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➡ 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)
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Aµ

➡ 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…

A long-ignored contribution!
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➡ 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…

➡ Recent results suggest 
otherwise:

A long-ignored contribution!

A. Ipp, D. I. Müller, D. Schuh; PLB, 2020
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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)
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➡ BUT: the pre-equilibrium phase of HICs could have a significant effect in 
Jet Quenching observables.
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Aµ

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

• Can we make a theoretically robust estimation of the transport coefficients characterizing the pre-eq phase?

➡ 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           (…)

A long-ignored contribution!

Some even propose that impact of pre-eq phase      impact of QGP!!<latexit sha1_base64="lIYx1+K6Bum/Xeqf8ppKjHyDIys=">AAAB6HicdVDLTsJAFL3FF+ILdelmIjFx1bQgoDuiG5eYyCOBhkyHAUamnWZmaiQN/6Aro+78Hn/Av3GKNVGjZ3XuOecm91w/4kxpx3m3ckvLK6tr+fXCxubW9k5xd6+tRCwJbRHBhez6WFHOQtrSTHPajSTFgc9px59epH7nlkrFRHitZxH1AjwO2YgRrI3U6eMokuJuUCw5dq1Sr5TPkGM7C6TErdZrZeRmSgkyNAfFt/5QkDigoSYcK9VznUh7CZaaEU7nhX6saITJFI9pz9AQB1R5yeLcOToaCYn0hKLF/D2b4ECpWeCbTID1RP32UvEvrxfr0amXsDCKNQ2JiRhvFHOkBUpboyGTlGg+MwQTycyViEywxESb3xRM/a+O6H/SLttuza5enZQa59kj8nAAh3AMLtShAZfQhBYQmMIDPMOLdWPdW4/W02c0Z2U7+/AD1usHxWeNiA==</latexit>⇡
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• 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

2

The Color Glass Condensate

Moderate energy:

Dilute hadrons

High energy:

Gluon-dense hadrons
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CGC: Classical fields

generated by a color current
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• But first: how do we describe the pre-equilibrium phase?
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The Color Glass Condensate

Moderate energy:

Dilute hadrons

High energy:

Gluon-dense hadrons
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CGC: Classical fields

generated by a color current

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

Fµ⌫ = @µA⌫ � @⌫Aµ � ig [Aµ, A⌫ ]

J⌫,a = �⌫+⇢a(x�, x?)

[Dµ, F
µ⌫ ] = J⌫ / ⇢a(x)ta
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• But first: how do we describe the pre-equilibrium phase?
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The Color Glass Condensate

Moderate energy:

Dilute hadrons

High energy:

Gluon-dense hadrons
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➡ Calculation of observables: medium averages over background fields

CGC: Classical fields

generated by a color current
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➡ Dynamics of the fields described by the classical Yang-Mills equations:

Fµ⌫ = @µA⌫ � @⌫Aµ � ig [Aµ, A⌫ ]

J⌫,a = �⌫+⇢a(x�, x?)

[Dµ, F
µ⌫ ] = J⌫ / ⇢a(x)ta
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• But first: how do we describe the pre-equilibrium phase?
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➡ Calculation of observables: medium averages over background fields

➡ Dynamics of the fields described by the classical Yang-Mills equations:
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The Color Glass Condensate

Moderate energy:

Dilute hadrons

High energy:

Gluon-dense hadrons
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➡ Color charge distributions for large nuclei: McLerran-Venugopalan (MV) model    (Gaussian statistics)

Fµ⌫ = @µA⌫ � @⌫Aµ � ig [Aµ, A⌫ ]

J⌫,a = �⌫+⇢a(x�, x?)

[Dµ, F
µ⌫ ] = J⌫ / ⇢a(x)ta
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CGC: Classical fields

generated by a color current
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h⇢a(x?)⇢
b(y?)i = g2µ2�ab�(2)(x? � y?)
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h⇢a(x?)i = 0 ,

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



/ 13July 15th 2025EMMI workshop: Probing the early stages with jets

➡ f


➡ The CGC gives us the gauge fields before the collision:
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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)/
p
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)/
p
2

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

<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)/ p
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)
/
p 2
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• 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)/
p
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)/
p
2

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

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?)@

iU†
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

Z 1

�1
dz�

1

r2
⇢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)/ p
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)
/
p 2

(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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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)/
p
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)/
p
2

• How do we use the CGC to describe the pre-equilibrium phase?
Kovner, McLerran and Weigert, Phys. Rev. D 52 (1995)

<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?)@

iU†
1 (x?)

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

↵i
2(x?) = � 1

ig
U2(x?)@

iU†
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

Z 1

�1
dz⌥

1

r2
⇢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)/ p
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)
/
p 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
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➡ f


➡ 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)/
p
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)/
p
2

• How do we use the CGC to describe the pre-equilibrium phase?
Kovner, McLerran and Weigert, Phys. Rev. D 52 (1995)

<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?)@

iU†
1 (x?)

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

↵i
2(x?) = � 1

ig
U2(x?)@

iU†
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

Z 1

�1
dz⌥

1

r2
⇢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)/ p
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)
/
p 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="+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)/
p
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)/
p
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?)

⇤

(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
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➡ f


➡ 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)/
p
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)/
p
2

• How do we use the CGC to describe the pre-equilibrium phase?
Kovner, McLerran and Weigert, Phys. Rev. D 52 (1995)

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?)@

iU†
1 (x?)

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

↵i
2(x?) = � 1

ig
U2(x?)@

iU†
2 (x?)

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

U1,2(x?) = P⌥ exp

⇢
�ig

Z 1

�1
dz⌥

1

r2
⇢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)/ p
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)
/
p 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 tubes):

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)/
p
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)/
p
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
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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?

<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>

⌧ =
p
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

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

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

⌫ = ⌧ �! ig⌧ [↵, @⌧↵]�
1

⌧

⇥
Di, @⌧↵

i
⇤
= 0

⌫ = ⌘ �! 1

⌧
@⌧

1

⌧
@⌧ (⌧

2↵)�
⇥
Di,

⇥
Di,↵

⇤⇤
= 0

⌫ = i �! 1

⌧
@⌧ (⌧@⌧↵

i)� ig⌧2
⇥
↵,

⇥
Dj ,↵

⇤⇤
�

⇥
Dj , F ji

⇤
= 0

Boo
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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?

<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>

⌧ =
p
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

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

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

⌫ = ⌧ �! ig⌧ [↵, @⌧↵]�
1

⌧

⇥
Di, @⌧↵

i
⇤
= 0

⌫ = ⌘ �! 1

⌧
@⌧

1

⌧
@⌧ (⌧

2↵)�
⇥
Di,

⇥
Di,↵

⇤⇤
= 0

⌫ = i �! 1

⌧
@⌧ (⌧@⌧↵

i)� ig⌧2
⇥
↵,

⇥
Dj ,↵

⇤⇤
�

⇥
Dj , F ji

⇤
= 0

Boo
st

Boost

➡ 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. 
PGR and S. Demirci; PRD, 2023

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

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

[Dµ, F
µ⌫ ] = J⌫

1 + J⌫
2 ⇡ ⇢1(x?)�(x

�)�⌫+ + ⇢2(x?)�(x
+)�⌫�(Extremely Lorentz-

contracted nuclei)

➡ Where we impose                   (Coulomb gauge condition)           Amplitude of transverse component minimized

➡ We employ the linearized Yang-Mills equations (as in                                                 ):
<latexit sha1_base64="TIWqhn9P1RwpT0Y2Cb92nx7i+4Y="></latexit>

@⌧
1

⌧
@⌧ (⌧

2�) = ⌧@i@
i�

@⌧ (⌧@⌧�
i) = ⌧@k@k�

i

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

@i�
i = 0

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. 

Boo
st

Boost

PGR and T. Lappi; PRD, 2021

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

⌫ = ⌧ �! ig⌧ [↵, @⌧↵]�
1

⌧

⇥
Di, @⌧↵

i
⇤
= 0

⌫ = ⌘ �! 1

⌧
@⌧

1

⌧
@⌧ (⌧

2↵)�
⇥
Di,

⇥
Di,↵

⇤⇤
= 0

⌫ = i �! 1

⌧
@⌧ (⌧@⌧↵

i)� ig⌧2
⇥
↵,

⇥
Dj ,↵

⇤⇤
�

⇥
Dj , F ji

⇤
= 0

PGR and S. Demirci; PRD, 2023

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

<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>

⌧ =
p
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

G. Chen, R. J. Fries, J. I. Kapusta, Y. Li
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<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
,

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

J. P. Blaizot, T. Lappi, Y. Mehtar-Tani; Nucl. Phys. A (2010) 

PGR and T. Lappi; PRD (2021)
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<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⌧)

➡ Free plane wave solution of linearized Yang-Mills equations in momentum space:
<latexit sha1_base64="TIWqhn9P1RwpT0Y2Cb92nx7i+4Y="></latexit>

@⌧
1

⌧
@⌧ (⌧

2�) = ⌧@i@
i�

@⌧ (⌧@⌧�
i) = ⌧@k@k�

i
,

➡ 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?)

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

�(⌧, k?) =
⌧

k
E⌘

0 (k?)J1(k⌧)

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

�i(⌧, k?) = �i
✏ijkj

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?)]

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

⌧ ⇠ 1/Qs

J. P. Blaizot, T. Lappi, Y. Mehtar-Tani; Nucl. Phys. A (2010) 

PGR and T. Lappi; PRD (2021)

<latexit sha1_base64="CGHcdpELsBPcsZ1xJXxlZKd0+Rw="></latexit>

E⌘(⌧, k?) =E⌘
0 (k?)J0(k⌧)

Ei(⌧, k?) = i✏ij
kj

k
B⌘

0 (k?)J1(k⌧)

B⌘(⌧, k?) =B⌘
0 (k?)J0(k⌧)

Bi(⌧, k?) = � i✏ij
kj

k
E⌘

0 (k?)J1(k⌧)
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<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⌧)

➡ Free plane wave solution of linearized Yang-Mills equations in momentum space:
<latexit sha1_base64="TIWqhn9P1RwpT0Y2Cb92nx7i+4Y="></latexit>
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⌧
@⌧ (⌧

2�) = ⌧@i@
i�

@⌧ (⌧@⌧�
i) = ⌧@k@k�

i
,

➡ 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?)

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

�(⌧, k?) =
⌧

k
E⌘

0 (k?)J1(k⌧)

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

�i(⌧, k?) = �i
✏ijkj

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?)]

➡ 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
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⌧ ⇠ 1/Qs

➡ This solution effectively resums the UV divergencies present in the power series in      (see                                                                                            
fff                                                                                                                                                                             )
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Y. Hidaka; PRC (2008)


J. P. Blaizot, T. Lappi, Y. Mehtar-Tani; Nucl. Phys. A (2010) 

PGR and T. Lappi; PRD (2021)
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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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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)
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}

“Material derivative”
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@t + v ·r

⌘
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2
{F(t, r),rpQ(t, r,p)} = 0

6

Fokker-Planck Equation
M. E. Carrington, A. Czajka, S. Mrowczynski; PRC, 2022


Stanislaw Mrowczynski; Eur. Phys. Journal A, 2018
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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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Q(t, r,p)

➡ We assume the following decomposition:
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}
“Regular”    and   “Turbulent”  components  
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“Material derivative”
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2
{F(t, r),rpQ(t, r,p)} = 0
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<latexit sha1_base64="CfEniHFcVe04yVh9VOflkO84fG8="></latexit>

Q(t, r,p) = hQ(t, r,p)i+ �Q(t, r,p) ⌘ n(t, r,p) + �Q(t, r,p)

Fokker-Planck Equation

➡ 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)

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


Stanislaw Mrowczynski; Eur. Phys. Journal A, 2018
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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

<latexit sha1_base64="qIhJI2kQRGGPzML39Arf11+8THo=">AAAB4nicbZDLTgIxFIZP8YZ4Q126aSQmrsiMwcuSxI1LSLglMCGdcgYaOpe0HRMy4QV0ZdSdj+QL+DYWnIWC/+rr+f8m5z9+IoU2jvNFChubW9s7xd3S3v7B4VH5+KSj41RxbPNYxqrnM41SRNg2wkjsJQpZ6Evs+tP7hd99RKVFHLXMLEEvZONIBIIzY0fN1rBccarOUnQd3BwqkKsxLH8ORjFPQ4wMl0zrvuskxsuYMoJLnJcGqcaE8SkbY99ixELUXrZcdE4vglhRM0G6fP/OZizUehb6NhMyM9Gr3mL4n9dPTXDnZSJKUoMRtxHrBamkJqaLvnQkFHIjZxYYV8JuSfmEKcaNvUrJ1ndXy65D56rq3lSvm7VKvZYfoghncA6X4MIt1OEBGtAGDgjP8AbvZESeyAt5/YkWSP7nFP6IfHwDpIuKaQ==</latexit>
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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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➡ 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
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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
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<latexit sha1_base64="D+nVXS0dlB04WJWjV4ikt/V5skM=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjPio8uCIC4r2Ie0Q8mkd9rQZDIkGaEM8wNu3eo/uBO3/oW/4FeY1lnY1rM6955zw8kJYs60cd0vp7Cyura+UdwsbW3v7O6V9w9aWiaKQpNKLlUnIBo4i6BpmOHQiRUQEXBoB+Prqd5+BKWZjO7NJAZfkGHEQkaJsauHtBdIPsA3Wb9ccavuDHiZeDmpoByNfvm7N5A0ERAZyonWXc+NjZ8SZRjlkJV6iYaY0DEZQtfSiAjQfjoLnOGTUCpsRoBn819vSoTWExFYjyBmpBe16fI/rZuYsOanLIoTAxG1FquFCcdG4um/8YApoIZPLCFUMZsS0xFRhBrbztxLgoxBSSlsWhJR4FnJluMtVrFMWmdV77J6cXdeqdfymoroCB2jU+ShK1RHt6iBmogigZ7RC3p1npw35935+LUWnPzmEM3B+fwB1RyaaA==</latexit>

F

<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 ·r

⌘
Q(t, r,p)� 1

2
{F(t, r),rpQ(t, r,p)} = 0

<latexit sha1_base64="jdGcbu8e2GzIuGJdtmr8VBp6GRQ="></latexit>⇣
D �r↵

pX
↵�(v)r�

p �r↵Y ↵(v)
⌘
n(t,x,p) = 0

6

➡ 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  

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

Q(t, r,p) = hQ(t, r,p)i+ �Q(t, r,p) ⌘ n(t, r,p) + �Q(t, r,p)

Fokker-Planck Equation

➡ Transport coefficients:

➡ 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="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

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


Stanislaw Mrowczynski; Eur. Phys. Journal A, 2018

<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)

<latexit sha1_base64="AcWdehY+GFzBVh+ype4l1dqy/3c="></latexit>

q̂ =
2

v

✓
�↵� � v↵v�

v2

◆
X↵�(v),

<latexit sha1_base64="/dHoKtTDvtWDFUONTdCyi9WTCdc="></latexit>

v = p/Ep

<latexit sha1_base64="xxyPmgzF6a379l1hweWMFBgKAxg="></latexit>

X↵�(v) ⌘ 1

2Nc

Z t

0
dt0Tr

⇥
hF↵(t,x)F�(t0,y)i

⇤ ,

<latexit sha1_base64="gbGMDE8GRzBGMvRZgWNX1m6AxIM="></latexit>

F(t,x) ⌘ g (E(t,x) + v ⇥B(t,x))

<latexit sha1_base64="J8zuzVzpJWCZ3WgfHEDUT8owzfg="></latexit>

h�p↵(t)�p�(t)i
�t

= X↵� +X�↵

<latexit sha1_base64="sISEELGzcyx2ji9WpJSRHpiIGLc=">AAACIHicbZBLSwMxFIUzvq2vqks3wSK4scyIr40gunGpYH3QqeVOeqcNzTxI7ghl6J/RP6MgiLrSX2NaB/F1Vyf3OyE5J0iVNOS6b87I6Nj4xOTUdGlmdm5+oby4dG6STAusiUQl+jIAg0rGWCNJCi9TjRAFCi+C7tGAX9ygNjKJz6iXYiOCdixDKYDsqlne90MNIvcVxG2F3G+hIuDpde6DSjvQ9/UQ9POCUH9/4+qLNssVt+oOh/8VXiEqrJiTZvnRbyUiizAmocCYuuem1MhBkxT2lZKfGUxBdKGNdStjiNA08mHMPl8LE82pg3x4/u7NITKmFwXWEwF1zG82WP7H6hmFe41cxmlGGAtrsSzMFKeED9riLalRkOpZAUJL+0suOmAbI9tpycb3fof9K843q95Odft0q3JwWBQxxVbYKltnHttlB+yYnbAaE+yOPbAX9urcOvfOk/P8aR1xijvL7Mc47x+tHaR7</latexit>

h�p↵i
�t

= �Y ↵;

<latexit sha1_base64="nVgX+c1lLXUA8LgUKuQi50lHC8c=">AAACHnicbVBLS8NAGNz4tr6qHr0sFqFeSiI+Cl4ELx4rtFppYvmy/WIXNw92N4US8l/0z+hFUW/6b9zGCmqd03wzs7AzfiK40rb9YU1Nz8zOzS8slpaWV1bXyusbFypOJcMWi0Us2z4oFDzCluZaYDuRCKEv8NK/PR35lwOUisdRUw8T9EK4iXjAGWgjdcvHV9eZCyLpQ151/Vj0skG+6yoe0va34fqoIXcDCSwbGLE486yZd8sVu2YXoJPEGZMKGaPRLT+5vZilIUaaCVCq49iJ9jKQmjOBeclNFSbAbuEGO4ZGEKLysqJkTneCWFLdR1rcP7MZhEoNQ99kQtB99dcbif95nVQHdS/jUZJqjJiJGC9IBdUxHW1Fe1wi02JoCDDJzS8p64PZQZtFS6a+87fsJLnYqzmHtYPz/cpJfTzEAtki26RKHHJETsgZaZAWYeSePJJX8mbdWQ/Ws/XyFZ2yxm82yS9Y75/joKQo</latexit>

Y ↵(v) ⇠ X↵� v
�

T

<latexit sha1_base64="TPwOucPWZVmOppMNeSSMVQCLw+w="></latexit>

dE

dx
= � v

T

v↵v�

v2
X↵�(v)
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➡ We have:                                                                                                         with   


➡ and:                                                                                     with

7

Transport Coefficients in the Glasma

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

,

With e.g.                                                                                                                          and

<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

<latexit sha1_base64="y9kwTrwtlBKzoGbfizEXHB27Zi8="></latexit>

X↵�(v) =
g2

2Nc

Z t

0
dt0

h
hE↵

a (t,x)E
�
a (t

0,y)i+ ✏���
0
v�hE↵

a (t,x)B
�0

a (t0,y)i

+ ✏↵��
0
v�hB�0

a (t,x)E�
a (t

0,y)i+ ✏↵��
0
✏���

0
v�v�hB�0

a (t,x)B�0

a (t0,y)i
i

<latexit sha1_base64="538JAXWtdZhbkpMuacNFSyppvRY="></latexit>

y = x� v(t� t0)

<latexit sha1_base64="xxyPmgzF6a379l1hweWMFBgKAxg="></latexit>

X↵�(v) ⌘ 1

2Nc

Z t

0
dt0Tr

⇥
hF↵(t,x)F�(t0,y)i

⇤

<latexit sha1_base64="/dHoKtTDvtWDFUONTdCyi9WTCdc="></latexit>

v = p/Ep

<latexit sha1_base64="gbGMDE8GRzBGMvRZgWNX1m6AxIM="></latexit>

F(t,x) ⌘ g (E(t,x) + v ⇥B(t,x))

<latexit sha1_base64="TcEZgICU1tsfcCpKU8DQ3JWOJM0="></latexit>

q̂ =
2

v

✓
�↵� � v↵v�

v2

◆
X↵�(v)

