcbURqwXpdw1iTvr7faZQmr4xAKhitktXTokilBjr1Oy9f3FssvQPKv6l9WL+/NK7SY/RBGO4BhOwYcrqMEd1KEBFAQ8wxu8O9x5cl6c159owcn/HMIfOR/fKnSOUw==</latexit>v!

M. E. Carrington et al; PRC, 2022 (     - expansion up to       )<latexit sha1_base64="yBTEdyg9M65/UjpRLJLuJYr1QSc=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm2ARXJVEvC2LblxWsBdoQ5lMT9qhkwszJ0IJfQRdibrzhXwB38ZJzUJb/9U35/8Hzn/8RApNjvNllVZW19Y3ypuVre2d3b3q/kFbx6ni2OKxjFXXZxqliLBFgiR2E4Us9CV2/Mlt7nceUWkRRw80TdAL2SgSgeCM8lGfWDqo1py6M5e9DG4BNSjUHFQ/+8OYpyFGxCXTuuc6CXkZUyS4xFmln2pMGJ+wEfYMRixE7WXzXWf2SRArm8Zoz9+/sxkLtZ6GvsmEjMZ60cuH/3m9lIJrLxNRkhJG3ESMF6TSptjOK9tDoZCTnBpgXAmzpc3HTDFO5jAVU99dLLsM7bO6e1m/uD+vNW6KQ5ThCI7hFFy4ggbcQRNawGEMz/AG79bIerJerNefaMkq/hzCH1kf3xJHi+c=</latexit>!
<latexit sha1_base64="z/CAr5HYqxiidQmrRlGDOgQTZB8=">AAAB53icbZDLTgJBEEVrfCK+UJduJhITV2TGiLokunGJiTwSGElPUwMtPY9015iQCd+gK6Pu/B9/wL+xwVkoeFen695O6pafSKHJcb6speWV1bX1wkZxc2t7Z7e0t9/Ucao4NngsY9X2mUYpImyQIIntRCELfYktf3Q99VuPqLSIozsaJ+iFbBCJQHBGZtTsEkvvq71S2ak4M9mL4OZQhlz1Xumz2495GmJEXDKtO66TkJcxRYJLnBS7qcaE8REbYMdgxELUXjbbdmIfB7GyaYj27P07m7FQ63Hom0zIaKjnvenwP6+TUnDpZSJKUsKIm4jxglTaFNvT0nZfKOQkxwYYV8JsafMhU4yTOU3R1Hfnyy5C87Tinleqt2fl2lV+iAIcwhGcgAsXUIMbqEMDODzAM7zBuyWsJ+vFev2JLln5nwP4I+vjGzskjI4=</latexit>

! 5

<latexit sha1_base64="guu2b3ZunvXa4t9Vm3gYBoxuW2o=">AAAB6HicbZDLTgJBEEVr8IX4Ql26mUhMXJEZ42tJdOMSE3kkMCE9TQ209DzsrjEhE/5BV0bd+T3+gH9jg7NQ8K5O172d1C0/kUKT43xZhaXlldW14nppY3Nre6e8u9fUcao4NngsY9X2mUYpImyQIIntRCELfYktf3Q99VuPqLSIozsaJ+iFbBCJQHBGZtTqDhllD5NeueJUnZnsRXBzqECueq/82e3HPA0xIi6Z1h3XScjLmCLBJU5K3VRjwviIDbBjMGIhai+brTuxj4JY2TREe/b+nc1YqPU49E0mZDTU8950+J/XSSm49DIRJSlhxE3EeEEqbYrtaWu7LxRykmMDjCthtrT5kCnGydymZOq782UXoXlSdc+rZ7enldpVfogiHMAhHIMLF1CDG6hDAziM4Bne4N26t56sF+v1J1qw8j/78EfWxzeOeY1h</latexit>

öq

<latexit sha1_base64="FlwH0x2xguPP11iPdJAcuz9BhM4=">AAAB6XicbZDLSgNBEEVrfMb4irp0MxgEV2FGfG0CQTcuI5gHJEPo6dQkTXoedNcIcchH6ErUnb/jD/g3duIsNPGuTte9DXXLT6TQ5Dhf1tLyyuraemGjuLm1vbNb2ttv6jhVHBs8lrFq+0yjFBE2SJDEdqKQhb7Elj+6mfqtB1RaxNE9jRP0QjaIRCA4IzNqd5FY9bHq9Eplp+LMZC+Cm0MZctV7pc9uP+ZpiBFxybTuuE5CXsYUCS5xUuymGhPGR2yAHYMRC1F72WzfiX0cxMqmIdqz9+9sxkKtx6FvMiGjoZ73psP/vE5KwZWXiShJCSNuIsYLUmlTbE9r232hkJMcG2BcCbOlzYdMMU7mOEVT350vuwjN04p7UTm/OyvXrvNDFOAQjuAEXLiEGtxCHRrAQcIzvMG7NbKerBfr9Se6ZOV/DuCPrI9vSg6NIw==</latexit>

! = z = 0

<latexit sha1_base64="6AyIKVszegTAseth5HFRolbf4KA="></latexit>

! dE/dx (Qs1 = Qs2 = 3 .635 GeV, m = 0 .3635 GeV)
<latexit sha1_base64="iClCXx1g9OnIBnIrYvFYxXXgA7A="></latexit>

öq (Qs1 = Qs2 = 3 .635 GeV, m = 0 .3635 GeV)

<latexit sha1_base64="i3NU6+oateoeGFgaWVpmhMy2S/o=">AAACBXicbVDLSgNBEJyN7/ha9ehlMAjxYLIrvg4eBBE9KpgYyC5hdtKbDJl9MNMrhiVn/Rk9iXrzB/wB/8ZJzMFXnaq7qqGrglQKjY7zYRUmJqemZ2bnivMLi0vL9spqXSeZ4lDjiUxUI2AapIihhgIlNFIFLAokXAe9k6F+fQNKiyS+wn4KfsQ6sQgFZ2hWLXtju31abd9ST0KIZeoh3GJ+BvVqGA08JTpd3GrZJafijED/EndMSmSMi5b97rUTnkUQI5dM66brpOjnTKHgEgZFL9OQMt5jHWgaGrMItJ+PsgzoZpgoil2go/m7N2eR1v0oMJ6IYVf/1obL/7RmhuGhn4s4zRBibixGCzNJMaHDSmhbKOAo+4YwroT5kvIuU4yjKa5o4ru/w/4l9Z2Ku1/Zu9wtHR+Ni5gl62SDlIlLDsgxOScXpEY4uSeP5IW8WnfWg/VkPX9ZC9b4Zo38gPX2CSarl6g=</latexit> !
dE

/d
x

(G
eV

/fm
)

<latexit sha1_base64="L6NnCd+uqms6IE6LDC7vmXTieIk=">AAACD3icbZDLSsNAFIYn3q23qks3g0VQkJqIt4ULwYUuFWwtNLVMpifN0MnFmROxhDyEvoyuRN0JvoBv4/Sy0OpZfXP+f+D8v5dIodG2v6yx8YnJqemZ2cLc/MLiUnF5parjVHGo8FjGquYxDVJEUEGBEmqJAhZ6Eq69zmlPv74DpUUcXWE3gUbI2pHwBWdoVs3ithswzG5z6krwcZO6CPeYnUE1v9kd8I4f5q4S7QC3msWSXbb7Q/+CM4QSGc5Fs/jptmKehhAhl0zrumMn2MiYQsEl5AU31ZAw3mFtqBuMWAi6kfVT5XTDjxXFAGj//dObsVDrbugZT8gw0KNab/mfVk/RP2pkIkpShIgbi9H8VFKMaa8c2hIKOMquAcaVMFdSHjDFOJoKCya+Mxr2L1R3y85Bef9yr3RyPCxihqyRdbJJHHJITsg5uSAVwskjeSZv5N16sJ6sF+t1YB2zhn9Wya+xPr4BbR6c1g==</latexit>

öq
! G

eV
2
/fm

"

<latexit sha1_base64="NX0hCSL0GF3Vm0VGMDW80ItiC+M=">AAAB7XicbZC7TsMwFIYdrqXcCowsFhVSWaoEcRsYKrEwFolepKaqHPekterEkX2CqKI+BkwI2HgZXoC3wS0ZoOWfPp//t3T+EyRSGHTdL2dpeWV1bb2wUdzc2t7ZLe3tN41KNYcGV1LpdsAMSBFDAwVKaCcaWBRIaAWjm6nfegBthIrvcZxAN2KDWISCM7QjHys+wiNmYTQ56ZXKbtWdiS6Cl0OZ5Kr3Sp9+X/E0ghi5ZMZ0PDfBbsY0Ci5hUvRTAwnjIzaAjsWYRWC62WznCT0OlaY4BDp7/85mLDJmHAU2EzEcmnlvOvzP66QYXnUzEScpQsxtxHphKikqOq1O+0IDRzm2wLgWdkvKh0wzjvZARVvfmy+7CM3TqndRPb87K9eu80MUyCE5IhXikUtSI7ekThqEk4Q8kzfy7ijnyXlxXn+iS07+54D8kfPxDdndjzw=</latexit>

t (fm)
<latexit sha1_base64="NX0hCSL0GF3Vm0VGMDW80ItiC+M=">AAAB7XicbZC7TsMwFIYdrqXcCowsFhVSWaoEcRsYKrEwFolepKaqHPekterEkX2CqKI+BkwI2HgZXoC3wS0ZoOWfPp//t3T+EyRSGHTdL2dpeWV1bb2wUdzc2t7ZLe3tN41KNYcGV1LpdsAMSBFDAwVKaCcaWBRIaAWjm6nfegBthIrvcZxAN2KDWISCM7QjHys+wiNmYTQ56ZXKbtWdiS6Cl0OZ5Kr3Sp9+X/E0ghi5ZMZ0PDfBbsY0Ci5hUvRTAwnjIzaAjsWYRWC62WznCT0OlaY4BDp7/85mLDJmHAU2EzEcmnlvOvzP66QYXnUzEScpQsxtxHphKikqOq1O+0IDRzm2wLgWdkvKh0wzjvZARVvfmy+7CM3TqndRPb87K9eu80MUyCE5IhXikUtSI7ekThqEk4Q8kzfy7ijnyXlxXn+iS07+54D8kfPxDdndjzw=</latexit>

t (fm)

<latexit sha1_base64="JDO77CjgpwyS44U3luHLpAIyY7A="></latexit>

MV model
!

v! = 1 /
!

2
"

MV model (v! = 1 .0)

! 5-order expansion
!

v! = 1 /
!

2, Qs = 2 GeV
"

! 5-order expansion (v! = 1 .0, Qs = 2 GeV)

<latexit sha1_base64="HFwgfCDdEpS+vlMj1XAIMr99Ww0="></latexit>

! 5 (v! = 1 .0, Qs = 2 GeV)

! 5 (v! = 0 .9, Qs = 2 GeV)

! 5 (v! = 0 .8, Qs = 2 GeV)

MV ( v! = 1 .0)

MV ( v! = 0 .9)

MV ( v! = 0 .8)

<latexit sha1_base64="F+cFVxyXhkK+QKydm3I+zvx3Dwc="></latexit>!
with v2 = v2

! + v2
" = 1

"
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Accumulated transverse momentum

• What is the accumulated effect of the Glasma in comparison to that of the QGP phase?

