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PART I: Introduction

• Standard Picture of Heavy Ion Collisions
• Collective Flow, Azimuthal Anisotropy
• Modeling the Early Stages of Heavy Ion Collisions
• High-energy QCD: The Color Glass Condensate
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Initial Stage Fluctuations in Heavy Ion Collisions

time

Pre-equilibrium: GLASMA Hadronic phase Finally observed particles 
(hadrons)

Cooling down

Freeze out
Quasi-ideal relativistic 
hydrodynamics

t = 0
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Collision

Quark Gluon Plasma

Classical dynamics: CGC

• Initial state: colliding ions break into a highly dense, out-of-equilibrium state known as 
GLASMA. 

• The Glasma thermalizes into a QUARK GLUON PLASMA, an extremely hot, fluid-like 
state that exhibits deconfinement. 

• Hadronization: quarks and gluons rearrange into a hadronic phase. 
• Final state: the hadrons, along with other particles, fly off through the detectors. 
• QGP can be studied through the non-trivial correlations between the measured 

particles 
• BUT: we need to have initial stage under control

}
Observed correlationsInitial state effects

} }
Final state effects (QGP)

1

Standard Picture of Heavy Ion Collisions
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Fig. 1: Anisotropic flow coefficients vn of inclusive charged particles as a function of centrality, for the two-particle

(denoted with |∆η |> 1) and four-particle cumulant methods. Measurements for Pb–Pb collisions at
√

sNN = 5.02

(2.76) TeV are shown by solid (open) markers.

estimator based on the number of hits in the second ITS layer (|η |< 1.4), which is directly proportional
to the number of charged particles in the corresponding acceptance. Among the aformentioned sources,
for all observables in this article, track quality and centrality determination are the dominant sources. The
total systematic uncertainties are evaluated summing in quadrature the systematic uncertainties coming
from each of the sources, i.e. considering the different sources to be uncorrelated.

3 Collision energy, transverse momentum and centrality dependence

Figure 1 presents the centrality dependence of the flow coefficients vn (n = 2, . . .6) averaged in the pT

range 0.2 < pT < 3.0 GeV/c, where collective effects are expected to dominate azimuthal anisotropies.
Measurements are performed with the two- and four-particle cumulant method, denoted with vn{2, |∆η |>
1} and vn{4}, respectively. Results at both

√
sNN = 5.02 and 2.76 TeV are shown. A clear hierarchy

is observed among flow coefficients, with the second harmonic (elliptic flow) being the dominant one
and the higher harmonics progressively smaller. The centrality-averaged (0–50%) values of harmonics
v3 − v6 are decreasing as vn+1/vn ∼ 0.5. In contrast to a strong increase in v2 from central to mid-central
collisions and a decrease after about 45% centrality towards peripheral collisions, a weak centrality de-
pendence is observed for the higher harmonics. This holds true at both energies and is consistent with
previous observations [24, 49]. The characteristic centrality dependence of the elliptic flow was observed
already at RHIC energies [50]. Compared to previous measurements in the pT range 0.2 < pT < 5 GeV/c
[49], the differences in vn coefficients arising from the different choice of pT range are of about 1% and
2% for v2 and v3 − v6, respectively.
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• Associated observable: azimuthal anisotropy, 
characterized by the Fourier coefficients of:

• Harmonic flow coefficients:

Collective flow has a natural explanation in a fluid 
paradigm

INITIAL ECCENTRICITY

  

Spatial shape of the fluid 
at initial condition.

Velocity field (U) 
after evolution.

Ux

Ux

Φ

Φ

0

0

π

Angular distribution of 
momentum in the fluid

x Φ

Φ

expansion

expansion

Uyy

It predicts the behavior of the data. 
Requires only a certain longitudinal 
invariance of the created medium.

Natural explanation in a fluid paradigm. [Ollitrault, 1992]

ANISOTROPIC FLOW

Commonly known as:

cos(2Φ)
‘elliptic flow’

cos(3Φ)
‘triangular flow’

3/22

y

x

~rP
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VISCOUS HYDRO
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+ =

Theoretical input: model 
for the initial state

Medium simulation
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AZIMUTHAL ANISOTROPY

Collective Flow, Azimuthal Anisotropy

ALICE Collaboration, JHEP 1807 (2018) 103 [1804.02944]
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Random sampling of 
nucleon positions

y [fm]
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Figure 3
(left) An example of a PbPb collision at LHC with impact parameter b ⇡ 7 fm. Number of participants (solid) are counted
by nucleons that collide with any nucleon, whereas the number of binary collisions count all overlapping blue/red nucleon
pairs. Spectators (dashed) do not collide. (Fig. from (53).) (right) Rapidity distributions of charged hadrons, in the rest
frame of one of the nuclei, for AuAu collisions at 19.6 and 200 GeV (converted from pseudorapidity from (54) using a
simplified Jacobian) and for PbPb collisions at 5.02 TeV (55).

is the number of nucleons inside the left- and right-moving nuclei. We then call those
nucleons that do not encounter any nucleon from the other nucleus spectators (dashed
in Fig. 3). These nucleons continue traveling down the beam pipe, and the number of
spectators N

spec

can hence in principle be measured directly, although in practice this is
usually hard. In the gedanken experiment, all other ‘wounded’ or participating nucleons
collide with at least one other nucleon and make up the number N

part

(solid in Fig. 3,
by definition N

spec

+ N

part

= A

L

+ A

R

). It is unfortunate that N

spec

is not measurable
in practice, since if it were then N

part

could be determined directly. Lastly, if we imagine
the spheres as transparent we can also count the total number of encounters between left-
and right-moving nucleons, which we will call the number of binary collisions N

coll

. For
example, if one "nucleus" consists of 7 nucleons lined up in a row and it collides head-on
with a “nucleus” consisting of 4 nucleons in a row, N

part

= 11, N
coll

= 28, N
spec

= 0 and
the impact parameter b = 0. In a real central heavy ion collision a nucleon at the center of
one nucleus will on average hit about 12 nucleons from the other, but less if it is located at
the edge of the collision. So, N

coll

will then be much larger than N

part

, and even more so
for the more central collisions.

Participant: Nucleon
that collides with at
least one other
nucleon.

Spectator: Nucleon
that does not collide
and hence keeps on
moving along the
beam direction.

Binary collisions:
Total number of
nucleon pairs that
collide, assuming
transparency of the
collision.

In a pA collision, the probability of the proton hitting another nucleon is given by the
ratio �

pp

/�

pA

of inelastic scattering cross-sections. This makes it possible to determine that
on average N

coll

= N

part

� 1 = A�

pp

/�

pA

, which can be measured directly. Experimental
data on pA collisions with widely varying A and collision energies (going back to the 1970s
(56)) show that the number of particles produced in such collisions is proportional to N

part

to a good approximation. Although in AA collisions N

part

and N

coll

cannot be determined

14 Busza, Rajagopal and van der Schee

x [fm]
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Mapping of nucleons/
partons into energy 
density profile.

Initial state deformation 
characterized by 
eccentricities

• Traditional modelization of the initial stage: Glauber Montecarlo Ansatz
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• Sources of fluctuations:
Random positions of nucleons

• We need theoretical input to constrain the contributions of each source

3

Initial stage modelization

Subnucleonic structure (e.g. Hot Spots)
x
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Quantum fluctuations of the wave functions
(i.e. primordial fluctuations)

OUR WORK:
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High-energy QCD: Saturation

Moderate energy: 
Dilute hadrons

High energy: 
Gluon-dense hadrons

• High-energy limit (or equivalently, low-x limit) 
governed by large densities of soft gluons.
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 Non-linear effects as relevant as radiation processes 

 Wave function of hadrons becomes SATURATED
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High-energy QCD: Saturation

Moderate energy: 
Dilute hadrons

High energy: 
Gluon-dense hadrons

• High-energy limit (or equivalently, low-x limit) 
governed by large densities of soft gluons.
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 Non-linear effects as relevant as radiation processes 

 Wave function of hadrons becomes SATURATED

• This effect is enhanced in nuclei due to larger 
ab-initio gluon densities:
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High-energy QCD: The Color Glass Condensate

• Dynamics of the field described by Yang-Mills classical equations:

• Calculation of observables: average over background classical fields

• Basic building block: MV model 2-point correlator

h⇢a(x�
, x?)⇢

b(y�, y?)i = µ

2(x�)�ab�(x� � y

�)�(2)(x? � y?)

[Dµ, F
µ⌫ ] = J

⌫ / ⇢

a(x)ta
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• In the Color Glass Condensate we replace the gluons with a classical field 
generated by the valence quarks



PART II: CGC calculations

• Computation of Glasma fields
• Correlators at 
• Glasma fields at           : linearized YM equations
• Correlators at

⌧=0+
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<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧

• Yang-Mills equations (with one source):

6
Previously computed in: Kovner, McLerran and Weigert, Phys. Rev. D 52 (1995)

↵i
1

<latexit sha1_base64="aOBDik6MkmHRvDxDXTFspVnN4oY=">AAAB7XicbZDNTsJAFIWn+If4h7p0M5GYuCItmuiS6MYlJoIktJLb4RYmTDvNzNSENDyGroy682V8Ad/GAbtQ8Ky+uedMcs8NU8G1cd0vp7Syura+Ud6sbG3v7O5V9w86WmaKYZtJIVU3BI2CJ9g23AjspgohDgXeh+PrmX//iEpzmdyZSYpBDMOER5yBsSPfB5GO4CHn077Xr9bcujsXXQavgBop1OpXP/2BZFmMiWECtO55bmqCHJThTOC04mcaU2BjGGLPYgIx6iCf7zylJ5FU1IyQzt+/sznEWk/i0GZiMCO96M2G/3m9zESXQc6TNDOYMBuxXpQJaiSdVacDrpAZMbEATHG7JWUjUMCMPVDF1vcWyy5Dp1H3zuqN2/Na86o4RJkckWNySjxyQZrkhrRImzCSkmfyRt4d6Tw5L87rT7TkFH8OyR85H9/ag488</latexit>

↵i
2

<latexit sha1_base64="OwYWtIk5JQ1iwzWk8Y//asSsq/g=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYuCItmuiS6MYlJoIktJLbYQoTpp3JzNSENDyGroy682V8Ad/GAbtQ8Ky+uedMcs+NJGfaeN6XU1pZXVvfKG9WtrZ3dveq+wcdLTJFaJsILlQ3Qk05S2nbMMNpVyqKScTpfTS+nvn3j1RpJtI7M5E0THCYspgRNHYUBMjlCB9yNu03+tWaV/fmcpfBL6AGhVr96mcwECRLaGoIR617vidNmKMyjHA6rQSZphLJGIe0ZzHFhOown+88dU9ioVwzou78/TubY6L1JIlsJkEz0ovebPif18tMfBnmLJWZoSmxEevFGXeNcGfV3QFTlBg+sYBEMbulS0aokBh7oIqt7y+WXYZOo+6f1Ru357XmVXGIMhzBMZyCDxfQhBtoQRsISHiGN3h3hPPkvDivP9GSU/w5hD9yPr4B3AGPPQ==</latexit>

t

[Dµ, F
µ⌫ ] = J⌫

1
<latexit sha1_base64="/6z4AWDy4TmBGNWEH/YuotGNnvg=">AAACF3icbZBNS8MwGMfT+TbnW9Wjl+IQPIzRzoFehKEi4mmCe4G2ljRLt7CkLUkqjNIPol9GT6LixaPfxrTuoJv/S/55fv+E53n8mBIhTfNLKy0sLi2vlFcra+sbm1v69k5XRAlHuIMiGvG+DwWmJMQdSSTF/ZhjyHyKe/74POe9e8wFicJbOYmxy+AwJAFBUKqSpzftCy91WJLVLu/y0wmTzD1NneJnmw99NzVrZs3K0mvFFfSsLPP0qlk3CxnzxpqaKpiq7ekfziBCCcOhRBQKYVtmLN0UckkQxVnFSQSOIRrDIbaVDSHDwk2LHjLjIIi4IUfYKO6/sylkQkyYrzIMypGYZXnxP2YnMjhxUxLGicQhUhHFgoQaMjLyJRkDwjGSdKIMRJyoLg00ghwiqVZZUeNbs8POm26jbh3VGzfNautsuogy2AP74BBY4Bi0wBVogw5A4BE8gzfwrj1oT9qL9voTLWnTN7vgj7TPb30coA0=</latexit>

[Dµ, F
µ⌫ ] = J⌫

2
<latexit sha1_base64="zkxWoWQ5TF49qYIwOtjSG3pF5QY=">AAACGXicbVDLSsNAFJ3UV62vqEs3wSK4KCGpUt0IRUXEVQVbC0kMk+mkHTp5MDMRSsiX6M/oSrQ7V/6Nk5iFtp7NPfeeM8O9x4sp4cIwvpTKwuLS8kp1tba2vrG5pW7v9HiUMIS7KKIR63uQY0pC3BVEUNyPGYaBR/G9N77I9ftHzDiJwjsxibETwGFIfIKgkCNXbVmXbmoHSda4esirHSaZc5baxc8WG3pOajQMvdUwsvRGOqTsNrPMVeuGbhTQ5olZkjoo0XHVqT2IUBLgUCAKObdMIxZOCpkgiOKsZiccxxCN4RBbkoYwwNxJiy0y7cCPmCZGWCv6394UBpxPAk96AihGfFbLh/9pViL8UyclYZwIHCJpkZqfUE1EWh6TNiAMI0EnkkDEiNxSQyPIIBIyzJo835w9dp70mrp5pDdvj+vt8zKIKtgD++AQmOAEtME16IAuQOAZvIIPMFWelBflTXn/sVaU8s0u+APl8xt/MKCF</latexit>

<latexit sha1_base64="lg/W7KcltGzHwFXFHDAUGWb+7Vg=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSARJYEJ6mgI69DzSXWOCE35AV0bd+Un+gH9jg7NQ8K5O172d1K0gUdKQ6345hZXVtfWN4mZpa3tnd6+8f9AycaoFNkWsYt0OuEElI2ySJIXtRCMPA4X3wfhm5t8/oDYyju5okqAf8mEkB1JwsqPGY69ccavuXGwZvBwqkKveK392+7FIQ4xIKG5Mx3MT8jOuSQqF01I3NZhwMeZD7FiMeIjGz+aLTtnJINaMRsjm79/ZjIfGTMLAZkJOI7PozYb/eZ2UBld+JqMkJYyEjVhvkCpGMZv1ZX2pUZCaWOBCS7slEyOuuSB7lZKt7y2WXYbWWdW7qLqN80rtOj9EEY7gGE7Bg0uowS3UoQkCEJ7hDd6dvvPkvDivP9GCk/85hD9yPr4B39uKmA==</latexit>z
<latexit sha1_base64="3SSvbIRr+z6TaGnUG79Ji5QEnlQ="></latexit>

↵

i
1(x?) = � 1

ig

U1(x?)@
i
U

†
1 (x?)

<latexit sha1_base64="JpLR6osOBkAfwSIfyUUVTL6P6Tk="></latexit>

↵

i
2(x?) = � 1

ig

U2(x?)@
i
U

†
2 (x?)

Glasma fields at ⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<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="JgcsRVbyWQYOlaNwxA6qlu3J/2I="></latexit>

U1,2(x?) = P

±
exp

⇢
�ig

Z 1

�1
dz

� 1

r2
⇢1,2(z

�
, x?)

�
with:
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⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧

<latexit sha1_base64="3/uUDH5yUIq8hXJAybq+GPhDwZg="></latexit>

"(⌧ = 0+, x?) ⌘ "0(x?) = Tr{E⌘
E

⌘ +B

⌘
B

⌘}

[Dµ, F
µ⌫ ] = J

⌫
1 + J

⌫
2 = %1(x?)�(x

�)�⌫+ + %2(x?)�(x
+)�⌫�

<latexit sha1_base64="DbgJ20cc4/2f8ZPqZnkRXWhM8RA="></latexit>

⌧=
0
+

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

↵i
1

<latexit sha1_base64="aOBDik6MkmHRvDxDXTFspVnN4oY=">AAAB7XicbZDNTsJAFIWn+If4h7p0M5GYuCItmuiS6MYlJoIktJLb4RYmTDvNzNSENDyGroy682V8Ad/GAbtQ8Ky+uedMcs8NU8G1cd0vp7Syura+Ud6sbG3v7O5V9w86WmaKYZtJIVU3BI2CJ9g23AjspgohDgXeh+PrmX//iEpzmdyZSYpBDMOER5yBsSPfB5GO4CHn077Xr9bcujsXXQavgBop1OpXP/2BZFmMiWECtO55bmqCHJThTOC04mcaU2BjGGLPYgIx6iCf7zylJ5FU1IyQzt+/sznEWk/i0GZiMCO96M2G/3m9zESXQc6TNDOYMBuxXpQJaiSdVacDrpAZMbEATHG7JWUjUMCMPVDF1vcWyy5Dp1H3zuqN2/Na86o4RJkckWNySjxyQZrkhrRImzCSkmfyRt4d6Tw5L87rT7TkFH8OyR85H9/ag488</latexit>

↵i
2

<latexit sha1_base64="OwYWtIk5JQ1iwzWk8Y//asSsq/g=">AAAB7XicbZDNTsJAFIVv8Q/xD3XpppGYuCItmuiS6MYlJoIktJLbYQoTpp3JzNSENDyGroy682V8Ad/GAbtQ8Ky+uedMcs+NJGfaeN6XU1pZXVvfKG9WtrZ3dveq+wcdLTJFaJsILlQ3Qk05S2nbMMNpVyqKScTpfTS+nvn3j1RpJtI7M5E0THCYspgRNHYUBMjlCB9yNu03+tWaV/fmcpfBL6AGhVr96mcwECRLaGoIR617vidNmKMyjHA6rQSZphLJGIe0ZzHFhOown+88dU9ioVwzou78/TubY6L1JIlsJkEz0ovebPif18tMfBnmLJWZoSmxEevFGXeNcGfV3QFTlBg+sYBEMbulS0aokBh7oIqt7y+WXYZOo+6f1Ru357XmVXGIMhzBMZyCDxfQhBtoQRsISHiGN3h3hPPkvDivP9GSU/w5hD9yPr4B3AGPPQ==</latexit>

t

[Dµ, F
µ⌫ ] = J⌫

1
<latexit sha1_base64="/6z4AWDy4TmBGNWEH/YuotGNnvg=">AAACF3icbZBNS8MwGMfT+TbnW9Wjl+IQPIzRzoFehKEi4mmCe4G2ljRLt7CkLUkqjNIPol9GT6LixaPfxrTuoJv/S/55fv+E53n8mBIhTfNLKy0sLi2vlFcra+sbm1v69k5XRAlHuIMiGvG+DwWmJMQdSSTF/ZhjyHyKe/74POe9e8wFicJbOYmxy+AwJAFBUKqSpzftCy91WJLVLu/y0wmTzD1NneJnmw99NzVrZs3K0mvFFfSsLPP0qlk3CxnzxpqaKpiq7ekfziBCCcOhRBQKYVtmLN0UckkQxVnFSQSOIRrDIbaVDSHDwk2LHjLjIIi4IUfYKO6/sylkQkyYrzIMypGYZXnxP2YnMjhxUxLGicQhUhHFgoQaMjLyJRkDwjGSdKIMRJyoLg00ghwiqVZZUeNbs8POm26jbh3VGzfNautsuogy2AP74BBY4Bi0wBVogw5A4BE8gzfwrj1oT9qL9voTLWnTN7vgj7TPb30coA0=</latexit>

[Dµ, F
µ⌫ ] = J⌫

2
<latexit sha1_base64="zkxWoWQ5TF49qYIwOtjSG3pF5QY=">AAACGXicbVDLSsNAFJ3UV62vqEs3wSK4KCGpUt0IRUXEVQVbC0kMk+mkHTp5MDMRSsiX6M/oSrQ7V/6Nk5iFtp7NPfeeM8O9x4sp4cIwvpTKwuLS8kp1tba2vrG5pW7v9HiUMIS7KKIR63uQY0pC3BVEUNyPGYaBR/G9N77I9ftHzDiJwjsxibETwGFIfIKgkCNXbVmXbmoHSda4esirHSaZc5baxc8WG3pOajQMvdUwsvRGOqTsNrPMVeuGbhTQ5olZkjoo0XHVqT2IUBLgUCAKObdMIxZOCpkgiOKsZiccxxCN4RBbkoYwwNxJiy0y7cCPmCZGWCv6394UBpxPAk96AihGfFbLh/9pViL8UyclYZwIHCJpkZqfUE1EWh6TNiAMI0EnkkDEiNxSQyPIIBIyzJo835w9dp70mrp5pDdvj+vt8zKIKtgD++AQmOAEtME16IAuQOAZvIIPMFWelBflTXn/sVaU8s0u+APl8xt/MKCF</latexit>

<latexit sha1_base64="lg/W7KcltGzHwFXFHDAUGWb+7Vg=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSARJYEJ6mgI69DzSXWOCE35AV0bd+Un+gH9jg7NQ8K5O172d1K0gUdKQ6345hZXVtfWN4mZpa3tnd6+8f9AycaoFNkWsYt0OuEElI2ySJIXtRCMPA4X3wfhm5t8/oDYyju5okqAf8mEkB1JwsqPGY69ccavuXGwZvBwqkKveK392+7FIQ4xIKG5Mx3MT8jOuSQqF01I3NZhwMeZD7FiMeIjGz+aLTtnJINaMRsjm79/ZjIfGTMLAZkJOI7PozYb/eZ2UBld+JqMkJYyEjVhvkCpGMZv1ZX2pUZCaWOBCS7slEyOuuSB7lZKt7y2WXYbWWdW7qLqN80rtOj9EEY7gGE7Bg0uowS3UoQkCEJ7hDd6dvvPkvDivP9GCk/85hD9yPr4B39uKmA==</latexit>z
<latexit sha1_base64="3SSvbIRr+z6TaGnUG79Ji5QEnlQ="></latexit>

↵

i
1(x?) = � 1

ig

U1(x?)@
i
U

†
1 (x?)