<latexit sha1_base64="TPwOucPWZVmOppMNeSSMVQCLw+w="></latexit>

dE

dx
= � v

T

v↵v�

v2
X↵�(v)

<latexit sha1_base64="B21ZVpBaNCiJgHFRkev8q2hPR7A="></latexit>

Ez(⌧,x?)=�ig�ij
Z

d2k?
(2⇡)2

Z
d2u?[↵

i
1(u?),↵

j
2(u?)]J0(k?⌧)e

ik?(x�u)?
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M. E. Carrington, A. Czajka, S. Mrowczynski; PRC, 2022➡ Substituting the chromodynamic fields, one obtains (                                                                                          ):

With e.g.                                                                                                                          and

<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

➡ Building blocks of the calculation:

2-point correlators

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

h↵a,i
1 ↵b,j

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

h↵c,k
2 ↵d,l

2 i
<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

<latexit sha1_base64="y9kwTrwtlBKzoGbfizEXHB27Zi8="></latexit>

X↵�(v) =
g2

2Nc

Z t

0
dt0

h
hE↵

a (t,x)E
�
a (t

0,y)i+ ✏���
0
v�hE↵

a (t,x)B
�0

a (t0,y)i

+ ✏↵��
0
v�hB�0

a (t,x)E�
a (t

0,y)i+ ✏↵��
0
✏���

0
v�v�hB�0

a (t,x)B�0

a (t0,y)i
i

<latexit sha1_base64="538JAXWtdZhbkpMuacNFSyppvRY="></latexit>

y = x� v(t� t0)

<latexit sha1_base64="xxyPmgzF6a379l1hweWMFBgKAxg="></latexit>

X↵�(v) ⌘ 1

2Nc

Z t

0
dt0Tr

⇥
hF↵(t,x)F�(t0,y)i

⇤ <latexit sha1_base64="gbGMDE8GRzBGMvRZgWNX1m6AxIM="></latexit>

F(t,x) ⌘ g (E(t,x) + v ⇥B(t,x))

➡ We have:                                                                                                         with   


➡ and:                                                                                     with

, <latexit sha1_base64="/dHoKtTDvtWDFUONTdCyi9WTCdc="></latexit>

v = p/Ep

<latexit sha1_base64="TcEZgICU1tsfcCpKU8DQ3JWOJM0="></latexit>

q̂ =
2

v

✓
�↵� � v↵v�

v2

◆
X↵�(v)

<latexit sha1_base64="TPwOucPWZVmOppMNeSSMVQCLw+w="></latexit>

dE

dx
= � v

T

v↵v�

v2
X↵�(v)

<latexit sha1_base64="B21ZVpBaNCiJgHFRkev8q2hPR7A="></latexit>

Ez(⌧,x?)=�ig�ij
Z

d2k?
(2⇡)2

Z
d2u?[↵

i
1(u?),↵

j
2(u?)]J0(k?⌧)e

ik?(x�u)?
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➡ In terms of the Weiszäcker-Williams distributions:

<latexit sha1_base64="5khwFrJPI8+7b1AmiTFTO5N4/qw="></latexit>

dE

dx
=

v?
T

g4(N2
c � 1)

2

Z t

0
dt0

Z

k?q?

Z

u?v?

W ik
1 (u?, v?)W

jl
2 (u?, v?) ✏

ij✏kl
✓
v? ⇥ k?
v?k?

◆✓
v? ⇥ q?
v?q?

◆
J1(k?t)J1(q?t

0)eik?(x�u)?eiq?(y�v)?
<latexit sha1_base64="5k4/w0vXMuSYuAY8yDM03h4nrQ0=">AAACOHicbZDLTsJAFIaneEO8oS7dNBIjLGha421J4sa4wkQuCWAzHQ4wYXpxZkpsGl5MX8EXcKcro+58AqeIqOBZ/f/5/knmP07AqJCm+ail5uYXFpfSy5mV1bX1jezmVlX4ISdQIT7zed3BAhj1oCKpZFAPOGDXYVBz+mcJrw2AC+p7VzIKoOXirkc7lGCpVna2cmFb+b4dNwPgwVAWEnszsfsFuI7pBOdvi2Hh2wwTNInmo+LgB9nZnGmYo9FnhTUWOTSesp19aLZ9ErrgScKwEA3LDGQrxlxSwmCYaYYCAkz6uAsNJT3sgmjFo/pDfa/jc132QB/539kYu0JErqMyLpY9Mc2S5X+sEcrOaSumXhBK8IiKKNYJmS59Pbmi3qYciGSREphwqn6pkx7mmEh164yqb02XnRXVA8M6No4uD3MlY3yINNpBuyiPLHSCSugclVEFEXSPntEbetfutCftRXv9iqa08Ztt9Ge0j0/nUK5B</latexit>

J1(k?t)J1(q?t
0)eik?(x�u)?eiq?(y�v)?

<latexit sha1_base64="BZdVoG1e9mK5T6+hmtADZKlo4wk="></latexit>

q̂ =
g4

v?
(N2

c � 1)

Z t

0
dt0

Z

k?q?

Z

u?v?

W ik
1 (u?, v?)W

jl
2 (u?, v?)e

ik?(x�u)?eiq?(y�v)?

⇥

✏ij✏kl

✓
v?J0(k?t) + i

✓
v? · k?
v?k?

◆
J1(k?t)

◆✓
v?J0(q?t

0) + i

✓
v? · q?
v?q?

◆
J1(q?t

0)

◆

+ �ij�kl
✓
J0(k?t) + i

✓
v? · k?
k?

◆
J1(k?t)

◆✓
J0(q?t

0) + i

✓
v? · q?
q?

◆
J1(q?t

0)

◆�
<latexit sha1_base64="c3jc2QUg+LpPT9VF/tNnLe37c7s="></latexit>

eik?(x�u)?eiq?(y�v)?

Transport coefficients at midrapidity (           ,             )
<latexit sha1_base64="XQ0ZdUf2/7tKJ5FvdqdZMzh/EjU=">AAACEnicbVC7TsNAEDzzxrwClDQnIiSqyEa8CpAi0VCCRBKkOELr85oc3J2tuzMosvIPFDTwKXSIlh/gS2i5hBQQmGp2Z3a1O3EuuLFB8OFNTE5Nz8zOzfsLi0vLK5XVtabJCs2wwTKR6csYDAqusGG5FXiZawQZC2zFtycDvXWH2vBMXdhejh0J14qnnIF1rWaEFo6Dq0o1qAVD0L8kHJEqGeHsqvIZJRkrJCrLBBjTDoPcdkrQljOBfT8qDObAbuEa244qkGg65fDaPt1KM01tF+mw/uktQRrTk7HzSLBdM64Nmv9p7cKmh52Sq7ywqJizOC0tBLUZHTxNE66RWdFzBJjm7krKuqCBWReNHym8Z5mUoJIySnia9ssy0pImfbdpUKN2j3IQvu+SCsdz+UuaO7Vwv7Z3vlutH40ymyMbZJNsk5AckDo5JWekQRi5IQ/kiTx7j96L9+q9fVsnvNHMOvkF7/0Lhb6duw==</latexit>

⌘ = 0
<latexit sha1_base64="6rF09xnrg29+vlGs+4REBCIWxn4=">AAACHXicbVC7TsMwFHV4Ex4tMLJYVEhMVYJ4DSAhsTAWiRakJooc54Za2E5kO0VVlC9hYIFPYUOsiC9hxSkdeJ3p3HuOrXtOnHOmjee9O1PTM7Nz8wuL7tLyymqjubbe01mhKHRpxjN1HRMNnEnoGmY4XOcKiIg5XMW3Z7V+NQSlWSYvzSiHUJAbyVJGibGrqNkYRmWQE0U4B16deFGz5bW9MfBf4k9IC03QiZofQZLRQoA0lBOt+76Xm7AkyjDKoXKDQkNO6C25gb6lkgjQYTk+vMLbaaawGQAez9+9JRFaj0RsPYKYgf6t1cv/tH5h0qOwZDIvDEhqLVZLC45Nhuv8OGEKqOEjSwhVzF6J6cDmp8a25AYS7mgmBJFJGSQsTauyDJTASWV/qmdQNigj3HVtU/7vXv6S3m7bP2jvX+y1To8nnS2gTbSFdpCPDtEpOkcd1EUUFegePaIn58F5dl6c1y/rlDN5s4F+wHn7BOUwoiY=</latexit>

vk = 0
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➡ In terms of the Weiszäcker-Williams distributions and the initial fields:

<latexit sha1_base64="9wMsFF00PCpqf6p42JG7szn6Mpk="></latexit>

=
v?
T

g2

2Nc

Z t

0
dt0

Z

k?q?

hBz
0(k?)B

z
0(q?)i

✓
v? ⇥ k?
v?k?

◆✓
v? ⇥ q?
v?q?

◆
J1(k?t)J1(q?t

0)

<latexit sha1_base64="5khwFrJPI8+7b1AmiTFTO5N4/qw="></latexit>

dE

dx
=

v?
T

g4(N2
c � 1)

2

Z t

0
dt0

Z

k?q?

Z

u?v?

W ik
1 (u?, v?)W

jl
2 (u?, v?) ✏

ij✏kl
✓
v? ⇥ k?
v?k?

◆✓
v? ⇥ q?
v?q?

◆
J1(k?t)J1(q?t

0)eik?(x�u)?eiq?(y�v)?
<latexit sha1_base64="5k4/w0vXMuSYuAY8yDM03h4nrQ0=">AAACOHicbZDLTsJAFIaneEO8oS7dNBIjLGha421J4sa4wkQuCWAzHQ4wYXpxZkpsGl5MX8EXcKcro+58AqeIqOBZ/f/5/knmP07AqJCm+ail5uYXFpfSy5mV1bX1jezmVlX4ISdQIT7zed3BAhj1oCKpZFAPOGDXYVBz+mcJrw2AC+p7VzIKoOXirkc7lGCpVna2cmFb+b4dNwPgwVAWEnszsfsFuI7pBOdvi2Hh2wwTNInmo+LgB9nZnGmYo9FnhTUWOTSesp19aLZ9ErrgScKwEA3LDGQrxlxSwmCYaYYCAkz6uAsNJT3sgmjFo/pDfa/jc132QB/539kYu0JErqMyLpY9Mc2S5X+sEcrOaSumXhBK8IiKKNYJmS59Pbmi3qYciGSREphwqn6pkx7mmEh164yqb02XnRXVA8M6No4uD3MlY3yINNpBuyiPLHSCSugclVEFEXSPntEbetfutCftRXv9iqa08Ztt9Ge0j0/nUK5B</latexit>

J1(k?t)J1(q?t
0)eik?(x�u)?eiq?(y�v)?

<latexit sha1_base64="BZdVoG1e9mK5T6+hmtADZKlo4wk="></latexit>

q̂ =
g4

v?
(N2

c � 1)

Z t

0
dt0

Z

k?q?

Z

u?v?

W ik
1 (u?, v?)W

jl
2 (u?, v?)e

ik?(x�u)?eiq?(y�v)?

⇥

✏ij✏kl

✓
v?J0(k?t) + i

✓
v? · k?
v?k?

◆
J1(k?t)

◆✓
v?J0(q?t

0) + i

✓
v? · q?
v?q?

◆
J1(q?t

0)

◆

+ �ij�kl
✓
J0(k?t) + i

✓
v? · k?
k?

◆
J1(k?t)

◆✓
J0(q?t

0) + i

✓
v? · q?
q?

◆
J1(q?t

0)

◆�

<latexit sha1_base64="qhVJ2DBTmB3yDo0+a9HA0v82l4E="></latexit>

=
g4

v?
(N2

c � 1)

Z t

0
dt0

Z

k?q?

<latexit sha1_base64="+eE2YijmLbahSuyetUufeFXOGlM="></latexit>
hBz

0(k?)B
z
0(q?)i

✓
v?J0(k?t) + i

✓
v? · k?
v?k?

◆
J1(k?t)

◆✓
v?J0(q?t

0) + i

✓
v? · q?
v?q?

◆
J1(q?t

0)

◆

+ hEz
0 (k?)E

z
0 (q?)i

✓
J0(k?t) + i

✓
v? · k?
k?

◆
J1(k?t)

◆✓
J0(q?t

0) + i

✓
v? · q?
q?

◆
J1(q?t

0)

◆� <latexit sha1_base64="M27dCjdUvpi8hPH41SK+O/m5nSY="></latexit>

}

<latexit sha1_base64="uKysfYKwZkzVfHxbGvZ22nlyllU="></latexit>

}
<latexit sha1_base64="SFX4DL6NY1ENMaSCCHXrBL3kots="></latexit>

q̂z

<latexit sha1_base64="dngj1JCtrSNtPfqwcb+QlU90lzE="></latexit>

q̂?

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

<latexit sha1_base64="9ee9rP3eu9x91D7MwbSpj5PlvIg=">AAACDnicbVC7TsNAEDyHVzCvACXNiQiJKrIRrzISDWVA5CHFUXQ+r5NT7s7W3RkUWf4DChr4FDpEyy/wJbRcQgpImGp2Z3a1O2HKmTae9+mUlpZXVtfK6+7G5tb2TmV3r6WTTFFo0oQnqhMSDZxJaBpmOHRSBUSEHNrh6Gqit+9BaZbIOzNOoSfIQLKYUWJs6zYo+pWqV/OmwIvEn5EqmqHRr3wFUUIzAdJQTrTu+l5qejlRhlEOhRtkGlJCR2QAXUslEaB7+fTSAh/FicJmCHha//bmRGg9FqH1CGKGel6bNP/TupmJL3s5k2lmQFJrsVqccWwSPHkYR0wBNXxsCaGK2SsxHRJFqLGxuIGEB5oIQWSUBxGL4yLPAyVwVNhNkxqUfZQR7ro2KX8+l0XSOqn557Wzm9NqvTbLrIwO0CE6Rj66QHV0jRqoiSiK0SN6Ri/Ok/PqvDnvP9aSM5vZR3/gfHwD+QqcWw==</latexit>

}
<latexit sha1_base64="KydF0GIjXpJB8G88dUqRuOU5k6M="></latexit>

⇠
q̂k
T

<latexit sha1_base64="c3jc2QUg+LpPT9VF/tNnLe37c7s="></latexit>

eik?(x�u)?eiq?(y�v)?

The momentum broadening 
coefficient has two components: 
one emerging from       (in the 
plane transverse to the beam), 
and another from       (in the beam 
direction)

<latexit sha1_base64="5DC2h9nq6h9HjVoYfEFxdJFwDds=">AAACEXicbVC7TgMxEPSFVzheAUoaiwiJKrpDvMoIGsogkYeUC5HPt5dYsX0n2wcKp3wDBQ18Ch2i5Qv4ElqckAISpprdmV3tTphypo3nfTqFhcWl5ZXiqru2vrG5VdreaegkUxTqNOGJaoVEA2cS6oYZDq1UAREhh2Y4uBzrzTtQmiXyxgxT6AjSkyxmlBjbql90vduHbqnsVbwJ8Dzxp6SMpqh1S19BlNBMgDSUE63bvpeaTk6UYZTDyA0yDSmhA9KDtqWSCNCdfHLsCB/EicKmD3hS//bmRGg9FKH1CGL6elYbN//T2pmJzzs5k2lmQFJrsVqccWwSPP4ZR0wBNXxoCaGK2Ssx7RNFqLHJuIGEe5oIQWSUBxGL41GeB0rgaGQ3jWtQ9lFGuOvapPzZXOZJ46jin1ZOro/L1eNpZkW0h/bRIfLRGaqiK1RDdUQRQ4/oGb04T86r8+a8/1gLznRmF/2B8/ENxfSdTw==</latexit>

Bz
0

<latexit sha1_base64="kXG/ZEChU/3ByvEanvCtApChIw8=">AAACEXicbVC7TsNAEDyHVzCvACXNiQiJKrIRrzISQqIMEnlIcYjO53Vyyt3ZujuDgpVvoKCBT6FDtHwBX0LLJaSAhKlmd2ZXuxOmnGnjeZ9OYWFxaXmluOqurW9sbpW2dxo6yRSFOk14oloh0cCZhLphhkMrVUBEyKEZDi7GevMOlGaJvDHDFDqC9CSLGSXGtuqXXe/2oVsqexVvAjxP/Ckpoylq3dJXECU0EyAN5UTrtu+lppMTZRjlMHKDTENK6ID0oG2pJAJ0J58cO8IHcaKw6QOe1L+9ORFaD0VoPYKYvp7Vxs3/tHZm4vNOzmSaGZDUWqwWZxybBI9/xhFTQA0fWkKoYvZKTPtEEWpsMm4g4Z4mQhAZ5UHE4niU54ESOBrZTeMalH2UEe66Nil/Npd50jiq+KeVk+vjcvV4mlkR7aF9dIh8dIaq6ArVUB1RxNAjekYvzpPz6rw57z/WgjOd2UV/4Hx8A8r7nVI=</latexit>

Ez
0

On the other hand, the drag coefficient 
depends exclusively on the initial 
chromo-magnetic fields

Transport coefficients at midrapidity (           ,             )
<latexit sha1_base64="XQ0ZdUf2/7tKJ5FvdqdZMzh/EjU=">AAACEnicbVC7TsNAEDzzxrwClDQnIiSqyEa8CpAi0VCCRBKkOELr85oc3J2tuzMosvIPFDTwKXSIlh/gS2i5hBQQmGp2Z3a1O3EuuLFB8OFNTE5Nz8zOzfsLi0vLK5XVtabJCs2wwTKR6csYDAqusGG5FXiZawQZC2zFtycDvXWH2vBMXdhejh0J14qnnIF1rWaEFo6Dq0o1qAVD0L8kHJEqGeHsqvIZJRkrJCrLBBjTDoPcdkrQljOBfT8qDObAbuEa244qkGg65fDaPt1KM01tF+mw/uktQRrTk7HzSLBdM64Nmv9p7cKmh52Sq7ywqJizOC0tBLUZHTxNE66RWdFzBJjm7krKuqCBWReNHym8Z5mUoJIySnia9ssy0pImfbdpUKN2j3IQvu+SCsdz+UuaO7Vwv7Z3vlutH40ymyMbZJNsk5AckDo5JWekQRi5IQ/kiTx7j96L9+q9fVsnvNHMOvkF7/0Lhb6duw==</latexit>

⌘ = 0
<latexit sha1_base64="6rF09xnrg29+vlGs+4REBCIWxn4=">AAACHXicbVC7TsMwFHV4Ex4tMLJYVEhMVYJ4DSAhsTAWiRakJooc54Za2E5kO0VVlC9hYIFPYUOsiC9hxSkdeJ3p3HuOrXtOnHOmjee9O1PTM7Nz8wuL7tLyymqjubbe01mhKHRpxjN1HRMNnEnoGmY4XOcKiIg5XMW3Z7V+NQSlWSYvzSiHUJAbyVJGibGrqNkYRmWQE0U4B16deFGz5bW9MfBf4k9IC03QiZofQZLRQoA0lBOt+76Xm7AkyjDKoXKDQkNO6C25gb6lkgjQYTk+vMLbaaawGQAez9+9JRFaj0RsPYKYgf6t1cv/tH5h0qOwZDIvDEhqLVZLC45Nhuv8OGEKqOEjSwhVzF6J6cDmp8a25AYS7mgmBJFJGSQsTauyDJTASWV/qmdQNigj3HVtU/7vXv6S3m7bP2jvX+y1To8nnS2gTbSFdpCPDtEpOkcd1EUUFegePaIn58F5dl6c1y/rlDN5s4F+wHn7BOUwoiY=</latexit>

vk = 0

(Borrowed from

                                                              )
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➡ We decompose the Weiszäcker-Williams distributions into two 
components: the unpolarized and linearly polarized gluon 
distributions

<latexit sha1_base64="qm58V16rY/Pce1GnSec8ZJ6kuGk="></latexit>

W ij(r?)=
1

2

✓
�ijG(r?) +

✓
�ij � 2

rirj

r2

◆
h(r?)