➡ As previously done in                                                                                 , we calculate the accumulated transverse momentum broadening as:M. E. Carrington, A. Czajka, S. Mrowczynski; PRC, 2022

<latexit sha1_base64="TzrdiuiKzk8n1HSyX6FOKFjwvkc=">AAACDnicbVDLSgNBEJyN7/iKevQyGARFCbvi6yKIevAYIdFANi6zk95kcPbhTK8Qlv0H/Rk9iXrz4A/4N05iDhqtQ1PdVQNT5SdSaLTtT6swNj4xOTU9U5ydm19YLC0tX+o4VRzqPJaxavhMgxQR1FGghEaigIW+hCv/5rSvX92B0iKOathLoBWyTiQCwRmak1facs9AIqOJV7veOXJFhNcZekHumSnyNrrbbpdhdptv4KZXKtsVewD6lzhDUiZDVL3Sh9uOeRpChFwyrZuOnWArYwoFl5AX3VRDwvgN60DT0IiFoFvZIFRO14NYUewCHew/vRkLte6FvvGEDLt6VOsf/9OaKQaHrUxESYoQcWMxWpBKijHtd0PbQgFH2TOEcSXMLynvMsU4mgaLJr4zGvYvudypOPuVvYvd8vHJsIhpskrWyAZxyAE5JuekSuqEkwfyRF7Jm3VvPVrP1su3tWAN36yQX7DevwBUapw+</latexit>

! p2
T =

! t f

t i

dt öq(t)
<latexit sha1_base64="ERAY/ksnw8irhkk9IeXFWuVi+Rg=">AAAB63icbZC7TsMwFIadcivlVmBksaiQylIliNtYwcJYJHoRbVQ5rtNYtZ1gnyBVUZ8CJgRsvA0vwNvglgzQ8k+fz/9bOv8JEsENuO6XU1haXlldK66XNja3tnfKu3stE6easiaNRaw7ATFMcMWawEGwTqIZkYFg7WB0PfXbj0wbHqs7GCfMl2SoeMgpATu670UEsodJFY775Ypbc2fCi+DlUEG5Gv3yZ28Q01QyBVQQY7qem4CfEQ2cCjYp9VLDEkJHZMi6FhWRzPjZbOMJPgpjjSFiePb+nc2INGYsA5uRBCIz702H/3ndFMJLP+MqSYEpaiPWC1OBIcbT4njANaMgxhYI1dxuiWlENKFgz1Oy9b35sovQOql557Wz29NK/So/RBEdoENURR66QHV0gxqoiShS6Bm9oXdHOk/Oi/P6Ey04+Z999EfOxzctG45E</latexit>

öq(t)

<latexit sha1_base64="xSrgzUJ6e8RioCuf8nG3XRdsQMQ=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZ42tJdOMSEhESmJCepgY69DzSXWNCCD+gK6Pu/CR/wL+xwVkoeFen695O6laQKmnIdb+cwsrq2vpGcbO0tb2zu1feP3gwSaYFNkWiEt0OuEElY2ySJIXtVCOPAoWtYHQ781uPqI1M4nsap+hHfBDLUApOdtSgXrniVt252DJ4OVQgV71X/uz2E5FFGJNQ3JiO56bkT7gmKRROS93MYMrFiA+wYzHmERp/Ml90yk7CRDMaIpu/f2cnPDJmHAU2E3EamkVvNvzP62QUXvsTGacZYSxsxHphphglbNaX9aVGQWpsgQst7ZZMDLnmguxVSra+t1h2GR7Oqt5l9aJxXqnd5IcowhEcwyl4cAU1uIM6NEEAwjO8wbvTd56cF+f1J1pw8j+H8EfOxzfYgYqX</latexit>

t

<latexit sha1_base64="1tKC1bWiVkwYrp2iFErHHKKRSTo=">AAAB93icbZDJTsMwFEUdxlKmMOzYWFRIrKoEMS0r2LAsEh2ktooc96W16gzYL6glyrfACgE7/oMf4G9wSxfQclfH715L710/kUKj43xZC4tLyyurhbXi+sbm1ra9s1vXcao41HgsY9X0mQYpIqihQAnNRAELfQkNf3A99hsPoLSIozscJdAJWS8SgeAMzciz99t9htl97mVthCFmIRvmuWeXnLIzEZ0HdwolMlXVsz/b3ZinIUTIJdO65ToJdjKmUHAJebGdakgYH7AetAxGLATdySbb5/QoiBXFPtDJ+3c2Y6HWo9A3mZBhX8964+F/XivF4LKTiShJESJuIsYLUkkxpuMSaFco4ChHBhhXwmxJeZ8pxtFUVTTnu7PHzkP9pOyel89uT0uVq2kRBXJADskxcckFqZAbUiU1wskjeSZv5N0aWU/Wi/X6E12wpn/2yB9ZH9+1HJPK</latexit>

öqmax

<latexit sha1_base64="2Ca3xj1Q1Y45sb8RDZEbqxybHdk=">AAAB7HicbZC7TsMwFIYdrqXcCowsFhUSU5UgbmMFC2OR6EVKo8pxTxqrjh1sB6mK8hYwIWDjaXgB3ga3ZICWf/p8/t/S+U+YcqaN6345S8srq2vrlY3q5tb2zm5tb7+jZaYotKnkUvVCooEzAW3DDIdeqoAkIYduOL6Z+t1HUJpJcW8mKQQJGQkWMUqMHfn9mJj8oRjkbjGo1d2GOxNeBK+EOirVGtQ++0NJswSEoZxo7XtuaoKcKMMoh6LazzSkhI7JCHyLgiSgg3y2coGPI6mwiQHP3r+zOUm0niShzSTExHremw7/8/zMRFdBzkSaGRDURqwXZRwbiafN8ZApoIZPLBCqmN0S05goQo29T9XW9+bLLkLntOFdNM7vzurN6/IQFXSIjtAJ8tAlaqJb1EJtRJFEz+gNvTvCeXJenNef6JJT/jlAf+R8fAN4F48Q</latexit>

öq0

<latexit sha1_base64="GOvpPrlA1w1VxgmyGMYQjyU0iYg=">AAAB7HicbZC7TsMwFIYdrqXcCowsFhUSU5UgbmMFC2OR6EVKo8pxncaqYwf7BKmK8hYwIWDjaXgB3ga3ZICWf/p8/t/S+U+YCm7Adb+cpeWV1bX1ykZ1c2t7Z7e2t98xKtOUtakSSvdCYpjgkrWBg2C9VDOShIJ1w/HN1O8+Mm24kvcwSVmQkJHkEacE7MjvxwTyh2KQR8WgVncb7kx4EbwS6qhUa1D77A8VzRImgQpijO+5KQQ50cCpYEW1nxmWEjomI+ZblCRhJshnKxf4OFIaQ8zw7P07m5PEmEkS2kxCIDbz3nT4n+dnEF0FOZdpBkxSG7FelAkMCk+b4yHXjIKYWCBUc7slpjHRhIK9T9XW9+bLLkLntOFdNM7vzurN6/IQFXSIjtAJ8tAlaqJb1EJtRJFCz+gNvTvSeXJenNef6JJT/jlAf+R8fAPI4Y9G</latexit>

öqf

<latexit sha1_base64="OO8SuUaPjT8t78eu/x/sBKHnlXM=">AAAB73icbZDLTsJAFIaneEO8oS7dNBITV6Q13pZENy4xkUsClUyHU5gw09aZUwNp+hy6MurOd/EFfBsH7ELBf/XN+f9Jzn/8WHCNjvNlFZaWV1bXiuuljc2t7Z3y7l5TR4li0GCRiFTbpxoED6GBHAW0YwVU+gJa/uh66rceQWkehXc4icGTdBDygDOKZnSPvbSLMMZU0nGW9coVp+rMZC+Cm0OF5Kr3yp/dfsQSCSEyQbXuuE6MXkoVciYgK3UTDTFlIzqAjsGQStBeOts6s4+CSNk4BHv2/p1NqdR6In2TkRSHet6bDv/zOgkGl17KwzhBCJmJGC9IhI2RPS1v97kChmJigDLFzZY2G1JFGZoTlUx9d77sIjRPqu559ez2tFK7yg9RJAfkkBwTl1yQGrkhddIgjCjyTN7Iu/VgPVkv1utPtGDlf/bJH1kf32W8kM8=</latexit>

tmax
<latexit sha1_base64="V8hUaScJOqzhZ0KE7JuyMaK2dBA=">AAAB5nicbZDLTsJAFIZP8YZ4Q126aSQmrkhrvC2JblxiYoEEGjIdTmHC9JKZUxPS8Aq6MurOB/IFfBsH7ELBf/XN+f9Jzn+CVApNjvNllVZW19Y3ypuVre2d3b3q/kFLJ5ni6PFEJqoTMI1SxOiRIImdVCGLAontYHw789uPqLRI4geapOhHbBiLUHBGZuRRP3em/WrNqTtz2cvgFlCDQs1+9bM3SHgWYUxcMq27rpOSnzNFgkucVnqZxpTxMRti12DMItR+Pl92ap+EibJphPb8/Tubs0jrSRSYTMRopBe92fA/r5tReO3nIk4zwpibiPHCTNqU2LPO9kAo5CQnBhhXwmxp8xFTjJO5TMXUdxfLLkPrrO5e1i/uz2uNm+IQZTiCYzgFF66gAXfQBA84CHiGN3i3RtaT9WK9/kRLVvHnEP7I+vgGt7eMRg==</latexit>

t 0
<latexit sha1_base64="yN8BB41dWNRQufmwBXhJhQls3Z8=">AAAB4nicbZC7TsMwFIZPyq2UW4GRxaJCYqoSxG2sYGFgaCV6kdqoctyT1qqdRLaDVEV9AZgQsPFIvABvg1syQMs/fT7/b+n8J0gE18Z1v5zCyura+kZxs7S1vbO7V94/aOk4VQybLBax6gRUo+ARNg03AjuJQioDge1gfDvz24+oNI+jBzNJ0Jd0GPGQM2rsqHHfL1fcqjsXWQYvhwrkqvfLn71BzFKJkWGCat313MT4GVWGM4HTUi/VmFA2pkPsWoyoRO1n80Wn5CSMFTEjJPP372xGpdYTGdiMpGakF73Z8D+vm5rw2s94lKQGI2Yj1gtTQUxMZn3JgCtkRkwsUKa43ZKwEVWUGXuVkq3vLZZdhtZZ1busXjTOK7Wb/BBFOIJjOAUPrqAGd1CHJjBAeIY3eHcGzpPz4rz+RAtO/ucQ/sj5+Aac0Ypv</latexit>

L
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Accumulated transverse momentum

• What is the accumulated effect of the Glasma in comparison to that of the QGP phase?