<latexit sha1_base64="JpLR6osOBkAfwSIfyUUVTL6P6Tk="></latexit>

↵

i
2(x?) = � 1

ig

U2(x?)@
i
U

†
2 (x?)

• Energy density of the Glasma:

Glasma fields at ⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

• Yang-Mills equations:

<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

• Analytical solution at             :⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<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?)]

  We compute                                               in the CGC
6

<latexit sha1_base64="k2AgHKEtz/f4k9XqQQ54jG2vVqQ=">AAACSnichVBNS8NAFNzUqrV+VT16CRahQimJFPVY9OKxgv2ApoTN9iVdukmW3U2xhP7D+gP8G3oSFdzGHmwrOKd5M/OWfeNxRqWyrBcjt5Hf3Nou7BR39/YPDktHx20ZJ4JAi8QsFl0PS2A0gpaiikGXC8Chx6Djje7mfmcMQtI4elQTDv0QBxH1KcFKS24pcBiOAgbOGAvgkjItWpUnN3U4CD69cERmV53qf8ElfbL6gFsqWzUrg7lO7AUpowWabmnmDGKShBApwrCUPdviqp9ioShhMC06iQSOyQgH0NM0wiHIfpoVMjXP/ViYaghmNv/OpjiUchJ6OhNiNZSr3lz8y+slyr/ppzTiiYKI6Ij2/ISZKjbnvZoDKoAoNtEEE0H1L00yxAITpdsv6vPt1WPXSfuyZl/V6g/1cuN2UUQBnaIzVEE2ukYNdI+aqIUIekZv6BN9GTPj1Xg3Pn6iOWOxc4KWkMt/A2jotXA=</latexit>

h"0(x?)i, h"0(x?)"0(y?)i
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⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧

Glasma correlators at ⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

• For the 1-point correlator (i.e. the average energy density):

7

  We compute                                               in the CGC
<latexit sha1_base64="k2AgHKEtz/f4k9XqQQ54jG2vVqQ=">AAACSnichVBNS8NAFNzUqrV+VT16CRahQimJFPVY9OKxgv2ApoTN9iVdukmW3U2xhP7D+gP8G3oSFdzGHmwrOKd5M/OWfeNxRqWyrBcjt5Hf3Nou7BR39/YPDktHx20ZJ4JAi8QsFl0PS2A0gpaiikGXC8Chx6Djje7mfmcMQtI4elQTDv0QBxH1KcFKS24pcBiOAgbOGAvgkjItWpUnN3U4CD69cERmV53qf8ElfbL6gFsqWzUrg7lO7AUpowWabmnmDGKShBApwrCUPdviqp9ioShhMC06iQSOyQgH0NM0wiHIfpoVMjXP/ViYaghmNv/OpjiUchJ6OhNiNZSr3lz8y+slyr/ppzTiiYKI6Ij2/ISZKjbnvZoDKoAoNtEEE0H1L00yxAITpdsv6vPt1WPXSfuyZl/V6g/1cuN2UUQBnaIzVEE2ukYNdI+aqIUIekZv6BN9GTPj1Xg3Pn6iOWOxc4KWkMt/A2jotXA=</latexit>

h"0(x?)i, h"0(x?)"0(y?)i

<latexit sha1_base64="HrrVrQQkfPnLRv5JaLSXlBHFKCg="></latexit>

h"0(x?)i =
g

2

2
(�ij�kl + ✏

ij
✏

kl)fabm
f

cdm
D
↵

i,a
1 (x?)↵

k,c
1 (x?)

ED
↵

j,b
2 (x?)↵

l,d
2 (x?)

E



/35Pablo Guerrero Rodríguez Initial Stage Fluctuations in Heavy Ion Collisions

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧Glasma fields at                 Correlators at                   Glasma fields:     -evolution        Correlators:     -evolution

The Weizsäcker-Williams gluon distribution
<latexit sha1_base64="PEW8D5Gos4zUr2DYUPR8Vrbdx1s="></latexit>

h↵a,i(x?)↵
b,j(y?)i=

�

ab

2

✓
�

ij
G(x?, y?) +

✓
�

ij � 2
r

i
r

j

r

2

◆
h(x?, y?)

◆

• Unpolarized gluon distribution:

• Linearly polarized gluon distribution:

<latexit sha1_base64="AZMQEYIqxbJ2t3a9V96Z2D+6yII="></latexit>

G(x?, y?)=
1

2⇡

Z
dkkJ0(kr) Ĝ

✓
x?+y?

2
, k

◆

<latexit sha1_base64="X0jbubfXceYrT+oyZqAKQ7N2FBU="></latexit>

h(x?, y?)=
1

2⇡

Z
dkkJ2(kr) ĥ

✓
x?+y?

2
, k

◆

In Gaussian models we can relate these objects to the Dipole function:
<latexit sha1_base64="gpLHtvlpOcYlF6/0PmnwFE1bgLI="></latexit>

G(r) =
1

g2Nc

1�D(r)

ln(D(r))

✓
@2
r +

1

r
@r

◆
ln(D(r))

<latexit sha1_base64="8lQbrrfGBdL5UAQC/M0c2IpBjKE="></latexit>

h(r) =
1

g2Nc

1�D(r)

ln(D(r))

✓
@2
r � 1

r
@r

◆
ln(D(r))

<latexit sha1_base64="9VupfoLQH1++MOFdmPbSZkC6QkI=">AAACJnicbZBLS8NAFIUnvq2vqks3wSK0m5KIqBtBrAuXFRoVOqVMxpt2cPJg5kZaQv6P/hfRlWh3/hSnNYha7+qbe86FOcdPpNDoOCNrZnZufmFxabm0srq2vlHe3LrScao4eDyWsbrxmQYpIvBQoISbRAELfQnX/l1jrF/fg9Iijlo4TKATsl4kAsEZmlW33DivqtoJlSzqSaAIA8xaKqcSAqSZVx10M5qASvKaVx1+M1Wi10eaUzU565YrTt2ZjD0NbgEVUkyzW36itzFPQ4iQS6Z123US7GRMoeAS8hJNNSSM37EetA1GLATdySZhc3sviJWNfbAn75/ejIVaD0PfeEKGff1XGy//09opBsedTERJihBxYzFakEobY3vcmX0rFHCUQwOMK2F+afM+U4yjabZk4rt/w07D1X7dPaw7lweV07OiiCWyQ3ZJlbjkiJySC9IkHuHkkbyQdzKyHqxn69V6+7LOWMXNNvk11scnXOGm7A==</latexit>

D(r) = hTr {U(x?)U(y?)}i

<latexit sha1_base64="1wJVn4gB3JA9cSJla3W63t3r5dw="></latexit>

DGBW(r) = exp

⇢
�N2

c � 1

2N2
c

Q2
sr

2

4

�

<latexit sha1_base64="3yOV8tTfmvj6fM7R6OcZRCfyvXs="></latexit>

GGBW(r) =
Q2

s

g2Nc

1� exp

n

�Q2
sr

2

4

o

Q2
sr

2/4

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

hGBW(r) = 0

<latexit sha1_base64="KdN4IajQHWJv8LIgu2YhA7Cx8eA="></latexit>

DMV(r) = exp

⇢
N2

c � 1

2Nc

g4µ̄2

4⇡m2
(mrK1(mr)� 1)

�

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

GMV(r?)=
g2µ̄2

4⇡Nc
(mrK1(mr)� 2K0(mr))

1� exp

n

g4µ̄2Nc

4⇡m2 (mrK1(mr)� 1)

o

g4µ̄2

4⇡m2 (mrK1(mr)� 1)

<latexit sha1_base64="HWphs/Dz3AtC4lGBnKwoO1kgTHM="></latexit>

hMV(r?)= � g2µ̄2

4⇡Nc
mrK1(mr)

1� exp

n

g4µ̄2Nc

4⇡m2 (mrK1(mr)� 1)

o

g4µ̄2

4⇡m2 (mrK1(mr)� 1)

.

GBW model: MV model:

8
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⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧Glasma fields at                 Correlators at                   Glasma fields:     -evolution        Correlators:     -evolution

The Weizsäcker-Williams gluon distribution
<latexit sha1_base64="PEW8D5Gos4zUr2DYUPR8Vrbdx1s="></latexit>

h↵a,i(x?)↵
b,j(y?)i=

�

ab

2

✓
�

ij
G(x?, y?) +

✓
�

ij � 2
r

i
r

j

r

2

◆
h(x?, y?)

◆

• Unpolarized gluon distribution:

• Linearly polarized gluon distribution:

<latexit sha1_base64="AZMQEYIqxbJ2t3a9V96Z2D+6yII="></latexit>

G(x?, y?)=
1

2⇡

Z
dkkJ0(kr) Ĝ

✓
x?+y?

2
, k

◆

<latexit sha1_base64="X0jbubfXceYrT+oyZqAKQ7N2FBU="></latexit>

h(x?, y?)=
1

2⇡

Z
dkkJ2(kr) ĥ

✓
x?+y?

2
, k

◆

<latexit sha1_base64="gpLHtvlpOcYlF6/0PmnwFE1bgLI="></latexit>

G(r) =
1

g2Nc

1�D(r)

ln(D(r))

✓
@2
r +

1

r
@r

◆
ln(D(r))

<latexit sha1_base64="8lQbrrfGBdL5UAQC/M0c2IpBjKE="></latexit>

h(r) =
1

g2Nc

1�D(r)

ln(D(r))

✓
@2
r � 1

r
@r

◆
ln(D(r))

<latexit sha1_base64="1wJVn4gB3JA9cSJla3W63t3r5dw="></latexit>

DGBW(r) = exp

⇢
�N2

c � 1

2N2
c

Q2
sr

2

4

�

<latexit sha1_base64="3yOV8tTfmvj6fM7R6OcZRCfyvXs="></latexit>

GGBW(r) =
Q2

s

g2Nc

1� exp

n

�Q2
sr

2

4

o

Q2
sr

2/4

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

hGBW(r) = 0

<latexit sha1_base64="KdN4IajQHWJv8LIgu2YhA7Cx8eA="></latexit>

DMV(r) = exp

⇢
N2

c � 1

2Nc

g4µ̄2

4⇡m2
(mrK1(mr)� 1)

�

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

GMV(r?)=
g2µ̄2

4⇡Nc
(mrK1(mr)� 2K0(mr))

1� exp

n

g4µ̄2Nc

4⇡m2 (mrK1(mr)� 1)

o

g4µ̄2

4⇡m2 (mrK1(mr)� 1)

<latexit sha1_base64="HWphs/Dz3AtC4lGBnKwoO1kgTHM="></latexit>

hMV(r?)= � g2µ̄2

4⇡Nc
mrK1(mr)

1� exp

n

g4µ̄2Nc

4⇡m2 (mrK1(mr)� 1)

o

g4µ̄2

4⇡m2 (mrK1(mr)� 1)

.

GBW model: MV model:

<latexit sha1_base64="YP2OdfugqVW7aKLWFfKAfMGaBfg="></latexit>

lim
k!1

ĜMV(k?) ⇠ 1/k2

In Gaussian models we can relate these objects to the Dipole function:
<latexit sha1_base64="9VupfoLQH1++MOFdmPbSZkC6QkI=">AAACJnicbZBLS8NAFIUnvq2vqks3wSK0m5KIqBtBrAuXFRoVOqVMxpt2cPJg5kZaQv6P/hfRlWh3/hSnNYha7+qbe86FOcdPpNDoOCNrZnZufmFxabm0srq2vlHe3LrScao4eDyWsbrxmQYpIvBQoISbRAELfQnX/l1jrF/fg9Iijlo4TKATsl4kAsEZmlW33DivqtoJlSzqSaAIA8xaKqcSAqSZVx10M5qASvKaVx1+M1Wi10eaUzU565YrTt2ZjD0NbgEVUkyzW36itzFPQ4iQS6Z123US7GRMoeAS8hJNNSSM37EetA1GLATdySZhc3sviJWNfbAn75/ejIVaD0PfeEKGff1XGy//09opBsedTERJihBxYzFakEobY3vcmX0rFHCUQwOMK2F+afM+U4yjabZk4rt/w07D1X7dPaw7lweV07OiiCWyQ3ZJlbjkiJySC9IkHuHkkbyQdzKyHqxn69V6+7LOWMXNNvk11scnXOGm7A==</latexit>

D(r) = hTr {U(x?)U(y?)}i

8
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Glasma fields at                 Correlators at                   Glasma fields:     -evolution        Correlators:     -evolution

Initial Stage Fluctuations in Heavy Ion Collisions

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧

Glasma correlators at ⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

• For the 1-point correlator (i.e. the average energy density):

BUT:                     is a logarithmically divergent quantity
<latexit sha1_base64="mm9/ot1X18kr85pqcH0+q0XWmrM=">AAAB83icbZDLSsNAFIYnXmu9RV26CRahbkoioi6LLnQjVLAXaEOYTE/aoZMLMyfFEvIkuhJ155v4Ar6N05qFtv6rb87/D5zz+4ngCm37y1haXlldWy9tlDe3tnd2zb39lopTyaDJYhHLjk8VCB5BEzkK6CQSaOgLaPuj66nfHoNUPI4ecJKAG9JBxAPOKOqRZ5o3XtZDeMTsrpXnVfvEMyt2zZ7JWgSngAop1PDMz14/ZmkIETJBleo6doJuRiVyJiAv91IFCWUjOoCuxoiGoNxstnluHQextHAI1uz9O5vRUKlJ6OtMSHGo5r3p8D+vm2Jw6WY8SlKEiOmI9oJUWBhb0wKsPpfAUEw0UCa53tJiQyopQ11TWZ/vzB+7CK3TmnNes+/PKvWroogSOSRHpEocckHq5JY0SJMwMibP5I28G6nxZLwYrz/RJaP4c0D+yPj4BregkMA=</latexit>

GMV(0)

• Substituting the gluon 2-point functions:

9

  We compute                                               in the CGC
<latexit sha1_base64="k2AgHKEtz/f4k9XqQQ54jG2vVqQ=">AAACSnichVBNS8NAFNzUqrV+VT16CRahQimJFPVY9OKxgv2ApoTN9iVdukmW3U2xhP7D+gP8G3oSFdzGHmwrOKd5M/OWfeNxRqWyrBcjt5Hf3Nou7BR39/YPDktHx20ZJ4JAi8QsFl0PS2A0gpaiikGXC8Chx6Djje7mfmcMQtI4elQTDv0QBxH1KcFKS24pcBiOAgbOGAvgkjItWpUnN3U4CD69cERmV53qf8ElfbL6gFsqWzUrg7lO7AUpowWabmnmDGKShBApwrCUPdviqp9ioShhMC06iQSOyQgH0NM0wiHIfpoVMjXP/ViYaghmNv/OpjiUchJ6OhNiNZSr3lz8y+slyr/ppzTiiYKI6Ij2/ISZKjbnvZoDKoAoNtEEE0H1L00yxAITpdsv6vPt1WPXSfuyZl/V6g/1cuN2UUQBnaIzVEE2ukYNdI+aqIUIekZv6BN9GTPj1Xg3Pn6iOWOxc4KWkMt/A2jotXA=</latexit>

h"0(x?)i, h"0(x?)"0(y?)i

<latexit sha1_base64="HrrVrQQkfPnLRv5JaLSXlBHFKCg="></latexit>

h"0(x?)i =
g

2

2
(�ij�kl + ✏

ij
✏

kl)fabm
f

cdm
D
↵

i,a
1 (x?)↵

k,c
1 (x?)

ED
↵

j,b
2 (x?)↵

l,d
2 (x?)

E

<latexit sha1_base64="JQNO3F3/woh0bin1YWkrWhXV6WU="></latexit>

h"0(x?)i =
g

2

2
Nc(N

2
c � 1)G1(0)G2(0) =

CF

g

2
Q

2
s1Q

2
s2

GBW:
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⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧Glasma fields at                 Correlators at                   Glasma fields:     -evolution        Correlators:     -evolution
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<latexit sha1_base64="aMIcDy1sN+IstTK4SmGqiisIU7c=">AAACHnicbVDLSgNBEJyN7/iKevQyGJR4CbuiKHgRPehFUDAPyIYwO+kkg7Mzy0yvGJb8i/6MXhT1pn/jJObgq09VXdXQVVEihUXf//ByE5NT0zOzc/n5hcWl5cLKatXq1HCocC21qUfMghQKKihQQj0xwOJIQi26PhnqtRswVmh1hf0EmjHrKtERnKFbtQqHIcItZqfHtcFWGOa/2Hn1B6ElpalJlRKqS7lO3V+quz3YahWKftkfDf0LgjEokvFctApPYVvzNAaFXDJrG4GfYDNjBgWXMMiHqYWE8WvWhYaDisVgm9ko5IBudrSh2AM64t+9GYut7ceR88QMe/a3Nlz+pzVS7Bw0M6GSFEFxZ3FaJ5UUNR12RdvCAEfZd4BxI9yXlPeYYRxdo3kXP/gd9i+o7pSDvbJ/uVs8Oh4XMUvWyQYpkYDskyNyRi5IhXByTx7JK3nz7rwH79l7+bLmvPHNGvkx3vsnU/Wh6Q==</latexit>

GBW

MV

MV (no running coupling)

<latexit sha1_base64="zQM/YLL56WMQdPq+tdZBXlTTvao=">AAACEnicbVC7TsNAEDyHVwivACXNiQgJmmAjEJQICiiDRAJSbKLzZR2fcn7obo2ILP8F/AxUCOj4Af6GS0gBCVPN7sxKO+OnUmi07S+rNDM7N79QXqwsLa+srlXXN1o6yRSHJk9kom59pkGKGJooUMJtqoBFvoQbv38+1G/uQWmRxNc4SMGLWC8WgeAMzapT3e/fHbghw/yi2O13cjcFlRZ71JUQYNtFeDAKtApjUqIXotep1uy6PQKdJs6Y1MgYjU710+0mPIsgRi6Z1m3HTtHLmULBJRQVN9OQMt5nPWgbGrMItJePghV0J0gUxRDoaP7tzVmk9SDyjSdiGOpJbbj8T2tnGJx4uYjTDCHmxmK0IJMUEzrsh3aFAo5yYAjjSpgvKQ+ZYhxNixUT35kMO01aB3XnqG5fHdZOz8ZFlMkW2Sa7xCHH5JRckgZpEk6eyAt5Jx/Wo/VsvVpvP9aSNb7ZJH9gfX4DvoieFw==</latexit> k
2
Ĝ
(k

?
)
⇥ G

eV
2
⇤

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

k [GeV]

The UV divergence of the energy density

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

g2(r2) =
g2(µ̄2)

ln
⇣

4e�2�e�1

m2r2 + e
⌘

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

GMV(r?)=
g2µ̄2

4⇡Nc
(mrK1(mr)� 2K0(mr))

1� exp

n

g4µ̄2Nc

4⇡m2 (mrK1(mr)� 1)

o

g4µ̄2

4⇡m2 (mrK1(mr)� 1)

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

hMV(r?)= � g2µ̄2

4⇡Nc
mrK1(mr)

1� exp

n

g4µ̄2Nc

4⇡m2 (mrK1(mr)� 1)

o

g4µ̄2

4⇡m2 (mrK1(mr)� 1)

.

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

lim
r!0

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

lim
r!0

GMV(r?) =
g2(µ̄2)

4⇡

µ̄2

Nc

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

Q2
s = ↵s(µ̄

2)µ̄2Nc

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

lim
r!0

GMV(r?) = lim
r!0

GGBW(r?) =
Q2

s

g2Nc

• How do we treat this divergence?

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

r ! 0• Divergence at               related to perturbative tail of MV model:

10
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⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧

<latexit sha1_base64="DgVaFRXsOfGw5XglVDIX9jrP/jw="></latexit>

h"0(x?)"0(y?)i =
g

4

4
(�ij�kl + ✏

ij

✏

kl)(�i
0
j

0
�

k

0
l

0
+ ✏

i

0
j

0
✏

k

0
l

0
)fabn

f

cdn

f

a

0
b

0
m

f

c

0
d

0
m

⇥
D
↵

ia

x

↵

kc

x

↵

i

0
a

0

y

↵

k

0
c

0

y

E

1

D
↵

jb

x

↵

ld

x

↵

j

0
b

0

y

↵

l

0
d

0

y

E

2

Glasma correlators at ⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

• For the 1-point correlator (i.e. the average energy density):

• Substituting the gluon 2-point functions:

• For the 2-point correlator (i.e. the variance):

11

<latexit sha1_base64="HrrVrQQkfPnLRv5JaLSXlBHFKCg="></latexit>

h"0(x?)i =
g

2

2
(�ij�kl + ✏

ij
✏

kl)fabm
f

cdm
D
↵

i,a
1 (x?)↵

k,c
1 (x?)

ED
↵

j,b
2 (x?)↵

l,d
2 (x?)