◆

Transport coefficients at midrapidity (           ,             )
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➡ We employ a variant of the MV model regularized through a running coupling prescription:

As previously done in T. Lappi and S. Schlichting; PRD, 2018 ,  PGR and T. Lappi; PRD, 2021
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Results (            ,              )  
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• Very strong growth early in the evolution


• Lower IR regulator        more momentum broadening (softer modes participate in the interaction)
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• Very strong growth early in the evolution


• Lower IR regulator        more momentum broadening (softer modes participate in the interaction)


• Lower probe velocity        more momentum broadening (the probe spends more time within the correlation 
length of the Glasma fields)
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vk = 0

➡ For the momentum broadening coefficient:

<latexit sha1_base64="HdS7MAgz2krA5e2gk4Axp3N5ppU="></latexit>

q̂ =
1

v?Nc

Z t

0
dt0
 
�↵� �

v↵?v
�
?

v2?

!
Tr
⇥
hF↵(t,x)F�(t0,y)i
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• Very strong growth early in the evolution


• Lower IR regulator        more momentum broadening (softer modes participate in the interaction)


• Lower probe velocity        more momentum broadening (the probe spends more time within the correlation 
length of the Glasma fields)


• This effect can be partly compensated by increasing the value of       (the screening length of the field 
decreases)


<latexit sha1_base64="KuPnQNuMwaGaD08NYdTvnFXUakY=">AAAB7HicbZDLTsMwEEUnPEt5FViysaiQWFUJ4rWsYMOySPQhtVHluJPGqhNHtgOqov4FrBCw42v4Af4Gt2QBLXd1PPdamjtBKrg2rvvlLC2vrK6tlzbKm1vbO7uVvf2Wlpli2GRSSNUJqEbBE2wabgR2UoU0DgS2g9HN1G8/oNJcJvdmnKIf02HCQ86osaNuT/FhZKhS8rFfqbo1dyayCF4BVSjU6Fc+ewPJshgTwwTVuuu5qfFzqgxnAiflXqYxpWxEh9i1mNAYtZ/PVp6Q41AqYiIks/fvbE5jrcdxYDMxNZGe96bD/7xuZsIrP+dJmhlMmI1YL8wEMZJMm5MBV8iMGFugTHG7JWERVZQZe5+yre/Nl12E1mnNu6id351V69fFIUpwCEdwAh5cQh1uoQFNYCDhGd7g3UmcJ+fFef2JLjnFnwP4I+fjG6Gxjyw=</latexit>!
<latexit sha1_base64="KuPnQNuMwaGaD08NYdTvnFXUakY=">AAAB7HicbZDLTsMwEEUnPEt5FViysaiQWFUJ4rWsYMOySPQhtVHluJPGqhNHtgOqov4FrBCw42v4Af4Gt2QBLXd1PPdamjtBKrg2rvvlLC2vrK6tlzbKm1vbO7uVvf2Wlpli2GRSSNUJqEbBE2wabgR2UoU0DgS2g9HN1G8/oNJcJvdmnKIf02HCQ86osaNuT/FhZKhS8rFfqbo1dyayCF4BVSjU6Fc+ewPJshgTwwTVuuu5qfFzqgxnAiflXqYxpWxEh9i1mNAYtZ/PVp6Q41AqYiIks/fvbE5jrcdxYDMxNZGe96bD/7xuZsIrP+dJmhlMmI1YL8wEMZJMm5MBV8iMGFugTHG7JWERVZQZe5+yre/Nl12E1mnNu6id351V69fFIUpwCEdwAh5cQh1uoQFNYCDhGd7g3UmcJ+fFef2JLjnFnwP4I+fjG6Gxjyw=</latexit>!

<latexit sha1_base64="FmWAOsfSkQDrgsWPOGjfoJYWpwQ=">AAAB4nicbZDNTgIxFIXv4B/iH+rSTSMxcUVmjKhLohuXkMhPAhPSKXegoZ2ZtB0TMuEFdGXUnY/kC/g2FpyFgmf19Z7T5J4bJIJr47pfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5m/udR1Sax9GDmSboSzqKeMgZNXbUlINyxa26C5FV8HKoQK7GoPzZH8YslRgZJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp7FiErUfrZYdEbOwlgRM0ayeP/OZlRqPZWBzUhqxnrZmw//83qpCW/8jEdJajBiNmK9MBXExGTelwy5QmbE1AJlitstCRtTRZmxVynZ+t5y2VVoX1S9q2qteVmp3+aHKMIJnMI5eHANdbiHBrSAAcIzvMG7M3SenBfn9SdacPI/x/BHzsc3zg+KkA==</latexit>m

Results (            ,              )  
<latexit sha1_base64="XQ0ZdUf2/7tKJ5FvdqdZMzh/EjU=">AAACEnicbVC7TsNAEDzzxrwClDQnIiSqyEa8CpAi0VCCRBKkOELr85oc3J2tuzMosvIPFDTwKXSIlh/gS2i5hBQQmGp2Z3a1O3EuuLFB8OFNTE5Nz8zOzfsLi0vLK5XVtabJCs2wwTKR6csYDAqusGG5FXiZawQZC2zFtycDvXWH2vBMXdhejh0J14qnnIF1rWaEFo6Dq0o1qAVD0L8kHJEqGeHsqvIZJRkrJCrLBBjTDoPcdkrQljOBfT8qDObAbuEa244qkGg65fDaPt1KM01tF+mw/uktQRrTk7HzSLBdM64Nmv9p7cKmh52Sq7ywqJizOC0tBLUZHTxNE66RWdFzBJjm7krKuqCBWReNHym8Z5mUoJIySnia9ssy0pImfbdpUKN2j3IQvu+SCsdz+UuaO7Vwv7Z3vlutH40ymyMbZJNsk5AckDo5JWekQRi5IQ/kiTx7j96L9+q9fVsnvNHMOvkF7/0Lhb6duw==</latexit>

⌘ = 0
<latexit sha1_base64="6rF09xnrg29+vlGs+4REBCIWxn4=">AAACHXicbVC7TsMwFHV4Ex4tMLJYVEhMVYJ4DSAhsTAWiRakJooc54Za2E5kO0VVlC9hYIFPYUOsiC9hxSkdeJ3p3HuOrXtOnHOmjee9O1PTM7Nz8wuL7tLyymqjubbe01mhKHRpxjN1HRMNnEnoGmY4XOcKiIg5XMW3Z7V+NQSlWSYvzSiHUJAbyVJGibGrqNkYRmWQE0U4B16deFGz5bW9MfBf4k9IC03QiZofQZLRQoA0lBOt+76Xm7AkyjDKoXKDQkNO6C25gb6lkgjQYTk+vMLbaaawGQAez9+9JRFaj0RsPYKYgf6t1cv/tH5h0qOwZDIvDEhqLVZLC45Nhuv8OGEKqOEjSwhVzF6J6cDmp8a25AYS7mgmBJFJGSQsTauyDJTASWV/qmdQNigj3HVtU/7vXv6S3m7bP2jvX+y1To8nnS2gTbSFdpCPDtEpOkcd1EUUFegePaIn58F5dl6c1y/rlDN5s4F+wHn7BOUwoiY=</latexit>

vk = 0

➡ For the momentum broadening coefficient:

<latexit sha1_base64="HdS7MAgz2krA5e2gk4Axp3N5ppU="></latexit>

q̂ =
1

v?Nc

Z t

0
dt0
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<latexit sha1_base64="XH7fRwu1jDPNkBf9yled3OBMWiY=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeFsS3biERC4JNGQ6nMKEmbaZmZpgwwvoyqg7H8kX8G0csAsF/9U35/8nOf8JEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzvz2AyrN4+jeTBL0JR1GPOSMGjtqPPbLFbfqzkWWwcuhArnq/fJnbxCzVGJkmKBadz03MX5GleFM4LTUSzUmlI3pELsWIypR+9l80Sk5CWNFzAjJ/P07m1Gp9UQGNiOpGelFbzb8z+umJrz2Mx4lqcGI2Yj1wlQQE5NZXzLgCpkREwuUKW63JGxEFWXGXqVk63uLZZehdVb1LqsXjfNK7SY/RBGO4BhOwYMrqMEd1KEJDBCe4Q3enYHz5Lw4rz/RgpP/OYQ/cj6+AeF1ip0=</latexit>z <latexit sha1_base64="kSa71Q6CCbNKpBmpEFHQFbRDv4I=">AAAB7nicbZDLTsJAFIZP8YZ4Q126mUhMXJHW4GVJ4sYlJnJJoCHT4RQmTNtxZkpCGl5DV0bd+TC+gG/jgF0o+K++Of8/yflPIAXXxnW/nMLa+sbmVnG7tLO7t39QPjxq6SRVDJssEYnqBFSj4DE2DTcCO1IhjQKB7WB8O/fbE1SaJ/GDmUr0IzqMecgZNXbkT/pZT1JFhUAx65crbtVdiKyCl0MFcjX65c/eIGFphLFhgmrd9Vxp/Iwqw5nAWamXapSUjekQuxZjGqH2s8XSM3IWJoqYEZLF+3c2o5HW0yiwmYiakV725sP/vG5qwhs/47FMDcbMRqwXpoKYhMy7kwFXyIyYWqBMcbslYSPbnhl7oZKt7y2XXYXWRdW7ql7e1yr1Wn6IIpzAKZyDB9dQhztoQBMYPMIzvMG7I50n58V5/YkWnPzPMfyR8/ENKVKQAw==</latexit>vk

<latexit sha1_base64="EQyWCsHHDhRe1RsM0NMe50kPx9g=">AAAB6nicbZDLTsJAFIZP8YZ4Q126aSQmrkhr8LIkceMSE7kYaMh0OIUJM+1kZkpCGl5CV0bd+Ti+gG/jgF0o+K++Of8/yflPKDnTxvO+nMLa+sbmVnG7tLO7t39QPjxq6SRVFJs04YnqhEQjZzE2DTMcO1IhESHHdji+nfvtCSrNkvjBTCUGggxjFjFKjB09TvpZT6KSs3654lW9hdxV8HOoQK5Gv/zZGyQ0FRgbyonWXd+TJsiIMoxynJV6qUZJ6JgMsWsxJgJ1kC0WnrlnUaJcM0J38f6dzYjQeipCmxHEjPSyNx/+53VTE90EGYtlajCmNmK9KOWuSdx5b3fAFFLDpxYIVcxu6dIRUYQae52Sre8vl12F1kXVv6pe3tcq9Vp+iCKcwCmcgw/XUIc7aEATKAh4hjd4d7jz5Lw4rz/RgpP/OYY/cj6+ASY+jkU=</latexit>v?

<latexit sha1_base64="XH7fRwu1jDPNkBf9yled3OBMWiY=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeFsS3biERC4JNGQ6nMKEmbaZmZpgwwvoyqg7H8kX8G0csAsF/9U35/8nOf8JEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzvz2AyrN4+jeTBL0JR1GPOSMGjtqPPbLFbfqzkWWwcuhArnq/fJnbxCzVGJkmKBadz03MX5GleFM4LTUSzUmlI3pELsWIypR+9l80Sk5CWNFzAjJ/P07m1Gp9UQGNiOpGelFbzb8z+umJrz2Mx4lqcGI2Yj1wlQQE5NZXzLgCpkREwuUKW63JGxEFWXGXqVk63uLZZehdVb1LqsXjfNK7SY/RBGO4BhOwYMrqMEd1KEJDBCe4Q3enYHz5Lw4rz/RgpP/OYQ/cj6+AeF1ip0=</latexit>z <latexit sha1_base64="kSa71Q6CCbNKpBmpEFHQFbRDv4I=">AAAB7nicbZDLTsJAFIZP8YZ4Q126mUhMXJHW4GVJ4sYlJnJJoCHT4RQmTNtxZkpCGl5DV0bd+TC+gG/jgF0o+K++Of8/yflPIAXXxnW/nMLa+sbmVnG7tLO7t39QPjxq6SRVDJssEYnqBFSj4DE2DTcCO1IhjQKB7WB8O/fbE1SaJ/GDmUr0IzqMecgZNXbkT/pZT1JFhUAx65crbtVdiKyCl0MFcjX65c/eIGFphLFhgmrd9Vxp/Iwqw5nAWamXapSUjekQuxZjGqH2s8XSM3IWJoqYEZLF+3c2o5HW0yiwmYiakV725sP/vG5qwhs/47FMDcbMRqwXpoKYhMy7kwFXyIyYWqBMcbslYSPbnhl7oZKt7y2XXYXWRdW7ql7e1yr1Wn6IIpzAKZyDB9dQhztoQBMYPMIzvMG7I50n58V5/YkWnPzPMfyR8/ENKVKQAw==</latexit>vk

<latexit sha1_base64="EQyWCsHHDhRe1RsM0NMe50kPx9g=">AAAB6nicbZDLTsJAFIZP8YZ4Q126aSQmrkhr8LIkceMSE7kYaMh0OIUJM+1kZkpCGl5CV0bd+Ti+gG/jgF0o+K++Of8/yflPKDnTxvO+nMLa+sbmVnG7tLO7t39QPjxq6SRVFJs04YnqhEQjZzE2DTMcO1IhESHHdji+nfvtCSrNkvjBTCUGggxjFjFKjB09TvpZT6KSs3654lW9hdxV8HOoQK5Gv/zZGyQ0FRgbyonWXd+TJsiIMoxynJV6qUZJ6JgMsWsxJgJ1kC0WnrlnUaJcM0J38f6dzYjQeipCmxHEjPSyNx/+53VTE90EGYtlajCmNmK9KOWuSdx5b3fAFFLDpxYIVcxu6dIRUYQae52Sre8vl12F1kXVv6pe3tcq9Vp+iCKcwCmcgw/XUIc7aEATKAh4hjd4d7jz5Lw4rz/RgpP/OYY/cj6+ASY+jkU=</latexit>v?

<latexit sha1_base64="XH7fRwu1jDPNkBf9yled3OBMWiY=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeFsS3biERC4JNGQ6nMKEmbaZmZpgwwvoyqg7H8kX8G0csAsF/9U35/8nOf8JEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzvz2AyrN4+jeTBL0JR1GPOSMGjtqPPbLFbfqzkWWwcuhArnq/fJnbxCzVGJkmKBadz03MX5GleFM4LTUSzUmlI3pELsWIypR+9l80Sk5CWNFzAjJ/P07m1Gp9UQGNiOpGelFbzb8z+umJrz2Mx4lqcGI2Yj1wlQQE5NZXzLgCpkREwuUKW63JGxEFWXGXqVk63uLZZehdVb1LqsXjfNK7SY/RBGO4BhOwYMrqMEd1KEJDBCe4Q3enYHz5Lw4rz/RgpP/OYQ/cj6+AeF1ip0=</latexit>z <latexit sha1_base64="kSa71Q6CCbNKpBmpEFHQFbRDv4I=">AAAB7nicbZDLTsJAFIZP8YZ4Q126mUhMXJHW4GVJ4sYlJnJJoCHT4RQmTNtxZkpCGl5DV0bd+TC+gG/jgF0o+K++Of8/yflPIAXXxnW/nMLa+sbmVnG7tLO7t39QPjxq6SRVDJssEYnqBFSj4DE2DTcCO1IhjQKB7WB8O/fbE1SaJ/GDmUr0IzqMecgZNXbkT/pZT1JFhUAx65crbtVdiKyCl0MFcjX65c/eIGFphLFhgmrd9Vxp/Iwqw5nAWamXapSUjekQuxZjGqH2s8XSM3IWJoqYEZLF+3c2o5HW0yiwmYiakV725sP/vG5qwhs/47FMDcbMRqwXpoKYhMy7kwFXyIyYWqBMcbslYSPbnhl7oZKt7y2XXYXWRdW7ql7e1yr1Wn6IIpzAKZyDB9dQhztoQBMYPMIzvMG7I50n58V5/YkWnPzPMfyR8/ENKVKQAw==</latexit>vk

<latexit sha1_base64="EQyWCsHHDhRe1RsM0NMe50kPx9g=">AAAB6nicbZDLTsJAFIZP8YZ4Q126aSQmrkhr8LIkceMSE7kYaMh0OIUJM+1kZkpCGl5CV0bd+Ti+gG/jgF0o+K++Of8/yflPKDnTxvO+nMLa+sbmVnG7tLO7t39QPjxq6SRVFJs04YnqhEQjZzE2DTMcO1IhESHHdji+nfvtCSrNkvjBTCUGggxjFjFKjB09TvpZT6KSs3654lW9hdxV8HOoQK5Gv/zZGyQ0FRgbyonWXd+TJsiIMoxynJV6qUZJ6JgMsWsxJgJ1kC0WnrlnUaJcM0J38f6dzYjQeipCmxHEjPSyNx/+53VTE90EGYtlajCmNmK9KOWuSdx5b3fAFFLDpxYIVcxu6dIRUYQae52Sre8vl12F1kXVv6pe3tcq9Vp+iCKcwCmcgw/XUIc7aEATKAh4hjd4d7jz5Lw4rz/RgpP/OYY/cj6+ASY+jkU=</latexit>v?

• Larger broadening in the beam direction


• Comparatively small effect in the probe direction


• Difference between        and         due to linearly polarized gluons:         
<latexit sha1_base64="LTmG+Uq3AWjHw6h8vPZ9OyF/sj8=">AAAB6nicbZDLTsMwEEUn5VXKq8CSjUWFxKpKEK9lJTYsi0QfqI0qx3Vaq3YS7AlSifoTsELAjs/hB/gb3JIFtNzV8dxrae4EiRQGXffLKSwtr6yuFddLG5tb2zvl3b2miVPNeIPFMtbtgBouRcQbKFDydqI5VYHkrWB0NfVbD1wbEUe3OE64r+ggEqFgFO3orjukmN1Peo+9csWtujORRfByqECueq/82e3HLFU8QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdixFV3PjZbOEJOQpjTXDIyez9O5tRZcxYBTajKA7NvDcd/ud1Ugwv/UxESYo8YjZivTCVBGMy7U36QnOGcmyBMi3sloQNqaYM7XVKtr43X3YRmidV77x6dnNaqZ3mhyjCARzCMXhwATW4hjo0gIGCZ3iDd0c6T86L8/oTLTj5n334I+fjGx5ojkA=</latexit>

q̂z
<latexit sha1_base64="yAwGUFtPYWElqwad3n8gHho0Vt4=">AAAB8nicbZDLSsNAFIYn9VbrpVWXboJFcFUSqZdlwY3LCvYCTQiT6UkzdHJx5kQoIS+iK1F3Poov4Ns4rVlo67/65vz/wPmPnwqu0LK+jMra+sbmVnW7trO7t19vHBz2VZJJBj2WiEQOfapA8Bh6yFHAMJVAI1/AwJ/ezP3BI0jFk/geZym4EZ3EPOCMoh55jboTUswfCi93UpBp4TWaVstayFwFu4QmKdX1Gp/OOGFZBDEyQZUa2VaKbk4lciagqDmZgpSyKZ3ASGNMI1Buvli8ME+DRJoYgrl4/87mNFJqFvk6E1EM1bI3H/7njTIMrt2cx2mGEDMd0V6QCRMTc97fHHMJDMVMA2WS6y1NFlJJGeor1XR9e7nsKvTPW/Zl6+Ku3ey0y0NUyTE5IWfEJlekQ25Jl/QIIxl5Jm/k3UDjyXgxXn+iFaP8c0T+yPj4BmT1kT4=</latexit>

q̂?