➡ As previously done in                                                                                 , we calculate the accumulated transverse momentum broadening as:M. E. Carrington, A. Czajka, S. Mrowczynski; PRC, 2022

<latexit sha1_base64="TzrdiuiKzk8n1HSyX6FOKFjwvkc=">AAACDnicbVDLSgNBEJyN7/iKevQyGARFCbvi6yKIevAYIdFANi6zk95kcPbhTK8Qlv0H/Rk9iXrz4A/4N05iDhqtQ1PdVQNT5SdSaLTtT6swNj4xOTU9U5ydm19YLC0tX+o4VRzqPJaxavhMgxQR1FGghEaigIW+hCv/5rSvX92B0iKOathLoBWyTiQCwRmak1facs9AIqOJV7veOXJFhNcZekHumSnyNrrbbpdhdptv4KZXKtsVewD6lzhDUiZDVL3Sh9uOeRpChFwyrZuOnWArYwoFl5AX3VRDwvgN60DT0IiFoFvZIFRO14NYUewCHew/vRkLte6FvvGEDLt6VOsf/9OaKQaHrUxESYoQcWMxWpBKijHtd0PbQgFH2TOEcSXMLynvMsU4mgaLJr4zGvYvudypOPuVvYvd8vHJsIhpskrWyAZxyAE5JuekSuqEkwfyRF7Jm3VvPVrP1su3tWAN36yQX7DevwBUapw+</latexit>

! p2
T =

! t f

t i

dt öq(t)
<latexit sha1_base64="ERAY/ksnw8irhkk9IeXFWuVi+Rg=">AAAB63icbZC7TsMwFIadcivlVmBksaiQylIliNtYwcJYJHoRbVQ5rtNYtZ1gnyBVUZ8CJgRsvA0vwNvglgzQ8k+fz/9bOv8JEsENuO6XU1haXlldK66XNja3tnfKu3stE6easiaNRaw7ATFMcMWawEGwTqIZkYFg7WB0PfXbj0wbHqs7GCfMl2SoeMgpATu670UEsodJFY775Ypbc2fCi+DlUEG5Gv3yZ28Q01QyBVQQY7qem4CfEQ2cCjYp9VLDEkJHZMi6FhWRzPjZbOMJPgpjjSFiePb+nc2INGYsA5uRBCIz702H/3ndFMJLP+MqSYEpaiPWC1OBIcbT4njANaMgxhYI1dxuiWlENKFgz1Oy9b35sovQOql557Wz29NK/So/RBEdoENURR66QHV0gxqoiShS6Bm9oXdHOk/Oi/P6Ey04+Z999EfOxzctG45E</latexit>

öq(t)

<latexit sha1_base64="xSrgzUJ6e8RioCuf8nG3XRdsQMQ=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZ42tJdOMSEhESmJCepgY69DzSXWNCCD+gK6Pu/CR/wL+xwVkoeFen695O6laQKmnIdb+cwsrq2vpGcbO0tb2zu1feP3gwSaYFNkWiEt0OuEElY2ySJIXtVCOPAoWtYHQ781uPqI1M4nsap+hHfBDLUApOdtSgXrniVt252DJ4OVQgV71X/uz2E5FFGJNQ3JiO56bkT7gmKRROS93MYMrFiA+wYzHmERp/Ml90yk7CRDMaIpu/f2cnPDJmHAU2E3EamkVvNvzP62QUXvsTGacZYSxsxHphphglbNaX9aVGQWpsgQst7ZZMDLnmguxVSra+t1h2GR7Oqt5l9aJxXqnd5IcowhEcwyl4cAU1uIM6NEEAwjO8wbvTd56cF+f1J1pw8j+H8EfOxzfYgYqX</latexit>

t

<latexit sha1_base64="1tKC1bWiVkwYrp2iFErHHKKRSTo=">AAAB93icbZDJTsMwFEUdxlKmMOzYWFRIrKoEMS0r2LAsEh2ktooc96W16gzYL6glyrfACgE7/oMf4G9wSxfQclfH715L710/kUKj43xZC4tLyyurhbXi+sbm1ra9s1vXcao41HgsY9X0mQYpIqihQAnNRAELfQkNf3A99hsPoLSIozscJdAJWS8SgeAMzciz99t9htl97mVthCFmIRvmuWeXnLIzEZ0HdwolMlXVsz/b3ZinIUTIJdO65ToJdjKmUHAJebGdakgYH7AetAxGLATdySbb5/QoiBXFPtDJ+3c2Y6HWo9A3mZBhX8964+F/XivF4LKTiShJESJuIsYLUkkxpuMSaFco4ChHBhhXwmxJeZ8pxtFUVTTnu7PHzkP9pOyel89uT0uVq2kRBXJADskxcckFqZAbUiU1wskjeSZv5N0aWU/Wi/X6E12wpn/2yB9ZH9+1HJPK</latexit>

öqmax

<latexit sha1_base64="2Ca3xj1Q1Y45sb8RDZEbqxybHdk=">AAAB7HicbZC7TsMwFIYdrqXcCowsFhUSU5UgbmMFC2OR6EVKo8pxTxqrjh1sB6mK8hYwIWDjaXgB3ga3ZICWf/p8/t/S+U+YcqaN6345S8srq2vrlY3q5tb2zm5tb7+jZaYotKnkUvVCooEzAW3DDIdeqoAkIYduOL6Z+t1HUJpJcW8mKQQJGQkWMUqMHfn9mJj8oRjkbjGo1d2GOxNeBK+EOirVGtQ++0NJswSEoZxo7XtuaoKcKMMoh6LazzSkhI7JCHyLgiSgg3y2coGPI6mwiQHP3r+zOUm0niShzSTExHremw7/8/zMRFdBzkSaGRDURqwXZRwbiafN8ZApoIZPLBCqmN0S05goQo29T9XW9+bLLkLntOFdNM7vzurN6/IQFXSIjtAJ8tAlaqJb1EJtRJFEz+gNvTvCeXJenNef6JJT/jlAf+R8fAN4F48Q</latexit>

öq0

<latexit sha1_base64="GOvpPrlA1w1VxgmyGMYQjyU0iYg=">AAAB7HicbZC7TsMwFIYdrqXcCowsFhUSU5UgbmMFC2OR6EVKo8pxncaqYwf7BKmK8hYwIWDjaXgB3ga3ZICWf/p8/t/S+U+YCm7Adb+cpeWV1bX1ykZ1c2t7Z7e2t98xKtOUtakSSvdCYpjgkrWBg2C9VDOShIJ1w/HN1O8+Mm24kvcwSVmQkJHkEacE7MjvxwTyh2KQR8WgVncb7kx4EbwS6qhUa1D77A8VzRImgQpijO+5KQQ50cCpYEW1nxmWEjomI+ZblCRhJshnKxf4OFIaQ8zw7P07m5PEmEkS2kxCIDbz3nT4n+dnEF0FOZdpBkxSG7FelAkMCk+b4yHXjIKYWCBUc7slpjHRhIK9T9XW9+bLLkLntOFdNM7vzurN6/IQFXSIjtAJ8tAlaqJb1EJtRJFCz+gNvTvSeXJenNef6JJT/jlAf+R8fAPI4Y9G</latexit>

öqf

<latexit sha1_base64="OO8SuUaPjT8t78eu/x/sBKHnlXM=">AAAB73icbZDLTsJAFIaneEO8oS7dNBITV6Q13pZENy4xkUsClUyHU5gw09aZUwNp+hy6MurOd/EFfBsH7ELBf/XN+f9Jzn/8WHCNjvNlFZaWV1bXiuuljc2t7Z3y7l5TR4li0GCRiFTbpxoED6GBHAW0YwVU+gJa/uh66rceQWkehXc4icGTdBDygDOKZnSPvbSLMMZU0nGW9coVp+rMZC+Cm0OF5Kr3yp/dfsQSCSEyQbXuuE6MXkoVciYgK3UTDTFlIzqAjsGQStBeOts6s4+CSNk4BHv2/p1NqdR6In2TkRSHet6bDv/zOgkGl17KwzhBCJmJGC9IhI2RPS1v97kChmJigDLFzZY2G1JFGZoTlUx9d77sIjRPqu559ez2tFK7yg9RJAfkkBwTl1yQGrkhddIgjCjyTN7Iu/VgPVkv1utPtGDlf/bJH1kf32W8kM8=</latexit>

tmax
<latexit sha1_base64="V8hUaScJOqzhZ0KE7JuyMaK2dBA=">AAAB5nicbZDLTsJAFIZP8YZ4Q126aSQmrkhrvC2JblxiYoEEGjIdTmHC9JKZUxPS8Aq6MurOB/IFfBsH7ELBf/XN+f9Jzn+CVApNjvNllVZW19Y3ypuVre2d3b3q/kFLJ5ni6PFEJqoTMI1SxOiRIImdVCGLAontYHw789uPqLRI4geapOhHbBiLUHBGZuRRP3em/WrNqTtz2cvgFlCDQs1+9bM3SHgWYUxcMq27rpOSnzNFgkucVnqZxpTxMRti12DMItR+Pl92ap+EibJphPb8/Tubs0jrSRSYTMRopBe92fA/r5tReO3nIk4zwpibiPHCTNqU2LPO9kAo5CQnBhhXwmxp8xFTjJO5TMXUdxfLLkPrrO5e1i/uz2uNm+IQZTiCYzgFF66gAXfQBA84CHiGN3i3RtaT9WK9/kRLVvHnEP7I+vgGt7eMRg==</latexit>

t 0
<latexit sha1_base64="yN8BB41dWNRQufmwBXhJhQls3Z8=">AAAB4nicbZC7TsMwFIZPyq2UW4GRxaJCYqoSxG2sYGFgaCV6kdqoctyT1qqdRLaDVEV9AZgQsPFIvABvg1syQMs/fT7/b+n8J0gE18Z1v5zCyura+kZxs7S1vbO7V94/aOk4VQybLBax6gRUo+ARNg03AjuJQioDge1gfDvz24+oNI+jBzNJ0Jd0GPGQM2rsqHHfL1fcqjsXWQYvhwrkqvfLn71BzFKJkWGCat313MT4GVWGM4HTUi/VmFA2pkPsWoyoRO1n80Wn5CSMFTEjJPP372xGpdYTGdiMpGakF73Z8D+vm5rw2s94lKQGI2Yj1gtTQUxMZn3JgCtkRkwsUKa43ZKwEVWUGXuVkq3vLZZdhtZZ1busXjTOK7Wb/BBFOIJjOAUPrqAGd1CHJjBAeIY3eHcGzpPz4rz+RAtO/ucQ/sj5+Aac0Ypv</latexit>

L

➡ The effect of the Glasma is estimated through 
linear interpolation between 0,            and      :

<latexit sha1_base64="1tKC1bWiVkwYrp2iFErHHKKRSTo=">AAAB93icbZDJTsMwFEUdxlKmMOzYWFRIrKoEMS0r2LAsEh2ktooc96W16gzYL6glyrfACgE7/oMf4G9wSxfQclfH715L710/kUKj43xZC4tLyyurhbXi+sbm1ra9s1vXcao41HgsY9X0mQYpIqihQAnNRAELfQkNf3A99hsPoLSIozscJdAJWS8SgeAMzciz99t9htl97mVthCFmIRvmuWeXnLIzEZ0HdwolMlXVsz/b3ZinIUTIJdO65ToJdjKmUHAJebGdakgYH7AetAxGLATdySbb5/QoiBXFPtDJ+3c2Y6HWo9A3mZBhX8964+F/XivF4LKTiShJESJuIsYLUkkxpuMSaFco4ChHBhhXwmxJeZ8pxtFUVTTnu7PHzkP9pOyel89uT0uVq2kRBXJADskxcckFqZAbUiU1wskjeSZv5N0aWU/Wi/X6E12wpn/2yB9ZH9+1HJPK</latexit>