E

  We compute                                               in the CGC
<latexit sha1_base64="k2AgHKEtz/f4k9XqQQ54jG2vVqQ=">AAACSnichVBNS8NAFNzUqrV+VT16CRahQimJFPVY9OKxgv2ApoTN9iVdukmW3U2xhP7D+gP8G3oSFdzGHmwrOKd5M/OWfeNxRqWyrBcjt5Hf3Nou7BR39/YPDktHx20ZJ4JAi8QsFl0PS2A0gpaiikGXC8Chx6Djje7mfmcMQtI4elQTDv0QBxH1KcFKS24pcBiOAgbOGAvgkjItWpUnN3U4CD69cERmV53qf8ElfbL6gFsqWzUrg7lO7AUpowWabmnmDGKShBApwrCUPdviqp9ioShhMC06iQSOyQgH0NM0wiHIfpoVMjXP/ViYaghmNv/OpjiUchJ6OhNiNZSr3lz8y+slyr/ppzTiiYKI6Ij2/ISZKjbnvZoDKoAoNtEEE0H1L00yxAITpdsv6vPt1WPXSfuyZl/V6g/1cuN2UUQBnaIzVEE2ukYNdI+aqIUIekZv6BN9GTPj1Xg3Pn6iOWOxc4KWkMt/A2jotXA=</latexit>

h"0(x?)i, h"0(x?)"0(y?)i

<latexit sha1_base64="JQNO3F3/woh0bin1YWkrWhXV6WU="></latexit>

h"0(x?)i =
g

2

2
Nc(N

2
c � 1)G1(0)G2(0) =

CF

g

2
Q

2
s1Q

2
s2

GBW:
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⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧

<latexit sha1_base64="DgVaFRXsOfGw5XglVDIX9jrP/jw="></latexit>

h"0(x?)"0(y?)i =
g
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0
c

0
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0
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0
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↵
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0
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0
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E
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Glasma correlators at ⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

• For the 1-point correlator (i.e. the average energy density):

• Substituting the gluon 2-point functions:

• For the 2-point correlator (i.e. the variance):

11

<latexit sha1_base64="HrrVrQQkfPnLRv5JaLSXlBHFKCg="></latexit>

h"0(x?)i =
g

2

2
(�ij�kl + ✏

ij
✏

kl)fabm
f

cdm
D
↵

i,a
1 (x?)↵

k,c
1 (x?)

ED
↵

j,b
2 (x?)↵

l,d
2 (x?)

E

  We compute                                               in the CGC
<latexit sha1_base64="k2AgHKEtz/f4k9XqQQ54jG2vVqQ=">AAACSnichVBNS8NAFNzUqrV+VT16CRahQimJFPVY9OKxgv2ApoTN9iVdukmW3U2xhP7D+gP8G3oSFdzGHmwrOKd5M/OWfeNxRqWyrBcjt5Hf3Nou7BR39/YPDktHx20ZJ4JAi8QsFl0PS2A0gpaiikGXC8Chx6Djje7mfmcMQtI4elQTDv0QBxH1KcFKS24pcBiOAgbOGAvgkjItWpUnN3U4CD69cERmV53qf8ElfbL6gFsqWzUrg7lO7AUpowWabmnmDGKShBApwrCUPdviqp9ioShhMC06iQSOyQgH0NM0wiHIfpoVMjXP/ViYaghmNv/OpjiUchJ6OhNiNZSr3lz8y+slyr/ppzTiiYKI6Ij2/ISZKjbnvZoDKoAoNtEEE0H1L00yxAITpdsv6vPt1WPXSfuyZl/V6g/1cuN2UUQBnaIzVEE2ukYNdI+aqIUIekZv6BN9GTPj1Xg3Pn6iOWOxc4KWkMt/A2jotXA=</latexit>

h"0(x?)i, h"0(x?)"0(y?)i

<latexit sha1_base64="JQNO3F3/woh0bin1YWkrWhXV6WU="></latexit>

h"0(x?)i =
g

2

2
Nc(N

2
c � 1)G1(0)G2(0) =

CF

g

2
Q

2
s1Q

2
s2

GBW:

Building block of the calculation:
<latexit sha1_base64="ddTtnpM5FzMVwKHnl1VJ/SKi700="></latexit>⌦
↵

ia(x?)↵
jb(y?)↵

kc(u?)↵
ld(v?)

↵

<latexit sha1_base64="hBlwfxssMw13nozhPhX+xGtqICQ="></latexit>

h↵i,a

x

↵j,b
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↵k,c

u

↵l,d
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i = h↵i,a

x

↵j,b

y

ih↵k,c

u
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i
+ h↵i,a

x

↵k,c

u

ih↵j,b

y

↵l,d

v

i+ h↵i,a

x

↵l,d

v

ih↵j,b

y

↵k,c

u

i

Glasma Graph approximation:
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⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧Glasma fields at                 Correlators at                   Glasma fields:     -evolution        Correlators:     -evolution

Glasma correlators at ⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

• Compact expression in GBW model:
<latexit sha1_base64="7NstOaxiYe4/GR/uYJ0JhA2jvmk="></latexit>

h"0(x?)"0(y?)i � h"0(x?)ih"0(y?)i
h"0(x?)ih"0(y?)i
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c � 1
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2
sr

2
/4
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3

3
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Qs r

GBW Model

MV Model

Qs r
<latexit sha1_base64="n4IqcWr3Q2bkRjHiQK+BXx6+OkY=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBg4RdH+gx6MVjAuYByRJmJ7PJmNmZZWZWCEv+wYsHRbz6P978GyfJHjSxoKGo6qa7K0w408bzvp3Cyura+kZxs7S1vbO75+4fNLVMFaENIrlU7RBrypmgDcMMp+1EURyHnLbC0d3Ubz1RpZkUD2ac0CDGA8EiRrCxUrPe090z1XPLXsWbAS0TPydlyFHruV/dviRpTIUhHGvd8b3EBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpiW6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIh+IsvL5PmecW/qFzVL8vV2zyOIhzBMZyCD9dQhXuoQQMIPMIzvMKbI50X5935mLcWnHzmEP7A+fwBJKOO2g==</latexit>

3

N2
c � 1

<latexit sha1_base64="0TCtE1bNup7g2DUgknynSolydaE=">AAAB+nicbVBNS8NAEJ34WetXqkcvwSJ4sSStoseiF09SwX5AG8Nmu2mXbjZhd6OUmJ/ixYMiXv0l3vw3btsctPXBwOO9GWbm+TGjUtn2t7G0vLK6tl7YKG5ube/smqW9lowSgUkTRywSHR9JwignTUUVI51YEBT6jLT90dXEbz8QIWnE79Q4Jm6IBpwGFCOlJc8s9QKBcFrL0pv7qodPnMwzy3bFnsJaJE5OypCj4ZlfvX6Ek5BwhRmSsuvYsXJTJBTFjGTFXiJJjPAIDUhXU45CIt10enpmHWmlbwWR0MWVNVV/T6QolHIc+rozRGoo572J+J/XTVRw4aaUx4kiHM8WBQmzVGRNcrD6VBCs2FgThAXVt1p4iHQWSqdV1CE48y8vkla14tQqZ7en5fplHkcBDuAQjsGBc6jDNTSgCRge4Rle4c14Ml6Md+Nj1rpk5DP78AfG5w9r45N1</latexit>

(h"(x?)"(y?)i � h"(x?)ih"(y?)i) /(h"(x?)ih"(y?)i)
<latexit sha1_base64="5O61gr2oGF+ea0m9J2gbXb20/nk="></latexit>

<latexit sha1_base64="aGaHD4QDEINI/mHYv0YypeVUdAg=">AAACCXicbZC7SgNBFIZn4y3G26qlzWAQrMKuiFpYBC20ESKYCyQhzE7OZofMXpg5GxKWPIGvYKu9ndj6FLY+iZOYQhP/6pvz/4c5/F4ihUbH+bRyS8srq2v59cLG5tb2jr27V9NxqjhUeSxj1fCYBikiqKJACY1EAQs9CXWvfz3x6wNQWsTRA44SaIesFwlfcIZm1LHtFsIQs5urOr2LuyDHHbvolJyp6CK4MyiSmSod+6vVjXkaQoRcMq2brpNgO2MKBZcwLrRSDQnjfdaDpsGIhaDb2fTyMT3yY0UxADp9/85mLNR6FHomEzIM9Lw3Gf7r9RRLAsGHcz+jf9HORJSkCBE3i8bzU0kxppNaaFco4ChHBhhXwtxOecAU42jKK5hS3PkKFqF2UnLPSqf3p8Xy5ayePDkgh+SYuOSclMktqZAq4WRAnsgzebEerVfrzXr/ieas2c4++SPr4xvzC5o+</latexit>

GBW Model

<latexit sha1_base64="Iiu4d8knpU9kukC80H1cyyo3hKk=">AAACFHicbZA7TwJBFIVnfSK+Vi1pJhITbMiuIWqhCYmNDQkk8kiAkNnhAhNmH5m5ayAbCv+Ef8FWeztja2/rL3FACgVP9c0952ZmjhdJodFxPq2V1bX1jc3UVnp7Z3dv3z44rOkwVhyqPJShanhMgxQBVFGghEakgPmehLo3vJn69XtQWoTBHY4jaPusH4ie4AzNqGNnWggjTEo1Wgq7IOmE5vxrJ+9WOvq0Y2edvDMTXQZ3DlkyV7ljf7W6IY99CJBLpnXTdSJsJ0yh4BIm6VasIWJ8yPrQNBgwH3Q7mX1iQk96oaI4ADo7/84mzNd67Hsm4zMc6EVvOvzX6ysWDQQfLdyMvct2IoIoRgi4WTReL5YUQzptiHaFAo5ybIBxJczbKR8wxTiaHtOmFHexgmWoneXd83yhUsgWr+b1pEiGHJMccckFKZJbUiZVwskDeSLP5MV6tF6tN+v9J7pizXeOyB9ZH98ZO51c</latexit>

MV Model (m = 0.1Qs)

12

• Previously obtained in:  T.Lappi and S.Schlichting, Phys.Rev.D 97, 034034 (2018)

• Comparison between GBW and MV model:
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⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧Glasma fields at                 Correlators at                   Glasma fields:     -evolution        Correlators:     -evolution

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

• Calculations at              :⌧=0+
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Heavy Ion Collisions
• Let’s look at the bigger picture of HICs:
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where the dependencies have been omitted for readability. The covariance of the full EMT
is simply obtained from the previous expression as

Cov[Tµ⌫
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; x?, y?)⇥tµ⌫t�⇢. (4.37)

The factors A(r?) and B(r?) were introduced in Eq. (4.14). Explicit expressions for them
in the general case are given in Appendix A and in Eqs. (4.42), (4.43) below for the specific
case of the original MV model. Also, to make our final result more compact we have defined:
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For simplicity, in the previous expressions we also defined the following momentum scale:
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It is worth mentioning that the terms stemming from the first contraction after the equal sign in
Eq. (8.117) are identical to the product of the separate averages of ✏
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(where we approximated h(x?) and h(y?) with h(b?), as repeatedly done throughout the calcula-
tion). Therefore, the result of Cov[✏ ](⌧=0
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(y?)i corresponds
to the remaining terms. We use the Mathematica package FeynCalc [107, 108] to explicitly per-
form the index contractions featured in Eq. (8.117). After doing so we arrive at the main result
of this chapter:
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where the dependencies have been omitted for readability. Note that the covariance of the
full EMT is straightforwardly obtained from the previous expression as Cov[T µ⌫

](0

+

; x?, y?) =

Cov[✏ ](0+

; x?, y?)⇥tµ⌫t�⇢.

Explicit expressions for the factors A(r?) and B(r?) are given in Appendix H and in Eqs.
(8.124), (8.125) below for the specific case of the original MV model. Also, in order to make our
final result more compact we have defined:

p
1,2

⌘ e�
Q2
s1,2r

2

4
(Q2

s1,2

r2

+ 4) � 4 (8.120)

q
1,2

⌘ e�
Q2
s1,2r

2

4
�

Q4

s1,2

r4

+ 8Q2

s1,2

r2

+ 32

�� 32. (8.121)

99

+[1 $ 2]
<latexit sha1_base64="I1Gx/GX4cRtHQ+LCPfs6IyHyjgg=">AAAB93icbZDLSsNAFIYn9VbrLV52boJFEISSVEGXRTcuK9gLpKFMpift0MmFmRMlhj6LrkTd+R6+gG/jtGahrf/qm/P/A+f8fiK4Qtv+MkpLyyura+X1ysbm1vaOubvXVnEqGbRYLGLZ9akCwSNoIUcB3UQCDX0BHX98PfU79yAVj6M7zBLwQjqMeMAZRT3qmwenrtMTEKDkwxFSKeOHutc3q3bNnslaBKeAKinU7JufvUHM0hAiZIIq5Tp2gl5OJXImYFLppQoSysZ0CK7GiIagvHy2/cQ6DmJp4Qis2ft3NqehUlno60xIcaTmvenwP89NMbj0ch4lKULEdER7QSosjK1pCdaAS2AoMg2USa63tNiISspQV1XR5zvzxy5Cu15zzmr12/Nq46oookwOyRE5IQ65IA1yQ5qkRRh5JM/kjbwbmfFkvBivP9GSUfzZJ39kfHwD9lOSog==</latexit> )

<latexit sha1_base64="mAM0kcD+xs+Qov7GG4SSrau9mpE=">AAAB4nicbZDNTgIxFIXv4B/iH+rSTSMx0Q2ZQRNdEt24hER+EpiQTrkDDe3MpO2YkAkvoCuj7nwkX8C3seAsFDyrr/ecJvfcIBFcG9f9cgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqG1CNgkfYMtwI7CYKqQwEdoLJ3dzvPKLSPI4ezDRBX9JRxEPOqLGj5sWgXHGr7kJkFbwcKpCrMSh/9ocxSyVGhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnMaIStZ8tFp2RszBWxIyRLN6/sxmVWk9lYDOSmrFe9ubD/7xeasIbP+NRkhqMmI1YL0wFMTGZ9yVDrpAZMbVAmeJ2S8LGVFFm7FVKtr63XHYV2rWqd1mtNa8q9dv8EEU4gVM4Bw+uoQ730IAWMEB4hjd4d4bOk/PivP5EC07+5xj+yPn4BmalikY=</latexit>

Cov[✏](x?, y?) = h✏(x?)✏(y?)i � h✏(x?)ih✏(y?)i
<latexit sha1_base64="34oJoy3919NQ9c2tG58k6dDQvG0="></latexit>

Glasma correlators at           : beyond Glasma Graph⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>



/35Pablo Guerrero Rodríguez Initial Stage Fluctuations in Heavy Ion Collisions

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧Glasma fields at                 Correlators at                   Glasma fields:     -evolution        Correlators:     -evolution

16

• Agreement in the             limit. Strong discrepancies in the                   limit.r ! 0
<latexit sha1_base64="BxqeQvyglGBm4cgnqv76iM6kE0c=">AAAB7nicbZDNTgIxFIXv4B/iH+rSTSMxcUVm0ESXRDcuMZGfBCakUy5MQ2c6th0NmfAaujLqzofxBXwbC85CwbP6es9pcs8NEsG1cd0vp7Cyura+UdwsbW3v7O6V9w9aWqaKYZNJIVUnoBoFj7FpuBHYSRTSKBDYDsbXM7/9gEpzGd+ZSYJ+REcxH3JGjR35qqf4KDRUKfno9ssVt+rORZbBy6ECuRr98mdvIFkaYWyYoFp3PTcxfkaV4UzgtNRLNSaUjekIuxZjGqH2s/nSU3IylIqYEMn8/Tub0UjrSRTYTERNqBe92fA/r5ua4aWf8ThJDcbMRqw3TAUxksy6kwFXyIyYWKBMcbslYSFVlBl7oZKt7y2WXYZWreqdVWu355X6VX6IIhzBMZyCBxdQhxtoQBMY3MMzvMG7kzhPzovz+hMtOPmfQ/gj5+Mb5W2P3A==</latexit>

rQs ! 1
<latexit sha1_base64="6j/o7UkHVTJJ3v08tUWXqmZ2En4=">AAAB+HicbZC9TsMwFIWd8lfKXwAxsURUSExVUpBgrGBhbCX6IzVR5LhOY9VxIvsGFKK+C0wI2HgOXoC3wS0ZoOVMn+85lu49QcqZAtv+Miorq2vrG9XN2tb2zu6euX/QU0kmCe2ShCdyEGBFORO0Cww4HaSS4jjgtB9MbmZ+/55KxRJxB3lKvRiPBQsZwaBHvnkkO75yJRtHgKVMHlwmQsh9s2437LmsZXBKqKNSbd/8dEcJyWIqgHCs1NCxU/AKLIERTqc1N1M0xWSCx3SoUeCYKq+Yrz+1TsNEWhBRa/7+nS1wrFQeBzoTY4jUojcb/ucNMwivvIKJNAMqiI5oL8y4BYk1a8EaMUkJ8FwDJpLpLS0SYYkJ6K5q+nxn8dhl6DUbznmj2bmot67LIqroGJ2gM+SgS9RCt6iNuoigAj2jN/RuPBpPxovx+hOtGOWfQ/RHxsc36RiT1g==</latexit>

 0.05

 0.1

 0.15

 0.2

 0.25

 0.3

 0.35
 0.375

 0.4

 0  2  4  6  8  10  12

C
ov

/ T

r [GeV-1]

Full MV
Glasma graph approx.

Large dipole limit

����

���

����

���

����

���

����
�����
���

� � � � � �� ��

�
��
��

�

� �������

���� ������
������ ����� �������������

���������� �� ��������

C
o
v
/
(
h✏

0
(
x

?
)
ih
✏

0
(
y

?
)
i)

r Qs

⇠ 1/r4 ⇠ 1/r2

• This slowly decaying behavior could potentially have an impact in infrared-
sensitive observables built from this quantity.

Spoiler alert:
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<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧Glasma fields at                 Correlators at                   Glasma fields:     -evolution        Correlators:     -evolution

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

Glasma evolution

}

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

•  Calculations at              : 
<latexit sha1_base64="iKY0PRDiBqudqLXTTbBpemlruOU=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV2FGRF1J0I3LCOYByRB6OjVJm54H3TVCCPkGXYm683/8Af/GTpyFJt7V6bq3oW4FqZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNk2RaYF0kKtGtgBtUMsY6SVLYSjXyKFDYDIY3U7/5iNrIJL6nUYp+xPuxDKXgZEeNDvHsyu2Wym7FnYktgpdDGXLVuqXPTi8RWYQxCcWNaXtuSv6Ya5JC4aTYyQymXAx5H9sWYx6h8cezbSfsOEw0owGy2ft3dswjY0ZRYDMRp4GZ96bD/7x2RuGlP5ZxmhHGwkasF2aKUcKmpVlPahSkRha40NJuycSAay7InqZo63vzZRehcVrxzivu3Vm5ep0fogCHcAQn4MEFVOEWalAHAQ/wDG/w7kjnyXlxXn+iS07+5wD+yPn4BgI0jGQ=</latexit>

⌧ > 0 T.Lappi, PGR, [2102.09993] 

Heavy Ion Collisions

• Calculations at              : T.Lappi and S.Schlichting, Phys.Rev.D 97, 034034 (2018) 
J.L.Albacete, Cyrille Marquet, PGR, JHEP 1901 (2019) 073 [1808.00795] 
PGR, JHEP 1908 (2019) 026 [1903.11602] 

• Let’s look at the bigger picture of HICs:

17
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⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧Glasma fields at                 Correlators at                   Glasma fields:     -evolution        Correlators:     -evolution

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

[Dµ, F
µ⌫ ] = J

⌫
1 + J

⌫
2 ⇡ ⇢1(x?)�(x

�)�⌫+ + ⇢2(x?)�(x
+)�⌫�

Extremely Lorentz-contracted nuclei

The Glasma field at 
<latexit sha1_base64="iKY0PRDiBqudqLXTTbBpemlruOU=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV2FGRF1J0I3LCOYByRB6OjVJm54H3TVCCPkGXYm683/8Af/GTpyFJt7V6bq3oW4FqZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNk2RaYF0kKtGtgBtUMsY6SVLYSjXyKFDYDIY3U7/5iNrIJL6nUYp+xPuxDKXgZEeNDvHsyu2Wym7FnYktgpdDGXLVuqXPTi8RWYQxCcWNaXtuSv6Ya5JC4aTYyQymXAx5H9sWYx6h8cezbSfsOEw0owGy2ft3dswjY0ZRYDMRp4GZ96bD/7x2RuGlP5ZxmhHGwkasF2aKUcKmpVlPahSkRha40NJuycSAay7InqZo63vzZRehcVrxzivu3Vm5ep0fogCHcAQn4MEFVOEWalAHAQ/wDG/w7kjnyXlxXn+iS07+5wD+yPn4BgI0jGQ=</latexit>

⌧ > 0
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

�

18



/35Pablo Guerrero Rodríguez Initial Stage Fluctuations in Heavy Ion Collisions

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧Glasma fields at                 Correlators at                   Glasma fields:     -evolution        Correlators:     -evolution

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

[Dµ, F
µ⌫ ] = J

⌫
1 + J

⌫
2 ⇡ ⇢1(x?)�(x

�)�⌫+ + ⇢2(x?)�(x
+)�⌫�

• Analytical approximation in the forward light cone: linearized Yang-Mills equations

t

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

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

x

+
x

�

<latexit sha1_base64="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

<latexit sha1_base64="dBBKQIIelrnp9AKeLMoeq5DvB78="></latexit>

↵(⌧, x?) = U(x?)�(⌧, x?)U
†(x?)

↵

i(⌧, x?) = U(x?)

✓
�

i(⌧, x?)�
1

ig

@

i

◆
U

†(x?)