➡ Separate contributions to momentum broadening:

Results (            ,              )  
<latexit sha1_base64="XQ0ZdUf2/7tKJ5FvdqdZMzh/EjU=">AAACEnicbVC7TsNAEDzzxrwClDQnIiSqyEa8CpAi0VCCRBKkOELr85oc3J2tuzMosvIPFDTwKXSIlh/gS2i5hBQQmGp2Z3a1O3EuuLFB8OFNTE5Nz8zOzfsLi0vLK5XVtabJCs2wwTKR6csYDAqusGG5FXiZawQZC2zFtycDvXWH2vBMXdhejh0J14qnnIF1rWaEFo6Dq0o1qAVD0L8kHJEqGeHsqvIZJRkrJCrLBBjTDoPcdkrQljOBfT8qDObAbuEa244qkGg65fDaPt1KM01tF+mw/uktQRrTk7HzSLBdM64Nmv9p7cKmh52Sq7ywqJizOC0tBLUZHTxNE66RWdFzBJjm7krKuqCBWReNHym8Z5mUoJIySnia9ssy0pImfbdpUKN2j3IQvu+SCsdz+UuaO7Vwv7Z3vlutH40ymyMbZJNsk5AckDo5JWekQRi5IQ/kiTx7j96L9+q9fVsnvNHMOvkF7/0Lhb6duw==</latexit>

⌘ = 0
<latexit sha1_base64="6rF09xnrg29+vlGs+4REBCIWxn4=">AAACHXicbVC7TsMwFHV4Ex4tMLJYVEhMVYJ4DSAhsTAWiRakJooc54Za2E5kO0VVlC9hYIFPYUOsiC9hxSkdeJ3p3HuOrXtOnHOmjee9O1PTM7Nz8wuL7tLyymqjubbe01mhKHRpxjN1HRMNnEnoGmY4XOcKiIg5XMW3Z7V+NQSlWSYvzSiHUJAbyVJGibGrqNkYRmWQE0U4B16deFGz5bW9MfBf4k9IC03QiZofQZLRQoA0lBOt+76Xm7AkyjDKoXKDQkNO6C25gb6lkgjQYTk+vMLbaaawGQAez9+9JRFaj0RsPYKYgf6t1cv/tH5h0qOwZDIvDEhqLVZLC45Nhuv8OGEKqOEjSwhVzF6J6cDmp8a25AYS7mgmBJFJGSQsTauyDJTASWV/qmdQNigj3HVtU/7vXv6S3m7bP2jvX+y1To8nnS2gTbSFdpCPDtEpOkcd1EUUFegePaIn58F5dl6c1y/rlDN5s4F+wHn7BOUwoiY=</latexit>

vk = 0

<latexit sha1_base64="+Z8htBsQjM2/jzW/rsUTg4YcnL4="></latexit>

q̂? ⇠
Z t

0
dt0(...) (G1(r?)G2(r?)� h1(r?)h2(r?))

<latexit sha1_base64="6YpdYrj3SkaNCaAEyVEWNXwVFOI="></latexit>

q̂z ⇠
Z t

0
dt0(...) (G1(r?)G2(r?) + h1(r?)h2(r?))

<latexit sha1_base64="9ee9rP3eu9x91D7MwbSpj5PlvIg=">AAACDnicbVC7TsNAEDyHVzCvACXNiQiJKrIRrzISDWVA5CHFUXQ+r5NT7s7W3RkUWf4DChr4FDpEyy/wJbRcQgpImGp2Z3a1O2HKmTae9+mUlpZXVtfK6+7G5tb2TmV3r6WTTFFo0oQnqhMSDZxJaBpmOHRSBUSEHNrh6Gqit+9BaZbIOzNOoSfIQLKYUWJs6zYo+pWqV/OmwIvEn5EqmqHRr3wFUUIzAdJQTrTu+l5qejlRhlEOhRtkGlJCR2QAXUslEaB7+fTSAh/FicJmCHha//bmRGg9FqH1CGKGel6bNP/TupmJL3s5k2lmQFJrsVqccWwSPHkYR0wBNXxsCaGK2SsxHRJFqLGxuIGEB5oIQWSUBxGL4yLPAyVwVNhNkxqUfZQR7ro2KX8+l0XSOqn557Wzm9NqvTbLrIwO0CE6Rj66QHV0jRqoiSiK0SN6Ri/Ok/PqvDnvP9aSM5vZR3/gfHwD+QqcWw==</latexit>

} <latexit sha1_base64="kf+NFHtcBfXcsQZWsLLKJrtfAM0=">AAACAnicbZDLSsNAFIYnXmu9RV26cLAIglASqZeNUHDjsoK9QBPKZHrSDJ1cnJkINXSnL6MrUXc+gi/g2zitKWjrWX3n/P/A/L+XcCaVZX0Zc/MLi0vLhZXi6tr6xqa5td2QcSoo1GnMY9HyiATOIqgrpji0EgEk9Dg0vf7lSG/egZAsjm7UIAE3JL2I+YwSpU8dc88JiMpuh537owk5CYjkYrKZJatsjQfPgp1DCeVT65ifTjemaQiRopxI2batRLkZEYpRDsOik0pICO2THrQ1RiQE6WbjIEN84McCqwDweP/tzUgo5SD0tCckKpDT2uj4n9ZOlX/uZixKUgUR1Rat+SnHKsajPnCXCaCKDzQQKpj+JaYBEYQq3VpRx7enw85C47hsn5ZPriulaiUvooB20T46RDY6Q1V0hWqojih6RM/oDb0bD8aT8WK8/ljnjPzNDvozxsc3sE2YKw==</latexit>

q̂z + q̂? = q̂
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]

g2µ̄ t

MVrc, g
2µ̄ = 2 GeV

<latexit sha1_base64="XH7fRwu1jDPNkBf9yled3OBMWiY=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeFsS3biERC4JNGQ6nMKEmbaZmZpgwwvoyqg7H8kX8G0csAsF/9U35/8nOf8JEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzvz2AyrN4+jeTBL0JR1GPOSMGjtqPPbLFbfqzkWWwcuhArnq/fJnbxCzVGJkmKBadz03MX5GleFM4LTUSzUmlI3pELsWIypR+9l80Sk5CWNFzAjJ/P07m1Gp9UQGNiOpGelFbzb8z+umJrz2Mx4lqcGI2Yj1wlQQE5NZXzLgCpkREwuUKW63JGxEFWXGXqVk63uLZZehdVb1LqsXjfNK7SY/RBGO4BhOwYMrqMEd1KEJDBCe4Q3enYHz5Lw4rz/RgpP/OYQ/cj6+AeF1ip0=</latexit>z <latexit sha1_base64="kSa71Q6CCbNKpBmpEFHQFbRDv4I=">AAAB7nicbZDLTsJAFIZP8YZ4Q126mUhMXJHW4GVJ4sYlJnJJoCHT4RQmTNtxZkpCGl5DV0bd+TC+gG/jgF0o+K++Of8/yflPIAXXxnW/nMLa+sbmVnG7tLO7t39QPjxq6SRVDJssEYnqBFSj4DE2DTcCO1IhjQKB7WB8O/fbE1SaJ/GDmUr0IzqMecgZNXbkT/pZT1JFhUAx65crbtVdiKyCl0MFcjX65c/eIGFphLFhgmrd9Vxp/Iwqw5nAWamXapSUjekQuxZjGqH2s8XSM3IWJoqYEZLF+3c2o5HW0yiwmYiakV725sP/vG5qwhs/47FMDcbMRqwXpoKYhMy7kwFXyIyYWqBMcbslYSPbnhl7oZKt7y2XXYXWRdW7ql7e1yr1Wn6IIpzAKZyDB9dQhztoQBMYPMIzvMG7I50n58V5/YkWnPzPMfyR8/ENKVKQAw==</latexit>vk

<latexit sha1_base64="EQyWCsHHDhRe1RsM0NMe50kPx9g=">AAAB6nicbZDLTsJAFIZP8YZ4Q126aSQmrkhr8LIkceMSE7kYaMh0OIUJM+1kZkpCGl5CV0bd+Ti+gG/jgF0o+K++Of8/yflPKDnTxvO+nMLa+sbmVnG7tLO7t39QPjxq6SRVFJs04YnqhEQjZzE2DTMcO1IhESHHdji+nfvtCSrNkvjBTCUGggxjFjFKjB09TvpZT6KSs3654lW9hdxV8HOoQK5Gv/zZGyQ0FRgbyonWXd+TJsiIMoxynJV6qUZJ6JgMsWsxJgJ1kC0WnrlnUaJcM0J38f6dzYjQeipCmxHEjPSyNx/+53VTE90EGYtlajCmNmK9KOWuSdx5b3fAFFLDpxYIVcxu6dIRUYQae52Sre8vl12F1kXVv6pe3tcq9Vp+iCKcwCmcgw/XUIc7aEATKAh4hjd4d7jz5Lw4rz/RgpP/OYY/cj6+ASY+jkU=</latexit>v?

<latexit sha1_base64="XH7fRwu1jDPNkBf9yled3OBMWiY=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeFsS3biERC4JNGQ6nMKEmbaZmZpgwwvoyqg7H8kX8G0csAsF/9U35/8nOf8JEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzvz2AyrN4+jeTBL0JR1GPOSMGjtqPPbLFbfqzkWWwcuhArnq/fJnbxCzVGJkmKBadz03MX5GleFM4LTUSzUmlI3pELsWIypR+9l80Sk5CWNFzAjJ/P07m1Gp9UQGNiOpGelFbzb8z+umJrz2Mx4lqcGI2Yj1wlQQE5NZXzLgCpkREwuUKW63JGxEFWXGXqVk63uLZZehdVb1LqsXjfNK7SY/RBGO4BhOwYMrqMEd1KEJDBCe4Q3enYHz5Lw4rz/RgpP/OYQ/cj6+AeF1ip0=</latexit>z <latexit sha1_base64="kSa71Q6CCbNKpBmpEFHQFbRDv4I=">AAAB7nicbZDLTsJAFIZP8YZ4Q126mUhMXJHW4GVJ4sYlJnJJoCHT4RQmTNtxZkpCGl5DV0bd+TC+gG/jgF0o+K++Of8/yflPIAXXxnW/nMLa+sbmVnG7tLO7t39QPjxq6SRVDJssEYnqBFSj4DE2DTcCO1IhjQKB7WB8O/fbE1SaJ/GDmUr0IzqMecgZNXbkT/pZT1JFhUAx65crbtVdiKyCl0MFcjX65c/eIGFphLFhgmrd9Vxp/Iwqw5nAWamXapSUjekQuxZjGqH2s8XSM3IWJoqYEZLF+3c2o5HW0yiwmYiakV725sP/vG5qwhs/47FMDcbMRqwXpoKYhMy7kwFXyIyYWqBMcbslYSPbnhl7oZKt7y2XXYXWRdW7ql7e1yr1Wn6IIpzAKZyDB9dQhztoQBMYPMIzvMG7I50n58V5/YkWnPzPMfyR8/ENKVKQAw==</latexit>vk

<latexit sha1_base64="EQyWCsHHDhRe1RsM0NMe50kPx9g=">AAAB6nicbZDLTsJAFIZP8YZ4Q126aSQmrkhr8LIkceMSE7kYaMh0OIUJM+1kZkpCGl5CV0bd+Ti+gG/jgF0o+K++Of8/yflPKDnTxvO+nMLa+sbmVnG7tLO7t39QPjxq6SRVFJs04YnqhEQjZzE2DTMcO1IhESHHdji+nfvtCSrNkvjBTCUGggxjFjFKjB09TvpZT6KSs3654lW9hdxV8HOoQK5Gv/zZGyQ0FRgbyonWXd+TJsiIMoxynJV6qUZJ6JgMsWsxJgJ1kC0WnrlnUaJcM0J38f6dzYjQeipCmxHEjPSyNx/+53VTE90EGYtlajCmNmK9KOWuSdx5b3fAFFLDpxYIVcxu6dIRUYQae52Sre8vl12F1kXVv6pe3tcq9Vp+iCKcwCmcgw/XUIc7aEATKAh4hjd4d7jz5Lw4rz/RgpP/OYY/cj6+ASY+jkU=</latexit>v?

<latexit sha1_base64="XH7fRwu1jDPNkBf9yled3OBMWiY=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeFsS3biERC4JNGQ6nMKEmbaZmZpgwwvoyqg7H8kX8G0csAsF/9U35/8nOf8JEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzvz2AyrN4+jeTBL0JR1GPOSMGjtqPPbLFbfqzkWWwcuhArnq/fJnbxCzVGJkmKBadz03MX5GleFM4LTUSzUmlI3pELsWIypR+9l80Sk5CWNFzAjJ/P07m1Gp9UQGNiOpGelFbzb8z+umJrz2Mx4lqcGI2Yj1wlQQE5NZXzLgCpkREwuUKW63JGxEFWXGXqVk63uLZZehdVb1LqsXjfNK7SY/RBGO4BhOwYMrqMEd1KEJDBCe4Q3enYHz5Lw4rz/RgpP/OYQ/cj6+AeF1ip0=</latexit>z <latexit sha1_base64="kSa71Q6CCbNKpBmpEFHQFbRDv4I=">AAAB7nicbZDLTsJAFIZP8YZ4Q126mUhMXJHW4GVJ4sYlJnJJoCHT4RQmTNtxZkpCGl5DV0bd+TC+gG/jgF0o+K++Of8/yflPIAXXxnW/nMLa+sbmVnG7tLO7t39QPjxq6SRVDJssEYnqBFSj4DE2DTcCO1IhjQKB7WB8O/fbE1SaJ/GDmUr0IzqMecgZNXbkT/pZT1JFhUAx65crbtVdiKyCl0MFcjX65c/eIGFphLFhgmrd9Vxp/Iwqw5nAWamXapSUjekQuxZjGqH2s8XSM3IWJoqYEZLF+3c2o5HW0yiwmYiakV725sP/vG5qwhs/47FMDcbMRqwXpoKYhMy7kwFXyIyYWqBMcbslYSPbnhl7oZKt7y2XXYXWRdW7ql7e1yr1Wn6IIpzAKZyDB9dQhztoQBMYPMIzvMG7I50n58V5/YkWnPzPMfyR8/ENKVKQAw==</latexit>vk

<latexit sha1_base64="EQyWCsHHDhRe1RsM0NMe50kPx9g=">AAAB6nicbZDLTsJAFIZP8YZ4Q126aSQmrkhr8LIkceMSE7kYaMh0OIUJM+1kZkpCGl5CV0bd+Ti+gG/jgF0o+K++Of8/yflPKDnTxvO+nMLa+sbmVnG7tLO7t39QPjxq6SRVFJs04YnqhEQjZzE2DTMcO1IhESHHdji+nfvtCSrNkvjBTCUGggxjFjFKjB09TvpZT6KSs3654lW9hdxV8HOoQK5Gv/zZGyQ0FRgbyonWXd+TJsiIMoxynJV6qUZJ6JgMsWsxJgJ1kC0WnrlnUaJcM0J38f6dzYjQeipCmxHEjPSyNx/+53VTE90EGYtlajCmNmK9KOWuSdx5b3fAFFLDpxYIVcxu6dIRUYQae52Sre8vl12F1kXVv6pe3tcq9Vp+iCKcwCmcgw/XUIc7aEATKAh4hjd4d7jz5Lw4rz/RgpP/OYY/cj6+ASY+jkU=</latexit>v?
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• Larger broadening in the beam direction


• Comparatively small effect in the probe direction


• Difference between        and         due to linearly polarized gluons:         


• Anisotropy grows fast, becomes constant after


<latexit sha1_base64="LTmG+Uq3AWjHw6h8vPZ9OyF/sj8=">AAAB6nicbZDLTsMwEEUn5VXKq8CSjUWFxKpKEK9lJTYsi0QfqI0qx3Vaq3YS7AlSifoTsELAjs/hB/gb3JIFtNzV8dxrae4EiRQGXffLKSwtr6yuFddLG5tb2zvl3b2miVPNeIPFMtbtgBouRcQbKFDydqI5VYHkrWB0NfVbD1wbEUe3OE64r+ggEqFgFO3orjukmN1Peo+9csWtujORRfByqECueq/82e3HLFU8QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdixFV3PjZbOEJOQpjTXDIyez9O5tRZcxYBTajKA7NvDcd/ud1Ugwv/UxESYo8YjZivTCVBGMy7U36QnOGcmyBMi3sloQNqaYM7XVKtr43X3YRmidV77x6dnNaqZ3mhyjCARzCMXhwATW4hjo0gIGCZ3iDd0c6T86L8/oTLTj5n334I+fjGx5ojkA=</latexit>

q̂z
<latexit sha1_base64="yAwGUFtPYWElqwad3n8gHho0Vt4=">AAAB8nicbZDLSsNAFIYn9VbrpVWXboJFcFUSqZdlwY3LCvYCTQiT6UkzdHJx5kQoIS+iK1F3Poov4Ns4rVlo67/65vz/wPmPnwqu0LK+jMra+sbmVnW7trO7t19vHBz2VZJJBj2WiEQOfapA8Bh6yFHAMJVAI1/AwJ/ezP3BI0jFk/geZym4EZ3EPOCMoh55jboTUswfCi93UpBp4TWaVstayFwFu4QmKdX1Gp/OOGFZBDEyQZUa2VaKbk4lciagqDmZgpSyKZ3ASGNMI1Buvli8ME+DRJoYgrl4/87mNFJqFvk6E1EM1bI3H/7njTIMrt2cx2mGEDMd0V6QCRMTc97fHHMJDMVMA2WS6y1NFlJJGeor1XR9e7nsKvTPW/Zl6+Ku3ey0y0NUyTE5IWfEJlekQ25Jl/QIIxl5Jm/k3UDjyXgxXn+iFaP8c0T+yPj4BmT1kT4=</latexit>

q̂?
<latexit sha1_base64="+S+bzdP7WknUy/CKaDhfBeNyJ8E=">AAAB93icbZDJTsMwFEVfGEuZwrBjY1EhsSpJVYZlJTYsi0QHqQmV4zqtVTuJbAcpRP0WWCFgx3/wA/wNbskCWu7q+N1r6b0bJJwp7Thf1tLyyuraemmjvLm1vbNr7+23VZxKQlsk5rHsBlhRziLa0kxz2k0kxSLgtBOMr6d+54FKxeLoTmcJ9QUeRixkBGsz6tuH2lNMoNrZ8L7mBVjmnkgnfbviVJ2Z0CK4BVSgULNvf3qDmKSCRppwrFTPdRLt51hqRjidlL1U0QSTMR7SnsEIC6r8fLb9BJ2EsUR6RNHs/TubY6FUJgKTEViP1Lw3Hf7n9VIdXvk5i5JU04iYiPHClCMdo2kJaMAkJZpnBjCRzGyJyAhLTLSpqmzOd+ePXYR2repeVM9v65VGvSiiBEdwDKfgwiU04Aaa0AICj/AMb/BuZdaT9WK9/kSXrOLPAfyR9fENlRuSXA==</latexit>

t ⇠ 2/g2µ̄

11

➡ Separate contributions to momentum broadening: ➡ Anisotropy:

Results (            ,              )  
<latexit sha1_base64="XQ0ZdUf2/7tKJ5FvdqdZMzh/EjU=">AAACEnicbVC7TsNAEDzzxrwClDQnIiSqyEa8CpAi0VCCRBKkOELr85oc3J2tuzMosvIPFDTwKXSIlh/gS2i5hBQQmGp2Z3a1O3EuuLFB8OFNTE5Nz8zOzfsLi0vLK5XVtabJCs2wwTKR6csYDAqusGG5FXiZawQZC2zFtycDvXWH2vBMXdhejh0J14qnnIF1rWaEFo6Dq0o1qAVD0L8kHJEqGeHsqvIZJRkrJCrLBBjTDoPcdkrQljOBfT8qDObAbuEa244qkGg65fDaPt1KM01tF+mw/uktQRrTk7HzSLBdM64Nmv9p7cKmh52Sq7ywqJizOC0tBLUZHTxNE66RWdFzBJjm7krKuqCBWReNHym8Z5mUoJIySnia9ssy0pImfbdpUKN2j3IQvu+SCsdz+UuaO7Vwv7Z3vlutH40ymyMbZJNsk5AckDo5JWekQRi5IQ/kiTx7j96L9+q9fVsnvNHMOvkF7/0Lhb6duw==</latexit>

⌘ = 0
<latexit sha1_base64="6rF09xnrg29+vlGs+4REBCIWxn4=">AAACHXicbVC7TsMwFHV4Ex4tMLJYVEhMVYJ4DSAhsTAWiRakJooc54Za2E5kO0VVlC9hYIFPYUOsiC9hxSkdeJ3p3HuOrXtOnHOmjee9O1PTM7Nz8wuL7tLyymqjubbe01mhKHRpxjN1HRMNnEnoGmY4XOcKiIg5XMW3Z7V+NQSlWSYvzSiHUJAbyVJGibGrqNkYRmWQE0U4B16deFGz5bW9MfBf4k9IC03QiZofQZLRQoA0lBOt+76Xm7AkyjDKoXKDQkNO6C25gb6lkgjQYTk+vMLbaaawGQAez9+9JRFaj0RsPYKYgf6t1cv/tH5h0qOwZDIvDEhqLVZLC45Nhuv8OGEKqOEjSwhVzF6J6cDmp8a25AYS7mgmBJFJGSQsTauyDJTASWV/qmdQNigj3HVtU/7vXv6S3m7bP2jvX+y1To8nnS2gTbSFdpCPDtEpOkcd1EUUFegePaIn58F5dl6c1y/rlDN5s4F+wHn7BOUwoiY=</latexit>

vk = 0

<latexit sha1_base64="+Z8htBsQjM2/jzW/rsUTg4YcnL4="></latexit>

q̂? ⇠
Z t

0
dt0(...) (G1(r?)G2(r?)� h1(r?)h2(r?))