öqmax
<latexit sha1_base64="2Ca3xj1Q1Y45sb8RDZEbqxybHdk=">AAAB7HicbZC7TsMwFIYdrqXcCowsFhUSU5UgbmMFC2OR6EVKo8pxTxqrjh1sB6mK8hYwIWDjaXgB3ga3ZICWf/p8/t/S+U+YcqaN6345S8srq2vrlY3q5tb2zm5tb7+jZaYotKnkUvVCooEzAW3DDIdeqoAkIYduOL6Z+t1HUJpJcW8mKQQJGQkWMUqMHfn9mJj8oRjkbjGo1d2GOxNeBK+EOirVGtQ++0NJswSEoZxo7XtuaoKcKMMoh6LazzSkhI7JCHyLgiSgg3y2coGPI6mwiQHP3r+zOUm0niShzSTExHremw7/8/zMRFdBzkSaGRDURqwXZRwbiafN8ZApoIZPLBCqmN0S05goQo29T9XW9+bLLkLntOFdNM7vzurN6/IQFXSIjtAJ8tAlaqJb1EJtRJFEz+gNvTvCeXJenNef6JJT/jlAf+R8fAN4F48Q</latexit>

öq0

➡ The effect of the equilibrated QGP is estimated 
by assuming that                   and that the 
temperature decreases with time as 
dddddddddddddd   (ideal one-dimensional 
boost invariant hydrodynamics):

<latexit sha1_base64="VmEIzQBrOF/ueIQPoDClLtNmyJQ=">AAAB7XicbZC7TsMwFIZPyq2UW4GRxaJCYqoSym1BqmBhLFJvUhMqx3Uaq04cbAepivoYMCFg42V4Ad4Gt2SAln/6fP7f0vmPn3CmtG1/WYWl5ZXVteJ6aWNza3unvLvXViKVhLaI4EJ2fawoZzFtaaY57SaS4sjntOOPbqZ+55FKxUTc1OOEehEexixgBGszct0Q6+xhclVr3tf65YpdtWdCi+DkUIFcjX750x0IkkY01oRjpXqOnWgvw1Izwumk5KaKJpiM8JD2DMY4osrLZjtP0FEgJNIhRbP372yGI6XGkW8yEdahmvemw/+8XqqDSy9jcZJqGhMTMV6QcqQFmlZHAyYp0XxsABPJzJaIhFhios2BSqa+M192EdonVee8enZ3Wqlf54cowgEcwjE4cAF1uIUGtIBAAs/wBu+WsJ6sF+v1J1qw8j/78EfWxzdVv47o</latexit>

öq = 3T3

<latexit sha1_base64="Hdl8ygEIH0weQ216FU4suumncxI=">AAACAnicbVC7TsNAEDzzJrwMlBSciJBCk9i8G6QIGsogJRApDtb5sk5OnB+6WyNFVjr4GagQ0PEJ/AB/wyWk4DXV7M6stDNBKoVGx/mwJianpmdm5+YLC4tLyyv26tqlTjLFocETmahmwDRIEUMDBUpopgpYFEi4Cm7OhvrVLSgtkriO/RTaEevGIhScoVn59mb9pO47noQQSxR9p4LUU6Lbw53r3K3sDXy76JSdEehf4o5JkYxR8+13r5PwLIIYuWRat1wnxXbOFAouYVDwMg0p4zesCy1DYxaBbuejIAO6HSaKYg/oaP7uzVmkdT8KjCdi2NO/teHyP62VYXjczkWcZggxNxajhZmkmNBhH7QjFHCUfUMYV8J8SXmPKcbRtFYw8d3fYf+Sy92ye1g+uNgvVk/HRcyRDbJFSsQlR6RKzkmNNAgn9+SRvJBX6856sJ6s5y/rhDW+WSc/YL19Apx0lZU=</latexit>

T = T0 (t0/t )1/ 3

➡ Parameter values:

<latexit sha1_base64="M/8IuE3eqbteAeoaiXd727DBxeY="></latexit>

! p2
T |Glasma =

1
2

öqmax t0 +
1
2

öq0(t0 ! tmax )

<latexit sha1_base64="IpTtrxRziI5WbK6oSvC/AuQLQR8=">AAACGHicbVC5TsNAFFxzhnAFKGlWREhUkc3dICFAgoIikRJAihNrvTyTVdaHdp8RkfGPwM9AhTgqOv6GTUjBNdW8N/OkN+MnUmi07Q9rZHRsfGKyMFWcnpmdmy8tLJ7pOFUcGjyWsbrwmQYpImigQAkXiQIW+hLO/e5hXz+/BqVFHNWxl0ArZFeRCARnaFZeacs9AomMJu11r37bzlyEG8xqx9U839uoe3Z7Az3blRF1A8V4dppnZs69Utmu2APQv8QZkjIZouqV3tzLmKchRMgl07rp2Am2MqZQcAl50U01JIx32RU0DY1YCLqVDeLldDWIFcUO0MH83ZuxUOte6BtPyLCjf2v95X9aM8Vgt5WJKEkRIm4sRgtSSTGm/ZbopVDAUfYMYVwJ8yXlHWYaQNNl0cR3fof9S87WK852Zau2Wd4/GBZRIMtkhawRh+yQfXJCqqRBOLknj+SFvFp31oP1ZD1/WUes4c0S+QHr/RMN8J+8</latexit>

! p2
T |QGP = 3T3

0 t0 ln
L
t0

Taken from JETSCAPE collaboration; Phys. Rev. C 104, 024905 (2021)  and  C. Shen, U. Heinz, P. Huovinen and H. Song; Phys. Rev. C 84, 044903 (2011).

<latexit sha1_base64="q2cRUDQCoUWTv/H1EP6/uKHaT+c=">AAACG3icbVBNb9NAEF0H+kEobVqOXFZElTggY1f9vFXlAMcikaRSHKLxdhyvsmu7u+MqkeWfQv8MnFDhxoF/w+bjAE3f6c28N9K8FxdKWgqCP17jydO19Y3NZ83nWy+2d1q7e12bl0ZgR+QqN1cxWFQyww5JUnhVGAQdK+zF4/czvXeLxso8+0zTAgcaRplMpAByq2HrNEqBqpt6WEWEE6o0TOo6gqIw+YSf+Uc8ersQPmC3/nLwbjEkuh622oEfzMFXSbgkbbbE5bB1H13notSYkVBgbT8MChpUYEgKhXUzKi0WIMYwwr6jGWi0g2qesOb7SW44pcjn87/eCrS1Ux07jwZK7UNttnxM65eUnA4qmRUlYSacxWlJqTjlfFYUv5YGBampIyCMdF9ykYIBQa7OposfPgy7SroHfnjsH306bJ9fLIvYZK/Ya/aGheyEnbOP7JJ1mGB37Dv7yX55X71v3g/vfmFteMubl+w/eL//Ap+YolI=</latexit>

öqmax ! 9.5 GeV2/ fm
<latexit sha1_base64="lSPFv5NFKqu5I998hWiyc0V+/gI=">AAACCHicbVC7TsNAEDzzJrwClDQnIiQKFNmIVxlBQwkSSZBiyzofa3Lizrbu1iiR5R+An4EKAR01P8DfcHkUEJhqdmdW2pkok8Kg6345U9Mzs3PzC4uVpeWV1bXq+kbLpLnm0OSpTPV1xAxIkUATBUq4zjQwFUloR3dnA719D9qINLnCfgaBYreJiAVnaFdhdQfDwkfoYaFYryx9lmU67VG37lF/byTEqgyrNbfuDkH/Em9MamSMi7D66d+kPFeQIJfMmI7nZhgUTKPgEsqKnxvIGL9jt9CxNGEKTFAM45R0J041xS7Q4fzTWzBlTF9F1qMYds2kNlj+p3VyjE+CQiRZjpBwa7FanEuKKR20Qm+EBo6ybwnjWtgvKe8yzTja7io2vjcZ9i9p7de9o/rh5UGtcTouYoFskW2ySzxyTBrknFyQJuHkkTyTN/LuPDhPzovzOrJOOeObTfILzsc3XiiaHw==</latexit>

tmax ! 0.1 fm

With the values:

<latexit sha1_base64="9k/Af5gKQYJvFD42IFuBtjGD2LM="></latexit>

L = 10 fm, öq0 ! 1.4 GeV2/ fm, t0 ! 0.6 fm, T0 = 0 .45 GeV
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Accumulated transverse momentum

• What is the accumulated effect of the Glasma in comparison to that of the QGP phase?

➡ As previously done in                                                                                 , we calculate the accumulated transverse momentum broadening as:M. E. Carrington, A. Czajka, S. Mrowczynski; PRC, 2022

<latexit sha1_base64="TzrdiuiKzk8n1HSyX6FOKFjwvkc=">AAACDnicbVDLSgNBEJyN7/iKevQyGARFCbvi6yKIevAYIdFANi6zk95kcPbhTK8Qlv0H/Rk9iXrz4A/4N05iDhqtQ1PdVQNT5SdSaLTtT6swNj4xOTU9U5ydm19YLC0tX+o4VRzqPJaxavhMgxQR1FGghEaigIW+hCv/5rSvX92B0iKOathLoBWyTiQCwRmak1facs9AIqOJV7veOXJFhNcZekHumSnyNrrbbpdhdptv4KZXKtsVewD6lzhDUiZDVL3Sh9uOeRpChFwyrZuOnWArYwoFl5AX3VRDwvgN60DT0IiFoFvZIFRO14NYUewCHew/vRkLte6FvvGEDLt6VOsf/9OaKQaHrUxESYoQcWMxWpBKijHtd0PbQgFH2TOEcSXMLynvMsU4mgaLJr4zGvYvudypOPuVvYvd8vHJsIhpskrWyAZxyAE5JuekSuqEkwfyRF7Jm3VvPVrP1su3tWAN36yQX7DevwBUapw+</latexit>

! p2
T =

! t f

t i

dt öq(t)
<latexit sha1_base64="ERAY/ksnw8irhkk9IeXFWuVi+Rg=">AAAB63icbZC7TsMwFIadcivlVmBksaiQylIliNtYwcJYJHoRbVQ5rtNYtZ1gnyBVUZ8CJgRsvA0vwNvglgzQ8k+fz/9bOv8JEsENuO6XU1haXlldK66XNja3tnfKu3stE6easiaNRaw7ATFMcMWawEGwTqIZkYFg7WB0PfXbj0wbHqs7GCfMl2SoeMgpATu670UEsodJFY775Ypbc2fCi+DlUEG5Gv3yZ28Q01QyBVQQY7qem4CfEQ2cCjYp9VLDEkJHZMi6FhWRzPjZbOMJPgpjjSFiePb+nc2INGYsA5uRBCIz702H/3ndFMJLP+MqSYEpaiPWC1OBIcbT4njANaMgxhYI1dxuiWlENKFgz1Oy9b35sovQOql557Wz29NK/So/RBEdoENURR66QHV0gxqoiShS6Bm9oXdHOk/Oi/P6Ey04+Z999EfOxzctG45E</latexit>