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

@⌧
1

⌧
@⌧ (⌧

2�) = ⌧@i@
i�

@⌧ (⌧@⌧�
i) = ⌧@k@k�

i

• We consider fields in the Coulomb gauge:
<latexit sha1_base64="8EaxGiXgSAOsK4EV8XLeOXlTppw=">AAAB+nicbZC7TsMwFIYdrqXcAgwMLBEVElOVIAQsSBUsjEWiF6kJkeOetFadi+wTpCrkZWBCwMZj8AK8DU7pAC1n+nz+35b/P0gFV2jbX8bC4tLyymplrbq+sbm1be7stlWSSQYtlohEdgOqQPAYWshRQDeVQKNAQCcYXZd65wGk4kl8h+MUvIgOYh5yRlGvfHPfTalEToWf88INAOm9hkvbN2t23Z6MNQ/OFGpkOk3f/HT7CcsiiJEJqlTPsVP08vJxJqCoupmClLIRHUBPY0wjUF4+CVBYR2EiLRyCNTn/9uY0UmocBdoTURyqWa1c/qf1MgwvvJzHaYYQM23RWpgJCxOr7MHqcwkMxVgDZZLrX1psSCVlqNuq6vjObNh5aJ/UnbO6c3taa1xNi6iQA3JIjolDzkmD3JAmaRFGCvJM3si78Wg8GS/G6491wZje2SN/xvj4BulWlFk=</latexit>

@i�
i = 0

• General solution in momentum space: free plane waves (dispersion relation:                            )
<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="xAyW6hSlwSoG4KBADOX/23nhOLI="></latexit>

⌫ = ⌧ �! ig⌧ [↵, @⌧↵]�
1

⌧

⇥
Di, @⌧↵

i
⇤
= 0

⌫ = ⌘ �! 1

⌧
@⌧

1

⌧
@⌧ (⌧

2↵)�
⇥
Di,

⇥
Di,↵

⇤⇤
= 0

⌫ = i �! 1

⌧
@⌧ (⌧@⌧↵

i)� ig⌧2
⇥
↵,

⇥
Dj ,↵

⇤⇤
�

⇥
Dj , F ji

⇤
= 0

<latexit sha1_base64="03G9y4RAmPYTrVJyEOzT/GSYb/A=">AAACCHicbZDLSsNAFIYnXmu9RV26GSyFuimJFHUjFN24rGAv0IQwmZ62QycXZyaFkvYF9GV0JerOtS/g2zitQbT1rL45/z9w/t+POZPKsj6NpeWV1bX13EZ+c2t7Z9fc22/IKBEU6jTikWj5RAJnIdQVUxxasQAS+Bya/uBqqjeHICSLwls1isENSC9kXUaJ0ivPLDpRAD1SGnipE4OIJ8cX4x8eO3CXsCEeeGbBKluzwYtgZ1BA2dQ888PpRDQJIFSUEynbthUrNyVCMcphkncSCTGhA9KDtsaQBCDddBZngovdSGDVBzx7//amJJByFPjaExDVl/PadPmf1k5U99xNWRgnCkKqLVrrJhyrCE9bwR0mgCo+0kCoYPpKTPtEEKp0d3kd354PuwiNk7J9Wq7cVArVy6yIHDpER6iEbHSGquga1VAdUfSAntArejPujUfj2Xj5ti4Z2Z8D9GeM9y+7Ypph</latexit>

!(k?) = |k?| ⌘ k

The Glasma field at 
<latexit sha1_base64="iKY0PRDiBqudqLXTTbBpemlruOU=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV2FGRF1J0I3LCOYByRB6OjVJm54H3TVCCPkGXYm683/8Af/GTpyFJt7V6bq3oW4FqZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNk2RaYF0kKtGtgBtUMsY6SVLYSjXyKFDYDIY3U7/5iNrIJL6nUYp+xPuxDKXgZEeNDvHsyu2Wym7FnYktgpdDGXLVuqXPTi8RWYQxCcWNaXtuSv6Ya5JC4aTYyQymXAx5H9sWYx6h8cezbSfsOEw0owGy2ft3dswjY0ZRYDMRp4GZ96bD/7x2RuGlP5ZxmhHGwkasF2aKUcKmpVlPahSkRha40NJuycSAay7InqZo63vzZRehcVrxzivu3Vm5ep0fogCHcAQn4MEFVOEWalAHAQ/wDG/w7kjnyXlxXn+iS07+5wD+yPn4BgI0jGQ=</latexit>

⌧ > 0
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⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧Glasma fields at                 Correlators at                   Glasma fields:     -evolution        Correlators:     -evolution

• Initial conditions: matching to                solution
<latexit sha1_base64="Nr5C6iLZDMPhUiKnyGUclxNbtq0=">AAAB6XicbZDLSgNBEEVr4ivGV9Slm8EgCEKYEVE3QtCNywjmAckYejo1SZOeB901QhjyEboSdefv+AP+jZ04C028q9N1b0Pd8hMpNDnOl1VYWl5ZXSuulzY2t7Z3yrt7TR2nimODxzJWbZ9plCLCBgmS2E4UstCX2PJHN1O/9YhKizi6p3GCXsgGkQgEZ2RG7S6x9Mp5OOmVK07VmcleBDeHCuSq98qf3X7M0xAj4pJp3XGdhLyMKRJc4qTUTTUmjI/YADsGIxai9rLZvhP7KIiVTUO0Z+/f2YyFWo9D32RCRkM9702H/3mdlIJLLxNRkhJG3ESMF6TSptie1rb7QiEnOTbAuBJmS5sPmWKczHFKpr47X3YRmqdV97zq3p1Vatf5IYpwAIdwDC5cQA1uoQ4N4CDhGd7g3RpZT9aL9foTLVj5n334I+vjGxvajQE=</latexit>

⌧ = 0+

<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⌧)

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

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

⌧ > 0

• Energy density and divergence of the Chern-Simons current at           :
<latexit sha1_base64="iKY0PRDiBqudqLXTTbBpemlruOU=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV2FGRF1J0I3LCOYByRB6OjVJm54H3TVCCPkGXYm683/8Af/GTpyFJt7V6bq3oW4FqZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNk2RaYF0kKtGtgBtUMsY6SVLYSjXyKFDYDIY3U7/5iNrIJL6nUYp+xPuxDKXgZEeNDvHsyu2Wym7FnYktgpdDGXLVuqXPTi8RWYQxCcWNaXtuSv6Ya5JC4aTYyQymXAx5H9sWYx6h8cezbSfsOEw0owGy2ft3dswjY0ZRYDMRp4GZ96bD/7x2RuGlP5ZxmhHGwkasF2aKUcKmpVlPahSkRha40NJuycSAay7InqZo63vzZRehcVrxzivu3Vm5ep0fogCHcAQn4MEFVOEWalAHAQ/wDG/w7kjnyXlxXn+iS07+5wD+yPn4BgI0jGQ=</latexit>

⌧ > 0
<latexit sha1_base64="d8Ztex3YU1R+tq6C+yMXxvsKKMo="></latexit>

"(⌧, x?) = Tr{E⌘
E

⌘+B

⌘
B

⌘+E

i
E

i+B

i
B

i}
<latexit sha1_base64="pOhQQKsKADlfejGRwgfha7WGwAE="></latexit>

⌫̇(⌧, x?) = Tr{E⌘
B

⌘+E

i
B

i}

•     -dependence in coordinate space:
<latexit sha1_base64="Nr5C6iLZDMPhUiKnyGUclxNbtq0=">AAAB6XicbZDLSgNBEEVr4ivGV9Slm8EgCEKYEVE3QtCNywjmAckYejo1SZOeB901QhjyEboSdefv+AP+jZ04C028q9N1b0Pd8hMpNDnOl1VYWl5ZXSuulzY2t7Z3yrt7TR2nimODxzJWbZ9plCLCBgmS2E4UstCX2PJHN1O/9YhKizi6p3GCXsgGkQgEZ2RG7S6x9Mp5OOmVK07VmcleBDeHCuSq98qf3X7M0xAj4pJp3XGdhLyMKRJc4qTUTTUmjI/YADsGIxai9rLZvhP7KIiVTUO0Z+/f2YyFWo9D32RCRkM9702H/3mdlIJLLxNRkhJG3ESMF6TSptie1rb7QiEnOTbAuBJmS5sPmWKczHFKpr47X3YRmqdV97zq3p1Vatf5IYpwAIdwDC5cQA1uoQ4N4CDhGd7g3RpZT9aL9foTLVj5n334I+vjGxvajQE=</latexit>

⌧ = 0+

<latexit sha1_base64="FRLj6C88KgOsOW+hLZDWg81iV10="></latexit>
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ij
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0 (k?)e
ik?x?

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

E

⌘(⌧, x?)=�ig�

ij

Z
d

2
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(2⇡)2

Z
d

2
u?[↵

i
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ik?(x�u)?

The Glasma field at 
<latexit sha1_base64="iKY0PRDiBqudqLXTTbBpemlruOU=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV2FGRF1J0I3LCOYByRB6OjVJm54H3TVCCPkGXYm683/8Af/GTpyFJt7V6bq3oW4FqZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNk2RaYF0kKtGtgBtUMsY6SVLYSjXyKFDYDIY3U7/5iNrIJL6nUYp+xPuxDKXgZEeNDvHsyu2Wym7FnYktgpdDGXLVuqXPTi8RWYQxCcWNaXtuSv6Ya5JC4aTYyQymXAx5H9sWYx6h8cezbSfsOEw0owGy2ft3dswjY0ZRYDMRp4GZ96bD/7x2RuGlP5ZxmhHGwkasF2aKUcKmpVlPahSkRha40NJuycSAay7InqZo63vzZRehcVrxzivu3Vm5ep0fogCHcAQn4MEFVOEWalAHAQ/wDG/w7kjnyXlxXn+iS07+5wD+yPn4BgI0jGQ=</latexit>

⌧ > 0
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⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧Glasma fields at                 Correlators at                   Glasma fields:     -evolution        Correlators:     -evolution
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Qs tau

GBW

MV

Qs1 = Qs2

m = Qs/10
<latexit sha1_base64="RY7q3/6IM/y8rFkbXpOEVLb9oY4=">AAACA3icbZBNS8MwGMfT+TbrW9WbXoJD8TTbqehFGHrxuIF7gbWUNMu2sDQtSSqMUvDiV/HiQRGvfglvfhvTrQedPhDy4/9/HpLnH8SMSmXbX0ZpYXFpeaW8aq6tb2xuWds7bRklApMWjlgkugGShFFOWooqRrqxICgMGOkE45vc79wTIWnE79QkJl6IhpwOKEZKS7611/RT6WRHV/ldy1zXDHOWJ47tWxW7ak8L/gWngAooquFbn24/wklIuMIMSdlz7Fh5KRKKYkYy000kiREeoyHpaeQoJNJLpztk8FArfTiIhD5cwan6cyJFoZSTMNCdIVIjOe/l4n9eL1GDSy+lPE4U4Xj20CBhUEUwDwT2qSBYsYkGhAXVf4V4hATCSsdm6hCc+ZX/QrtWdU6r582zSv26iKMM9sEBOAYOuAB1cAsaoAUweABP4AW8Go/Gs/FmvM9aS0Yxswt+lfHxDTpglfc=</latexit>

� <latexit sha1_base64="6PuFu2L3R/h+ImhfYvo85/nSvjc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5l/eqhUWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMVzI5G</latexit>

MV
<latexit sha1_base64="Rh+vVERwWvx+xL1rFaxYYMZOTdc=">AAAB8HicbVDJSgNBEO2JW4xb1KOXxiB4CjMu6DHoxYsQwSySDKGnU5M06ekZumvEMOQrvHhQxKuf482/sbMcNPFBweO9KqrqBYkUBl3328ktLa+sruXXCxubW9s7xd29uolTzaHGYxnrZsAMSKGghgIlNBMNLAokNILB9dhvPII2Ilb3OEzAj1hPiVBwhlZ6aCM8YXZbH3WKJbfsTkAXiTcjJTJDtVP8andjnkagkEtmTMtzE/QzplFwCaNCOzWQMD5gPWhZqlgExs8mB4/okVW6NIy1LYV0ov6eyFhkzDAKbGfEsG/mvbH4n9dKMbz0M6GSFEHx6aIwlRRjOv6edoUGjnJoCeNa2Fsp7zPNONqMCjYEb/7lRVI/KXun5fO7s1LlahZHnhyQQ3JMPHJBKuSGVEmNcBKRZ/JK3hztvDjvzse0NefMZvbJHzifPxJBkJc=</latexit>

<latexit sha1_base64="kURRJkk01/1g00tZ5DQUyaFw0Hw=">AAAB63icbZC9TsMwFIUdfkv5KzCyRFRITFWCQDBWZYCxSPRHtFHluDetVduJ7BtEFfUpYELAxtvwArwNbskALWf6fM+xdM8NE8ENet6Xs7S8srq2Xtgobm5t7+yW9vabJk41gwaLRazbITUguIIGchTQTjRQGQpohaOrqd96AG14rO5wnEAg6UDxiDOKdnTfRXjE7LrWmvRKZa/izeQugp9DmeSq90qf3X7MUgkKmaDGdHwvwSCjGjkTMCl2UwMJZSM6gI5FRSWYIJttPHGPo1i7OAR39v6dzag0ZixDm5EUh2bemw7/8zopRpdBxlWSIihmI9aLUuFi7E6Lu32ugaEYW6BMc7uly4ZUU4b2PEVb358vuwjN04p/XvFuz8rVWn6IAjkkR+SE+OSCVMkNqZMGYUSRZ/JG3h3pPDkvzutPdMnJ/xyQP3I+vgF1145w</latexit>

GBW

<latexit sha1_base64="u2kWaFXrug33vzEa+sK9/V4F7nw=">AAAB9HicbZDNTgIxFIU7+If4B7p000hMXJEZo9El0Y0bE0zkJ4EJ6ZQ70NCZTto7KJnwJroy6s4n8QV8GwuyUPCsvt5zmtx7gkQKg6775eRWVtfWN/Kbha3tnd29Ymm/YVSqOdS5kkq3AmZAihjqKFBCK9HAokBCMxheT/3mCLQRKr7HcQJ+xPqxCAVnaEfdYqmD8IhZrKhUfUNvG5NusexW3JnoMnhzKJO5at3iZ6eneBpBjFwyY9qem6CfMY2CS5gUOqmBhPEh60PbYswiMH42W31Cj0OlKQ6Azt6/sxmLjBlHgc1EDAdm0ZsO//PaKYaXfibiJEWIuY1YL0wlRUWnDdCe0MBRji0wroXdkvIB04yj7algz/cWj12GxmnFO6+4d2fl6tW8iDw5JEfkhHjkglTJDamROuHkgTyTN/LujJwn58V5/YnmnPmfA/JHzsc37t+RfA==</latexit>

no logs MV

<latexit sha1_base64="OPaA9R8WyrQxOS1LGmeZ0OZx8o0=">AAAB6HicbZDLTgJBEEVrfCK+UJduOhITV2TGGHVJdOMSEnkkMCE9TQ209DzSXWNCCP+gK6Pu/B5/wL+xwVkoeFen695O6laQKmnIdb+cldW19Y3NwlZxe2d3b790cNg0SaYFNkSiEt0OuEElY2yQJIXtVCOPAoWtYHQ781uPqI1M4nsap+hHfBDLUApOdtSq90yXeNYrld2KOxdbBi+HMuSq9Uqf3X4isghjEoob0/HclPwJ1ySFwmmxmxlMuRjxAXYsxjxC40/m607ZaZhoRkNk8/fv7IRHxoyjwGYiTkOz6M2G/3mdjMJrfyLjNCOMhY1YL8wUo4TNWrO+1ChIjS1woaXdkokh11yQvU3R1vcWyy5D87ziXVa8+kW5epMfogDHcAJn4MEVVOEOatAAASN4hjd4dx6cJ+fFef2Jrjj5nyP4I+fjGzeWjSQ=</latexit>

Qs⌧

• For the 1-point correlator (i.e. the average energy density):

Glasma correlators at 
<latexit sha1_base64="iKY0PRDiBqudqLXTTbBpemlruOU=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV2FGRF1J0I3LCOYByRB6OjVJm54H3TVCCPkGXYm683/8Af/GTpyFJt7V6bq3oW4FqZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNk2RaYF0kKtGtgBtUMsY6SVLYSjXyKFDYDIY3U7/5iNrIJL6nUYp+xPuxDKXgZEeNDvHsyu2Wym7FnYktgpdDGXLVuqXPTi8RWYQxCcWNaXtuSv6Ya5JC4aTYyQymXAx5H9sWYx6h8cezbSfsOEw0owGy2ft3dswjY0ZRYDMRp4GZ96bD/7x2RuGlP5ZxmhHGwkasF2aKUcKmpVlPahSkRha40NJuycSAay7InqZo63vzZRehcVrxzivu3Vm5ep0fogCHcAQn4MEFVOEWalAHAQ/wDG/w7kjnyXlxXn+iS07+5wD+yPn4BgI0jGQ=</latexit>

⌧ > 0

<latexit sha1_base64="CDl+7bDh+nO4d6nOw1So4BwgJaA="></latexit>
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<latexit sha1_base64="4cBBe7d9lDiktlOeE6yZ4c1JLf0=">AAACJ3icbZBLSwMxFIUzPmt9VV26GS2CgpSZIupS1IXLFmwVmlLuxNs2mHmY3CmUoT9If4ugK7Hu/Cemj4Wvs/pyzgnJvUGipCHPGzozs3PzC4u5pfzyyuraemFjs27iVAusiVjF+jYAg0pGWCNJCm8TjRAGCm+C+4tRftNDbWQcXVM/wWYInUi2pQCyVqtwyfEhlT2uIOoo5D3QmBipbORxPfF2OMkQDU+6cr/ayow/4ATp4QjLYzxoFYpeyRvL/Qv+FIpsqkqr8MzvYpGGGJFQYEzD9xJqZqBJCoWDPE8NJiDuoYMNixHY95vZeNqBu9eOtUtddMfn790MQmP6YWA7IVDX/M5G5n9ZI6X2aTOTUZISRsJWbNZOlUuxO1qaeyc1ClJ9CyC0tL90RRc0CLKrzdvx/d/D/oV6ueQfl46qR8Wz8+kicmyb7bJ95rMTdsauWIXVmGBP7JUN2Yfz6Lw4b877pDrjTO9ssR9yPr8AMEWnQw==</latexit>

⌘ h"0i⇥ �(Qs1⌧, Qs2⌧)
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⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧Glasma fields at                 Correlators at                   Glasma fields:     -evolution        Correlators:     -evolution

Glasma correlators at 
<latexit sha1_base64="iKY0PRDiBqudqLXTTbBpemlruOU=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV2FGRF1J0I3LCOYByRB6OjVJm54H3TVCCPkGXYm683/8Af/GTpyFJt7V6bq3oW4FqZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNk2RaYF0kKtGtgBtUMsY6SVLYSjXyKFDYDIY3U7/5iNrIJL6nUYp+xPuxDKXgZEeNDvHsyu2Wym7FnYktgpdDGXLVuqXPTi8RWYQxCcWNaXtuSv6Ya5JC4aTYyQymXAx5H9sWYx6h8cezbSfsOEw0owGy2ft3dswjY0ZRYDMRp4GZ96bD/7x2RuGlP5ZxmhHGwkasF2aKUcKmpVlPahSkRha40NJuycSAay7InqZo63vzZRehcVrxzivu3Vm5ep0fogCHcAQn4MEFVOEWalAHAQ/wDG/w7kjnyXlxXn+iS07+5wD+yPn4BgI0jGQ=</latexit>

⌧ > 0

<latexit sha1_base64="WPqrSZMzBKBJTseonaZxwtTDtK0="></latexit>

h↵i↵j↵k↵li = h↵i↵jih↵k↵li+ h↵i↵kih↵j↵li+ h↵i↵lih↵j↵ki
Glasma Graph Approximation:

• One-point function:
<latexit sha1_base64="hh7yqqMd1nmFblrJWDzSr5dMqQ4="></latexit>

h"(⌧, x?)i = h"0i⇥ �(Qs1⌧, Qs2⌧)

• Two-point function:
<latexit sha1_base64="szdP8UEZ3t68VHa34Mfmn1xgU0Q="></latexit>
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ū

↵

j

0
,b

0

v

↵

⇥ �(|x? � u?|�⌧)

2⇡⌧

�(|x? � ū?|�⌧)
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<latexit sha1_base64="8t8Z0UFs/YHGsIIG39E3+ScHQh8="></latexit>
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<latexit sha1_base64="8t8Z0UFs/YHGsIIG39E3+ScHQh8="></latexit>
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⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧Glasma fields at                 Correlators at                   Glasma fields:     -evolution        Correlators:     -evolution

Glasma correlators at 
<latexit sha1_base64="iKY0PRDiBqudqLXTTbBpemlruOU=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV2FGRF1J0I3LCOYByRB6OjVJm54H3TVCCPkGXYm683/8Af/GTpyFJt7V6bq3oW4FqZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNk2RaYF0kKtGtgBtUMsY6SVLYSjXyKFDYDIY3U7/5iNrIJL6nUYp+xPuxDKXgZEeNDvHsyu2Wym7FnYktgpdDGXLVuqXPTi8RWYQxCcWNaXtuSv6Ya5JC4aTYyQymXAx5H9sWYx6h8cezbSfsOEw0owGy2ft3dswjY0ZRYDMRp4GZ96bD/7x2RuGlP5ZxmhHGwkasF2aKUcKmpVlPahSkRha40NJuycSAay7InqZo63vzZRehcVrxzivu3Vm5ep0fogCHcAQn4MEFVOEWalAHAQ/wDG/w7kjnyXlxXn+iS07+5wD+yPn4BgI0jGQ=</latexit>