<latexit sha1_base64="6YpdYrj3SkaNCaAEyVEWNXwVFOI="></latexit>

q̂z ⇠
Z t

0
dt0(...) (G1(r?)G2(r?) + h1(r?)h2(r?))
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• Difference between        and         due to linearly polarized gluons:          


• Anisotropy grows fast, becomes constant after


<latexit sha1_base64="LTmG+Uq3AWjHw6h8vPZ9OyF/sj8=">AAAB6nicbZDLTsMwEEUn5VXKq8CSjUWFxKpKEK9lJTYsi0QfqI0qx3Vaq3YS7AlSifoTsELAjs/hB/gb3JIFtNzV8dxrae4EiRQGXffLKSwtr6yuFddLG5tb2zvl3b2miVPNeIPFMtbtgBouRcQbKFDydqI5VYHkrWB0NfVbD1wbEUe3OE64r+ggEqFgFO3orjukmN1Peo+9csWtujORRfByqECueq/82e3HLFU8QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdixFV3PjZbOEJOQpjTXDIyez9O5tRZcxYBTajKA7NvDcd/ud1Ugwv/UxESYo8YjZivTCVBGMy7U36QnOGcmyBMi3sloQNqaYM7XVKtr43X3YRmidV77x6dnNaqZ3mhyjCARzCMXhwATW4hjo0gIGCZ3iDd0c6T86L8/oTLTj5n334I+fjGx5ojkA=</latexit>

q̂z
<latexit sha1_base64="yAwGUFtPYWElqwad3n8gHho0Vt4=">AAAB8nicbZDLSsNAFIYn9VbrpVWXboJFcFUSqZdlwY3LCvYCTQiT6UkzdHJx5kQoIS+iK1F3Poov4Ns4rVlo67/65vz/wPmPnwqu0LK+jMra+sbmVnW7trO7t19vHBz2VZJJBj2WiEQOfapA8Bh6yFHAMJVAI1/AwJ/ezP3BI0jFk/geZym4EZ3EPOCMoh55jboTUswfCi93UpBp4TWaVstayFwFu4QmKdX1Gp/OOGFZBDEyQZUa2VaKbk4lciagqDmZgpSyKZ3ASGNMI1Buvli8ME+DRJoYgrl4/87mNFJqFvk6E1EM1bI3H/7njTIMrt2cx2mGEDMd0V6QCRMTc97fHHMJDMVMA2WS6y1NFlJJGeor1XR9e7nsKvTPW/Zl6+Ku3ey0y0NUyTE5IWfEJlekQ25Jl/QIIxl5Jm/k3UDjyXgxXn+iFaP8c0T+yPj4BmT1kT4=</latexit>

q̂?
<latexit sha1_base64="+S+bzdP7WknUy/CKaDhfBeNyJ8E=">AAAB93icbZDJTsMwFEVfGEuZwrBjY1EhsSpJVYZlJTYsi0QHqQmV4zqtVTuJbAcpRP0WWCFgx3/wA/wNbskCWu7q+N1r6b0bJJwp7Thf1tLyyuraemmjvLm1vbNr7+23VZxKQlsk5rHsBlhRziLa0kxz2k0kxSLgtBOMr6d+54FKxeLoTmcJ9QUeRixkBGsz6tuH2lNMoNrZ8L7mBVjmnkgnfbviVJ2Z0CK4BVSgULNvf3qDmKSCRppwrFTPdRLt51hqRjidlL1U0QSTMR7SnsEIC6r8fLb9BJ2EsUR6RNHs/TubY6FUJgKTEViP1Lw3Hf7n9VIdXvk5i5JU04iYiPHClCMdo2kJaMAkJZpnBjCRzGyJyAhLTLSpqmzOd+ePXYR2repeVM9v65VGvSiiBEdwDKfgwiU04Aaa0AICj/AMb/BuZdaT9WK9/kSXrOLPAfyR9fENlRuSXA==</latexit>

t ⇠ 2/g2µ̄
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➡ Separate contributions to momentum broadening: ➡ Anisotropy:

Results (            ,              )  
<latexit sha1_base64="XQ0ZdUf2/7tKJ5FvdqdZMzh/EjU=">AAACEnicbVC7TsNAEDzzxrwClDQnIiSqyEa8CpAi0VCCRBKkOELr85oc3J2tuzMosvIPFDTwKXSIlh/gS2i5hBQQmGp2Z3a1O3EuuLFB8OFNTE5Nz8zOzfsLi0vLK5XVtabJCs2wwTKR6csYDAqusGG5FXiZawQZC2zFtycDvXWH2vBMXdhejh0J14qnnIF1rWaEFo6Dq0o1qAVD0L8kHJEqGeHsqvIZJRkrJCrLBBjTDoPcdkrQljOBfT8qDObAbuEa244qkGg65fDaPt1KM01tF+mw/uktQRrTk7HzSLBdM64Nmv9p7cKmh52Sq7ywqJizOC0tBLUZHTxNE66RWdFzBJjm7krKuqCBWReNHym8Z5mUoJIySnia9ssy0pImfbdpUKN2j3IQvu+SCsdz+UuaO7Vwv7Z3vlutH40ymyMbZJNsk5AckDo5JWekQRi5IQ/kiTx7j96L9+q9fVsnvNHMOvkF7/0Lhb6duw==</latexit>

⌘ = 0
<latexit sha1_base64="6rF09xnrg29+vlGs+4REBCIWxn4=">AAACHXicbVC7TsMwFHV4Ex4tMLJYVEhMVYJ4DSAhsTAWiRakJooc54Za2E5kO0VVlC9hYIFPYUOsiC9hxSkdeJ3p3HuOrXtOnHOmjee9O1PTM7Nz8wuL7tLyymqjubbe01mhKHRpxjN1HRMNnEnoGmY4XOcKiIg5XMW3Z7V+NQSlWSYvzSiHUJAbyVJGibGrqNkYRmWQE0U4B16deFGz5bW9MfBf4k9IC03QiZofQZLRQoA0lBOt+76Xm7AkyjDKoXKDQkNO6C25gb6lkgjQYTk+vMLbaaawGQAez9+9JRFaj0RsPYKYgf6t1cv/tH5h0qOwZDIvDEhqLVZLC45Nhuv8OGEKqOEjSwhVzF6J6cDmp8a25AYS7mgmBJFJGSQsTauyDJTASWV/qmdQNigj3HVtU/7vXv6S3m7bP2jvX+y1To8nnS2gTbSFdpCPDtEpOkcd1EUUFegePaIn58F5dl6c1y/rlDN5s4F+wHn7BOUwoiY=</latexit>

vk = 0

<latexit sha1_base64="+Z8htBsQjM2/jzW/rsUTg4YcnL4="></latexit>

q̂? ⇠
Z t

0
dt0(...) (G1(r?)G2(r?)� h1(r?)h2(r?))

<latexit sha1_base64="6YpdYrj3SkaNCaAEyVEWNXwVFOI="></latexit>

q̂z ⇠
Z t

0
dt0(...) (G1(r?)G2(r?) + h1(r?)h2(r?))

<latexit sha1_base64="XH7fRwu1jDPNkBf9yled3OBMWiY=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeFsS3biERC4JNGQ6nMKEmbaZmZpgwwvoyqg7H8kX8G0csAsF/9U35/8nOf8JEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzvz2AyrN4+jeTBL0JR1GPOSMGjtqPPbLFbfqzkWWwcuhArnq/fJnbxCzVGJkmKBadz03MX5GleFM4LTUSzUmlI3pELsWIypR+9l80Sk5CWNFzAjJ/P07m1Gp9UQGNiOpGelFbzb8z+umJrz2Mx4lqcGI2Yj1wlQQE5NZXzLgCpkREwuUKW63JGxEFWXGXqVk63uLZZehdVb1LqsXjfNK7SY/RBGO4BhOwYMrqMEd1KEJDBCe4Q3enYHz5Lw4rz/RgpP/OYQ/cj6+AeF1ip0=</latexit>z <latexit sha1_base64="kSa71Q6CCbNKpBmpEFHQFbRDv4I=">AAAB7nicbZDLTsJAFIZP8YZ4Q126mUhMXJHW4GVJ4sYlJnJJoCHT4RQmTNtxZkpCGl5DV0bd+TC+gG/jgF0o+K++Of8/yflPIAXXxnW/nMLa+sbmVnG7tLO7t39QPjxq6SRVDJssEYnqBFSj4DE2DTcCO1IhjQKB7WB8O/fbE1SaJ/GDmUr0IzqMecgZNXbkT/pZT1JFhUAx65crbtVdiKyCl0MFcjX65c/eIGFphLFhgmrd9Vxp/Iwqw5nAWamXapSUjekQuxZjGqH2s8XSM3IWJoqYEZLF+3c2o5HW0yiwmYiakV725sP/vG5qwhs/47FMDcbMRqwXpoKYhMy7kwFXyIyYWqBMcbslYSPbnhl7oZKt7y2XXYXWRdW7ql7e1yr1Wn6IIpzAKZyDB9dQhztoQBMYPMIzvMG7I50n58V5/YkWnPzPMfyR8/ENKVKQAw==</latexit>vk

<latexit sha1_base64="EQyWCsHHDhRe1RsM0NMe50kPx9g=">AAAB6nicbZDLTsJAFIZP8YZ4Q126aSQmrkhr8LIkceMSE7kYaMh0OIUJM+1kZkpCGl5CV0bd+Ti+gG/jgF0o+K++Of8/yflPKDnTxvO+nMLa+sbmVnG7tLO7t39QPjxq6SRVFJs04YnqhEQjZzE2DTMcO1IhESHHdji+nfvtCSrNkvjBTCUGggxjFjFKjB09TvpZT6KSs3654lW9hdxV8HOoQK5Gv/zZGyQ0FRgbyonWXd+TJsiIMoxynJV6qUZJ6JgMsWsxJgJ1kC0WnrlnUaJcM0J38f6dzYjQeipCmxHEjPSyNx/+53VTE90EGYtlajCmNmK9KOWuSdx5b3fAFFLDpxYIVcxu6dIRUYQae52Sre8vl12F1kXVv6pe3tcq9Vp+iCKcwCmcgw/XUIc7aEATKAh4hjd4d7jz5Lw4rz/RgpP/OYY/cj6+ASY+jkU=</latexit>v?

<latexit sha1_base64="XH7fRwu1jDPNkBf9yled3OBMWiY=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeFsS3biERC4JNGQ6nMKEmbaZmZpgwwvoyqg7H8kX8G0csAsF/9U35/8nOf8JEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzvz2AyrN4+jeTBL0JR1GPOSMGjtqPPbLFbfqzkWWwcuhArnq/fJnbxCzVGJkmKBadz03MX5GleFM4LTUSzUmlI3pELsWIypR+9l80Sk5CWNFzAjJ/P07m1Gp9UQGNiOpGelFbzb8z+umJrz2Mx4lqcGI2Yj1wlQQE5NZXzLgCpkREwuUKW63JGxEFWXGXqVk63uLZZehdVb1LqsXjfNK7SY/RBGO4BhOwYMrqMEd1KEJDBCe4Q3enYHz5Lw4rz/RgpP/OYQ/cj6+AeF1ip0=</latexit>z <latexit sha1_base64="kSa71Q6CCbNKpBmpEFHQFbRDv4I=">AAAB7nicbZDLTsJAFIZP8YZ4Q126mUhMXJHW4GVJ4sYlJnJJoCHT4RQmTNtxZkpCGl5DV0bd+TC+gG/jgF0o+K++Of8/yflPIAXXxnW/nMLa+sbmVnG7tLO7t39QPjxq6SRVDJssEYnqBFSj4DE2DTcCO1IhjQKB7WB8O/fbE1SaJ/GDmUr0IzqMecgZNXbkT/pZT1JFhUAx65crbtVdiKyCl0MFcjX65c/eIGFphLFhgmrd9Vxp/Iwqw5nAWamXapSUjekQuxZjGqH2s8XSM3IWJoqYEZLF+3c2o5HW0yiwmYiakV725sP/vG5qwhs/47FMDcbMRqwXpoKYhMy7kwFXyIyYWqBMcbslYSPbnhl7oZKt7y2XXYXWRdW7ql7e1yr1Wn6IIpzAKZyDB9dQhztoQBMYPMIzvMG7I50n58V5/YkWnPzPMfyR8/ENKVKQAw==</latexit>vk

<latexit sha1_base64="EQyWCsHHDhRe1RsM0NMe50kPx9g=">AAAB6nicbZDLTsJAFIZP8YZ4Q126aSQmrkhr8LIkceMSE7kYaMh0OIUJM+1kZkpCGl5CV0bd+Ti+gG/jgF0o+K++Of8/yflPKDnTxvO+nMLa+sbmVnG7tLO7t39QPjxq6SRVFJs04YnqhEQjZzE2DTMcO1IhESHHdji+nfvtCSrNkvjBTCUGggxjFjFKjB09TvpZT6KSs3654lW9hdxV8HOoQK5Gv/zZGyQ0FRgbyonWXd+TJsiIMoxynJV6qUZJ6JgMsWsxJgJ1kC0WnrlnUaJcM0J38f6dzYjQeipCmxHEjPSyNx/+53VTE90EGYtlajCmNmK9KOWuSdx5b3fAFFLDpxYIVcxu6dIRUYQae52Sre8vl12F1kXVv6pe3tcq9Vp+iCKcwCmcgw/XUIc7aEATKAh4hjd4d7jz5Lw4rz/RgpP/OYY/cj6+ASY+jkU=</latexit>v?

<latexit sha1_base64="XH7fRwu1jDPNkBf9yled3OBMWiY=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeFsS3biERC4JNGQ6nMKEmbaZmZpgwwvoyqg7H8kX8G0csAsF/9U35/8nOf8JEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzvz2AyrN4+jeTBL0JR1GPOSMGjtqPPbLFbfqzkWWwcuhArnq/fJnbxCzVGJkmKBadz03MX5GleFM4LTUSzUmlI3pELsWIypR+9l80Sk5CWNFzAjJ/P07m1Gp9UQGNiOpGelFbzb8z+umJrz2Mx4lqcGI2Yj1wlQQE5NZXzLgCpkREwuUKW63JGxEFWXGXqVk63uLZZehdVb1LqsXjfNK7SY/RBGO4BhOwYMrqMEd1KEJDBCe4Q3enYHz5Lw4rz/RgpP/OYQ/cj6+AeF1ip0=</latexit>z <latexit sha1_base64="kSa71Q6CCbNKpBmpEFHQFbRDv4I=">AAAB7nicbZDLTsJAFIZP8YZ4Q126mUhMXJHW4GVJ4sYlJnJJoCHT4RQmTNtxZkpCGl5DV0bd+TC+gG/jgF0o+K++Of8/yflPIAXXxnW/nMLa+sbmVnG7tLO7t39QPjxq6SRVDJssEYnqBFSj4DE2DTcCO1IhjQKB7WB8O/fbE1SaJ/GDmUr0IzqMecgZNXbkT/pZT1JFhUAx65crbtVdiKyCl0MFcjX65c/eIGFphLFhgmrd9Vxp/Iwqw5nAWamXapSUjekQuxZjGqH2s8XSM3IWJoqYEZLF+3c2o5HW0yiwmYiakV725sP/vG5qwhs/47FMDcbMRqwXpoKYhMy7kwFXyIyYWqBMcbslYSPbnhl7oZKt7y2XXYXWRdW7ql7e1yr1Wn6IIpzAKZyDB9dQhztoQBMYPMIzvMG7I50n58V5/YkWnPzPMfyR8/ENKVKQAw==</latexit>vk

<latexit sha1_base64="EQyWCsHHDhRe1RsM0NMe50kPx9g=">AAAB6nicbZDLTsJAFIZP8YZ4Q126aSQmrkhr8LIkceMSE7kYaMh0OIUJM+1kZkpCGl5CV0bd+Ti+gG/jgF0o+K++Of8/yflPKDnTxvO+nMLa+sbmVnG7tLO7t39QPjxq6SRVFJs04YnqhEQjZzE2DTMcO1IhESHHdji+nfvtCSrNkvjBTCUGggxjFjFKjB09TvpZT6KSs3654lW9hdxV8HOoQK5Gv/zZGyQ0FRgbyonWXd+TJsiIMoxynJV6qUZJ6JgMsWsxJgJ1kC0WnrlnUaJcM0J38f6dzYjQeipCmxHEjPSyNx/+53VTE90EGYtlajCmNmK9KOWuSdx5b3fAFFLDpxYIVcxu6dIRUYQae52Sre8vl12F1kXVv6pe3tcq9Vp+iCKcwCmcgw/XUIc7aEATKAh4hjd4d7jz5Lw4rz/RgpP/OYY/cj6+ASY+jkU=</latexit>v?