öq(t)

<latexit sha1_base64="xSrgzUJ6e8RioCuf8nG3XRdsQMQ=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZ42tJdOMSEhESmJCepgY69DzSXWNCCD+gK6Pu/CR/wL+xwVkoeFen695O6laQKmnIdb+cwsrq2vpGcbO0tb2zu1feP3gwSaYFNkWiEt0OuEElY2ySJIXtVCOPAoWtYHQ781uPqI1M4nsap+hHfBDLUApOdtSgXrniVt252DJ4OVQgV71X/uz2E5FFGJNQ3JiO56bkT7gmKRROS93MYMrFiA+wYzHmERp/Ml90yk7CRDMaIpu/f2cnPDJmHAU2E3EamkVvNvzP62QUXvsTGacZYSxsxHphphglbNaX9aVGQWpsgQst7ZZMDLnmguxVSra+t1h2GR7Oqt5l9aJxXqnd5IcowhEcwyl4cAU1uIM6NEEAwjO8wbvTd56cF+f1J1pw8j+H8EfOxzfYgYqX</latexit>

t

<latexit sha1_base64="1tKC1bWiVkwYrp2iFErHHKKRSTo=">AAAB93icbZDJTsMwFEUdxlKmMOzYWFRIrKoEMS0r2LAsEh2ktooc96W16gzYL6glyrfACgE7/oMf4G9wSxfQclfH715L710/kUKj43xZC4tLyyurhbXi+sbm1ra9s1vXcao41HgsY9X0mQYpIqihQAnNRAELfQkNf3A99hsPoLSIozscJdAJWS8SgeAMzciz99t9htl97mVthCFmIRvmuWeXnLIzEZ0HdwolMlXVsz/b3ZinIUTIJdO65ToJdjKmUHAJebGdakgYH7AetAxGLATdySbb5/QoiBXFPtDJ+3c2Y6HWo9A3mZBhX8964+F/XivF4LKTiShJESJuIsYLUkkxpuMSaFco4ChHBhhXwmxJeZ8pxtFUVTTnu7PHzkP9pOyel89uT0uVq2kRBXJADskxcckFqZAbUiU1wskjeSZv5N0aWU/Wi/X6E12wpn/2yB9ZH9+1HJPK</latexit>

öqmax

<latexit sha1_base64="2Ca3xj1Q1Y45sb8RDZEbqxybHdk=">AAAB7HicbZC7TsMwFIYdrqXcCowsFhUSU5UgbmMFC2OR6EVKo8pxTxqrjh1sB6mK8hYwIWDjaXgB3ga3ZICWf/p8/t/S+U+YcqaN6345S8srq2vrlY3q5tb2zm5tb7+jZaYotKnkUvVCooEzAW3DDIdeqoAkIYduOL6Z+t1HUJpJcW8mKQQJGQkWMUqMHfn9mJj8oRjkbjGo1d2GOxNeBK+EOirVGtQ++0NJswSEoZxo7XtuaoKcKMMoh6LazzSkhI7JCHyLgiSgg3y2coGPI6mwiQHP3r+zOUm0niShzSTExHremw7/8/zMRFdBzkSaGRDURqwXZRwbiafN8ZApoIZPLBCqmN0S05goQo29T9XW9+bLLkLntOFdNM7vzurN6/IQFXSIjtAJ8tAlaqJb1EJtRJFEz+gNvTvCeXJenNef6JJT/jlAf+R8fAN4F48Q</latexit>

öq0

<latexit sha1_base64="GOvpPrlA1w1VxgmyGMYQjyU0iYg=">AAAB7HicbZC7TsMwFIYdrqXcCowsFhUSU5UgbmMFC2OR6EVKo8pxncaqYwf7BKmK8hYwIWDjaXgB3ga3ZICWf/p8/t/S+U+YCm7Adb+cpeWV1bX1ykZ1c2t7Z7e2t98xKtOUtakSSvdCYpjgkrWBg2C9VDOShIJ1w/HN1O8+Mm24kvcwSVmQkJHkEacE7MjvxwTyh2KQR8WgVncb7kx4EbwS6qhUa1D77A8VzRImgQpijO+5KQQ50cCpYEW1nxmWEjomI+ZblCRhJshnKxf4OFIaQ8zw7P07m5PEmEkS2kxCIDbz3nT4n+dnEF0FOZdpBkxSG7FelAkMCk+b4yHXjIKYWCBUc7slpjHRhIK9T9XW9+bLLkLntOFdNM7vzurN6/IQFXSIjtAJ8tAlaqJb1EJtRJFCz+gNvTvSeXJenNef6JJT/jlAf+R8fAPI4Y9G</latexit>

öqf

<latexit sha1_base64="OO8SuUaPjT8t78eu/x/sBKHnlXM=">AAAB73icbZDLTsJAFIaneEO8oS7dNBITV6Q13pZENy4xkUsClUyHU5gw09aZUwNp+hy6MurOd/EFfBsH7ELBf/XN+f9Jzn/8WHCNjvNlFZaWV1bXiuuljc2t7Z3y7l5TR4li0GCRiFTbpxoED6GBHAW0YwVU+gJa/uh66rceQWkehXc4icGTdBDygDOKZnSPvbSLMMZU0nGW9coVp+rMZC+Cm0OF5Kr3yp/dfsQSCSEyQbXuuE6MXkoVciYgK3UTDTFlIzqAjsGQStBeOts6s4+CSNk4BHv2/p1NqdR6In2TkRSHet6bDv/zOgkGl17KwzhBCJmJGC9IhI2RPS1v97kChmJigDLFzZY2G1JFGZoTlUx9d77sIjRPqu559ez2tFK7yg9RJAfkkBwTl1yQGrkhddIgjCjyTN7Iu/VgPVkv1utPtGDlf/bJH1kf32W8kM8=</latexit>

tmax
<latexit sha1_base64="V8hUaScJOqzhZ0KE7JuyMaK2dBA=">AAAB5nicbZDLTsJAFIZP8YZ4Q126aSQmrkhrvC2JblxiYoEEGjIdTmHC9JKZUxPS8Aq6MurOB/IFfBsH7ELBf/XN+f9Jzn+CVApNjvNllVZW19Y3ypuVre2d3b3q/kFLJ5ni6PFEJqoTMI1SxOiRIImdVCGLAontYHw789uPqLRI4geapOhHbBiLUHBGZuRRP3em/WrNqTtz2cvgFlCDQs1+9bM3SHgWYUxcMq27rpOSnzNFgkucVnqZxpTxMRti12DMItR+Pl92ap+EibJphPb8/Tubs0jrSRSYTMRopBe92fA/r5tReO3nIk4zwpibiPHCTNqU2LPO9kAo5CQnBhhXwmxp8xFTjJO5TMXUdxfLLkPrrO5e1i/uz2uNm+IQZTiCYzgFF66gAXfQBA84CHiGN3i3RtaT9WK9/kRLVvHnEP7I+vgGt7eMRg==</latexit>

t 0
<latexit sha1_base64="yN8BB41dWNRQufmwBXhJhQls3Z8=">AAAB4nicbZC7TsMwFIZPyq2UW4GRxaJCYqoSxG2sYGFgaCV6kdqoctyT1qqdRLaDVEV9AZgQsPFIvABvg1syQMs/fT7/b+n8J0gE18Z1v5zCyura+kZxs7S1vbO7V94/aOk4VQybLBax6gRUo+ARNg03AjuJQioDge1gfDvz24+oNI+jBzNJ0Jd0GPGQM2rsqHHfL1fcqjsXWQYvhwrkqvfLn71BzFKJkWGCat313MT4GVWGM4HTUi/VmFA2pkPsWoyoRO1n80Wn5CSMFTEjJPP372xGpdYTGdiMpGakF73Z8D+vm5rw2s94lKQGI2Yj1gtTQUxMZn3JgCtkRkwsUKa43ZKwEVWUGXuVkq3vLZZdhtZZ1busXjTOK7Wb/BBFOIJjOAUPrqAGd1CHJjBAeIY3eHcGzpPz4rz+RAtO/ucQ/sj5+Aac0Ypv</latexit>

L

➡ The effect of the Glasma is estimated through 
linear interpolation between 0,            and      :

<latexit sha1_base64="1tKC1bWiVkwYrp2iFErHHKKRSTo=">AAAB93icbZDJTsMwFEUdxlKmMOzYWFRIrKoEMS0r2LAsEh2ktooc96W16gzYL6glyrfACgE7/oMf4G9wSxfQclfH715L710/kUKj43xZC4tLyyurhbXi+sbm1ra9s1vXcao41HgsY9X0mQYpIqihQAnNRAELfQkNf3A99hsPoLSIozscJdAJWS8SgeAMzciz99t9htl97mVthCFmIRvmuWeXnLIzEZ0HdwolMlXVsz/b3ZinIUTIJdO65ToJdjKmUHAJebGdakgYH7AetAxGLATdySbb5/QoiBXFPtDJ+3c2Y6HWo9A3mZBhX8964+F/XivF4LKTiShJESJuIsYLUkkxpuMSaFco4ChHBhhXwmxJeZ8pxtFUVTTnu7PHzkP9pOyel89uT0uVq2kRBXJADskxcckFqZAbUiU1wskjeSZv5N0aWU/Wi/X6E12wpn/2yB9ZH9+1HJPK</latexit>

öqmax
<latexit sha1_base64="2Ca3xj1Q1Y45sb8RDZEbqxybHdk=">AAAB7HicbZC7TsMwFIYdrqXcCowsFhUSU5UgbmMFC2OR6EVKo8pxTxqrjh1sB6mK8hYwIWDjaXgB3ga3ZICWf/p8/t/S+U+YcqaN6345S8srq2vrlY3q5tb2zm5tb7+jZaYotKnkUvVCooEzAW3DDIdeqoAkIYduOL6Z+t1HUJpJcW8mKQQJGQkWMUqMHfn9mJj8oRjkbjGo1d2GOxNeBK+EOirVGtQ++0NJswSEoZxo7XtuaoKcKMMoh6LazzSkhI7JCHyLgiSgg3y2coGPI6mwiQHP3r+zOUm0niShzSTExHremw7/8/zMRFdBzkSaGRDURqwXZRwbiafN8ZApoIZPLBCqmN0S05goQo29T9XW9+bLLkLntOFdNM7vzurN6/IQFXSIjtAJ8tAlaqJb1EJtRJFEz+gNvTvCeXJenNef6JJT/jlAf+R8fAN4F48Q</latexit>

öq0

➡ The effect of the equilibrated QGP is estimated 
by assuming that                   and that the 
temperature decreases with time as 
dddddddddddddd   (ideal one-dimensional 
boost invariant hydrodynamics):