⌧ > 0
• One-point function:

<latexit sha1_base64="hh7yqqMd1nmFblrJWDzSr5dMqQ4="></latexit>

h"(⌧, x?)i = h"0i⇥ �(Qs1⌧, Qs2⌧)

• Two-point function:
<latexit sha1_base64="szdP8UEZ3t68VHa34Mfmn1xgU0Q="></latexit>

h"(⌧, x?)"(⌧, y?)i=
g

4

4

(�

ij

�

kl

+ ✏

ij

✏

kl

)(�

i

0
j

0
�

k

0
l

0
+ ✏

i

0
j

0
✏

k

0
l

0
)f

abn

f

cdn

f

a

0
b

0
m

f

c

0
d

0
m

Z

p,k

Z

p̄,k̄

Z

u,v

Z
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ū,v̄

h↵i,a

u

↵

k,c

ū
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<latexit sha1_base64="8t8Z0UFs/YHGsIIG39E3+ScHQh8="></latexit>

h↵i,a
u ↵k,c

ū ↵i0,a0

v ↵k0,c0

v̄ i1h↵j,b
u ↵l,d

ū ↵j0,b0

v ↵l0,d0

v̄ i2

<latexit sha1_base64="8t8Z0UFs/YHGsIIG39E3+ScHQh8="></latexit>

h↵i,a
u ↵k,c
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<latexit sha1_base64="cYH+SGYpu8kqd8B1MKEblC/6Gm8="></latexit>
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⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

<latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧ <latexit sha1_base64="mN2P6hCNjsOa82UHtP1gqiZ6trY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHVZdOOygr1AG8pketIMnVyYORFK6SPoStSdL+QL+DYmNQtt/VffnP8fOP/xEiUN2faXVVpb39jcKm9Xdnb39g+qh0cdE6daYFvEKtY9jxtUMsI2SVLYSzTy0FPY9Sa3ud99RG1kHD3QNEE35ONI+lJwykcD4umwWrPr9kJsFZwCalCoNax+DkaxSEOMSChuTN+xE3JnXJMUCueVQWow4WLCx9jPMOIhGne22HXOzvxYMwqQLd6/szMeGjMNvSwTcgrMspcP//P6KfnX7kxGSUoYiSySeX6qGMUsr8xGUqMgNc2ACy2zLZkIuOaCssNUsvrOctlV6FzUnct6475Ra94UhyjDCZzCOThwBU24gxa0QUAAz/AG79bYerJerNefaMkq/hzDH1kf3xH1i+Y=</latexit>⌧Glasma fields at                 Correlators at                   Glasma fields:     -evolution        Correlators:     -evolution

•  Correlator decay significantly more pronounced under the MV model (both in space and 
time)

•  “Correlation length” growth: sign of a system that is approaching the hydrodynamical 
regime

Glasma correlators at 
<latexit sha1_base64="iKY0PRDiBqudqLXTTbBpemlruOU=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV2FGRF1J0I3LCOYByRB6OjVJm54H3TVCCPkGXYm683/8Af/GTpyFJt7V6bq3oW4FqZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNk2RaYF0kKtGtgBtUMsY6SVLYSjXyKFDYDIY3U7/5iNrIJL6nUYp+xPuxDKXgZEeNDvHsyu2Wym7FnYktgpdDGXLVuqXPTi8RWYQxCcWNaXtuSv6Ya5JC4aTYyQymXAx5H9sWYx6h8cezbSfsOEw0owGy2ft3dswjY0ZRYDMRp4GZ96bD/7x2RuGlP5ZxmhHGwkasF2aKUcKmpVlPahSkRha40NJuycSAay7InqZo63vzZRehcVrxzivu3Vm5ep0fogCHcAQn4MEFVOEWalAHAQ/wDG/w7kjnyXlxXn+iS07+5wD+yPn4BgI0jGQ=</latexit>

⌧ > 0
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<latexit sha1_base64="n4IqcWr3Q2bkRjHiQK+BXx6+OkY=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBg4RdH+gx6MVjAuYByRJmJ7PJmNmZZWZWCEv+wYsHRbz6P978GyfJHjSxoKGo6qa7K0w408bzvp3Cyura+kZxs7S1vbO75+4fNLVMFaENIrlU7RBrypmgDcMMp+1EURyHnLbC0d3Ubz1RpZkUD2ac0CDGA8EiRrCxUrPe090z1XPLXsWbAS0TPydlyFHruV/dviRpTIUhHGvd8b3EBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpiW6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIh+IsvL5PmecW/qFzVL8vV2zyOIhzBMZyCD9dQhXuoQQMIPMIzvMKbI50X5935mLcWnHzmEP7A+fwBJKOO2g==</latexit>

3

N2
c � 1

<latexit sha1_base64="0TCtE1bNup7g2DUgknynSolydaE=">AAAB+nicbVBNS8NAEJ34WetXqkcvwSJ4sSStoseiF09SwX5AG8Nmu2mXbjZhd6OUmJ/ixYMiXv0l3vw3btsctPXBwOO9GWbm+TGjUtn2t7G0vLK6tl7YKG5ube/smqW9lowSgUkTRywSHR9JwignTUUVI51YEBT6jLT90dXEbz8QIWnE79Q4Jm6IBpwGFCOlJc8s9QKBcFrL0pv7qodPnMwzy3bFnsJaJE5OypCj4ZlfvX6Ek5BwhRmSsuvYsXJTJBTFjGTFXiJJjPAIDUhXU45CIt10enpmHWmlbwWR0MWVNVV/T6QolHIc+rozRGoo572J+J/XTVRw4aaUx4kiHM8WBQmzVGRNcrD6VBCs2FgThAXVt1p4iHQWSqdV1CE48y8vkla14tQqZ7en5fplHkcBDuAQjsGBc6jDNTSgCRge4Rle4c14Ml6Md+Nj1rpk5DP78AfG5w9r45N1</latexit>
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<latexit sha1_base64="1FmljQda+K6B1P4nNG16FjCrZM8=">AAACK3icbZDLSsNAFIYn9VbjLerSzWARXEhJakVdCEU3LluwF2hCmEwn7dDJJMxMhBL6Pm58FRe68IJb38OkzcKm/jDw851zOHN+L2JUKtP81Eorq2vrG+VNfWt7Z3fP2D/oyDAWmLRxyELR85AkjHLSVlQx0osEQYHHSNcb32X17iMRkob8QU0i4gRoyKlPMVIpco3bliuhfQZthWJ4Y9q2vgCsIqgVQV13jYpZNWeCy8bKTQXkarrGqz0IcRwQrjBDUvYtM1JOgoSimJGpbseSRAiP0ZD0U8tRQKSTzG6dwpOUDKAfivRxBWf070SCAikngZd2BkiNZLGWwf9q/Vj5V05CeRQrwvF8kR8zqEKYBQcHVBCs2CQ1CAua/hXiERIIqzTeLASrePKy6dSq1nn1olWvNK7zOMrgCByDU2CBS9AA96AJ2gCDJ/AC3sGH9qy9aV/a97y1pOUzh2BB2s8vEOyiDA==</latexit>

(h"(x?)"(y?)i � h"(x?)ih"(y?)i) /(h"(x?)ih"(y?)i)
<latexit sha1_base64="5O61gr2oGF+ea0m9J2gbXb20/nk="></latexit>

<latexit sha1_base64="qdCZ+ORbCRk5WuwhkPBsHIzSd5E=">AAACCXicbZC7SgNBFIZn4y3G26qlzWAQrMKuiFpJ0EIbIYK5QBLC7ORsdsjshZmzIWHJE/gKttrbia1PYeuTOIkpNPGvvjn/f5jD7yVSaHScTyu3tLyyupZfL2xsbm3v2Lt7NR2nikOVxzJWDY9pkCKCKgqU0EgUsNCTUPf61xO/PgClRRw94CiBdsh6kfAFZ2hGHdtuIQwxu7mq07u4C3LcsYtOyZmKLoI7gyKZqdKxv1rdmKchRMgl07rpOgm2M6ZQcAnjQivVkDDeZz1oGoxYCLqdTS8f0yM/VhQDoNP372zGQq1HoWcyIcNAz3uT4b9eT7EkEHw49zP6F+1MREmKEHGzaDw/lRRjOqmFdoUCjnJkgHElzO2UB0wxjqa8ginFna9gEWonJfesdHp/WixfzurJkwNySI6JS85JmdySCqkSTgbkiTyTF+vRerXerPefaM6a7eyTP7I+vgHzpZpA</latexit>
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<latexit sha1_base64="n4IqcWr3Q2bkRjHiQK+BXx6+OkY=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBg4RdH+gx6MVjAuYByRJmJ7PJmNmZZWZWCEv+wYsHRbz6P978GyfJHjSxoKGo6qa7K0w408bzvp3Cyura+kZxs7S1vbO75+4fNLVMFaENIrlU7RBrypmgDcMMp+1EURyHnLbC0d3Ubz1RpZkUD2ac0CDGA8EiRrCxUrPe090z1XPLXsWbAS0TPydlyFHruV/dviRpTIUhHGvd8b3EBBlWhhFOJ6VuqmmCyQgPaMdSgWOqg2x27QSdWKWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpiW6CjIkkNVSQ+aIo5chINH0d9ZmixPCxJZgoZm9FZIgVJsYGVLIh+IsvL5PmecW/qFzVL8vV2zyOIhzBMZyCD9dQhXuoQQMIPMIzvMKbI50X5935mLcWnHzmEP7A+fwBJKOO2g==</latexit>

3

N2
c � 1

<latexit sha1_base64="0TCtE1bNup7g2DUgknynSolydaE=">AAAB+nicbVBNS8NAEJ34WetXqkcvwSJ4sSStoseiF09SwX5AG8Nmu2mXbjZhd6OUmJ/ixYMiXv0l3vw3btsctPXBwOO9GWbm+TGjUtn2t7G0vLK6tl7YKG5ube/smqW9lowSgUkTRywSHR9JwignTUUVI51YEBT6jLT90dXEbz8QIWnE79Q4Jm6IBpwGFCOlJc8s9QKBcFrL0pv7qodPnMwzy3bFnsJaJE5OypCj4ZlfvX6Ek5BwhRmSsuvYsXJTJBTFjGTFXiJJjPAIDUhXU45CIt10enpmHWmlbwWR0MWVNVV/T6QolHIc+rozRGoo572J+J/XTVRw4aaUx4kiHM8WBQmzVGRNcrD6VBCs2FgThAXVt1p4iHQWSqdV1CE48y8vkla14tQqZ7en5fplHkcBDuAQjsGBc6jDNTSgCRge4Rle4c14Ml6Md+Nj1rpk5DP78AfG5w9r45N1</latexit>

(h"(x?)"(y?)i � h"(x?)ih"(y?)i) /(h"(x?)ih"(y?)i)
<latexit sha1_base64="5O61gr2oGF+ea0m9J2gbXb20/nk="></latexit>

<latexit sha1_base64="F7zEKzeABKts5PcvffaW8CKDfSw=">AAACCHicbZC7SgNBFIZn4y3GS1YtbQaDYBV2JaiVBGxsAhHMBZIQZidns0NmL8yclYQlL+Ar2GpvJ7a+ha1P4iSm0MS/+ub8/2EOv5dIodFxPq3c2vrG5lZ+u7Czu7dftA8OmzpOFYcGj2Ws2h7TIEUEDRQooZ0oYKEnoeWNbmZ+6wGUFnF0j5MEeiEbRsIXnKEZ9e1iF2GMWa1Ja/EA5LRvl5yyMxddBXcBJbJQvW9/dQcxT0OIkEumdcd1EuxlTKHgEqaFbqohYXzEhtAxGLEQdC+bHz6lp36sKAZA5+/f2YyFWk9Cz2RChoFe9mbDf72hYkkg+HjpZ/SvepmIkhQh4mbReH4qKcZ01godCAUc5cQA40qY2ykPmGIcTXcFU4q7XMEqNM/L7kW5clcpVa8X9eTJMTkhZ8Qll6RKbkmdNAgnKXkiz+TFerRerTfr/SeasxY7R+SPrI9vaWiZ+Q==</latexit>

MV Model
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• But: this is not the whole story…
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•  After CGC breakdown (“late” pre-equilibrium?):

• Calculations at             :⌧=0+
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Kinetic theory?

A. Kurkela and E. Lu, Phys. Rev. Lett. 113 (2014) 182301 [1405.6318] 
A. Kurkela and Y. Zhu, Phys. Rev. Lett. 115 (2015) 182301 [1506.06647] 
L. Keegan, A. Kurkela, A. Mazeliauskas and D. Teaney, JHEP 08 (2016) 171 [1605.04287] 
A. Kurkela, A. Mazeliauskas, J.-F. Paquet, S. Schlichting and D. Teaney, Phys. Rev. C 99 (2019) 
034910 [1805.00961] 

Glasma correlators at 
<latexit sha1_base64="iKY0PRDiBqudqLXTTbBpemlruOU=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV2FGRF1J0I3LCOYByRB6OjVJm54H3TVCCPkGXYm683/8Af/GTpyFJt7V6bq3oW4FqZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNk2RaYF0kKtGtgBtUMsY6SVLYSjXyKFDYDIY3U7/5iNrIJL6nUYp+xPuxDKXgZEeNDvHsyu2Wym7FnYktgpdDGXLVuqXPTi8RWYQxCcWNaXtuSv6Ya5JC4aTYyQymXAx5H9sWYx6h8cezbSfsOEw0owGy2ft3dswjY0ZRYDMRp4GZ96bD/7x2RuGlP5ZxmhHGwkasF2aKUcKmpVlPahSkRha40NJuycSAay7InqZo63vzZRehcVrxzivu3Vm5ep0fogCHcAQn4MEFVOEWalAHAQ/wDG/w7kjnyXlxXn+iS07+5wD+yPn4BgI0jGQ=</latexit>

⌧ > 0
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PART III: Phenomenology

• Calculation of eccentricities
• Comparison to Monte Carlo model
• Comparison to experimental data
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Calculation of Eccentricities  	 	 Comparison to MC Model  	 	 Comparison to Experimental Data

Initial Stage Fluctuations in Heavy Ion Collisions

Random sampling of 
nucleon positions

y [fm]
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Figure 3
(left) An example of a PbPb collision at LHC with impact parameter b ⇡ 7 fm. Number of participants (solid) are counted
by nucleons that collide with any nucleon, whereas the number of binary collisions count all overlapping blue/red nucleon
pairs. Spectators (dashed) do not collide. (Fig. from (53).) (right) Rapidity distributions of charged hadrons, in the rest
frame of one of the nuclei, for AuAu collisions at 19.6 and 200 GeV (converted from pseudorapidity from (54) using a
simplified Jacobian) and for PbPb collisions at 5.02 TeV (55).

is the number of nucleons inside the left- and right-moving nuclei. We then call those
nucleons that do not encounter any nucleon from the other nucleus spectators (dashed
in Fig. 3). These nucleons continue traveling down the beam pipe, and the number of
spectators N

spec

can hence in principle be measured directly, although in practice this is
usually hard. In the gedanken experiment, all other ‘wounded’ or participating nucleons
collide with at least one other nucleon and make up the number N

part

(solid in Fig. 3,
by definition N

spec

+ N

part

= A

L

+ A

R

). It is unfortunate that N

spec

is not measurable
in practice, since if it were then N

part

could be determined directly. Lastly, if we imagine
the spheres as transparent we can also count the total number of encounters between left-
and right-moving nucleons, which we will call the number of binary collisions N

coll

. For
example, if one "nucleus" consists of 7 nucleons lined up in a row and it collides head-on
with a “nucleus” consisting of 4 nucleons in a row, N

part

= 11, N
coll

= 28, N
spec

= 0 and
the impact parameter b = 0. In a real central heavy ion collision a nucleon at the center of
one nucleus will on average hit about 12 nucleons from the other, but less if it is located at
the edge of the collision. So, N

coll

will then be much larger than N

part

, and even more so
for the more central collisions.

Participant: Nucleon
that collides with at
least one other
nucleon.

Spectator: Nucleon
that does not collide
and hence keeps on
moving along the
beam direction.

Binary collisions:
Total number of
nucleon pairs that
collide, assuming
transparency of the
collision.

In a pA collision, the probability of the proton hitting another nucleon is given by the
ratio �

pp

/�

pA

of inelastic scattering cross-sections. This makes it possible to determine that
on average N

coll

= N

part

� 1 = A�

pp

/�

pA

, which can be measured directly. Experimental
data on pA collisions with widely varying A and collision energies (going back to the 1970s
(56)) show that the number of particles produced in such collisions is proportional to N

part

to a good approximation. Although in AA collisions N

part

and N

coll

cannot be determined

14 Busza, Rajagopal and van der Schee

x [fm]
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Mapping of nucleons/
partons into energy 
density profile.

Initial state deformation 
characterized by 
eccentricities

• Traditional modelization of the initial stage: Glauber Montecarlo Ansatz
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•  Our approach:
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CGC calculation of 
energy density 
correlators

Initial state deformation 
characterized by 
eccentricities

<latexit sha1_base64="o8WmEmCm0h5porI6KTPxJ0gZeDU=">AAAB+XicbZC9TsMwFIUdfkv5CyCxsERUSGWpEoSAsYKFsUj0R2qiyHFvWquOY9lORRX6MDAhYOM1eAHeBrdkgJYzfb7nWLr3RIJRpV33y1paXlldWy9tlDe3tnd27b39lkozSaBJUpbKToQVMMqhqalm0BEScBIxaEfDm6nfHoFUNOX3eiwgSHCf05gSrM0otA/9EZYgFGUprz6EuS9AislpaFfcmjuTswheARVUqBHan34vJVkCXBOGlep6rtBBjqWmhMGk7GcKBCZD3IeuQY4TUEE+23/inMSpdPQAnNn7dzbHiVLjJDKZBOuBmvemw/+8bqbjqyCnXGQaODER48UZc3TqTGtwelQC0WxsABNJzZYOGWCJiTZllc353vyxi9A6q3kXNffuvFK/LooooSN0jKrIQ5eojm5RAzURQY/oGb2hdyu3nqwX6/UnumQVfw7QH1kf3zIpk/M=</latexit>

"

(x
?
)

<latexit sha1_base64="UKNTAjCzUEfff5of+zEA4eq7WSQ=">AAACUXicdZHNT8IwGMa7gYrgB+rRyyIxwQvZjFEvJkQvHjGRj4Qh6co7aOi6pe1IyNx/6E0v/il6suAwAvpe+uv7PG/S96kXMSqVbb8bZi6/sblV2C6Wdnb39ssHhy0ZxoJAk4QsFB0PS2CUQ1NRxaATCcCBx6Dtje9mensCQtKQP6ppBL0ADzn1KcFKt/pl7kIkKdPIb1xfYJK4lKt+4np+ItN0cT5xd4JFZq0uumfpsvv5B/7z98sVu2bPy1oHJ4MKyqrRL7+4g5DEAXBFGJay69iR6iVYKEoYpEU3lhBhMsZD6GrkOADZS+a5pNapHwpLjcCa3397ExxIOQ087QmwGslVbdb8S+vGyr/uJZRHsQJOtEVrfswsFVqzeK0BFUAUm2rARFD9SouMsM5V6U8o6vWd1WXXoXVecy5r9sNFpX6bBVFAx+gEVZGDrlAd3aMGaiKC3tCnkTPyxqvxYSLT/LaaRjZzhJbKLH0BQYO3hA==</latexit>

✏n =

R
s s

n"(s)R
s |s|n"(s)

<latexit sha1_base64="8cWUZ0ER5mCNZUNuUukDJBEPagA=">AAACRnicfVDLTgJBEOzFF+IL9ehlI9Hghewaox6JXjxiIo+EJWR2aGDi7OxkZpZINvyfJv6AP6Eno94ckAOCsU7VVdVJd4WSM20878XJLC2vrK5l13Mbm1vbO/ndvZqOE0WxSmMeq0ZINHImsGqY4diQCkkUcqyH99djvz5ApVks7sxQYisiPcG6jBJjpXaeBpyIHsdgQBRKzXgsig/tNJCo5OgkUBPzOAhy/+dm1OHCdjtf8EreBO4i8aekAFNU2vnnoBPTJEJhKCdaN31PmlZKlGGU4ygXJBolofekh01LBYlQt9JJGSP3qBsr1/TRncyz2ZREWg+j0GYiYvp63huLf3nNxHQvWykTMjEoqI1Yr5tw18TuuFO3wxRSw4eWEKqYvdKlfaIINbb5nH3fn392kdROS/55ybs9K5SvpkVk4QAOoQg+XEAZbqACVaDwBG/wCV/Oo/PqvDsfP9GMM93Zh1/IwDdMYrPx</latexit>

h"(x?)i
h"(x?)"(y?)i

x

<latexit sha1_base64="8BcaLh0ZIO8H/XlxUDxRJyrxEt8=">AAAB4nicbZDNTgIxFIXv4B/iH+rSTSMxcUVm0ESXRDcuIZGfBCakU+5AQzszaTtGMuEFdGXUnY/kC/g2FpyFgmf19Z7T5J4bJIJr47pfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5nfudB1Sax9G9mSboSzqKeMgZNXbUfByUK27VXYisgpdDBXI1BuXP/jBmqcTIMEG17nluYvyMKsOZwFmpn2pMKJvQEfYsRlSi9rPFojNyFsaKmDGSxft3NqNS66kMbEZSM9bL3nz4n9dLTXjtZzxKUoMRsxHrhakgJibzvmTIFTIjphYoU9xuSdiYKsqMvUrJ1veWy65Cu1b1Lqq15mWlfpMfoggncArn4MEV1OEOGtACBgjP8AbvztB5cl6c159owcn/HMMfOR/f3IeKlQ==</latexit>

y
<latexit sha1_base64="Na6a2z7s3UEiyGQQ6im4qwiySpE=">AAAB4nicbZDNSsNAFIVv/K31r+rSzWARXJWkCrosunHZgv2BNpTJ9KYdOpmEmYkQQl9AV6LufCRfwLdxWrPQ1rP65p4zcM8NEsG1cd0vZ219Y3Nru7RT3t3bPzisHB13dJwqhm0Wi1j1AqpRcIltw43AXqKQRoHAbjC9m/vdR1Sax/LBZAn6ER1LHnJGjR21smGl6tbchcgqeAVUoVBzWPkcjGKWRigNE1Trvucmxs+pMpwJnJUHqcaEsikdY9+ipBFqP18sOiPnYayImSBZvH9ncxppnUWBzUTUTPSyNx/+5/VTE974OZdJalAyG7FemApiYjLvS0ZcITMis0CZ4nZLwiZUUWbsVcq2vrdcdhU69Zp3Wau3rqqN2+IQJTiFM7gAD66hAffQhDYwQHiGN3h3Rs6T8+K8/kTXnOLPCfyR8/EN3gWKlg==</latexit>