/ 13July 15th 2025EMMI workshop: Probing the early stages with jets

0

2

4

6

8

10

12

14

0 2 4 6 8 10

q̂z (v? = 1)
(v? = 0.9)

(v? = 0.75)

q̂? (v? = 1)
(v? = 0.9)

(v? = 0.75)

q̂k (v? = 1)
(v? = 0.9)

(v? = 0.75)

q̂
[G

eV
2
/f
m
/c
]

g2µ̄ t

MVrc, g
2µ̄ = 2 GeV

1

1.2

1.4

1.6

1.8

2

2.2

0 2 4 6 8 10

v? = 1
v? = 0.9

v? = 0.75

q̂ z
/q̂

?
g2µ̄ t

MVrc, g
2µ̄ = 2 GeV

11

➡ Separate contributions to momentum broadening: ➡ Anisotropy:

Results (            ,              )  
<latexit sha1_base64="XQ0ZdUf2/7tKJ5FvdqdZMzh/EjU=">AAACEnicbVC7TsNAEDzzxrwClDQnIiSqyEa8CpAi0VCCRBKkOELr85oc3J2tuzMosvIPFDTwKXSIlh/gS2i5hBQQmGp2Z3a1O3EuuLFB8OFNTE5Nz8zOzfsLi0vLK5XVtabJCs2wwTKR6csYDAqusGG5FXiZawQZC2zFtycDvXWH2vBMXdhejh0J14qnnIF1rWaEFo6Dq0o1qAVD0L8kHJEqGeHsqvIZJRkrJCrLBBjTDoPcdkrQljOBfT8qDObAbuEa244qkGg65fDaPt1KM01tF+mw/uktQRrTk7HzSLBdM64Nmv9p7cKmh52Sq7ywqJizOC0tBLUZHTxNE66RWdFzBJjm7krKuqCBWReNHym8Z5mUoJIySnia9ssy0pImfbdpUKN2j3IQvu+SCsdz+UuaO7Vwv7Z3vlutH40ymyMbZJNsk5AckDo5JWekQRi5IQ/kiTx7j96L9+q9fVsnvNHMOvkF7/0Lhb6duw==</latexit>

⌘ = 0
<latexit sha1_base64="6rF09xnrg29+vlGs+4REBCIWxn4=">AAACHXicbVC7TsMwFHV4Ex4tMLJYVEhMVYJ4DSAhsTAWiRakJooc54Za2E5kO0VVlC9hYIFPYUOsiC9hxSkdeJ3p3HuOrXtOnHOmjee9O1PTM7Nz8wuL7tLyymqjubbe01mhKHRpxjN1HRMNnEnoGmY4XOcKiIg5XMW3Z7V+NQSlWSYvzSiHUJAbyVJGibGrqNkYRmWQE0U4B16deFGz5bW9MfBf4k9IC03QiZofQZLRQoA0lBOt+76Xm7AkyjDKoXKDQkNO6C25gb6lkgjQYTk+vMLbaaawGQAez9+9JRFaj0RsPYKYgf6t1cv/tH5h0qOwZDIvDEhqLVZLC45Nhuv8OGEKqOEjSwhVzF6J6cDmp8a25AYS7mgmBJFJGSQsTauyDJTASWV/qmdQNigj3HVtU/7vXv6S3m7bP2jvX+y1To8nnS2gTbSFdpCPDtEpOkcd1EUUFegePaIn58F5dl6c1y/rlDN5s4F+wHn7BOUwoiY=</latexit>

vk = 0

<latexit sha1_base64="+Z8htBsQjM2/jzW/rsUTg4YcnL4="></latexit>

q̂? ⇠
Z t

0
dt0(...) (G1(r?)G2(r?)� h1(r?)h2(r?))

<latexit sha1_base64="6YpdYrj3SkaNCaAEyVEWNXwVFOI="></latexit>

q̂z ⇠
Z t

0
dt0(...) (G1(r?)G2(r?) + h1(r?)h2(r?))

• Larger broadening in the beam direction


• Comparatively small effect in the probe direction


• Difference between        and         due to linearly polarized gluons:          


• Anisotropy grows fast, becomes constant after


• Initial anisotropy depends on the velocity


• of the probe as:

<latexit sha1_base64="LTmG+Uq3AWjHw6h8vPZ9OyF/sj8=">AAAB6nicbZDLTsMwEEUn5VXKq8CSjUWFxKpKEK9lJTYsi0QfqI0qx3Vaq3YS7AlSifoTsELAjs/hB/gb3JIFtNzV8dxrae4EiRQGXffLKSwtr6yuFddLG5tb2zvl3b2miVPNeIPFMtbtgBouRcQbKFDydqI5VYHkrWB0NfVbD1wbEUe3OE64r+ggEqFgFO3orjukmN1Peo+9csWtujORRfByqECueq/82e3HLFU8QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdixFV3PjZbOEJOQpjTXDIyez9O5tRZcxYBTajKA7NvDcd/ud1Ugwv/UxESYo8YjZivTCVBGMy7U36QnOGcmyBMi3sloQNqaYM7XVKtr43X3YRmidV77x6dnNaqZ3mhyjCARzCMXhwATW4hjo0gIGCZ3iDd0c6T86L8/oTLTj5n334I+fjGx5ojkA=</latexit>

q̂z
<latexit sha1_base64="yAwGUFtPYWElqwad3n8gHho0Vt4=">AAAB8nicbZDLSsNAFIYn9VbrpVWXboJFcFUSqZdlwY3LCvYCTQiT6UkzdHJx5kQoIS+iK1F3Poov4Ns4rVlo67/65vz/wPmPnwqu0LK+jMra+sbmVnW7trO7t19vHBz2VZJJBj2WiEQOfapA8Bh6yFHAMJVAI1/AwJ/ezP3BI0jFk/geZym4EZ3EPOCMoh55jboTUswfCi93UpBp4TWaVstayFwFu4QmKdX1Gp/OOGFZBDEyQZUa2VaKbk4lciagqDmZgpSyKZ3ASGNMI1Buvli8ME+DRJoYgrl4/87mNFJqFvk6E1EM1bI3H/7njTIMrt2cx2mGEDMd0V6QCRMTc97fHHMJDMVMA2WS6y1NFlJJGeor1XR9e7nsKvTPW/Zl6+Ku3ey0y0NUyTE5IWfEJlekQ25Jl/QIIxl5Jm/k3UDjyXgxXn+iFaP8c0T+yPj4BmT1kT4=</latexit>

q̂?
<latexit sha1_base64="+S+bzdP7WknUy/CKaDhfBeNyJ8E=">AAAB93icbZDJTsMwFEVfGEuZwrBjY1EhsSpJVYZlJTYsi0QHqQmV4zqtVTuJbAcpRP0WWCFgx3/wA/wNbskCWu7q+N1r6b0bJJwp7Thf1tLyyuraemmjvLm1vbNr7+23VZxKQlsk5rHsBlhRziLa0kxz2k0kxSLgtBOMr6d+54FKxeLoTmcJ9QUeRixkBGsz6tuH2lNMoNrZ8L7mBVjmnkgnfbviVJ2Z0CK4BVSgULNvf3qDmKSCRppwrFTPdRLt51hqRjidlL1U0QSTMR7SnsEIC6r8fLb9BJ2EsUR6RNHs/TubY6FUJgKTEViP1Lw3Hf7n9VIdXvk5i5JU04iYiPHClCMdo2kJaMAkJZpnBjCRzGyJyAhLTLSpqmzOd+ePXYR2repeVM9v65VGvSiiBEdwDKfgwiU04Aaa0AICj/AMb/BuZdaT9WK9/kSXrOLPAfyR9fENlRuSXA==</latexit>

t ⇠ 2/g2µ̄

<latexit sha1_base64="KISFdDbNvLaiGhpvQ9SDLdGLCP4=">AAACH3icbZBLSwMxFIUzPmt9VV26CRbBVTsj9bFQKLhxWcGq0KlDJt52QjMPkzuVOsyP0T+jCxF1578xrRV83dV37zmBnOMnUmi07XdrYnJqema2MFecX1hcWi6trJ7pOFUcmjyWsbrwmQYpImiiQAkXiQIW+hLO/d7RUD/vg9Iijk5xkEA7ZN1IdARnaE5e6cCVIvQydJXoBsiUim/s3A0YZte5d1v9osxNQCX5IXWq/cvtr9Urle2KPRr6F5wxlMl4Gl7pyb2KeRpChFwyrVuOnWA7YwoFl5AX3VRDwniPdaFlMGIh6HY2SpnTzU6sKAZAR/t3b8ZCrQehbzwhw0D/1obH/7RWip39diaiJEWIuLEYrZNKijEdlkWvhAKOcmCAcSXMLykPmGIcTaVFE9/5HfYvnG1XnN3KzkmtXK+NiyiQdbJBtohD9kidHJMGaRJO7skjeSVv1p31YD1bL5/WCWv8Zo38GOv9A6NbpHU=</latexit>

lim
t!0

q̂z/q̂? = 1/v2?

<latexit sha1_base64="Nt6GXjprOWGSWAxYmfoP+qCQFeQ=">AAAB9XicbZC7TsMwFIYdrqXcQhlZLCokppJU5TJWYmEsEr1IbYgc96S16iSW7RSqqI8CEwI2XoQX4G1wSwZo+afP5/8tnfMHgjOlHefLWlldW9/YLGwVt3d29/btg1JLJamk0KQJT2QnIAo4i6GpmebQERJIFHBoB6Prmd8eg1Qsie/0RIAXkUHMQkaJNiPfLvUUi7B7Nr6v+llPgBRT3y47FWcuvAxuDmWUq+Hbn71+QtMIYk05UarrOkJ7GZGaUQ7TYi9VIAgdkQF0DcYkAuVl892n+CRMJNZDwPP372xGIqUmUWAyEdFDtejNhv953VSHV17GYpFqiKmJGC9MOdYJnlWA+0wC1XxigFDJzJaYDokkVJuiiuZ8d/HYZWhVK+5F5fy2Vq7X8iIK6Agdo1PkoktURzeogZqIokf0jN7Qu/VgPVkv1utPdMXK/xyiP7I+vgEZ0JGF</latexit>

⇠ 1/v2?

<latexit sha1_base64="Nt6GXjprOWGSWAxYmfoP+qCQFeQ=">AAAB9XicbZC7TsMwFIYdrqXcQhlZLCokppJU5TJWYmEsEr1IbYgc96S16iSW7RSqqI8CEwI2XoQX4G1wSwZo+afP5/8tnfMHgjOlHefLWlldW9/YLGwVt3d29/btg1JLJamk0KQJT2QnIAo4i6GpmebQERJIFHBoB6Prmd8eg1Qsie/0RIAXkUHMQkaJNiPfLvUUi7B7Nr6v+llPgBRT3y47FWcuvAxuDmWUq+Hbn71+QtMIYk05UarrOkJ7GZGaUQ7TYi9VIAgdkQF0DcYkAuVl892n+CRMJNZDwPP372xGIqUmUWAyEdFDtejNhv953VSHV17GYpFqiKmJGC9MOdYJnlWA+0wC1XxigFDJzJaYDokkVJuiiuZ8d/HYZWhVK+5F5fy2Vq7X8iIK6Agdo1PkoktURzeogZqIokf0jN7Qu/VgPVkv1utPdMXK/xyiP7I+vgEZ0JGF</latexit>

⇠ 1/v2?

<latexit sha1_base64="XH7fRwu1jDPNkBf9yled3OBMWiY=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeFsS3biERC4JNGQ6nMKEmbaZmZpgwwvoyqg7H8kX8G0csAsF/9U35/8nOf8JEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzvz2AyrN4+jeTBL0JR1GPOSMGjtqPPbLFbfqzkWWwcuhArnq/fJnbxCzVGJkmKBadz03MX5GleFM4LTUSzUmlI3pELsWIypR+9l80Sk5CWNFzAjJ/P07m1Gp9UQGNiOpGelFbzb8z+umJrz2Mx4lqcGI2Yj1wlQQE5NZXzLgCpkREwuUKW63JGxEFWXGXqVk63uLZZehdVb1LqsXjfNK7SY/RBGO4BhOwYMrqMEd1KEJDBCe4Q3enYHz5Lw4rz/RgpP/OYQ/cj6+AeF1ip0=</latexit>z <latexit sha1_base64="kSa71Q6CCbNKpBmpEFHQFbRDv4I=">AAAB7nicbZDLTsJAFIZP8YZ4Q126mUhMXJHW4GVJ4sYlJnJJoCHT4RQmTNtxZkpCGl5DV0bd+TC+gG/jgF0o+K++Of8/yflPIAXXxnW/nMLa+sbmVnG7tLO7t39QPjxq6SRVDJssEYnqBFSj4DE2DTcCO1IhjQKB7WB8O/fbE1SaJ/GDmUr0IzqMecgZNXbkT/pZT1JFhUAx65crbtVdiKyCl0MFcjX65c/eIGFphLFhgmrd9Vxp/Iwqw5nAWamXapSUjekQuxZjGqH2s8XSM3IWJoqYEZLF+3c2o5HW0yiwmYiakV725sP/vG5qwhs/47FMDcbMRqwXpoKYhMy7kwFXyIyYWqBMcbslYSPbnhl7oZKt7y2XXYXWRdW7ql7e1yr1Wn6IIpzAKZyDB9dQhztoQBMYPMIzvMG7I50n58V5/YkWnPzPMfyR8/ENKVKQAw==</latexit>vk

<latexit sha1_base64="EQyWCsHHDhRe1RsM0NMe50kPx9g=">AAAB6nicbZDLTsJAFIZP8YZ4Q126aSQmrkhr8LIkceMSE7kYaMh0OIUJM+1kZkpCGl5CV0bd+Ti+gG/jgF0o+K++Of8/yflPKDnTxvO+nMLa+sbmVnG7tLO7t39QPjxq6SRVFJs04YnqhEQjZzE2DTMcO1IhESHHdji+nfvtCSrNkvjBTCUGggxjFjFKjB09TvpZT6KSs3654lW9hdxV8HOoQK5Gv/zZGyQ0FRgbyonWXd+TJsiIMoxynJV6qUZJ6JgMsWsxJgJ1kC0WnrlnUaJcM0J38f6dzYjQeipCmxHEjPSyNx/+53VTE90EGYtlajCmNmK9KOWuSdx5b3fAFFLDpxYIVcxu6dIRUYQae52Sre8vl12F1kXVv6pe3tcq9Vp+iCKcwCmcgw/XUIc7aEATKAh4hjd4d7jz5Lw4rz/RgpP/OYY/cj6+ASY+jkU=</latexit>v?

<latexit sha1_base64="XH7fRwu1jDPNkBf9yled3OBMWiY=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeFsS3biERC4JNGQ6nMKEmbaZmZpgwwvoyqg7H8kX8G0csAsF/9U35/8nOf8JEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzvz2AyrN4+jeTBL0JR1GPOSMGjtqPPbLFbfqzkWWwcuhArnq/fJnbxCzVGJkmKBadz03MX5GleFM4LTUSzUmlI3pELsWIypR+9l80Sk5CWNFzAjJ/P07m1Gp9UQGNiOpGelFbzb8z+umJrz2Mx4lqcGI2Yj1wlQQE5NZXzLgCpkREwuUKW63JGxEFWXGXqVk63uLZZehdVb1LqsXjfNK7SY/RBGO4BhOwYMrqMEd1KEJDBCe4Q3enYHz5Lw4rz/RgpP/OYQ/cj6+AeF1ip0=</latexit>z <latexit sha1_base64="kSa71Q6CCbNKpBmpEFHQFbRDv4I=">AAAB7nicbZDLTsJAFIZP8YZ4Q126mUhMXJHW4GVJ4sYlJnJJoCHT4RQmTNtxZkpCGl5DV0bd+TC+gG/jgF0o+K++Of8/yflPIAXXxnW/nMLa+sbmVnG7tLO7t39QPjxq6SRVDJssEYnqBFSj4DE2DTcCO1IhjQKB7WB8O/fbE1SaJ/GDmUr0IzqMecgZNXbkT/pZT1JFhUAx65crbtVdiKyCl0MFcjX65c/eIGFphLFhgmrd9Vxp/Iwqw5nAWamXapSUjekQuxZjGqH2s8XSM3IWJoqYEZLF+3c2o5HW0yiwmYiakV725sP/vG5qwhs/47FMDcbMRqwXpoKYhMy7kwFXyIyYWqBMcbslYSPbnhl7oZKt7y2XXYXWRdW7ql7e1yr1Wn6IIpzAKZyDB9dQhztoQBMYPMIzvMG7I50n58V5/YkWnPzPMfyR8/ENKVKQAw==</latexit>vk

<latexit sha1_base64="EQyWCsHHDhRe1RsM0NMe50kPx9g=">AAAB6nicbZDLTsJAFIZP8YZ4Q126aSQmrkhr8LIkceMSE7kYaMh0OIUJM+1kZkpCGl5CV0bd+Ti+gG/jgF0o+K++Of8/yflPKDnTxvO+nMLa+sbmVnG7tLO7t39QPjxq6SRVFJs04YnqhEQjZzE2DTMcO1IhESHHdji+nfvtCSrNkvjBTCUGggxjFjFKjB09TvpZT6KSs3654lW9hdxV8HOoQK5Gv/zZGyQ0FRgbyonWXd+TJsiIMoxynJV6qUZJ6JgMsWsxJgJ1kC0WnrlnUaJcM0J38f6dzYjQeipCmxHEjPSyNx/+53VTE90EGYtlajCmNmK9KOWuSdx5b3fAFFLDpxYIVcxu6dIRUYQae52Sre8vl12F1kXVv6pe3tcq9Vp+iCKcwCmcgw/XUIc7aEATKAh4hjd4d7jz5Lw4rz/RgpP/OYY/cj6+ASY+jkU=</latexit>v?

<latexit sha1_base64="XH7fRwu1jDPNkBf9yled3OBMWiY=">AAAB4nicbZDLTsJAFIZP8YZ4Q126mUhMXJHWeFsS3biERC4JNGQ6nMKEmbaZmZpgwwvoyqg7H8kX8G0csAsF/9U35/8nOf8JEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aOk4VwyaLRaw6AdUoeIRNw43ATqKQykBgOxjfzvz2AyrN4+jeTBL0JR1GPOSMGjtqPPbLFbfqzkWWwcuhArnq/fJnbxCzVGJkmKBadz03MX5GleFM4LTUSzUmlI3pELsWIypR+9l80Sk5CWNFzAjJ/P07m1Gp9UQGNiOpGelFbzb8z+umJrz2Mx4lqcGI2Yj1wlQQE5NZXzLgCpkREwuUKW63JGxEFWXGXqVk63uLZZehdVb1LqsXjfNK7SY/RBGO4BhOwYMrqMEd1KEJDBCe4Q3enYHz5Lw4rz/RgpP/OYQ/cj6+AeF1ip0=</latexit>z <latexit sha1_base64="kSa71Q6CCbNKpBmpEFHQFbRDv4I=">AAAB7nicbZDLTsJAFIZP8YZ4Q126mUhMXJHW4GVJ4sYlJnJJoCHT4RQmTNtxZkpCGl5DV0bd+TC+gG/jgF0o+K++Of8/yflPIAXXxnW/nMLa+sbmVnG7tLO7t39QPjxq6SRVDJssEYnqBFSj4DE2DTcCO1IhjQKB7WB8O/fbE1SaJ/GDmUr0IzqMecgZNXbkT/pZT1JFhUAx65crbtVdiKyCl0MFcjX65c/eIGFphLFhgmrd9Vxp/Iwqw5nAWamXapSUjekQuxZjGqH2s8XSM3IWJoqYEZLF+3c2o5HW0yiwmYiakV725sP/vG5qwhs/47FMDcbMRqwXpoKYhMy7kwFXyIyYWqBMcbslYSPbnhl7oZKt7y2XXYXWRdW7ql7e1yr1Wn6IIpzAKZyDB9dQhztoQBMYPMIzvMG7I50n58V5/YkWnPzPMfyR8/ENKVKQAw==</latexit>vk