<latexit sha1_base64="VmEIzQBrOF/ueIQPoDClLtNmyJQ=">AAAB7XicbZC7TsMwFIZPyq2UW4GRxaJCYqoSym1BqmBhLFJvUhMqx3Uaq04cbAepivoYMCFg42V4Ad4Gt2SAln/6fP7f0vmPn3CmtG1/WYWl5ZXVteJ6aWNza3unvLvXViKVhLaI4EJ2fawoZzFtaaY57SaS4sjntOOPbqZ+55FKxUTc1OOEehEexixgBGszct0Q6+xhclVr3tf65YpdtWdCi+DkUIFcjX750x0IkkY01oRjpXqOnWgvw1Izwumk5KaKJpiM8JD2DMY4osrLZjtP0FEgJNIhRbP372yGI6XGkW8yEdahmvemw/+8XqqDSy9jcZJqGhMTMV6QcqQFmlZHAyYp0XxsABPJzJaIhFhios2BSqa+M192EdonVee8enZ3Wqlf54cowgEcwjE4cAF1uIUGtIBAAs/wBu+WsJ6sF+v1J1qw8j/78EfWxzdVv47o</latexit>

öq = 3T3

<latexit sha1_base64="Hdl8ygEIH0weQ216FU4suumncxI=">AAACAnicbVC7TsNAEDzzJrwMlBSciJBCk9i8G6QIGsogJRApDtb5sk5OnB+6WyNFVjr4GagQ0PEJ/AB/wyWk4DXV7M6stDNBKoVGx/mwJianpmdm5+YLC4tLyyv26tqlTjLFocETmahmwDRIEUMDBUpopgpYFEi4Cm7OhvrVLSgtkriO/RTaEevGIhScoVn59mb9pO47noQQSxR9p4LUU6Lbw53r3K3sDXy76JSdEehf4o5JkYxR8+13r5PwLIIYuWRat1wnxXbOFAouYVDwMg0p4zesCy1DYxaBbuejIAO6HSaKYg/oaP7uzVmkdT8KjCdi2NO/teHyP62VYXjczkWcZggxNxajhZmkmNBhH7QjFHCUfUMYV8J8SXmPKcbRtFYw8d3fYf+Sy92ye1g+uNgvVk/HRcyRDbJFSsQlR6RKzkmNNAgn9+SRvJBX6856sJ6s5y/rhDW+WSc/YL19Apx0lZU=</latexit>

T = T0 (t0/t )1/ 3

➡ Parameter values:

<latexit sha1_base64="M/8IuE3eqbteAeoaiXd727DBxeY="></latexit>

! p2
T |Glasma =

1
2

öqmax t0 +
1
2

öq0(t0 ! tmax )

<latexit sha1_base64="IpTtrxRziI5WbK6oSvC/AuQLQR8=">AAACGHicbVC5TsNAFFxzhnAFKGlWREhUkc3dICFAgoIikRJAihNrvTyTVdaHdp8RkfGPwM9AhTgqOv6GTUjBNdW8N/OkN+MnUmi07Q9rZHRsfGKyMFWcnpmdmy8tLJ7pOFUcGjyWsbrwmQYpImigQAkXiQIW+hLO/e5hXz+/BqVFHNWxl0ArZFeRCARnaFZeacs9AomMJu11r37bzlyEG8xqx9U839uoe3Z7Az3blRF1A8V4dppnZs69Utmu2APQv8QZkjIZouqV3tzLmKchRMgl07rp2Am2MqZQcAl50U01JIx32RU0DY1YCLqVDeLldDWIFcUO0MH83ZuxUOte6BtPyLCjf2v95X9aM8Vgt5WJKEkRIm4sRgtSSTGm/ZbopVDAUfYMYVwJ8yXlHWYaQNNl0cR3fof9S87WK852Zau2Wd4/GBZRIMtkhawRh+yQfXJCqqRBOLknj+SFvFp31oP1ZD1/WUes4c0S+QHr/RMN8J+8</latexit>

! p2
T |QGP = 3T3

0 t0 ln
L
t0

Finally, we obtain:
(From M. E. Carrington et al; PRC, 2022)

Taken from JETSCAPE collaboration; Phys. Rev. C 104, 024905 (2021)  and  C. Shen, U. Heinz, P. Huovinen and H. Song; Phys. Rev. C 84, 044903 (2011).

<latexit sha1_base64="xOh610yeQOazr7TM1AiVi64aU7g="></latexit>

! p2
T |Glasma

! p2
T |QGP = 1 .37 > 0.93

<latexit sha1_base64="q2cRUDQCoUWTv/H1EP6/uKHaT+c=">AAACG3icbVBNb9NAEF0H+kEobVqOXFZElTggY1f9vFXlAMcikaRSHKLxdhyvsmu7u+MqkeWfQv8MnFDhxoF/w+bjAE3f6c28N9K8FxdKWgqCP17jydO19Y3NZ83nWy+2d1q7e12bl0ZgR+QqN1cxWFQyww5JUnhVGAQdK+zF4/czvXeLxso8+0zTAgcaRplMpAByq2HrNEqBqpt6WEWEE6o0TOo6gqIw+YSf+Uc8ersQPmC3/nLwbjEkuh622oEfzMFXSbgkbbbE5bB1H13notSYkVBgbT8MChpUYEgKhXUzKi0WIMYwwr6jGWi0g2qesOb7SW44pcjn87/eCrS1Ux07jwZK7UNttnxM65eUnA4qmRUlYSacxWlJqTjlfFYUv5YGBampIyCMdF9ykYIBQa7OposfPgy7SroHfnjsH306bJ9fLIvYZK/Ya/aGheyEnbOP7JJ1mGB37Dv7yX55X71v3g/vfmFteMubl+w/eL//Ap+YolI=</latexit>

öqmax ! 9.5 GeV2/ fm
<latexit sha1_base64="lSPFv5NFKqu5I998hWiyc0V+/gI=">AAACCHicbVC7TsNAEDzzJrwClDQnIiQKFNmIVxlBQwkSSZBiyzofa3Lizrbu1iiR5R+An4EKAR01P8DfcHkUEJhqdmdW2pkok8Kg6345U9Mzs3PzC4uVpeWV1bXq+kbLpLnm0OSpTPV1xAxIkUATBUq4zjQwFUloR3dnA719D9qINLnCfgaBYreJiAVnaFdhdQfDwkfoYaFYryx9lmU67VG37lF/byTEqgyrNbfuDkH/Em9MamSMi7D66d+kPFeQIJfMmI7nZhgUTKPgEsqKnxvIGL9jt9CxNGEKTFAM45R0J041xS7Q4fzTWzBlTF9F1qMYds2kNlj+p3VyjE+CQiRZjpBwa7FanEuKKR20Qm+EBo6ybwnjWtgvKe8yzTja7io2vjcZ9i9p7de9o/rh5UGtcTouYoFskW2ySzxyTBrknFyQJuHkkTyTN/LuPDhPzovzOrJOOeObTfILzsc3XiiaHw==</latexit>

tmax ! 0.1 fm

With the values:

<latexit sha1_base64="9k/Af5gKQYJvFD42IFuBtjGD2LM="></latexit>

L = 10 fm, öq0 ! 1.4 GeV2/ fm, t0 ! 0.6 fm, T0 = 0 .45 GeV



/ 11September — 9th 2025VIII Initial Stages of High-Energy Nuclear Collisions (Taipei, Taiwan) 11

Thank you for your attention

Conclusions

<latexit sha1_base64="yBTEdyg9M65/UjpRLJLuJYr1QSc=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm2ARXJVEvC2LblxWsBdoQ5lMT9qhkwszJ0IJfQRdibrzhXwB38ZJzUJb/9U35/8Hzn/8RApNjvNllVZW19Y3ypuVre2d3b3q/kFbx6ni2OKxjFXXZxqliLBFgiR2E4Us9CV2/Mlt7nceUWkRRw80TdAL2SgSgeCM8lGfWDqo1py6M5e9DG4BNSjUHFQ/+8OYpyFGxCXTuuc6CXkZUyS4xFmln2pMGJ+wEfYMRixE7WXzXWf2SRArm8Zoz9+/sxkLtZ6GvsmEjMZ60cuH/3m9lIJrLxNRkhJG3ESMF6TSptjOK9tDoZCTnBpgXAmzpc3HTDFO5jAVU99dLLsM7bO6e1m/uD+vNW6KQ5ThCI7hFFy4ggbcQRNawGEMz/AG79bIerJerNefaMkq/hzCH1kf3xJHi+c=</latexit>!
<latexit sha1_base64="guu2b3ZunvXa4t9Vm3gYBoxuW2o=">AAAB6HicbZDLTgJBEEVr8IX4Ql26mUhMXJEZ42tJdOMSE3kkMCE9TQ209DzsrjEhE/5BV0bd+T3+gH9jg7NQ8K5O172d1C0/kUKT43xZhaXlldW14nppY3Nre6e8u9fUcao4NngsY9X2mUYpImyQIIntRCELfYktf3Q99VuPqLSIozsaJ+iFbBCJQHBGZtTqDhllD5NeueJUnZnsRXBzqECueq/82e3HPA0xIi6Z1h3XScjLmCLBJU5K3VRjwviIDbBjMGIhai+brTuxj4JY2TREe/b+nc1YqPU49E0mZDTU8950+J/XSSm49DIRJSlhxE3EeEEqbYrtaWu7LxRykmMDjCthtrT5kCnGydymZOq782UXoXlSdc+rZ7enldpVfogiHMAhHIMLF1CDG6hDAziM4Bne4N26t56sF+v1J1qw8j/78EfWxzeOeY1h</latexit>

öq

• We have studied the impact of the Glasma phase over Jet Quenching observables

• The transport of hard probes is described by means of a Fokker-Planck equation


• The evolution of the medium is described using linearized Yang-Mills equations


• These equations effectively resum the UV-divergences of a power series in


• We observe a significantly stronger growth of     in relation to previous results


• We estimate an even larger impact than that of the QGP expansion

• We interpret this as evidence that the treatment of the high-momentum modes of the 

Glasma fields play an essential role in the estimation of jet quenching effects

Stanislaw Mrowczynski; Eur. Phys. Journal A, 2018

M. E. Carrington, A. Czajka, S. Mrowczynski; PRC, 2022

PGR and T. Lappi; PRD, 2021

H. Fujii, K. Fukushima, Y. Hidaka; PRC, 2008
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BACK-UP: GBW results

<latexit sha1_base64="6AyIKVszegTAseth5HFRolbf4KA="></latexit>

! dE/dx (Qs1 = Qs2 = 3 .635 GeV, m = 0 .3635 GeV)
<latexit sha1_base64="iClCXx1g9OnIBnIrYvFYxXXgA7A="></latexit>

öq (Qs1 = Qs2 = 3 .635 GeV, m = 0 .3635 GeV)