⇢ =
<latexit sha1_base64="8dx9+rqfcBAKV0GMq4HBNnFLujs=">AAAB5nicbZDNSsNAFIVv/K31r+rSzWARXJWkCroRim5cVjBtoQ1lMr1phk4yYWYilNJX0JWoOx/IF/BtnNYstPWsvrnnDNxzw0xwbVz3y1lZXVvf2Cxtlbd3dvf2KweHLS1zxdBnUkjVCalGwVP0DTcCO5lCmoQC2+Hodua3H1FpLtMHM84wSOgw5RFn1NiR31OxvO5Xqm7NnYssg1dAFQo1+5XP3kCyPMHUMEG17npuZoIJVYYzgdNyL9eYUTaiQ+xaTGmCOpjMl52S00gqYmIk8/fv7IQmWo+T0GYSamK96M2G/3nd3ERXwYSnWW4wZTZivSgXxEgy60wGXCEzYmyBMsXtloTFVFFm7GXKtr63WHYZWvWad16r319UGzfFIUpwDCdwBh5cQgPuoAk+MODwDG/w7sTOk/PivP5EV5zizxH8kfPxDZBpjCc=</latexit>

Primordial fluctuations

Calculation of eccentricities
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Calculation of eccentricities

with

• Under this assumption we can obtain analytical expressions for the eccentricity cumulants:

<latexit sha1_base64="cNKUkO/dV8DePc8P92/jdOhOo7E=">AAACO3icbZBLSwMxFIUzPmt9VV26GSyCIpQZEXUjFN24rGBroTMMd9LbNpjJhCRTLEN/mv4C/4BrXYm6c29au/DRszq53wnce2LJmTae9+TMzM7NLywWlorLK6tr66WNzYZOM0WxTlOeqmYMGjkTWDfMcGxKhZDEHG/i24sRv+mj0iwV12YgMUygK1iHUTB2FJWaQR8USs14KvbuojyQqORw/yzgILocp9NAjeFB0EZuYHomKpW9ijeW+9/4E1MmE9Wi0mPQTmmWoDCUg9Yt35MmzEEZRjkOi0GmUQK9hS62rBWQoA7zcQNDd7eTKtf00B2/f2ZzSLQeJLHNJGB6+i8bDaexVmY6p2HOhMwMCmojlnUy7prUHRXptplCavjAGqCK2S1d2gMF1Ni6i/Z8/++x/03jsOIfV7yro3L1fFJEgWyTHbJHfHJCquSS1EidUPJAXsg7+XDunWfn1Xn7js44kz9b5Jeczy9bzrCd</latexit>

"(x?) = h"(x?)i+ �"(x?)
<latexit sha1_base64="SccAV6Ymw16hI3hFbDftQUyNQ2w=">AAACJnicbVDLSgNBEJyN7/iKevSyGIR4Cbsi6jHoxaOCeUA2hN5JZzNkdnaYmQ2GJf+j/yJ6EvXmpzh5HDRJnaq7qqGrQsmZNp737eRWVtfWNza38ts7u3v7hYPDmk5SRbFKE56oRggaORNYNcxwbEiFEIcc62H/dqzXB6g0S8SjGUpsxRAJ1mUUjF21C7cBBxFxDAagUGrGE1F6ameBRCVHZ4GailEUdJAbWO5qF4pe2ZvAXST+jBTJDPftwmvQSWgaozCUg9ZN35OmlYEyjHIc5YNUowTahwiblgqIUbeySdiRe9pNlGt66E7mv94MYq2HcWg9MZientfGy2VaMzXd61bGhEwNCmotVuum3DWJO+7M7TCF1PChJUAVs1+6tAcKqLHN5m18fz7sIqmdl/3LsvdwUazczIrYJMfkhJSIT65IhdyRe1IllLyQd/JFvp1n5835cD6n1pwzuzki/+D8/ALDpKe7</latexit>

h"(x?)i � �"(x?)

<latexit sha1_base64="5EXXM+YYAIrZjsKDh/4AMBf6W40="></latexit>

✏2{4} ⇠
R
s s

2h"(s)iR
s |s|2h"(s)i

<latexit sha1_base64="ciGSV9VJ/23/dDTymi7N+QKlF6M="></latexit>

h✏3✏⇤3i = ✏3{2}2 =

R
s1,s2

(s1)3(s⇤2)
3
Cov["](s1, s2)

�R
s |s|3h"(s)i

�2
<latexit sha1_base64="YAaDQjePZN0kq8mmU6NxfoRDaSI="></latexit>

h✏2✏⇤2i = ✏2{2}2 =

R
s1,s2

|s|4Cov["](s1, s2)
�R

s |s|2h"(s)i
�2 +

R
s s

2h"(s)iR
s |s|2h"(s)i

Blaizot, Broniowski, Ollitrault [1405.3572]

• where                is the average energy density and 

     encodes the fluctuations around the average.

<latexit sha1_base64="IVGT8iSvjsUezT3wzIXI24EdS7A=">AAACDnicbVA9SwNBEN3zM8avqKXNYQjEJtyJqGXQxjKC+YBcCHubuWTJ3t6xOxcMR36BjX/FxkIRW2s7/42bSwpNfDDweG+GmXl+LLhGx/m2VlbX1jc2c1v57Z3dvf3CwWFDR4liUGeRiFTLpxoEl1BHjgJasQIa+gKa/vBm6jdHoDSP5D2OY+iEtC95wBlFI3ULJU9Q2RfgjaiCWHMRybKH8IB+kOrJqacyt1soOhUng71M3Dkpkjlq3cKX14tYEoJEJqjWbdeJsZNShZwJmOS9RENM2ZD2oW2opCHoTpq9M7FLRunZQaRMSbQz9fdESkOtx6FvOkOKA73oTcX/vHaCwVUn5TJOECSbLQoSYWNkT7Oxe1wBQzE2hDLFza02G1BFGZoE8yYEd/HlZdI4q7gXFefuvFi9nseRI8fkhJSJSy5JldySGqkTRh7JM3klb9aT9WK9Wx+z1hVrPnNE/sD6/AGHl50K</latexit>

h"(s)i
<latexit sha1_base64="/eFnCMVGtA7sjGT3GqlqwGVW458="></latexit>

Cov ["] (s1, s2) = h"(s1)"(s2)i � h"(s1)ih"(s2)i

Q2
s(s) = Q2

s0T (s)/T (0)
<latexit sha1_base64="y62zoIF+tDatWY4fyZnMDSletCc=">AAACEnicbZDLSsNAFIYnXmu9RV26CRahbtqkCroRim5cttAbtDFMpift0MmFmYlQQt5CX0ZXou76Ar6NkxpQW//Vd/7/H5hz3IhRIU3zU1tZXVvf2CxsFbd3dvf29YPDjghjTqBNQhbynosFMBpAW1LJoBdxwL7LoOtObrO8+wBc0DBoyWkEto9HAfUowVJZjl5t3tccUU4GrpeIND27zuZEmGnrx6vmbCp29JJZMecylsHKoYRyNRx9NhiGJPYhkIRhIfqWGUk7wVxSwiAtDmIBESYTPIK+wgD7IOxkvlhqnHohN+QYjPn8u5tgX4ip76qOj+VYLGaZ+V/Wj6V3ZSc0iGIJAVEVlXkxM2RoZPcxhpQDkWyqABNO1S8NMsYcE6muWFTrW4vLLkOnVrHOK7XmRal+kx+igI7RCSojC12iOrpDDdRGBD2hF/SOPrRH7Vl71d6+qyta/uYI/ZE2+wILLZ0B</latexit>

• We make our saturation scale proportional to the integrated nuclear density:

s = x+ iy

<latexit sha1_base64="6WcKoEKNaXK/NVJMoeS2Ra+YY4g=">AAAB8nicbVDLSsNAFL2pr1ofjbp0EyyCIJSkCroRim5cVrAPaEOZTCft0MmDmRsxhP6IrkTd+Sn+gH/jpGahrWd17j3nwjnXiwVXaNtfRmlldW19o7xZ2dre2a2ae/sdFSWSsjaNRCR7HlFM8JC1kaNgvVgyEniCdb3pTa53H5hUPArvMY2ZG5BxyH1OCerV0KwOAoITz8/U7OrxlKdDs2bX7TmsZeIUpAYFWkPzczCKaBKwEKkgSvUdO0Y3IxI5FWxWGSSKxYROyZj1NQ1JwJSbzYPPrGM/khZOmDWff3szEiiVBp725AHVopYv/9P6CfqXbsbDOEEWUm3Rmp8ICyMr72+NuGQURaoJoZLrlBadEEko6i9VdH1nsewy6TTqzlm9cXdea14XjyjDIRzBCThwAU24hRa0gUICz/AG7wYaT8aL8fpjLRnFzQH8gfHxDbzhkNU=</latexit>

with
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• Under this assumption we can obtain analytical expressions for the eccentricity cumulants:

<latexit sha1_base64="cNKUkO/dV8DePc8P92/jdOhOo7E=">AAACO3icbZBLSwMxFIUzPmt9VV26GSyCIpQZEXUjFN24rGBroTMMd9LbNpjJhCRTLEN/mv4C/4BrXYm6c29au/DRszq53wnce2LJmTae9+TMzM7NLywWlorLK6tr66WNzYZOM0WxTlOeqmYMGjkTWDfMcGxKhZDEHG/i24sRv+mj0iwV12YgMUygK1iHUTB2FJWaQR8USs14KvbuojyQqORw/yzgILocp9NAjeFB0EZuYHomKpW9ijeW+9/4E1MmE9Wi0mPQTmmWoDCUg9Yt35MmzEEZRjkOi0GmUQK9hS62rBWQoA7zcQNDd7eTKtf00B2/f2ZzSLQeJLHNJGB6+i8bDaexVmY6p2HOhMwMCmojlnUy7prUHRXptplCavjAGqCK2S1d2gMF1Ni6i/Z8/++x/03jsOIfV7yro3L1fFJEgWyTHbJHfHJCquSS1EidUPJAXsg7+XDunWfn1Xn7js44kz9b5Jeczy9bzrCd</latexit>

"(x?) = h"(x?)i+ �"(x?)
<latexit sha1_base64="SccAV6Ymw16hI3hFbDftQUyNQ2w=">AAACJnicbVDLSgNBEJyN7/iKevSyGIR4Cbsi6jHoxaOCeUA2hN5JZzNkdnaYmQ2GJf+j/yJ6EvXmpzh5HDRJnaq7qqGrQsmZNp737eRWVtfWNza38ts7u3v7hYPDmk5SRbFKE56oRggaORNYNcxwbEiFEIcc62H/dqzXB6g0S8SjGUpsxRAJ1mUUjF21C7cBBxFxDAagUGrGE1F6ameBRCVHZ4GailEUdJAbWO5qF4pe2ZvAXST+jBTJDPftwmvQSWgaozCUg9ZN35OmlYEyjHIc5YNUowTahwiblgqIUbeySdiRe9pNlGt66E7mv94MYq2HcWg9MZientfGy2VaMzXd61bGhEwNCmotVuum3DWJO+7M7TCF1PChJUAVs1+6tAcKqLHN5m18fz7sIqmdl/3LsvdwUazczIrYJMfkhJSIT65IhdyRe1IllLyQd/JFvp1n5835cD6n1pwzuzki/+D8/ALDpKe7</latexit>

h"(x?)i � �"(x?)

<latexit sha1_base64="5EXXM+YYAIrZjsKDh/4AMBf6W40="></latexit>

✏2{4} ⇠
R
s s

2h"(s)iR
s |s|2h"(s)i

<latexit sha1_base64="ciGSV9VJ/23/dDTymi7N+QKlF6M="></latexit>

h✏3✏⇤3i = ✏3{2}2 =

R
s1,s2

(s1)3(s⇤2)
3
Cov["](s1, s2)

�R
s |s|3h"(s)i

�2
<latexit sha1_base64="YAaDQjePZN0kq8mmU6NxfoRDaSI="></latexit>

h✏2✏⇤2i = ✏2{2}2 =

R
s1,s2

|s|4Cov["](s1, s2)
�R

s |s|2h"(s)i
�2 +

R
s s

2h"(s)iR
s |s|2h"(s)i

Blaizot, Broniowski, Ollitrault [1405.3572]

• where                is the average energy density and 

     encodes the fluctuations around the average.

<latexit sha1_base64="IVGT8iSvjsUezT3wzIXI24EdS7A=">AAACDnicbVA9SwNBEN3zM8avqKXNYQjEJtyJqGXQxjKC+YBcCHubuWTJ3t6xOxcMR36BjX/FxkIRW2s7/42bSwpNfDDweG+GmXl+LLhGx/m2VlbX1jc2c1v57Z3dvf3CwWFDR4liUGeRiFTLpxoEl1BHjgJasQIa+gKa/vBm6jdHoDSP5D2OY+iEtC95wBlFI3ULJU9Q2RfgjaiCWHMRybKH8IB+kOrJqacyt1soOhUng71M3Dkpkjlq3cKX14tYEoJEJqjWbdeJsZNShZwJmOS9RENM2ZD2oW2opCHoTpq9M7FLRunZQaRMSbQz9fdESkOtx6FvOkOKA73oTcX/vHaCwVUn5TJOECSbLQoSYWNkT7Oxe1wBQzE2hDLFza02G1BFGZoE8yYEd/HlZdI4q7gXFefuvFi9nseRI8fkhJSJSy5JldySGqkTRh7JM3klb9aT9WK9Wx+z1hVrPnNE/sD6/AGHl50K</latexit>

h"(s)i
<latexit sha1_base64="/eFnCMVGtA7sjGT3GqlqwGVW458="></latexit>

Cov ["] (s1, s2) = h"(s1)"(s2)i � h"(s1)ih"(s2)i

} Dominated by
<latexit sha1_base64="c7Nakh+HDrRxEg0dDa4eD3+A36E=">AAACHXicbVDJSsRAEO24O26jHr0EB0EvQyKiHkUvHhWcBSYhdHoqmcZOd+iuDA5hfsSLv+LFgyIevIh/Y89ycHtQ8Hiviqp6cS64Qc/7dGZm5+YXFpeWKyura+sb1c2tplGFZtBgSijdjqkBwSU0kKOAdq6BZrGAVnx7MfJbfdCGK3mDgxzCjKaSJ5xRtFJUPQoEz6LyOjI6SFN/GCDcYXmh+sNAQIKdoE815IYLJQPN0x6G+/ogqta8ujeG+5f4U1IjU1xF1fegq1iRgUQmqDEd38sxLKlGzgQMK0FhIKfslqbQsVTSDExYjr8buntW6bqJ0rYkumP1+0RJM2MGWWw7M4o989sbif95nQKT07DkMi8QJJssSgrhonJHUbldroGhGFhCmeb2Vpf1qKYMbaAVG4L/++W/pHlY94/r/vVR7ex8GscS2SG7ZJ/45ISckUtyRRqEkXvySJ7Ji/PgPDmvztukdcaZzmyTH3A+vgChCKN6</latexit>

lim

Qsr�1
Cov ["] (r)

Q2
s(s) = Q2

s0T (s)/T (0)
<latexit sha1_base64="y62zoIF+tDatWY4fyZnMDSletCc=">AAACEnicbZDLSsNAFIYnXmu9RV26CRahbtqkCroRim5cttAbtDFMpift0MmFmYlQQt5CX0ZXou76Ar6NkxpQW//Vd/7/H5hz3IhRIU3zU1tZXVvf2CxsFbd3dvf29YPDjghjTqBNQhbynosFMBpAW1LJoBdxwL7LoOtObrO8+wBc0DBoyWkEto9HAfUowVJZjl5t3tccUU4GrpeIND27zuZEmGnrx6vmbCp29JJZMecylsHKoYRyNRx9NhiGJPYhkIRhIfqWGUk7wVxSwiAtDmIBESYTPIK+wgD7IOxkvlhqnHohN+QYjPn8u5tgX4ip76qOj+VYLGaZ+V/Wj6V3ZSc0iGIJAVEVlXkxM2RoZPcxhpQDkWyqABNO1S8NMsYcE6muWFTrW4vLLkOnVrHOK7XmRal+kx+igI7RCSojC12iOrpDDdRGBD2hF/SOPrRH7Vl71d6+qyta/uYI/ZE2+wILLZ0B</latexit>

• We make our saturation scale proportional to the integrated nuclear density:
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Glasma correlators at ⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

J.L.Albacete, Cyrille Marquet, PGR, JHEP 1901 (2019) 073 [1808.00795]
26

• Agreement in the             limit. Strong discrepancies in the                   limit.r ! 0
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• This slowly decaying behavior could potentially have an impact in infrared-
sensitive observables built from this quantity, such as the eccentricities
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FIG. 1. Anisotropy fluctuations as function of impact parameter in 5.02 TeV Pb+Pb collisions. The solid line in panel (a)
corresponds to Eq. (8), while in panels (b) and (d) it corresponds to Eqs. (11). The calculation is performed for Qs0 = 1.24
GeV and m = 0.14 GeV. Dotted lines correspond to the TRENTo model tuned to LHC data [51]. Symbols in panels (c) and
(d) are results from the IP-Glasma model [21].

and m = 0.14 GeV. We note that, with this choice of the
parameters, CGC and TRENTo give similar results. For
both models, fluctuations (as measured by �

2 and "3{2}
in panels (b) and (d)) increase as a function of impact
parameter, which is understood as a natural consequence
of the smaller system size. A closer examination reveals
that the increase is milder in our CGC calculation. This
feature turns out to be crucial for phenomenological ap-
plications, as we shall discuss in Sec. V.

Finally, for completeness we show as well results from
the IP-Glasma model [21] in Fig. 1 (c), (d). As ex-
pected from previous comparisons [53, 54], IP-Glasma
results turn out to be essentially identical to those of the
TRENTo model, and therefore di↵er somewhat from our
Glasma calculation.

Note that the CGC framework uses expressions for
h⇢(s)i and S(s1, s2) that describe the system right af-
ter the collision takes place, whereas TRENTo gives the
entropy profile of the system at the beginning of hydro-
dynamics. This di↵erence is not important, as classi-
cal Yang-Mills evolution to a finite proper time does not
modify the values of "n [54].

V. COMPARISON WITH RHIC AND LHC
DATA

We now compare our CGC calculations to experimen-
tal data on v2{2}, v2{4} and v3{2} in Pb+Pb collisions
at

p
sNN = 5.02 TeV [55], and in Au+Au collisions

at
p

sNN = 200 GeV [56]. We restrict our theory-to-
data comparison to the 0-30% centrality range, in which
n is essentially constant in hydrodynamics [32]. We
use the geometric relation between the impact param-
eter and the centrality of a collision to express our re-
sults as function of the centrality percentile,3 i.e., we
use centrality = (⇡b

2)/�inel, where �inel is the inelas-
tic nucleus-nucleus cross section, which we take from the
Glauber model: �inel = 685 fm2 for Au+Au collisions,
and �inel = 767 fm2 for Pb+Pb collisions. Linear hydro-
dynamic response implies the following relations between

3 Note that in experiment, the centrality of the collision is defined
in a di↵erent way. However, the geometric definition is a very
good approximation in practice, except for the most central col-
lisions [57].
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We reproduce the 
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FIG. 1. Anisotropy fluctuations as function of impact parameter in 5.02 TeV Pb+Pb collisions. The solid line in panel (a)
corresponds to Eq. (8), while in panels (b) and (d) it corresponds to Eqs. (11). The calculation is performed for Qs0 = 1.24
GeV and m = 0.14 GeV. Dotted lines correspond to the TRENTo model tuned to LHC data [51]. Symbols in panels (c) and
(d) are results from the IP-Glasma model [21].

and m = 0.14 GeV. We note that, with this choice of the
parameters, CGC and TRENTo give similar results. For
both models, fluctuations (as measured by �

2 and "3{2}
in panels (b) and (d)) increase as a function of impact
parameter, which is understood as a natural consequence
of the smaller system size. A closer examination reveals
that the increase is milder in our CGC calculation. This
feature turns out to be crucial for phenomenological ap-
plications, as we shall discuss in Sec. V.