<latexit sha1_base64="EQyWCsHHDhRe1RsM0NMe50kPx9g=">AAAB6nicbZDLTsJAFIZP8YZ4Q126aSQmrkhr8LIkceMSE7kYaMh0OIUJM+1kZkpCGl5CV0bd+Ti+gG/jgF0o+K++Of8/yflPKDnTxvO+nMLa+sbmVnG7tLO7t39QPjxq6SRVFJs04YnqhEQjZzE2DTMcO1IhESHHdji+nfvtCSrNkvjBTCUGggxjFjFKjB09TvpZT6KSs3654lW9hdxV8HOoQK5Gv/zZGyQ0FRgbyonWXd+TJsiIMoxynJV6qUZJ6JgMsWsxJgJ1kC0WnrlnUaJcM0J38f6dzYjQeipCmxHEjPSyNx/+53VTE90EGYtlajCmNmK9KOWuSdx5b3fAFFLDpxYIVcxu6dIRUYQae52Sre8vl12F1kXVv6pe3tcq9Vp+iCKcwCmcgw/XUIc7aEATKAh4hjd4d7jz5Lw4rz/RgpP/OYY/cj6+ASY+jkU=</latexit>v?
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➡ For the drag coefficient:
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<latexit sha1_base64="dybZfH9R3MJRr1JFQ2RRcx6QLzc=">AAAB83icbZDLSsNAFIYnXmu9RV26GayCq5IUbxuh4EKXFewF2lAm05N26OTCzEmxhD6JrkTd+Sa+gG/jtGahrf/qm/P/A+f8fiKFRsf5spaWV1bX1gsbxc2t7Z1de2+/oeNUcajzWMaq5TMNUkRQR4ESWokCFvoSmv7wZuo3R6C0iKMHHCfghawfiUBwhmbUte3w2ilXOgiPmNFbaEy6dskpOzPRRXBzKJFcta792enFPA0hQi6Z1m3XSdDLmELBJUyKnVRDwviQ9aFtMGIhaC+bbT6hJ0GsKA6Azt6/sxkLtR6HvsmEDAd63psO//PaKQZXXiaiJEWIuIkYL0glxZhOC6A9oYCjHBtgXAmzJeUDphhHU1PRnO/OH7sIjUrZvSif35+Vqsd5EQVySI7IKXHJJamSO1IjdcLJiDyTN/JupdaT9WK9/kSXrPzPAfkj6+MbDrOQQQ==</latexit>

m = 0.2 GeV

<latexit sha1_base64="rcbfYkd68S8zjJ+1lIY2z78VJCA=">AAAB9HicbZDLTgIxFIY7XhFvgy7dNKKJq8mMEXVjQuJCl5jIJYEJ6ZQDNHQuac+gZMKb6MqoO5/EF/BtLMhCwX/19fx/k3P+IJFCo+t+WUvLK6tr67mN/ObW9s6uXdir6ThVHKo8lrFqBEyDFBFUUaCERqKAhYGEejC4nvj1ISgt4ugeRwn4IetFois4QzNq24XwynW8UgvhETN6A7Vx2y66jjsVXQRvBkUyU6Vtf7Y6MU9DiJBLpnXTcxP0M6ZQcAnjfCvVkDA+YD1oGoxYCNrPpquP6XE3VhT7QKfv39mMhVqPwsBkQoZ9Pe9Nhv95zRS7l34moiRFiLiJGK+bSooxnTRAO0IBRzkywLgSZkvK+0wxjqanvDnfmz92EWqnjnfulO7OiuWjWRE5ckAOyQnxyAUpk1tSIVXCyQN5Jm/k3RpaT9aL9foTXbJmf/bJH1kf34TbkH8=</latexit>

m = 0.15 GeV

<latexit sha1_base64="sqq0wgXKliQtf6Dc4MU5kOTp6jg=">AAAB83icbZDLSsNAFIYn9VbrLerSzWAVXIVEvG2EggtdVrAXaEOZTE/boZMLMyfFEvokuhJ155v4Ar6N05qFtv6rb87/D5zzB4kUGl33yyosLa+srhXXSxubW9s79u5eXcep4lDjsYxVM2AapIighgIlNBMFLAwkNILhzdRvjEBpEUcPOE7AD1k/Ej3BGZpRx7bDa9fx2giPmNFbqE86dtl13JnoIng5lEmuasf+bHdjnoYQIZdM65bnJuhnTKHgEialdqohYXzI+tAyGLEQtJ/NNp/Q416sKA6Azt6/sxkLtR6HgcmEDAd63psO//NaKfau/ExESYoQcRMxXi+VFGM6LYB2hQKOcmyAcSXMlpQPmGIcTU0lc743f+wi1E8d78I5vz8rV47yIorkgBySE+KRS1Ihd6RKaoSTEXkmb+TdSq0n68V6/YkWrPzPPvkj6+MbDSqQQA==</latexit>

m = 0.1 GeV

<latexit sha1_base64="rcbfYkd68S8zjJ+1lIY2z78VJCA=">AAAB9HicbZDLTgIxFIY7XhFvgy7dNKKJq8mMEXVjQuJCl5jIJYEJ6ZQDNHQuac+gZMKb6MqoO5/EF/BtLMhCwX/19fx/k3P+IJFCo+t+WUvLK6tr67mN/ObW9s6uXdir6ThVHKo8lrFqBEyDFBFUUaCERqKAhYGEejC4nvj1ISgt4ugeRwn4IetFois4QzNq24XwynW8UgvhETN6A7Vx2y66jjsVXQRvBkUyU6Vtf7Y6MU9DiJBLpnXTcxP0M6ZQcAnjfCvVkDA+YD1oGoxYCNrPpquP6XE3VhT7QKfv39mMhVqPwsBkQoZ9Pe9Nhv95zRS7l34moiRFiLiJGK+bSooxnTRAO0IBRzkywLgSZkvK+0wxjqanvDnfmz92EWqnjnfulO7OiuWjWRE5ckAOyQnxyAUpk1tSIVXCyQN5Jm/k3RpaT9aL9foTXbJmf/bJH1kf34TbkH8=</latexit>

m = 0.15 GeV

<latexit sha1_base64="eBLOyhddES42uR4AfjZ50KXdbyw=">AAAB9nicbZDLTgIxFIY7XhFvoyzdNKKJq8kMEXVjQuJCl5jIJQFCOuUADZ1L2jMGMuFVdGXUnQ/iC/g2FpyFgv/q6/n/Juf8fiyFRtf9slZW19Y3NnNb+e2d3b19++CwrqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7oZuY3HkFpEYUPOImhE7BBKPqCMzSjrl0Irl3H80rlNsIYU3oL9WnXLrqOOxddBi+DIslU7dqf7V7EkwBC5JJp3fLcGDspUyi4hGm+nWiIGR+xAbQMhiwA3Unny0/paT9SFIdA5+/f2ZQFWk8C32QChkO96M2G/3mtBPtXnVSEcYIQchMxXj+RFCM664D2hAKOcmKAcSXMlpQPmWIcTVN5c763eOwy1EuOd+GU78+LlZOsiBw5IsfkjHjkklTIHamSGuFkQp7JG3m3xtaT9WK9/kRXrOxPgfyR9fENaieQ9g==</latexit>

m = 0.1125 GeV

<latexit sha1_base64="CSKRRhSI4gA3QUEoNGiRG5TkeWM=">AAAB9XicbVDLTgJBEJzFF+IL8ehlIpp4IrtGxIsJiQc9YiKPBDZkduiFCbOPzPQqZMOn6MmoN3/EH/BvHJCDgnWqrqpOusuLpdBo219WZmV1bX0ju5nb2t7Z3cvvFxo6ShSHOo9kpFoe0yBFCHUUKKEVK2CBJ6HpDa+nfvMBlBZReI/jGNyA9UPhC87QSN18IbiyS3al3EEYYUpvoDHp5otGmoEuE2dOimSOWjf/2elFPAkgRC6Z1m3HjtFNmULBJUxynURDzPiQ9aFtaMgC0G46u31CT/xIURwAnc2/sykLtB4HnskEDAd60ZuK/3ntBP1LNxVhnCCE3ESM5yeSYkSnFdCeUMBRjg1hXAlzJeUDphhHU1TOvO8sPrtMGmcl56JUvjsvVo/nRWTJITkip8QhFVIlt6RG6oSTEXkmb+TderSerBfr9SeaseY7B+QPrI9v/kyQvw==</latexit>

m = 0.075 GeV

<latexit sha1_base64="sqq0wgXKliQtf6Dc4MU5kOTp6jg=">AAAB83icbZDLSsNAFIYn9VbrLerSzWAVXIVEvG2EggtdVrAXaEOZTE/boZMLMyfFEvokuhJ155v4Ar6N05qFtv6rb87/D5zzB4kUGl33yyosLa+srhXXSxubW9s79u5eXcep4lDjsYxVM2AapIighgIlNBMFLAwkNILhzdRvjEBpEUcPOE7AD1k/Ej3BGZpRx7bDa9fx2giPmNFbqE86dtl13JnoIng5lEmuasf+bHdjnoYQIZdM65bnJuhnTKHgEialdqohYXzI+tAyGLEQtJ/NNp/Q416sKA6Azt6/sxkLtR6HgcmEDAd63psO//NaKfau/ExESYoQcRMxXi+VFGM6LYB2hQKOcmyAcSXMlpQPmGIcTU0lc743f+wi1E8d78I5vz8rV47yIorkgBySE+KRS1Ihd6RKaoSTEXkmb+TdSq0n68V6/YkWrPzPPvkj6+MbDSqQQA==</latexit>

m = 0.1 GeV

<latexit sha1_base64="CSKRRhSI4gA3QUEoNGiRG5TkeWM=">AAAB9XicbVDLTgJBEJzFF+IL8ehlIpp4IrtGxIsJiQc9YiKPBDZkduiFCbOPzPQqZMOn6MmoN3/EH/BvHJCDgnWqrqpOusuLpdBo219WZmV1bX0ju5nb2t7Z3cvvFxo6ShSHOo9kpFoe0yBFCHUUKKEVK2CBJ6HpDa+nfvMBlBZReI/jGNyA9UPhC87QSN18IbiyS3al3EEYYUpvoDHp5otGmoEuE2dOimSOWjf/2elFPAkgRC6Z1m3HjtFNmULBJUxynURDzPiQ9aFtaMgC0G46u31CT/xIURwAnc2/sykLtB4HnskEDAd60ZuK/3ntBP1LNxVhnCCE3ESM5yeSYkSnFdCeUMBRjg1hXAlzJeUDphhHU1TOvO8sPrtMGmcl56JUvjsvVo/nRWTJITkip8QhFVIlt6RG6oSTEXkmb+TderSerBfr9SeaseY7B+QPrI9v/kyQvw==</latexit>

m = 0.075 GeV

<latexit sha1_base64="RWQDJmsPYsjNNeLxPvYeykU+rvY=">AAAB9HicbVDLTgJBEJz1ifha9OhlIpp4IrtG1IsJiQc9YiKPBAiZHXphwuwjM70o2fAnejLqzS/xB/wbB9yDgnWqrqpOusuLpdDoOF/W0vLK6tp6biO/ubW9s2sX9uo6ShSHGo9kpJoe0yBFCDUUKKEZK2CBJ6HhDa+nfmMESosovMdxDJ2A9UPhC87QSF27EFw5JafcRnjElN5AfdK1i0aZgS4SNyNFkqHatT/bvYgnAYTIJdO65ToxdlKmUHAJk3w70RAzPmR9aBkasgB0J52dPqHHfqQoDoDO5t/ZlAVajwPPZAKGAz3vTcX/vFaC/mUnFWGcIITcRIznJ5JiRKcN0J5QwFGODWFcCXMl5QOmGEfTU968784/u0jqpyX3vFS+OytWjrIicuSAHJIT4pILUiG3pEpqhJMH8kzeyLs1sp6sF+v1J7pkZTv75A+sj2+DUZB+</latexit>

m = 0.05 GeV

Results (            ,              )  
<latexit sha1_base64="XQ0ZdUf2/7tKJ5FvdqdZMzh/EjU=">AAACEnicbVC7TsNAEDzzxrwClDQnIiSqyEa8CpAi0VCCRBKkOELr85oc3J2tuzMosvIPFDTwKXSIlh/gS2i5hBQQmGp2Z3a1O3EuuLFB8OFNTE5Nz8zOzfsLi0vLK5XVtabJCs2wwTKR6csYDAqusGG5FXiZawQZC2zFtycDvXWH2vBMXdhejh0J14qnnIF1rWaEFo6Dq0o1qAVD0L8kHJEqGeHsqvIZJRkrJCrLBBjTDoPcdkrQljOBfT8qDObAbuEa244qkGg65fDaPt1KM01tF+mw/uktQRrTk7HzSLBdM64Nmv9p7cKmh52Sq7ywqJizOC0tBLUZHTxNE66RWdFzBJjm7krKuqCBWReNHym8Z5mUoJIySnia9ssy0pImfbdpUKN2j3IQvu+SCsdz+UuaO7Vwv7Z3vlutH40ymyMbZJNsk5AckDo5JWekQRi5IQ/kiTx7j96L9+q9fVsnvNHMOvkF7/0Lhb6duw==</latexit>

⌘ = 0
<latexit sha1_base64="6rF09xnrg29+vlGs+4REBCIWxn4=">AAACHXicbVC7TsMwFHV4Ex4tMLJYVEhMVYJ4DSAhsTAWiRakJooc54Za2E5kO0VVlC9hYIFPYUOsiC9hxSkdeJ3p3HuOrXtOnHOmjee9O1PTM7Nz8wuL7tLyymqjubbe01mhKHRpxjN1HRMNnEnoGmY4XOcKiIg5XMW3Z7V+NQSlWSYvzSiHUJAbyVJGibGrqNkYRmWQE0U4B16deFGz5bW9MfBf4k9IC03QiZofQZLRQoA0lBOt+76Xm7AkyjDKoXKDQkNO6C25gb6lkgjQYTk+vMLbaaawGQAez9+9JRFaj0RsPYKYgf6t1cv/tH5h0qOwZDIvDEhqLVZLC45Nhuv8OGEKqOEjSwhVzF6J6cDmp8a25AYS7mgmBJFJGSQsTauyDJTASWV/qmdQNigj3HVtU/7vXv6S3m7bP2jvX+y1To8nnS2gTbSFdpCPDtEpOkcd1EUUFegePaIn58F5dl6c1y/rlDN5s4F+wHn7BOUwoiY=</latexit>

vk = 0

<latexit sha1_base64="VerqR8zxedQl+40XSL6gOCBvAus="></latexit>
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Z t

0
dt0

v↵?v
�
?

v?
Tr

⇥
hF↵(t,x)F�(t0,y)i

⇤

• Slower growth, reaches approximate time independence at

<latexit sha1_base64="+S+bzdP7WknUy/CKaDhfBeNyJ8E=">AAAB93icbZDJTsMwFEVfGEuZwrBjY1EhsSpJVYZlJTYsi0QHqQmV4zqtVTuJbAcpRP0WWCFgx3/wA/wNbskCWu7q+N1r6b0bJJwp7Thf1tLyyuraemmjvLm1vbNr7+23VZxKQlsk5rHsBlhRziLa0kxz2k0kxSLgtBOMr6d+54FKxeLoTmcJ9QUeRixkBGsz6tuH2lNMoNrZ8L7mBVjmnkgnfbviVJ2Z0CK4BVSgULNvf3qDmKSCRppwrFTPdRLt51hqRjidlL1U0QSTMR7SnsEIC6r8fLb9BJ2EsUR6RNHs/TubY6FUJgKTEViP1Lw3Hf7n9VIdXvk5i5JU04iYiPHClCMdo2kJaMAkJZpnBjCRzGyJyAhLTLSpqmzOd+ePXYR2repeVM9v65VGvSiiBEdwDKfgwiU04Aaa0AICj/AMb/BuZdaT9WK9/kSXrOLPAfyR9fENlRuSXA==</latexit>

t ⇠ 2/g2µ̄
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• Slower growth, reaches approximate time independence at


• Opposite dependence on velocity as      (              proportional to       )
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<latexit sha1_base64="dybZfH9R3MJRr1JFQ2RRcx6QLzc=">AAAB83icbZDLSsNAFIYnXmu9RV26GayCq5IUbxuh4EKXFewF2lAm05N26OTCzEmxhD6JrkTd+Sa+gG/jtGahrf/qm/P/A+f8fiKFRsf5spaWV1bX1gsbxc2t7Z1de2+/oeNUcajzWMaq5TMNUkRQR4ESWokCFvoSmv7wZuo3R6C0iKMHHCfghawfiUBwhmbUte3w2ilXOgiPmNFbaEy6dskpOzPRRXBzKJFcta792enFPA0hQi6Z1m3XSdDLmELBJUyKnVRDwviQ9aFtMGIhaC+bbT6hJ0GsKA6Azt6/sxkLtR6HvsmEDAd63psO//PaKQZXXiaiJEWIuIkYL0glxZhOC6A9oYCjHBtgXAmzJeUDphhHU1PRnO/OH7sIjUrZvSif35+Vqsd5EQVySI7IKXHJJamSO1IjdcLJiDyTN/JupdaT9WK9/kSXrPzPAfkj6+MbDrOQQQ==</latexit>

m = 0.2 GeV

<latexit sha1_base64="rcbfYkd68S8zjJ+1lIY2z78VJCA=">AAAB9HicbZDLTgIxFIY7XhFvgy7dNKKJq8mMEXVjQuJCl5jIJYEJ6ZQDNHQuac+gZMKb6MqoO5/EF/BtLMhCwX/19fx/k3P+IJFCo+t+WUvLK6tr67mN/ObW9s6uXdir6ThVHKo8lrFqBEyDFBFUUaCERqKAhYGEejC4nvj1ISgt4ugeRwn4IetFois4QzNq24XwynW8UgvhETN6A7Vx2y66jjsVXQRvBkUyU6Vtf7Y6MU9DiJBLpnXTcxP0M6ZQcAnjfCvVkDA+YD1oGoxYCNrPpquP6XE3VhT7QKfv39mMhVqPwsBkQoZ9Pe9Nhv95zRS7l34moiRFiLiJGK+bSooxnTRAO0IBRzkywLgSZkvK+0wxjqanvDnfmz92EWqnjnfulO7OiuWjWRE5ckAOyQnxyAUpk1tSIVXCyQN5Jm/k3RpaT9aL9foTXbJmf/bJH1kf34TbkH8=</latexit>

m = 0.15 GeV

<latexit sha1_base64="sqq0wgXKliQtf6Dc4MU5kOTp6jg=">AAAB83icbZDLSsNAFIYn9VbrLerSzWAVXIVEvG2EggtdVrAXaEOZTE/boZMLMyfFEvokuhJ155v4Ar6N05qFtv6rb87/D5zzB4kUGl33yyosLa+srhXXSxubW9s79u5eXcep4lDjsYxVM2AapIighgIlNBMFLAwkNILhzdRvjEBpEUcPOE7AD1k/Ej3BGZpRx7bDa9fx2giPmNFbqE86dtl13JnoIng5lEmuasf+bHdjnoYQIZdM65bnJuhnTKHgEialdqohYXzI+tAyGLEQtJ/NNp/Q416sKA6Azt6/sxkLtR6HgcmEDAd63psO//NaKfau/ExESYoQcRMxXi+VFGM6LYB2hQKOcmyAcSXMlpQPmGIcTU0lc743f+wi1E8d78I5vz8rV47yIorkgBySE+KRS1Ihd6RKaoSTEXkmb+TdSq0n68V6/YkWrPzPPvkj6+MbDSqQQA==</latexit>

m = 0.1 GeV

<latexit sha1_base64="rcbfYkd68S8zjJ+1lIY2z78VJCA=">AAAB9HicbZDLTgIxFIY7XhFvgy7dNKKJq8mMEXVjQuJCl5jIJYEJ6ZQDNHQuac+gZMKb6MqoO5/EF/BtLMhCwX/19fx/k3P+IJFCo+t+WUvLK6tr67mN/ObW9s6uXdir6ThVHKo8lrFqBEyDFBFUUaCERqKAhYGEejC4nvj1ISgt4ugeRwn4IetFois4QzNq24XwynW8UgvhETN6A7Vx2y66jjsVXQRvBkUyU6Vtf7Y6MU9DiJBLpnXTcxP0M6ZQcAnjfCvVkDA+YD1oGoxYCNrPpquP6XE3VhT7QKfv39mMhVqPwsBkQoZ9Pe9Nhv95zRS7l34moiRFiLiJGK+bSooxnTRAO0IBRzkywLgSZkvK+0wxjqanvDnfmz92EWqnjnfulO7OiuWjWRE5ckAOyQnxyAUpk1tSIVXCyQN5Jm/k3RpaT9aL9foTXbJmf/bJH1kf34TbkH8=</latexit>

m = 0.15 GeV

<latexit sha1_base64="eBLOyhddES42uR4AfjZ50KXdbyw=">AAAB9nicbZDLTgIxFIY7XhFvoyzdNKKJq8kMEXVjQuJCl5jIJQFCOuUADZ1L2jMGMuFVdGXUnQ/iC/g2FpyFgv/q6/n/Juf8fiyFRtf9slZW19Y3NnNb+e2d3b19++CwrqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7oZuY3HkFpEYUPOImhE7BBKPqCMzSjrl0Irl3H80rlNsIYU3oL9WnXLrqOOxddBi+DIslU7dqf7V7EkwBC5JJp3fLcGDspUyi4hGm+nWiIGR+xAbQMhiwA3Unny0/paT9SFIdA5+/f2ZQFWk8C32QChkO96M2G/3mtBPtXnVSEcYIQchMxXj+RFCM664D2hAKOcmKAcSXMlpQPmWIcTVN5c763eOwy1EuOd+GU78+LlZOsiBw5IsfkjHjkklTIHamSGuFkQp7JG3m3xtaT9WK9/kRXrOxPgfyR9fENaieQ9g==</latexit>