<latexit sha1_base64="i3NU6+oateoeGFgaWVpmhMy2S/o=">AAACBXicbVDLSgNBEJyN7/ha9ehlMAjxYLIrvg4eBBE9KpgYyC5hdtKbDJl9MNMrhiVn/Rk9iXrzB/wB/8ZJzMFXnaq7qqGrglQKjY7zYRUmJqemZ2bnivMLi0vL9spqXSeZ4lDjiUxUI2AapIihhgIlNFIFLAokXAe9k6F+fQNKiyS+wn4KfsQ6sQgFZ2hWLXtju31abd9ST0KIZeoh3GJ+BvVqGA08JTpd3GrZJafijED/EndMSmSMi5b97rUTnkUQI5dM66brpOjnTKHgEgZFL9OQMt5jHWgaGrMItJ+PsgzoZpgoil2go/m7N2eR1v0oMJ6IYVf/1obL/7RmhuGhn4s4zRBibixGCzNJMaHDSmhbKOAo+4YwroT5kvIuU4yjKa5o4ru/w/4l9Z2Ku1/Zu9wtHR+Ni5gl62SDlIlLDsgxOScXpEY4uSeP5IW8WnfWg/VkPX9ZC9b4Zo38gPX2CSarl6g=</latexit> !
dE

/d
x

(G
eV

/fm
)

<latexit sha1_base64="L6NnCd+uqms6IE6LDC7vmXTieIk=">AAACD3icbZDLSsNAFIYn3q23qks3g0VQkJqIt4ULwYUuFWwtNLVMpifN0MnFmROxhDyEvoyuRN0JvoBv4/Sy0OpZfXP+f+D8v5dIodG2v6yx8YnJqemZ2cLc/MLiUnF5parjVHGo8FjGquYxDVJEUEGBEmqJAhZ6Eq69zmlPv74DpUUcXWE3gUbI2pHwBWdoVs3ithswzG5z6krwcZO6CPeYnUE1v9kd8I4f5q4S7QC3msWSXbb7Q/+CM4QSGc5Fs/jptmKehhAhl0zrumMn2MiYQsEl5AU31ZAw3mFtqBuMWAi6kfVT5XTDjxXFAGj//dObsVDrbugZT8gw0KNab/mfVk/RP2pkIkpShIgbi9H8VFKMaa8c2hIKOMquAcaVMFdSHjDFOJoKCya+Mxr2L1R3y85Bef9yr3RyPCxihqyRdbJJHHJITsg5uSAVwskjeSZv5N16sJ6sF+t1YB2zhn9Wya+xPr4BbR6c1g==</latexit>

öq
! G

eV
2
/fm

"

<latexit sha1_base64="NX0hCSL0GF3Vm0VGMDW80ItiC+M=">AAAB7XicbZC7TsMwFIYdrqXcCowsFhVSWaoEcRsYKrEwFolepKaqHPekterEkX2CqKI+BkwI2HgZXoC3wS0ZoOWfPp//t3T+EyRSGHTdL2dpeWV1bb2wUdzc2t7ZLe3tN41KNYcGV1LpdsAMSBFDAwVKaCcaWBRIaAWjm6nfegBthIrvcZxAN2KDWISCM7QjHys+wiNmYTQ56ZXKbtWdiS6Cl0OZ5Kr3Sp9+X/E0ghi5ZMZ0PDfBbsY0Ci5hUvRTAwnjIzaAjsWYRWC62WznCT0OlaY4BDp7/85mLDJmHAU2EzEcmnlvOvzP66QYXnUzEScpQsxtxHphKikqOq1O+0IDRzm2wLgWdkvKh0wzjvZARVvfmy+7CM3TqndRPb87K9eu80MUyCE5IhXikUtSI7ekThqEk4Q8kzfy7ijnyXlxXn+iS07+54D8kfPxDdndjzw=</latexit>

t (fm)
<latexit sha1_base64="NX0hCSL0GF3Vm0VGMDW80ItiC+M=">AAAB7XicbZC7TsMwFIYdrqXcCowsFhVSWaoEcRsYKrEwFolepKaqHPekterEkX2CqKI+BkwI2HgZXoC3wS0ZoOWfPp//t3T+EyRSGHTdL2dpeWV1bb2wUdzc2t7ZLe3tN41KNYcGV1LpdsAMSBFDAwVKaCcaWBRIaAWjm6nfegBthIrvcZxAN2KDWISCM7QjHys+wiNmYTQ56ZXKbtWdiS6Cl0OZ5Kr3Sp9+X/E0ghi5ZMZ0PDfBbsY0Ci5hUvRTAwnjIzaAjsWYRWC62WznCT0OlaY4BDp7/85mLDJmHAU2EzEcmnlvOvzP66QYXnUzEScpQsxtxHphKikqOq1O+0IDRzm2wLgWdkvKh0wzjvZARVvfmy+7CM3TqndRPb87K9eu80MUyCE5IhXikUtSI7ekThqEk4Q8kzfy7ijnyXlxXn+iS07+54D8kfPxDdndjzw=</latexit>

t (fm)

<latexit sha1_base64="HFwgfCDdEpS+vlMj1XAIMr99Ww0="></latexit>

! 5 (v! = 1 .0, Qs = 2 GeV)

! 5 (v! = 0 .9, Qs = 2 GeV)

! 5 (v! = 0 .8, Qs = 2 GeV)

MV ( v! = 1 .0)

MV ( v! = 0 .9)

MV ( v! = 0 .8)

<latexit sha1_base64="8UNcDrMiK5RwD/nOW5vS0tVzygw="></latexit>

GBW model
!

v! = 1 /
!

2
"

GBW model (v! = 1 .0)

MV model
!

v! = 1 /
!

2
"

MV model (v! = 1 .0)

! 5-order expansion
!

v! = 1 /
!

2, Qs = 2 GeV
"

! 5-order expansion (v! = 1 .0, Qs = 2 GeV)
<latexit sha1_base64="aTknPWnWz2V5FElVPFK3wtb5pWE=">AAACYXicjZHJTsMwFEWdMJUwhWHHxqICwSZKEENZICFYwBIkSpGaqnLMS2vhDLJfEFVUvpAfYA0fgluyYBLirq7fPZb8rqNcCo2+/2LZE5NT0zO1WWdufmFxyV1eudFZoTg0eSYzdRsxDVKk0ESBEm5zBSyJJLSi+7NR3noApUWWXuMgh07CeqmIBWdoRl33aStEeMTy/LRFh6GEGLcfumWYg8qH9JgGnh8q0evjThg6f6O+d/R/tFGhXbfue/5Y9KcJKlMnlS677nN4l/EigRS5ZFq3Az/HTskUCi5h6ISFhpzxe9aDtrEpS0B3ynFPQ7oZZ4piH+j4/JktWaL1IIkMkzDs6+/ZaPhb1i4wbnRKkeYFQsoNYrK4kBQzOqqb3gkFHOXAGMaVMK+kvM8U42g+xTHrB9+X/Wludr3gwNu/2qufeFURNbJONsg2CcghOSEX5JI0CSdvlmOtWmvWqz1ru/bKB2pb1Z1V8kX2+juwsbOz</latexit>

GBW ( v! = 1 .0)

GBW ( v! = 0 .9)

GBW ( v! = 0 .8)

➡ The GBW model was originally introduced as a purely phenomenological parameterization to fit DIS data


➡ The resulting unintegrated gluon distribution decays exponentially at large momenta, thus the relative contribution of the fast, linearly evolving high 

momentum modes is much smaller than in the MV model.


➡ This makes it less compatible with a description in terms of the linearized YM equations


➡ The results obtained with the GBW model are, for the most part, significantly larger than those obtained under the MV model

12
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➡ Divergence at               related to perturbative tail of MV model:

BACK-UP: The UV divergence of the Glasma 2-point correlator

1
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0.0

0.0

<latexit sha1_base64="aMIcDy1sN+IstTK4SmGqiisIU7c=">AAACHnicbVDLSgNBEJyN7/iKevQyGJR4CbuiKHgRPehFUDAPyIYwO+kkg7Mzy0yvGJb8i/6MXhT1pn/jJObgq09VXdXQVVEihUXf//ByE5NT0zOzc/n5hcWl5cLKatXq1HCocC21qUfMghQKKihQQj0xwOJIQi26PhnqtRswVmh1hf0EmjHrKtERnKFbtQqHIcItZqfHtcFWGOa/2Hn1B6ElpalJlRKqS7lO3V+quz3YahWKftkfDf0LgjEokvFctApPYVvzNAaFXDJrG4GfYDNjBgWXMMiHqYWE8WvWhYaDisVgm9ko5IBudrSh2AM64t+9GYut7ceR88QMe/a3Nlz+pzVS7Bw0M6GSFEFxZ3FaJ5UUNR12RdvCAEfZd4BxI9yXlPeYYRxdo3kXP/gd9i+o7pSDvbJ/uVs8Oh4XMUvWyQYpkYDskyNyRi5IhXByTx7JK3nz7rwH79l7+bLmvPHNGvkx3vsnU/Wh6Q==</latexit>

GBW

MV

MV (no running coupling)

<latexit sha1_base64="zQM/YLL56WMQdPq+tdZBXlTTvao=">AAACEnicbVC7TsNAEDyHVwivACXNiQgJmmAjEJQICiiDRAJSbKLzZR2fcn7obo2ILP8F/AxUCOj4Af6GS0gBCVPN7sxKO+OnUmi07S+rNDM7N79QXqwsLa+srlXXN1o6yRSHJk9kom59pkGKGJooUMJtqoBFvoQbv38+1G/uQWmRxNc4SMGLWC8WgeAMzapT3e/fHbghw/yi2O13cjcFlRZ71JUQYNtFeDAKtApjUqIXotep1uy6PQKdJs6Y1MgYjU710+0mPIsgRi6Z1m3HTtHLmULBJRQVN9OQMt5nPWgbGrMItJePghV0J0gUxRDoaP7tzVmk9SDyjSdiGOpJbbj8T2tnGJx4uYjTDCHmxmK0IJMUEzrsh3aFAo5yYAjjSpgvKQ+ZYhxNixUT35kMO01aB3XnqG5fHdZOz8ZFlMkW2Sa7xCHH5JRckgZpEk6eyAt5Jx/Wo/VsvVpvP9aSNb7ZJH9gfX4DvoieFw==</latexit> k2
ö G

(k
!

)! G
eV

2
"

<latexit sha1_base64="UEF4BC0oW26KlLl2Jo64K6rNicM=">AAAB/HicbVDLSgNBEJyNrxhfUU/iZTAInsKuKHoMetBjBPOA7BJmJ73ZIbMPZnrFsER/Rk+i3vwKf8C/cRJz0MQ6VXdVQ1f5qRQabfvLKiwsLi2vFFdLa+sbm1vl7Z2mTjLFocETmai2zzRIEUMDBUpopwpY5Eto+YPLsd66A6VFEt/iMAUvYv1YBIIzNKtueW9AXQkBdlyEe8yvoDlyleiH6HXLFbtqT0DniTMlFTJFvVv+dHsJzyKIkUumdcexU/RyplBwCaOSm2lIGR+wPnQMjVkE2ssnEUb0MEgUxRDoZP7tzVmk9TDyjSdiGOpZbbz8T+tkGJx7uYjTDCHmxmK0IJMUEzpugvaEAo5yaAjjSpgvKQ+ZYhxNXyUT35kNO0+ax1XntGrfnFRqF9MiimSfHJAj4pAzUiPXpE4ahJNH8kzeyLv1YD1ZL9brj7VgTW92yR9YH99HqJUd</latexit>

k [GeV]

     We apply a running coupling  prescription:
<latexit sha1_base64="Ymsp4msWSaSvAsfuikM1gRz4lDw="></latexit>

g2(r 2) =
g2(øµ2)

ln
!