Finally, for completeness we show as well results from
the IP-Glasma model [21] in Fig. 1 (c), (d). As ex-
pected from previous comparisons [53, 54], IP-Glasma
results turn out to be essentially identical to those of the
TRENTo model, and therefore di↵er somewhat from our
Glasma calculation.

Note that the CGC framework uses expressions for
h⇢(s)i and S(s1, s2) that describe the system right af-
ter the collision takes place, whereas TRENTo gives the
entropy profile of the system at the beginning of hydro-
dynamics. This di↵erence is not important, as classi-
cal Yang-Mills evolution to a finite proper time does not
modify the values of "n [54].

V. COMPARISON WITH RHIC AND LHC
DATA

We now compare our CGC calculations to experimen-
tal data on v2{2}, v2{4} and v3{2} in Pb+Pb collisions
at

p
sNN = 5.02 TeV [55], and in Au+Au collisions

at
p

sNN = 200 GeV [56]. We restrict our theory-to-
data comparison to the 0-30% centrality range, in which
n is essentially constant in hydrodynamics [32]. We
use the geometric relation between the impact param-
eter and the centrality of a collision to express our re-
sults as function of the centrality percentile,3 i.e., we
use centrality = (⇡b

2)/�inel, where �inel is the inelas-
tic nucleus-nucleus cross section, which we take from the
Glauber model: �inel = 685 fm2 for Au+Au collisions,
and �inel = 767 fm2 for Pb+Pb collisions. Linear hydro-
dynamic response implies the following relations between

3 Note that in experiment, the centrality of the collision is defined
in a di↵erent way. However, the geometric definition is a very
good approximation in practice, except for the most central col-
lisions [57].

• CGC-based method differs from MC model in description of energy density 
fluctuations

Qs0 = 1.35 GeV
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And other anisotropies v
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• some events have large v2 — elliptic flow
• some events have large v3 — triangular flow
• or something mixed, or. . .
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• all coe�cients vn finite

dN

dyd�

=

dN

dy

"
1 +

X

n

2vn cos(2(�� n))

#

P. Huovinen @ eQCD 2015, March 9, 2015 8/32

• Elliptic deformation largely determined by the geometry of the collision
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• We want to relate our calculations to experimental data on azimuthal anisotropy
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• A linear relation is observed (in central collisions)

  

[Noronha-Hostler, Yan, Gardim, Ollitrault, 
arXiv 1511:03869]

[Niemi, Eskola, Patelaainen, arXiv 1505:02677]

If true in every event, 
then it applies as well to 

averaged quantities, 
relevant for experiments. 

Hydrodynamic simulations indicate 
that the relation is linear:

K2

K3
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Niemi, Eskola and Patelaainen [1505.02677]

q
hv22i = v2{2} = 2"2{2}

4

q
2hv22i2 � hv42i = v2{4} = 2"2{4}

q
hv23i = v3{2} = 3"3{2}
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- the response coefficients are compatible with state-of-the-art hydro simulations 
- Qs(LHC) > Qs(RHIC) explains more eccentricity fluctuations at RHIC 

- v2{4} simply probes the average geometry, we use it to fix κ2 

- then, with a reasonable Qs value, we can reproduce the fluctuations in v2{2} LHC data: Pb+Pb,
p
s = 5.02 TeV
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RHIC data: Au+Au,
p
s = 200 GeV

<latexit sha1_base64="+y1VFxeaSH0V8R/u8yuS7nGTR7o=">AAACE3icbVDLSgNBEJz1bXxFPXoZDIKghN0oKIJiyMF4i2ISIQlhdtIxg7MPZ3rFsOxn6M/oSdSTfoB/4yTuQaN1qu6qhq5yQyk02vanNTY+MTk1PTObmZtfWFzKLq/UdBApDlUeyEBdukyDFD5UUaCEy1AB81wJdfe6NNDrt6C0CPwL7IfQ8tiVL7qCMzSrdtZuItxhfF4+LdEOQ3ZAi9FWMdqmSVPfKIx1cliwUxM9gVrSzubsvD0E/UuclORIiko7+97sBDzywEcumdYNxw6xFTOFgktIMs1IQ8j4NbuChqE+80C34mGyhG50A0WxB3Q4//TGzNO677nG4zHs6VFtsPxPa0TY3W/Fwg8jBJ8bi9G6kaQY0EFBtCMUcJR9QxhXwnxJeY8pxtHUmDHxndGwf0mtkHd28oWz3dzxUVrEDFkj62STOGSPHJMyqZAq4eSBPJFX8mbdW4/Ws/XybR2z0ptV8gvWxxcSsZzx</latexit>

Comparison to data

centrality [%] = (⇡b2)/�inel
<latexit sha1_base64="ZJPBgLdaC6PnGtVc11R7X91DSrw="></latexit>

centrality [%] = (⇡b2)/�inel
<latexit sha1_base64="ZJPBgLdaC6PnGtVc11R7X91DSrw="></latexit>

• The value of        is fixed by fitting to            data (which probes average geometry)v2{4}
<latexit sha1_base64="pw0LnoFCRVAHMKh8jBnDrMhSXJw=">AAAB6XicbZDLSsNAFIZP6q3WW9Slm8EiuCpJLeiy6MZlBXuBJpTJ9KQdOrkwMymU0IfQlag7X8cX8G2c1iy09V99c/5/4PwnSAVX2nG+rNLG5tb2Tnm3srd/cHhkH590VJJJhm2WiET2AqpQ8BjbmmuBvVQijQKB3WByt/C7U5SKJ/GjnqXoR3QU85Azqs2oNx3UvbzhzQd21ak5S5F1cAuoQqHWwP70hgnLIow1E1Spvuuk2s+p1JwJnFe8TGFK2YSOsG8wphEqP1/uOycXYSKJHiNZvn9ncxopNYsCk4moHqtVbzH8z+tnOrzxcx6nmcaYmYjxwkwQnZBFbTLkEpkWMwOUSW62JGxMJWXaHKdi6rurZdehU6+5V7X6Q6PavC0OUYYzOIdLcOEamnAPLWgDAwHP8Abv1sR6sl6s159oySr+nMIfWR/fkLuNTg==</latexit>

2
<latexit sha1_base64="fGJn2/P1ncvMQqU0WwfMItGrgKo=">AAAB6XicbZDNSsNAFIVv6l+tf1WXbgaL4KokVdBl0Y3LCvYH2lBuppN2yCQZZiZCCX0IXYm683V8Ad/Gac1CW8/qm3vOwD03kIJr47pfTmltfWNzq7xd2dnd2z+oHh51dJopyto0FanqBaiZ4AlrG24E60nFMA4E6wbR7dzvPjKleZo8mKlkfozjhIecorGj3iBCKXHYGFZrbt1diKyCV0ANCrWG1c/BKKVZzBJDBWrd91xp/ByV4VSwWWWQaSaRRjhmfYsJxkz7+WLfGTkLU0XMhJHF+3c2x1jraRzYTIxmope9+fA/r5+Z8NrPeSIzwxJqI9YLM0FMSua1yYgrRo2YWkCquN2S0AkqpMYep2Lre8tlV6HTqHsX9cb9Za15UxyiDCdwCufgwRU04Q5a0AYKAp7hDd6dyHlyXpzXn2jJKf4cwx85H9+oJo1d</latexit>

• The resulting response coefficients are comparable to latest results from state-of-the-
art hydrodynamical simulations

G.Giacalone, M.Luzum, C.Marquet, J-Y.Ollitrault, PGR, Phys.Rev.C 100 (2019) 024905 [1902.07168] 
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PART IV: Future prospects and conclusions

• Eccentricities:     -evolution 
• Hot Spots + gluon field fluctuations:     -evolution
• Applications in Chiral Magnetic Effect studies
• Conclusions

<latexit sha1_base64="2GgSPI2fdl0f9IMPA68xU6XXUC4=">AAAB+3icbZC7TsNAEEXH4RXCK0BJYxEhUUU2QkAZQUMZJPKQEitab8bxKuuHdseIKMov0EJPh2j5GFq+hHVwAQm3Ojv3jnZ0/VQKTY7zaZVWVtfWN8qbla3tnd296v5BWyeZ4tjiiUxU12capYixRYIkdlOFLPIldvzxTe53HlBpkcT3NEnRi9goFoHgjPJRn1g2qNacujOXvQxuATUo1BxUv/rDhGcRxsQl07rnOil5U6ZIcImzSj/TmDI+ZiPsGYxZhNqbzm+d2SdBomwK0Z6/f2enLNJ6EvkmEzEK9aKXD//1RoqloeCPCz9TcOVNRZxmhDE3i8YLMmlTYudF2EOhkJOcGGBcCXO7zUOmGCdTV8WU4i5WsAzts7p7UT+/O681rot6ynAEx3AKLlxCA26hCS3gEMITPMOLNbNerTfr/SdasoqdQ/gj6+MbpUmVNw==</latexit>⌧
<latexit sha1_base64="2GgSPI2fdl0f9IMPA68xU6XXUC4=">AAAB+3icbZC7TsNAEEXH4RXCK0BJYxEhUUU2QkAZQUMZJPKQEitab8bxKuuHdseIKMov0EJPh2j5GFq+hHVwAQm3Ojv3jnZ0/VQKTY7zaZVWVtfWN8qbla3tnd296v5BWyeZ4tjiiUxU12capYixRYIkdlOFLPIldvzxTe53HlBpkcT3NEnRi9goFoHgjPJRn1g2qNacujOXvQxuATUo1BxUv/rDhGcRxsQl07rnOil5U6ZIcImzSj/TmDI+ZiPsGYxZhNqbzm+d2SdBomwK0Z6/f2enLNJ6EvkmEzEK9aKXD//1RoqloeCPCz9TcOVNRZxmhDE3i8YLMmlTYudF2EOhkJOcGGBcCXO7zUOmGCdTV8WU4i5WsAzts7p7UT+/O681rot6ynAEx3AKLlxCA26hCS3gEMITPMOLNbNerTfr/SdasoqdQ/gj6+MbpUmVNw==</latexit>⌧
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<latexit sha1_base64="UKNTAjCzUEfff5of+zEA4eq7WSQ=">AAACUXicdZHNT8IwGMa7gYrgB+rRyyIxwQvZjFEvJkQvHjGRj4Qh6co7aOi6pe1IyNx/6E0v/il6suAwAvpe+uv7PG/S96kXMSqVbb8bZi6/sblV2C6Wdnb39ssHhy0ZxoJAk4QsFB0PS2CUQ1NRxaATCcCBx6Dtje9mensCQtKQP6ppBL0ADzn1KcFKt/pl7kIkKdPIb1xfYJK4lKt+4np+ItN0cT5xd4JFZq0uumfpsvv5B/7z98sVu2bPy1oHJ4MKyqrRL7+4g5DEAXBFGJay69iR6iVYKEoYpEU3lhBhMsZD6GrkOADZS+a5pNapHwpLjcCa3397ExxIOQ087QmwGslVbdb8S+vGyr/uJZRHsQJOtEVrfswsFVqzeK0BFUAUm2rARFD9SouMsM5V6U8o6vWd1WXXoXVecy5r9sNFpX6bBVFAx+gEVZGDrlAd3aMGaiKC3tCnkTPyxqvxYSLT/LaaRjZzhJbKLH0BQYO3hA==</latexit>

✏n =

R
s s

n"(s)R
s |s|n"(s)

}QGP evolution

Eccentricities Harmonic flow 
coefficients

vn
<latexit sha1_base64="wzaVQg26ix6+vakCkAl+JYropiQ=">AAAB5HicbZDNTgIxFIXv4B/iH+rSTSMxcUVm0ESXRDcuMcpPAhPSKXegodOZtB0SMuENdGXUnU/kC/g2FpyFgmf19Z7T5J4bJIJr47pfTmFtfWNzq7hd2tnd2z8oHx61dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+nfvtCSrNY/lopgn6ER1KHnJGjR09TPqyX664VXchsgpeDhXI1eiXP3uDmKURSsME1brruYnxM6oMZwJnpV6qMaFsTIfYtShphNrPFqvOyFkYK2JGSBbv39mMRlpPo8BmImpGetmbD//zuqkJr/2MyyQ1KJmNWC9MBTExmTcmA66QGTG1QJnidkvCRlRRZuxdSra+t1x2FVq1qndRrd1fVuo3+SGKcAKncA4eXEEd7qABTWAwhGd4g3cndJ6cF+f1J1pw8j/H8EfOxzdWmIt0</latexit>

Glasma evolution

} <latexit sha1_base64="kp7n0rgpePZsnZSOR1fvoP9TUuY=">AAAB+XicbVDLSsNAFJ3UV62vquDGzWARXJVERN0IRTcuK1hbaEKYTG/aoZPJMDMplNiP0ZWoO3/DH/BvnNYstPWszj3nXLj3RJIzbVz3yyktLa+srpXXKxubW9s71d29B51mikKLpjxVnYho4ExAyzDDoSMVkCTi0I6GN1O/PQKlWSruzVhCkJC+YDGjxFgprB6MQnHlD4mUJBQ+SM24la1Rc+vuDHiReAWpoQLNsPrp91KaJSAM5UTrrudKE+REGUY5TCp+pkESOiR96FoqSAI6yGf3T/BxnCpsBoBn8+9sThKtx0lkMwkxAz3vTcX/vG5m4ssgZ0JmBgS1EevFGccmxdMacI8poIaPLSFUMXslpgOiCDW2rIp935t/dpE8nNa987p7d1ZrXBdFlNEhOkInyEMXqIFuURO1EEWP6Bm9oXcnd56cF+f1J1pyip199AfOxzc5e5P6</latexit>vn = n✏n

• Calculations at              :⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit>

G.Giacalone, M.Luzum, C.Marquet, J-Y.Ollitrault, PGR, Phys.Rev.C 100 (2019) 024905 [1902.07168] 
F.Gelis, G.Giacalone, C.Marquet, J-Y.Ollitrault, PGR [1907.10948] 

• Calculations at              : 
<latexit sha1_base64="iKY0PRDiBqudqLXTTbBpemlruOU=">AAAB53icbZDLSgNBEEVrfMb4irp00xgEV2FGRF1J0I3LCOYByRB6OjVJm54H3TVCCPkGXYm683/8Af/GTpyFJt7V6bq3oW4FqZKGXPfLWVpeWV1bL2wUN7e2d3ZLe/sNk2RaYF0kKtGtgBtUMsY6SVLYSjXyKFDYDIY3U7/5iNrIJL6nUYp+xPuxDKXgZEeNDvHsyu2Wym7FnYktgpdDGXLVuqXPTi8RWYQxCcWNaXtuSv6Ya5JC4aTYyQymXAx5H9sWYx6h8cezbSfsOEw0owGy2ft3dswjY0ZRYDMRp4GZ96bD/7x2RuGlP5ZxmhHGwkasF2aKUcKmpVlPahSkRha40NJuycSAay7InqZo63vzZRehcVrxzivu3Vm5ep0fogCHcAQn4MEFVOEWalAHAQ/wDG/w7kjnyXlxXn+iS07+5wD+yPn4BgI0jGQ=</latexit>

⌧ > 0 T.Lappi, PGR, [2102.09993] 

• Phenomenology:

T.Lappi and S.Schlichting, Phys.Rev.D 97, 034034 (2018) 
J.L.Albacete, Cyrille Marquet, PGR, JHEP 1901 (2019) 073 [1808.00795] 
PGR, JHEP 1908 (2019) 026 [1903.11602] 

• In order to perform a similar study based on our tau-evolved correlators, we require 
going beyond the Glasma Graph approximation

Eccentricities:     -evolution<latexit sha1_base64="2GgSPI2fdl0f9IMPA68xU6XXUC4=">AAAB+3icbZC7TsNAEEXH4RXCK0BJYxEhUUU2QkAZQUMZJPKQEitab8bxKuuHdseIKMov0EJPh2j5GFq+hHVwAQm3Ojv3jnZ0/VQKTY7zaZVWVtfWN8qbla3tnd296v5BWyeZ4tjiiUxU12capYixRYIkdlOFLPIldvzxTe53HlBpkcT3NEnRi9goFoHgjPJRn1g2qNacujOXvQxuATUo1BxUv/rDhGcRxsQl07rnOil5U6ZIcImzSj/TmDI+ZiPsGYxZhNqbzm+d2SdBomwK0Z6/f2enLNJ6EvkmEzEK9aKXD//1RoqloeCPCz9TcOVNRZxmhDE3i8YLMmlTYudF2EOhkJOcGGBcCXO7zUOmGCdTV8WU4i5WsAzts7p7UT+/O681rot6ynAEx3AKLlxCA26hCS3gEMITPMOLNbNerTfr/SdasoqdQ/gj6+MbpUmVNw==</latexit>⌧
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Calculations at              :

• Sources of fluctuations:

Subnucleonic structure (e.g. Hot Spots)
Quantum fluctuations of the wave functions (i.e. primordial fluctuations)

x

<latexit sha1_base64="8BcaLh0ZIO8H/XlxUDxRJyrxEt8=">AAAB4nicbZDNTgIxFIXv4B/iH+rSTSMxcUVm0ESXRDcuIZGfBCakU+5AQzszaTtGMuEFdGXUnY/kC/g2FpyFgmf19Z7T5J4bJIJr47pfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5nfudB1Sax9G9mSboSzqKeMgZNXbUfByUK27VXYisgpdDBXI1BuXP/jBmqcTIMEG17nluYvyMKsOZwFmpn2pMKJvQEfYsRlSi9rPFojNyFsaKmDGSxft3NqNS66kMbEZSM9bL3nz4n9dLTXjtZzxKUoMRsxHrhakgJibzvmTIFTIjphYoU9xuSdiYKsqMvUrJ1veWy65Cu1b1Lqq15mWlfpMfoggncArn4MEV1OEOGtACBgjP8AbvztB5cl6c159owcn/HMMfOR/f3IeKlQ==</latexit>

y
<latexit sha1_base64="Na6a2z7s3UEiyGQQ6im4qwiySpE=">AAAB4nicbZDNSsNAFIVv/K31r+rSzWARXJWkCrosunHZgv2BNpTJ9KYdOpmEmYkQQl9AV6LufCRfwLdxWrPQ1rP65p4zcM8NEsG1cd0vZ219Y3Nru7RT3t3bPzisHB13dJwqhm0Wi1j1AqpRcIltw43AXqKQRoHAbjC9m/vdR1Sax/LBZAn6ER1LHnJGjR21smGl6tbchcgqeAVUoVBzWPkcjGKWRigNE1Trvucmxs+pMpwJnJUHqcaEsikdY9+ipBFqP18sOiPnYayImSBZvH9ncxppnUWBzUTUTPSyNx/+5/VTE974OZdJalAyG7FemApiYjLvS0ZcITMis0CZ4nZLwiZUUWbsVcq2vrdcdhU69Zp3Wau3rqqN2+IQJTiFM7gAD66hAffQhDYwQHiGN3h3Rs6T8+K8/kTXnOLPCfyR8/EN3gWKlg==</latexit>

⇢ =
<latexit sha1_base64="8dx9+rqfcBAKV0GMq4HBNnFLujs=">AAAB5nicbZDNSsNAFIVv/K31r+rSzWARXJWkCroRim5cVjBtoQ1lMr1phk4yYWYilNJX0JWoOx/IF/BtnNYstPWsvrnnDNxzw0xwbVz3y1lZXVvf2Cxtlbd3dvf2KweHLS1zxdBnUkjVCalGwVP0DTcCO5lCmoQC2+Hodua3H1FpLtMHM84wSOgw5RFn1NiR31OxvO5Xqm7NnYssg1dAFQo1+5XP3kCyPMHUMEG17npuZoIJVYYzgdNyL9eYUTaiQ+xaTGmCOpjMl52S00gqYmIk8/fv7IQmWo+T0GYSamK96M2G/3nd3ERXwYSnWW4wZTZivSgXxEgy60wGXCEzYmyBMsXtloTFVFFm7GXKtr63WHYZWvWad16r319UGzfFIUpwDCdwBh5cQgPuoAk+MODwDG/w7sTOk/PivP5EV5zizxH8kfPxDZBpjCc=</latexit>

Dense nucleus: event-by-event 
fluctuations of color source 
densities

Random positions of nucleons

<latexit sha1_base64="oZHtzPs6zE784IQJv/E1O5hRWTk=">AAAB6HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMSFE3QtGNywr2B9qhZNI7bWxmMiQZoQx9B12JuvN5fAHfxrTOQlvP6ss9J3DPDRLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWlqmimGTSSFVJ6AaBY+xabgR2EkU0igQ2A7GNzO//YhKcxnfm0mCfkSHMQ85o8aO2j01kn3vql+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n83XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCS/9jMdJajBmNmK9MBXESDJrTQZcITNiYoEyxe2WhI2ooszY25RsfW+x7DK0zqreebV2V6vUr/NDFOEIjuEUPLiAOtxCA5rAYAzP8AbvzoPz5Lw4rz/RgpP/OYQ/cj6+Abb/jNA=</latexit>⇢1 = x