m = 0.1125 GeV

<latexit sha1_base64="CSKRRhSI4gA3QUEoNGiRG5TkeWM=">AAAB9XicbVDLTgJBEJzFF+IL8ehlIpp4IrtGxIsJiQc9YiKPBDZkduiFCbOPzPQqZMOn6MmoN3/EH/BvHJCDgnWqrqpOusuLpdBo219WZmV1bX0ju5nb2t7Z3cvvFxo6ShSHOo9kpFoe0yBFCHUUKKEVK2CBJ6HpDa+nfvMBlBZReI/jGNyA9UPhC87QSN18IbiyS3al3EEYYUpvoDHp5otGmoEuE2dOimSOWjf/2elFPAkgRC6Z1m3HjtFNmULBJUxynURDzPiQ9aFtaMgC0G46u31CT/xIURwAnc2/sykLtB4HnskEDAd60ZuK/3ntBP1LNxVhnCCE3ESM5yeSYkSnFdCeUMBRjg1hXAlzJeUDphhHU1TOvO8sPrtMGmcl56JUvjsvVo/nRWTJITkip8QhFVIlt6RG6oSTEXkmb+TderSerBfr9SeaseY7B+QPrI9v/kyQvw==</latexit>

m = 0.075 GeV

<latexit sha1_base64="sqq0wgXKliQtf6Dc4MU5kOTp6jg=">AAAB83icbZDLSsNAFIYn9VbrLerSzWAVXIVEvG2EggtdVrAXaEOZTE/boZMLMyfFEvokuhJ155v4Ar6N05qFtv6rb87/D5zzB4kUGl33yyosLa+srhXXSxubW9s79u5eXcep4lDjsYxVM2AapIighgIlNBMFLAwkNILhzdRvjEBpEUcPOE7AD1k/Ej3BGZpRx7bDa9fx2giPmNFbqE86dtl13JnoIng5lEmuasf+bHdjnoYQIZdM65bnJuhnTKHgEialdqohYXzI+tAyGLEQtJ/NNp/Q416sKA6Azt6/sxkLtR6HgcmEDAd63psO//NaKfau/ExESYoQcRMxXi+VFGM6LYB2hQKOcmyAcSXMlpQPmGIcTU0lc743f+wi1E8d78I5vz8rV47yIorkgBySE+KRS1Ihd6RKaoSTEXkmb+TdSq0n68V6/YkWrPzPPvkj6+MbDSqQQA==</latexit>

m = 0.1 GeV

<latexit sha1_base64="CSKRRhSI4gA3QUEoNGiRG5TkeWM=">AAAB9XicbVDLTgJBEJzFF+IL8ehlIpp4IrtGxIsJiQc9YiKPBDZkduiFCbOPzPQqZMOn6MmoN3/EH/BvHJCDgnWqrqpOusuLpdBo219WZmV1bX0ju5nb2t7Z3cvvFxo6ShSHOo9kpFoe0yBFCHUUKKEVK2CBJ6HpDa+nfvMBlBZReI/jGNyA9UPhC87QSN18IbiyS3al3EEYYUpvoDHp5otGmoEuE2dOimSOWjf/2elFPAkgRC6Z1m3HjtFNmULBJUxynURDzPiQ9aFtaMgC0G46u31CT/xIURwAnc2/sykLtB4HnskEDAd60ZuK/3ntBP1LNxVhnCCE3ESM5yeSYkSnFdCeUMBRjg1hXAlzJeUDphhHU1TOvO8sPrtMGmcl56JUvjsvVo/nRWTJITkip8QhFVIlt6RG6oSTEXkmb+TderSerBfr9SeaseY7B+QPrI9v/kyQvw==</latexit>

m = 0.075 GeV

<latexit sha1_base64="RWQDJmsPYsjNNeLxPvYeykU+rvY=">AAAB9HicbVDLTgJBEJz1ifha9OhlIpp4IrtG1IsJiQc9YiKPBAiZHXphwuwjM70o2fAnejLqzS/xB/wbB9yDgnWqrqpOusuLpdDoOF/W0vLK6tp6biO/ubW9s2sX9uo6ShSHGo9kpJoe0yBFCDUUKKEZK2CBJ6HhDa+nfmMESosovMdxDJ2A9UPhC87QSF27EFw5JafcRnjElN5AfdK1i0aZgS4SNyNFkqHatT/bvYgnAYTIJdO65ToxdlKmUHAJk3w70RAzPmR9aBkasgB0J52dPqHHfqQoDoDO5t/ZlAVajwPPZAKGAz3vTcX/vFaC/mUnFWGcIITcRIznJ5JiRKcN0J5QwFGODWFcCXMl5QOmGEfTU968784/u0jqpyX3vFS+OytWjrIicuSAHJIT4pILUiG3pEpqhJMH8kzeyLs1sp6sF+v1J7pkZTv75A+sj2+DUZB+</latexit>

m = 0.05 GeV

<latexit sha1_base64="30YaKeyICYtr9t1i7cZTBM4MAbs=">AAAB6HicbZDLTgJBEEVr8IX4Ql26mUhMXJEZg48liRuXmMgjgQnpaQqmpedhd40JmfAPujLqzu/xB/wbG5yFgnd1uu7tpG75iRSaHOfLKqysrq1vFDdLW9s7u3vl/YOWjlPFscljGauOzzRKEWGTBEnsJApZ6Ets++Prmd9+RKVFHN3RJEEvZKNIDAVnZEbtXsAoe5j2yxWn6sxlL4ObQwVyNfrlz94g5mmIEXHJtO66TkJexhQJLnFa6qUaE8bHbIRdgxELUXvZfN2pfTKMlU0B2vP372zGQq0noW8yIaNAL3qz4X9eN6XhlZeJKEkJI24ixhum0qbYnrW2B0IhJzkxwLgSZkubB0wxTuY2JVPfXSy7DK2zqntRPb+tVeq1/BBFOIJjOAUXLqEON9CAJnAYwzO8wbt1bz1ZL9brT7Rg5X8O4Y+sj2+KQ41T</latexit>

q̂
<latexit sha1_base64="K1eG6w2grAgaOlPf/y589Xl621M=">AAAB5nicbZDLSsNAFIZP6q3WW9Wlm8EiuKqJ1MuyIILLCqYttKFMJift0MmFmYlYQl9BV6LufCBfwLdxWrPQ6r/65vz/wPmPnwqutG1/WqWl5ZXVtfJ6ZWNza3unurvXVkkmGbosEYns+lSh4DG6mmuB3VQijXyBHX98NfM79ygVT+I7PUnRi+gw5iFnVJuRG1yfBA+Das2u23ORv+AUUINCrUH1ox8kLIsw1kxQpXqOnWovp1JzJnBa6WcKU8rGdIg9gzGNUHn5fNkpOQoTSfQIyfz9M5vTSKlJ5JtMRPVILXqz4X9eL9PhpZfzOM00xsxEjBdmguiEzDqTgEtkWkwMUCa52ZKwEZWUaXOZiqnvLJb9C+3TunNeP7tt1JqN4hBlOIBDOAYHLqAJN9ACFxhweIJXeLNG1qP1bL18R0tW8Wcffsl6/wJInYvx</latexit>

dE/dx

Results (            ,              )  
<latexit sha1_base64="XQ0ZdUf2/7tKJ5FvdqdZMzh/EjU=">AAACEnicbVC7TsNAEDzzxrwClDQnIiSqyEa8CpAi0VCCRBKkOELr85oc3J2tuzMosvIPFDTwKXSIlh/gS2i5hBQQmGp2Z3a1O3EuuLFB8OFNTE5Nz8zOzfsLi0vLK5XVtabJCs2wwTKR6csYDAqusGG5FXiZawQZC2zFtycDvXWH2vBMXdhejh0J14qnnIF1rWaEFo6Dq0o1qAVD0L8kHJEqGeHsqvIZJRkrJCrLBBjTDoPcdkrQljOBfT8qDObAbuEa244qkGg65fDaPt1KM01tF+mw/uktQRrTk7HzSLBdM64Nmv9p7cKmh52Sq7ywqJizOC0tBLUZHTxNE66RWdFzBJjm7krKuqCBWReNHym8Z5mUoJIySnia9ssy0pImfbdpUKN2j3IQvu+SCsdz+UuaO7Vwv7Z3vlutH40ymyMbZJNsk5AckDo5JWekQRi5IQ/kiTx7j96L9+q9fVsnvNHMOvkF7/0Lhb6duw==</latexit>

⌘ = 0
<latexit sha1_base64="6rF09xnrg29+vlGs+4REBCIWxn4=">AAACHXicbVC7TsMwFHV4Ex4tMLJYVEhMVYJ4DSAhsTAWiRakJooc54Za2E5kO0VVlC9hYIFPYUOsiC9hxSkdeJ3p3HuOrXtOnHOmjee9O1PTM7Nz8wuL7tLyymqjubbe01mhKHRpxjN1HRMNnEnoGmY4XOcKiIg5XMW3Z7V+NQSlWSYvzSiHUJAbyVJGibGrqNkYRmWQE0U4B16deFGz5bW9MfBf4k9IC03QiZofQZLRQoA0lBOt+76Xm7AkyjDKoXKDQkNO6C25gb6lkgjQYTk+vMLbaaawGQAez9+9JRFaj0RsPYKYgf6t1cv/tH5h0qOwZDIvDEhqLVZLC45Nhuv8OGEKqOEjSwhVzF6J6cDmp8a25AYS7mgmBJFJGSQsTauyDJTASWV/qmdQNigj3HVtU/7vXv6S3m7bP2jvX+y1To8nnS2gTbSFdpCPDtEpOkcd1EUUFegePaIn58F5dl6c1y/rlDN5s4F+wHn7BOUwoiY=</latexit>

vk = 0

<latexit sha1_base64="VerqR8zxedQl+40XSL6gOCBvAus="></latexit>

dE

dx
= � 1

2TNc

Z t

0
dt0

v↵?v
�
?

v?
Tr

⇥
hF↵(t,x)F�(t0,y)i

⇤
➡ For the drag coefficient:

<latexit sha1_base64="+S+bzdP7WknUy/CKaDhfBeNyJ8E=">AAAB93icbZDJTsMwFEVfGEuZwrBjY1EhsSpJVYZlJTYsi0QHqQmV4zqtVTuJbAcpRP0WWCFgx3/wA/wNbskCWu7q+N1r6b0bJJwp7Thf1tLyyuraemmjvLm1vbNr7+23VZxKQlsk5rHsBlhRziLa0kxz2k0kxSLgtBOMr6d+54FKxeLoTmcJ9QUeRixkBGsz6tuH2lNMoNrZ8L7mBVjmnkgnfbviVJ2Z0CK4BVSgULNvf3qDmKSCRppwrFTPdRLt51hqRjidlL1U0QSTMR7SnsEIC6r8fLb9BJ2EsUR6RNHs/TubY6FUJgKTEViP1Lw3Hf7n9VIdXvk5i5JU04iYiPHClCMdo2kJaMAkJZpnBjCRzGyJyAhLTLSpqmzOd+ePXYR2repeVM9v65VGvSiiBEdwDKfgwiU04Aaa0AICj/AMb/BuZdaT9WK9/kSXrOLPAfyR9fENlRuSXA==</latexit>

t ⇠ 2/g2µ̄
<latexit sha1_base64="jeAAG+4UIqSKVsnt2NnXfb5SBP4=">AAAB6nicbZDLTsJAFIZP8YZ4Q126aSQmrkhrvC2JblxiIhcDDZkOpzBhpp3MTElIw0voyqg7H8cX8G0csAsF/9U35/8nOf8JJWfaeN6XU1hZXVvfKG6WtrZ3dvfK+wdNnaSKYoMmPFHtkGjkLMaGYYZjWyokIuTYCke3M781RqVZEj+YicRAkEHMIkaJsaPHcS/rSlRy2itXvKo3l7sMfg4VyFXvlT+7/YSmAmNDOdG643vSBBlRhlGO01I31SgJHZEBdizGRKAOsvnCU/ckSpRrhujO37+zGRFaT0RoM4KYoV70ZsP/vE5qousgY7FMDcbURqwXpdw1iTvr7faZQmr4xAKhitktXTokilBjr1Oy9f3FssvQPKv6l9WL+/NK7SY/RBGO4BhOwYcrqMEd1KEBFAQ8wxu8O9x5cl6c159owcn/HMIfOR/fKnSOUw==</latexit>v?
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Summary, conclusions

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

• The transport of hard probes is described by means of a Fokker-Planck equation (S. Mrowczynski; Eur. Phys. 

Journal A, 2018, M. E. Carrington, A. Czajka, S. Mrowczynski; PRC, 2022)

• The evolution of the medium is described using linearized Yang-Mills equations in combination with non-

linear initial conditions (J.-P. Blaizot, T. Lappi, Y. Mehtar-Tani; Nucl. Phys. A, 2010, PGR and T. Lappi; PRD, 2021)

• These equations effectively resum the UV-divergences of a power series in     (H. Fujii, K. Fukushima, Y. Hidaka; 

PRC, 2008)

• We observe very strong transverse broadening early in the evolution: maximum before


- More broadening for less relativistic probes

• Anisotropy: different values of broadening along different transverse directions. The ratio            becomes 

independent of    after                      (except for very low values of      ), tends to           at          

- More anisotropy for less relativistic probes


• Drag coefficient: also reaches a maximum about                     , becomes approximately flat afterwords

- Unlike    , it decreases with the velocity of the probe

<latexit sha1_base64="Ts/zlHVf270X7trMLhgxxue9vHA=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZ42tJ4sYlJPJIYEJ6mhro0PNId40JIfyAroy685P8Af/GBmeh4F2drns7qVtBqqQh1/1yCmvrG5tbxe3Szu7e/kH58KhlkkwLbIpEJboTcINKxtgkSQo7qUYeBQrbwfhu7rcfURuZxA80SdGP+DCWoRSc7KhB/XLFrboLsVXwcqhArnq//NkbJCKLMCahuDFdz03Jn3JNUiiclXqZwZSLMR9i12LMIzT+dLHojJ2FiWY0QrZ4/85OeWTMJApsJuI0MsvefPif180ovPWnMk4zwljYiPXCTDFK2LwvG0iNgtTEAhda2i2ZGHHNBdmrlGx9b7nsKrQuqt519apxWald5ocowgmcwjl4cAM1uIc6NEEAwjO8wbszcJ6cF+f1J1pw8j/H8EfOxzfUS4qJ</latexit>

t

<latexit sha1_base64="yBTEdyg9M65/UjpRLJLuJYr1QSc=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm2ARXJVEvC2LblxWsBdoQ5lMT9qhkwszJ0IJfQRdibrzhXwB38ZJzUJb/9U35/8Hzn/8RApNjvNllVZW19Y3ypuVre2d3b3q/kFbx6ni2OKxjFXXZxqliLBFgiR2E4Us9CV2/Mlt7nceUWkRRw80TdAL2SgSgeCM8lGfWDqo1py6M5e9DG4BNSjUHFQ/+8OYpyFGxCXTuuc6CXkZUyS4xFmln2pMGJ+wEfYMRixE7WXzXWf2SRArm8Zoz9+/sxkLtZ6GvsmEjMZ60cuH/3m9lIJrLxNRkhJG3ESMF6TSptjOK9tDoZCTnBpgXAmzpc3HTDFO5jAVU99dLLsM7bO6e1m/uD+vNW6KQ5ThCI7hFFy4ggbcQRNawGEMz/AG79bIerJerNefaMkq/hzCH1kf3xJHi+c=</latexit>⌧
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<latexit sha1_base64="B1YYM7CyIUg4PQmTNbUHmyXYKv8=">AAAB93icbZDJTsMwFEUdxlKmMOzYWFRIrEpSMS0r2LAsEh2kJlSO67RW7SSyX5BC1G+BFQJ2/Ac/wN/gliyg5a6O372W3rtBIrgGx/myFhaXlldWS2vl9Y3NrW17Z7el41RR1qSxiFUnIJoJHrEmcBCskyhGZCBYOxhdT/z2A1Oax9EdZAnzJRlEPOSUgBn17H3wNJe4djK4r3kBUbkn03HPrjhVZyo8D24BFVSo0bM/vX5MU8kioIJo3XWdBPycKOBUsHHZSzVLCB2RAesajIhk2s+n24/xURgrDEOGp+/f2ZxIrTMZmIwkMNSz3mT4n9dNIbz0cx4lKbCImojxwlRgiPGkBNznilEQmQFCFTdbYjokilAwVZXN+e7ssfPQqlXd8+rZ7WmlflUUUUIH6BAdIxddoDq6QQ3URBQ9omf0ht6tzHqyXqzXn+iCVfzZQ39kfXwDmVGSag==</latexit>
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BACK-UP: Comparison to previous results (I)
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➡ Upon comparison with the results obtained in A. Ipp, D. I. Müller, D. Schuh; PLB, 2020, we observe a significantly 
slower growth, and, remarkably, the opposite IR regulator dependence:
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➡ In the results obtained in D. Avramescu, V. Băran, V. Greco, A. Ipp, D. I. Müller, M. Ruggieri; PRD (2023) for the 
anisotropy, we observe a compatible behavior in the            limit:
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t ! 0

➡ Non-linear corrections and the inclusion of gauge links could improve agreement
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BACK-UP: Comparison to previous results (II)

➡ Our results and those obtained in M. E. Carrington, A. Czajka, S. Mrowczynski; PRC, 2022 show completely different 
magnitudes:

➡ We suggest that the origin of the discrepancy might be 
the different approaches to the time evolution of the 
Glasma fields (linearized Yang-Mills vs.   -expansion to 
order      ).


➡ For instance, in the case of the energy density:
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BACK-UP: Dependence on running coupling prescription

➡ Some alternative prescriptions are based on making only the coupling in the pre-factor run:
<latexit sha1_base64="ldBlyLXUrUoqK6wG56VmDpHS1y0="></latexit>
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➡ There is also some liberty in the exact form of the correspondence between              and                . For instance, 

one can take:
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<latexit sha1_base64="9HBA8PrPCNiiEM+vFH25PldrZr4=">AAAB63icbZDLTgIxFIY7XhFvqEs3jcQENzhD8LIkceMSE7lEGEinnIGGtjNpOyZkwlPoyqg738YX8G0sOAsF/9XX8/9Nzn+CmDNtXPfLWVldW9/YzG3lt3d29/YLB4dNHSWKQoNGPFLtgGjgTELDMMOhHSsgIuDQCsY3M7/1CEqzSN6bSQy+IEPJQkaJsaOHYa9S8s5Vr3LWLxTdsjsXXgYvgyLKVO8XPruDiCYCpKGcaN3x3Nj4KVGGUQ7TfDfREBM6JkPoWJREgPbT+cZTfBpGCpsR4Pn7dzYlQuuJCGxGEDPSi95s+J/XSUx47adMxokBSW3EemHCsYnwrDgeMAXU8IkFQhWzW2I6IopQY8+Tt/W9xbLL0KyUvcvyxV21WKtmh8ihY3SCSshDV6iGblEdNRBFEj2jN/TuCOfJeXFef6IrTvbnCP2R8/ENehKNGQ==</latexit>

g2(1/r2)
<latexit sha1_base64="Ymsp4msWSaSvAsfuikM1gRz4lDw="></latexit>

g2(r2) =
g2(µ̄2)

ln
⇣

4e�2�e�1

m2r2 + e
⌘