4e! 2 ! e ! 1

m 2 r 2 + e
"

<latexit sha1_base64="ldBlyLXUrUoqK6wG56VmDpHS1y0="></latexit>

GMV (r ! )=
g2 øµ2

4! Nc
(mrK 1(mr ) ! 2K 0(mr ))

1 ! exp
!

g4 øµ 2 N c
4! m 2 (mrK 1(mr ) ! 1)

"

g4 øµ 2

4! m 2 (mrK 1(mr ) ! 1)

<latexit sha1_base64="So21JPbbLCkQs2p0HvnBKGl4pho="></latexit>

hMV (r ! )= !
g2 øµ2

4! Nc
mrK 1(mr )

1 ! exp
!

g4 øµ 2 N c
4! m 2 (mrK 1(mr ) ! 1)

"

g4 øµ 2

4! m 2 (mrK 1(mr ) ! 1)
.

     Yielding the following results:

<latexit sha1_base64="oseMpKSJ5VI1/WnFSR5cOV08uMc=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIqChF0R9aAQ9OJFiGASIRuW2UknOzj7YKZXDct+jP6MHkTUW/7GScxBowUD1V3VMFV+IoVG2+5bE5NT0zOzc/OFhcWl5ZXi6lpdx6niUOOxjNWNzzRIEUENBUq4SRSw0JfQ8G/PB3rjDpQWcXSNvQRaIetGoiM4Q7PyiieuFOHgCdReplwlugEypeJ7O6eBl7kID5hd1vN8R5kpAZXku3T7lNruXtkrluyyPQT9S5wRKZERql7x1W3HPA0hQi6Z1k3HTrCVMYWCS8gLbqohYfyWdaFpaMRC0K1smDKnW51YUQyADuef3oyFWvdC33hChoEe1wbL/7Rmip3jViaiJEWIuLEYrZNKijEdlEXbQgFH2TOEcSXMLykPmGIcTaUFE98ZD/uX1PfLzmHZuTooVc5GRcyRDbJJdohDjkiFXJAqqRFOnsgL+SCf1qP1bL1Z79/WCWt0s05+wep/AYoXoxk=</latexit>

lim
r ! 0

hMV (r " ) = 0 .
<latexit sha1_base64="wVum26jNkJIijI3LjFIjy1MEDS8="></latexit>

lim
r ! 0

GMV (r " ) =
g2(øµ2)

4!
øµ2

Nc

➡ If we define                                       :
<latexit sha1_base64="xWG101rCG8m5J4uarJoUH6mIQ0A=">AAACDHicbZDLSsNAFIYnXmu9RV26CRah3ZSkiLoRim5cSQv2Ak0aTqaTZujkwsxEKKGvoC+jK1F3rnwB38ZpzaK2ntU35/8Hzv97CaNCmua3trK6tr6xWdgqbu/s7u3rB4dtEacckxaOWcy7HgjCaERakkpGugknEHqMdLzRzVTvPBAuaBzdy3FCnBCGEfUpBqlWrl5puqJfu7KBJQG4omx7wDM7TCf9WmWO71zs6iWzas7GWAYrhxLKp+HqX/YgxmlIIokZCNGzzEQ6GXBJMSOTop0KkgAewZD0FEYQEuFks0gT49SPuSEDYsze894MQiHGoac8IchALGrT5X9aL5X+pZPRKEklibCyKM1PmSFjY9qMMaCcYMnGCgBzqq40cAAcsFT9FVV8azHsMrRrVeu8ajXPSvXrvIgCOkYnqIwsdIHq6BY1UAth9IRe0Dv60B61Z+1Ve/u1rmj5nyP0Z7TPH0mCmxM=</latexit>

Q2
s = ! s(øµ2)øµ2Nc

<latexit sha1_base64="c2z6NgrL87lpPPAWoVbe5DmHtyg="></latexit>

lim
r ! 0

GMV (r " ) = lim
r ! 0

GGBW (r " ) =
Q2

s

g2Nc

➡ How do we treat this divergence?

<latexit sha1_base64="4Vt5wOEuoweBIubgmNIwsYBB28o=">AAAB7nicbZC9TsMwFIVv+C3lr8DIYlEhMVUJQsBYwcJYJPojtVHluE5j1YmDfQOqor4GTAjYeBhegLfBLRmg5Uyf7zmW7rlBKoVB1/1ylpZXVtfWSxvlza3tnd3K3n7LqEwz3mRKKt0JqOFSJLyJAiXvpJrTOJC8HYyup377gWsjVHKH45T7MR0mIhSMoh35uqfFMEKqtXp0+5WqW3NnIovgFVCFQo1+5bM3UCyLeYJMUmO6npuin1ONgkk+Kfcyw1PKRnTIuxYTGnPj57OlJ+Q4VJpgxMns/Tub09iYcRzYTEwxMvPedPif180wvPRzkaQZ8oTZiPXCTBJUZNqdDITmDOXYAmVa2C0Ji6imDO2Fyra+N192EVqnNe+85t2eVetXxSFKcAhHcAIeXEAdbqABTWBwD8/wBu9O6jw5L87rT3TJKf4cwB85H9/mF4/e</latexit>

r ! 0

PGR and T. Lappi; PRD, 2021

A FAIRLY STANDARD PRACTICE: we define Qs 
so that the 2-point functions of GBW and MV 
models agree at short distances

13
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BACK-UP: Energy Density Calculations

14

➡ We intend to perform a direct comparison with the results obtained in                                                                                             

dfddff                                                                    .


➡ Clearly, by making                          we are not describing the same collision (huge difference in 

energy densities). This discrepancy emerges from the application of different UV-regularization 

schemes 

➡ We re-define        in order to make our energy densities match at the upper bound of their range 

of validity 

M. E. Carrington, A. Czajka, S. Mrowczynski; PRC, 2022
<latexit sha1_base64="kJ3GxL5WsaB/+VUykTHSb066oc8=">AAAB83icbZDLTgIxFIY7eEO8jbp000hMXJEZ4m1jQnShS0jkksCEdMoBGjqXtGeIZMKT6MqoO9/EF/BtLDgLBf/V1/P/Tc75/VgKjY7zZeVWVtfWN/Kbha3tnd09e/+goaNEcajzSEaq5TMNUoRQR4ESWrECFvgSmv7oduY3x6C0iMIHnMTgBWwQir7gDM2oa9u1rr4udxAeMaV30Jh27aJTcuaiy+BmUCSZql37s9OLeBJAiFwyrduuE6OXMoWCS5gWOomGmPERG0DbYMgC0F4633xKT/qRojgEOn//zqYs0HoS+CYTMBzqRW82/M9rJ9i/8lIRxglCyE3EeP1EUozorADaEwo4yokBxpUwW1I+ZIpxNDUVzPnu4rHL0CiX3IvSee2sWLnJisiTI3JMTolLLkmF3JMqqRNOxuSZvJF3K7GerBfr9Seas7I/h+SPrI9vn1yQtw==</latexit>

Qs = 2 GeV

<latexit sha1_base64="kJ3GxL5WsaB/+VUykTHSb066oc8=">AAAB83icbZDLTgIxFIY7eEO8jbp000hMXJEZ4m1jQnShS0jkksCEdMoBGjqXtGeIZMKT6MqoO9/EF/BtLDgLBf/V1/P/Tc75/VgKjY7zZeVWVtfWN/Kbha3tnd09e/+goaNEcajzSEaq5TMNUoRQR4ESWrECFvgSmv7oduY3x6C0iMIHnMTgBWwQir7gDM2oa9u1rr4udxAeMaV30Jh27aJTcuaiy+BmUCSZql37s9OLeBJAiFwyrduuE6OXMoWCS5gWOomGmPERG0DbYMgC0F4633xKT/qRojgEOn//zqYs0HoS+CYTMBzqRW82/M9rJ9i/8lIRxglCyE3EeP1EUozorADaEwo4yokBxpUwW1I+ZIpxNDUVzPnu4rHL0CiX3IvSee2sWLnJisiTI3JMTolLLkmF3JMqqRNOxuSZvJF3K7GerBfr9Seas7I/h+SPrI9vn1yQtw==</latexit>

Qs = 2 GeV
<latexit sha1_base64="HdrPXOHAH8Y3Bth4QAXxdOphfJY=">AAACBXicbVC7TsNAEDzzJrwMlDQnIqTQRDaCQImgoQwSCZFiKzof6+TEnW3drRGRlRp+BioEdPwAP8DfcAkueE01uzMr7UyUSWHQ8z6cqemZ2bn5hcXK0vLK6pq7vtE2aa45tHgqU92JmAEpEmihQAmdTANTkYTL6Pp0rF/egDYiTS5wmEGoWD8RseAM7arnbgcSYqzRwAhFvbrXCBBusaCxGtFAi/4Ad3tu1QoT0L/EL0mVlGj23PfgKuW5ggS5ZMZ0fS/DsGAaBZcwqgS5gYzxa9aHrqUJU2DCYpJlRHfiVFMcAJ3M370FU8YMVWQ9iuHA/NbGy/+0bo7xUViIJMsREm4tVotzSTGl40roldDAUQ4tYVwL+yXlA6YZR1tcxcb3f4f9S9p7db9RPzjfrx6flEUskC2yTWrEJ4fkmJyRJmkRTu7JI3khr86d8+A8Oc9f1imnvNkkP+C8fQKKOpdF</latexit>

(! 0.06 fm)



/ 11September — 9th 2025VIII Initial Stages of High-Energy Nuclear Collisions (Taipei, Taiwan)

BACK-UP: Analytical formula for 

15

<latexit sha1_base64="ERAY/ksnw8irhkk9IeXFWuVi+Rg=">AAAB63icbZC7TsMwFIadcivlVmBksaiQylIliNtYwcJYJHoRbVQ5rtNYtZ1gnyBVUZ8CJgRsvA0vwNvglgzQ8k+fz/9bOv8JEsENuO6XU1haXlldK66XNja3tnfKu3stE6easiaNRaw7ATFMcMWawEGwTqIZkYFg7WB0PfXbj0wbHqs7GCfMl2SoeMgpATu670UEsodJFY775Ypbc2fCi+DlUEG5Gv3yZ28Q01QyBVQQY7qem4CfEQ2cCjYp9VLDEkJHZMi6FhWRzPjZbOMJPgpjjSFiePb+nc2INGYsA5uRBCIz702H/3ndFMJLP+MqSYEpaiPWC1OBIcbT4njANaMgxhYI1dxuiWlENKFgz1Oy9b35sovQOql557Wz29NK/So/RBEdoENURR66QHV0gxqoiShS6Bm9oXdHOk/Oi/P6Ey04+Z999EfOxzctG45E</latexit>

öq(t)

➡ In terms of the Weizsäcker-Williams distributions:
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