<latexit sha1_base64="8BcaLh0ZIO8H/XlxUDxRJyrxEt8=">AAAB4nicbZDNTgIxFIXv4B/iH+rSTSMxcUVm0ESXRDcuIZGfBCakU+5AQzszaTtGMuEFdGXUnY/kC/g2FpyFgmf19Z7T5J4bJIJr47pfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5nfudB1Sax9G9mSboSzqKeMgZNXbUfByUK27VXYisgpdDBXI1BuXP/jBmqcTIMEG17nluYvyMKsOZwFmpn2pMKJvQEfYsRlSi9rPFojNyFsaKmDGSxft3NqNS66kMbEZSM9bL3nz4n9dLTXjtZzxKUoMRsxHrhakgJibzvmTIFTIjphYoU9xuSdiYKsqMvUrJ1veWy65Cu1b1Lqq15mWlfpMfoggncArn4MEV1OEOGtACBgjP8AbvztB5cl6c159owcn/HMMfOR/f3IeKlQ==</latexit>

y
<latexit sha1_base64="Na6a2z7s3UEiyGQQ6im4qwiySpE=">AAAB4nicbZDNSsNAFIVv/K31r+rSzWARXJWkCrosunHZgv2BNpTJ9KYdOpmEmYkQQl9AV6LufCRfwLdxWrPQ1rP65p4zcM8NEsG1cd0vZ219Y3Nru7RT3t3bPzisHB13dJwqhm0Wi1j1AqpRcIltw43AXqKQRoHAbjC9m/vdR1Sax/LBZAn6ER1LHnJGjR21smGl6tbchcgqeAVUoVBzWPkcjGKWRigNE1Trvucmxs+pMpwJnJUHqcaEsikdY9+ipBFqP18sOiPnYayImSBZvH9ncxppnUWBzUTUTPSyNx/+5/VTE974OZdJalAyG7FemApiYjLvS0ZcITMis0CZ4nZLwiZUUWbsVcq2vrdcdhU69Zp3Wau3rqqN2+IQJTiFM7gAD66hAffQhDYwQHiGN3h3Rs6T8+K8/kTXnOLPCfyR8/EN3gWKlg==</latexit>

⇢ =
<latexit sha1_base64="8dx9+rqfcBAKV0GMq4HBNnFLujs=">AAAB5nicbZDNSsNAFIVv/K31r+rSzWARXJWkCroRim5cVjBtoQ1lMr1phk4yYWYilNJX0JWoOx/IF/BtnNYstPWsvrnnDNxzw0xwbVz3y1lZXVvf2Cxtlbd3dvf2KweHLS1zxdBnUkjVCalGwVP0DTcCO5lCmoQC2+Hodua3H1FpLtMHM84wSOgw5RFn1NiR31OxvO5Xqm7NnYssg1dAFQo1+5XP3kCyPMHUMEG17npuZoIJVYYzgdNyL9eYUTaiQ+xaTGmCOpjMl52S00gqYmIk8/fv7IQmWo+T0GYSamK96M2G/3nd3ERXwYSnWW4wZTZivSgXxEgy60wGXCEzYmyBMsXtloTFVFFm7GXKtr63WHYZWvWad16r319UGzfFIUpwDCdwBh5cQgPuoAk+MODwDG/w7sTOk/PivP5EV5zizxH8kfPxDZBpjCc=</latexit>

<latexit sha1_base64="i4Hd/2KT6KcG5vvAfvgLbL6sd2Y=">AAAB6HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMFFE3QtGNywr2B9qhZNI7ndjMZEgyQil9B12JuvN5fAHfxrTOQlvP6ss9J3DPDVLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWlpmimGTSSFVJ6AaBU+wabgR2EkV0jgQ2A5GNzO//YhKc5ncm3GKfkyHCQ85o8aO2j0VyX7tql+uuFV3LrIMXg4VyNXolz97A8myGBPDBNW667mp8SdUGc4ETku9TGNK2YgOsWsxoTFqfzJfd0pOQqmIiZDM37+zExprPY4Dm4mpifSiNxv+53UzE176E56kmcGE2Yj1wkwQI8msNRlwhcyIsQXKFLdbEhZRRZmxtynZ+t5i2WVo1areefXs7qxSv84PUYQjOIZT8OAC6nALDWgCgxE8wxu8Ow/Ok/PivP5EC07+5xD+yPn4Brh+jNE=</latexit>⇢2 =

Dilute nucleus: event-by-event 
fluctuations of positions of Hot 
Spots

⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit> S.Demirci, T.Lappi and S.Schlichting, Phys. Rev. D 103, 094025 (2021) [2101.03791] 
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x

<latexit sha1_base64="8BcaLh0ZIO8H/XlxUDxRJyrxEt8=">AAAB4nicbZDNTgIxFIXv4B/iH+rSTSMxcUVm0ESXRDcuIZGfBCakU+5AQzszaTtGMuEFdGXUnY/kC/g2FpyFgmf19Z7T5J4bJIJr47pfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5nfudB1Sax9G9mSboSzqKeMgZNXbUfByUK27VXYisgpdDBXI1BuXP/jBmqcTIMEG17nluYvyMKsOZwFmpn2pMKJvQEfYsRlSi9rPFojNyFsaKmDGSxft3NqNS66kMbEZSM9bL3nz4n9dLTXjtZzxKUoMRsxHrhakgJibzvmTIFTIjphYoU9xuSdiYKsqMvUrJ1veWy65Cu1b1Lqq15mWlfpMfoggncArn4MEV1OEOGtACBgjP8AbvztB5cl6c159owcn/HMMfOR/f3IeKlQ==</latexit>

y
<latexit sha1_base64="Na6a2z7s3UEiyGQQ6im4qwiySpE=">AAAB4nicbZDNSsNAFIVv/K31r+rSzWARXJWkCrosunHZgv2BNpTJ9KYdOpmEmYkQQl9AV6LufCRfwLdxWrPQ1rP65p4zcM8NEsG1cd0vZ219Y3Nru7RT3t3bPzisHB13dJwqhm0Wi1j1AqpRcIltw43AXqKQRoHAbjC9m/vdR1Sax/LBZAn6ER1LHnJGjR21smGl6tbchcgqeAVUoVBzWPkcjGKWRigNE1Trvucmxs+pMpwJnJUHqcaEsikdY9+ipBFqP18sOiPnYayImSBZvH9ncxppnUWBzUTUTPSyNx/+5/VTE974OZdJalAyG7FemApiYjLvS0ZcITMis0CZ4nZLwiZUUWbsVcq2vrdcdhU69Zp3Wau3rqqN2+IQJTiFM7gAD66hAffQhDYwQHiGN3h3Rs6T8+K8/kTXnOLPCfyR8/EN3gWKlg==</latexit>

⇢ =
<latexit sha1_base64="8dx9+rqfcBAKV0GMq4HBNnFLujs=">AAAB5nicbZDNSsNAFIVv/K31r+rSzWARXJWkCroRim5cVjBtoQ1lMr1phk4yYWYilNJX0JWoOx/IF/BtnNYstPWsvrnnDNxzw0xwbVz3y1lZXVvf2Cxtlbd3dvf2KweHLS1zxdBnUkjVCalGwVP0DTcCO5lCmoQC2+Hodua3H1FpLtMHM84wSOgw5RFn1NiR31OxvO5Xqm7NnYssg1dAFQo1+5XP3kCyPMHUMEG17npuZoIJVYYzgdNyL9eYUTaiQ+xaTGmCOpjMl52S00gqYmIk8/fv7IQmWo+T0GYSamK96M2G/3nd3ERXwYSnWW4wZTZivSgXxEgy60wGXCEzYmyBMsXtloTFVFFm7GXKtr63WHYZWvWad16r319UGzfFIUpwDCdwBh5cQgPuoAk+MODwDG/w7sTOk/PivP5EV5zizxH8kfPxDZBpjCc=</latexit>

<latexit sha1_base64="oZHtzPs6zE784IQJv/E1O5hRWTk=">AAAB6HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMSFE3QtGNywr2B9qhZNI7bWxmMiQZoQx9B12JuvN5fAHfxrTOQlvP6ss9J3DPDRLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWlqmimGTSSFVJ6AaBY+xabgR2EkU0igQ2A7GNzO//YhKcxnfm0mCfkSHMQ85o8aO2j01kn3vql+uuFV3LrIMXg4VyNXolz97A8nSCGPDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUY0wi1n83XnZKTUCpiRkjm79/ZjEZaT6LAZiJqRnrRmw3/87qpCS/9jMdJajBmNmK9MBXESDJrTQZcITNiYoEyxe2WhI2ooszY25RsfW+x7DK0zqreebV2V6vUr/NDFOEIjuEUPLiAOtxCA5rAYAzP8AbvzoPz5Lw4rz/RgpP/OYQ/cj6+Abb/jNA=</latexit>⇢1 =

• Initial fluctuations from dilute nucleus described by double correlators (CGC + Hot Spots):

x

<latexit sha1_base64="8BcaLh0ZIO8H/XlxUDxRJyrxEt8=">AAAB4nicbZDNTgIxFIXv4B/iH+rSTSMxcUVm0ESXRDcuIZGfBCakU+5AQzszaTtGMuEFdGXUnY/kC/g2FpyFgmf19Z7T5J4bJIJr47pfTmFtfWNzq7hd2tnd2z8oHx61dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5nfudB1Sax9G9mSboSzqKeMgZNXbUfByUK27VXYisgpdDBXI1BuXP/jBmqcTIMEG17nluYvyMKsOZwFmpn2pMKJvQEfYsRlSi9rPFojNyFsaKmDGSxft3NqNS66kMbEZSM9bL3nz4n9dLTXjtZzxKUoMRsxHrhakgJibzvmTIFTIjphYoU9xuSdiYKsqMvUrJ1veWy65Cu1b1Lqq15mWlfpMfoggncArn4MEV1OEOGtACBgjP8AbvztB5cl6c159owcn/HMMfOR/f3IeKlQ==</latexit>

y
<latexit sha1_base64="Na6a2z7s3UEiyGQQ6im4qwiySpE=">AAAB4nicbZDNSsNAFIVv/K31r+rSzWARXJWkCrosunHZgv2BNpTJ9KYdOpmEmYkQQl9AV6LufCRfwLdxWrPQ1rP65p4zcM8NEsG1cd0vZ219Y3Nru7RT3t3bPzisHB13dJwqhm0Wi1j1AqpRcIltw43AXqKQRoHAbjC9m/vdR1Sax/LBZAn6ER1LHnJGjR21smGl6tbchcgqeAVUoVBzWPkcjGKWRigNE1Trvucmxs+pMpwJnJUHqcaEsikdY9+ipBFqP18sOiPnYayImSBZvH9ncxppnUWBzUTUTPSyNx/+5/VTE974OZdJalAyG7FemApiYjLvS0ZcITMis0CZ4nZLwiZUUWbsVcq2vrdcdhU69Zp3Wau3rqqN2+IQJTiFM7gAD66hAffQhDYwQHiGN3h3Rs6T8+K8/kTXnOLPCfyR8/EN3gWKlg==</latexit>

⇢ =
<latexit sha1_base64="8dx9+rqfcBAKV0GMq4HBNnFLujs=">AAAB5nicbZDNSsNAFIVv/K31r+rSzWARXJWkCroRim5cVjBtoQ1lMr1phk4yYWYilNJX0JWoOx/IF/BtnNYstPWsvrnnDNxzw0xwbVz3y1lZXVvf2Cxtlbd3dvf2KweHLS1zxdBnUkjVCalGwVP0DTcCO5lCmoQC2+Hodua3H1FpLtMHM84wSOgw5RFn1NiR31OxvO5Xqm7NnYssg1dAFQo1+5XP3kCyPMHUMEG17npuZoIJVYYzgdNyL9eYUTaiQ+xaTGmCOpjMl52S00gqYmIk8/fv7IQmWo+T0GYSamK96M2G/3nd3ERXwYSnWW4wZTZivSgXxEgy60wGXCEzYmyBMsXtloTFVFFm7GXKtr63WHYZWvWad16r319UGzfFIUpwDCdwBh5cQgPuoAk+MODwDG/w7sTOk/PivP5EV5zizxH8kfPxDZBpjCc=</latexit>

<latexit sha1_base64="i4Hd/2KT6KcG5vvAfvgLbL6sd2Y=">AAAB6HicbZDNSgMxFIXv1L9a/6ou3QSL4KrMFFE3QtGNywr2B9qhZNI7ndjMZEgyQil9B12JuvN5fAHfxrTOQlvP6ss9J3DPDVLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWlpmimGTSSFVJ6AaBU+wabgR2EkV0jgQ2A5GNzO//YhKc5ncm3GKfkyHCQ85o8aO2j0VyX7tql+uuFV3LrIMXg4VyNXolz97A8myGBPDBNW667mp8SdUGc4ETku9TGNK2YgOsWsxoTFqfzJfd0pOQqmIiZDM37+zExprPY4Dm4mpifSiNxv+53UzE176E56kmcGE2Yj1wkwQI8msNRlwhcyIsQXKFLdbEhZRRZmxtynZ+t5i2WVo1areefXs7qxSv84PUYQjOIZT8OAC6nALDWgCgxE8wxu8Ow/Ok/PivP5EC07+5xD+yPn4Brh+jNE=</latexit>⇢2 =

Calculations at              :⌧=0+
<latexit sha1_base64="CK4JPVV3lFw9Wi+gtPcOYfpPP5k=">AAAB7XicbZDNSsNAFIVv/K31r+rSTWoRBKEkVdCNUHTjsoL9gSaWyXTSDp1kwsyNUEIfQ1ei7nwZX8C3cVqz0Naz+uaeM3DPDRLBNTrOl7W0vLK6tl7YKG5ube/slvb2W1qmirImlUKqTkA0EzxmTeQoWCdRjESBYO1gdDP1249MaS7jexwnzI/IIOYhpwTNyPOQpF75yis7D6e9UsWpOjPZi+DmUIFcjV7p0+tLmkYsRiqI1l3XSdDPiEJOBZsUvVSzhNARGbCuwZhETPvZbOeJfRxKZeOQ2bP372xGIq3HUWAyEcGhnvemw/+8borhpZ/xOEmRxdREjBemwkZpT6vbfa4YRTE2QKjiZkubDokiFM2Biqa+O192EVq1qntWrd2dV+rX+SEKcAhHcAIuXEAdbqEBTaCQwDO8wbslrSfrxXr9iS5Z+Z8D+CPr4xswRY4h</latexit> S.Demirci, T.Lappi and S.Schlichting, Phys. Rev. D 103, 094025 (2021) [2101.03791] 

<latexit sha1_base64="CouNLR/2R7oP6Mor2PlQb6RvYO0="></latexit>

hO(⇢1)i =
Z

[D⇢1]W (⇢1)O(⇢1) =

Z
[D⇢1]exp

⇢
�
Z

dxTr

⇥
⇢

2
1

⇤�O(⇢1)

h⇢a1(x?)⇢
b
1(y?)i / �

ab
�(x? � y?)

<latexit sha1_base64="3B77mzHT/wSOvhHNiaRtzYa4IZU="></latexit>

hhO(⇢2)ii =
✓
2⇡R2

Nq

◆Z NqY

i=1

⇥
d2biT (bi �B)

⇤
�

0

@ 1

Nq

NqX

i=1

bi �B

1

A hO(⇢2)iCGC

<latexit sha1_base64="bY7SCeEE+MwKIspVqz9rG3gh5rk="></latexit>

T (b) =
1

2⇡R2
exp


� b2

2R2

�with:

Fluctuations of color charge 
densities within each Hot Spot
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• Initial fluctuations from dense nucleus described by CGC correlators:

CGC + Hot Spots calculation 
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CP violation in the Quark Gluon Plasma: the Chiral Magnetic Effect

b)
<latexit sha1_base64="ekZQxqBJg3WnxJFg+DqUS85f3Y4=">AAAB43icbZDNTgIxFIXv4B/iH+rSTSMx0Q2ZQRNdEt24RCM/CUxIp9yBhs500nZMyIQn0JVRd76RL+DbWHAWCp7V13tOk3tukAiujet+OYWV1bX1jeJmaWt7Z3evvH/Q0jJVDJtMCqk6AdUoeIxNw43ATqKQRoHAdjC+mfntR1Say/jBTBL0IzqMecgZNXZ0H5z1yxW36s5FlsHLoQK5Gv3yZ28gWRphbJigWnc9NzF+RpXhTOC01Es1JpSN6RC7FmMaofaz+aZTchJKRcwIyfz9O5vRSOtJFNhMRM1IL3qz4X9eNzXhlZ/xOEkNxsxGrBemghhJZoXJgCtkRkwsUKa43ZKwEVWUGXuWkq3vLZZdhlat6p1Xa3cXlfp1fogiHMExnIIHl1CHW2hAExiE8Axv8O6g8+S8OK8/0YKT/zmEP3I+vgEeMIqy</latexit>

Qw 6= 0
<latexit sha1_base64="Ut0X1QeOdHYUbx+MNAv0EMDgzdE=">AAAB9HicbZDNTsJAFIWn/iL+FV26aSQmrkiLJrokunEJifwklJDpcAsTptM6cwuShjfRlVF3Pokv4Ns4IAsFz+qbe84k954gEVyj635Za+sbm1vbuZ387t7+waFdOGroOFUM6iwWsWoFVIPgEurIUUArUUCjQEAzGN7O/OYIlOaxvMdJAp2I9iUPOaNoRl27UOtmPsIjZuPp1Jfw4Hbtolty53JWwVtAkSxU7dqffi9maQQSmaBatz03wU5GFXImYJr3Uw0JZUPah7ZBSSPQnWy++tQ5C2Pl4ACc+ft3NqOR1pMoMJmI4kAve7Phf147xfC6k3GZpAiSmYjxwlQ4GDuzBpweV8BQTAxQprjZ0mEDqihD01PenO8tH7sKjXLJuyiVa5fFys2iiBw5IafknHjkilTIHamSOmFkTJ7JG3m3RtaT9WK9/kTXrMWfY/JH1sc3pzKR9g==</latexit>

uL
<latexit sha1_base64="Ys2bWX1nxq3sphbAQhA05ne4Xgc=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y0LF5hYIIGGTIdbOmH6k5mpCWl4BV0ZdecD+QK+jQN2oeBZfXPPmeSe66eCK23bX1ZpbX1jc6u8XdnZ3ds/qB4edVSSSYYuS0Qiez5VKHiMruZaYC+VSCNfYNef3Mz97iNKxZP4QU9T9CI6jnnAGdVm5GbD/G42rNbsur0QWQWngBoUag+rn4NRwrIIY80EVarv2Kn2cio1ZwJnlUGmMKVsQsfYNxjTCJWXL5adkbMgkUSHSBbv39mcRkpNI99kIqpDtezNh/95/UwHV17O4zTTGDMTMV6QCaITMu9MRlwi02JqgDLJzZaEhVRSps1lKqa+s1x2FTqNunNRb9w3a63r4hBlOIFTOAcHLqEFt9AGFxhweIY3eLdC68l6sV5/oiWr+HMMf2R9fAPhK4xd</latexit>

dR
<latexit sha1_base64="5HH+G4YYkwBhRySAOrxk954yhME=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y1LNBZIoCHT4ZZOmP5kZmpCGl5BV0bd+UC+gG/jgF0oeFbf3HMmuef6qeBK2/aXVVpb39jcKm9Xdnb39g+qh0cdlWSSocsSkcieTxUKHqOruRbYSyXSyBfY9Sc3c7/7iFLxJH7Q0xS9iI5jHnBGtRm5o2F+PxtWa3bdXoisglNADQq1h9XPwShhWYSxZoIq1XfsVHs5lZozgbPKIFOYUjahY+wbjGmEyssXy87IWZBIokMki/fvbE4jpaaRbzIR1aFa9ubD/7x+poMrL+dxmmmMmYkYL8gE0QmZdyYjLpFpMTVAmeRmS8JCKinT5jIVU99ZLrsKnUbduag37pq11nVxiDKcwCmcgwOX0IJbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+AdCDjFI=</latexit>

uR
<latexit sha1_base64="Z7DvOIPXaspD5MstMP/B9/ma+QE=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y1LNBZIoCHT4ZZOmP5kZmpCGl5BV0bd+UC+gG/jgF0oeFbf3HMmuef6qeBK2/aXVVpb39jcKm9Xdnb39g+qh0cdlWSSocsSkcieTxUKHqOruRbYSyXSyBfY9Sc3c7/7iFLxJH7Q0xS9iI5jHnBGtRm52TC/nw2rNbtuL0RWwSmgBoXaw+rnYJSwLMJYM0GV6jt2qr2cSs2ZwFllkClMKZvQMfYNxjRC5eWLZWfkLEgk0SGSxft3NqeRUtPIN5mI6lAte/Phf14/08GVl/M4zTTGzESMF2SC6ITMO5MRl8i0mBqgTHKzJWEhlZRpc5mKqe8sl12FTqPuXNQbd81a67o4RBlO4BTOwYFLaMEttMEFBhye4Q3erdB6sl6s159oySr+HMMfWR/f6iWMYw==</latexit>

dL
<latexit sha1_base64="voSyydqwBVPxOYesYAQvXW03NEg=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y0LF5hYIIGGTIdbOmH6k5mpCWl4BV0ZdecD+QK+jQN2oeBZfXPPmeSe66eCK23bX1ZpbX1jc6u8XdnZ3ds/qB4edVSSSYYuS0Qiez5VKHiMruZaYC+VSCNfYNef3Mz97iNKxZP4QU9T9CI6jnnAGdVm5I6G+d1sWK3ZdXshsgpOATUo1B5WPwejhGURxpoJqlTfsVPt5VRqzgTOKoNMYUrZhI6xbzCmESovXyw7I2dBIokOkSzev7M5jZSaRr7JRFSHatmbD//z+pkOrrycx2mmMWYmYrwgE0QnZN6ZjLhEpsXUAGWSmy0JC6mkTJvLVEx9Z7nsKnQadeei3rhv1lrXxSHKcAKncA4OXEILbqENLjDg8Axv8G6F1pP1Yr3+REtW8ecY/sj6+AbHiYxM</latexit>

a)
<latexit sha1_base64="LYQd4SibS/csRXXTiIweIvLBIM0=">AAAB43icbZDNTgIxFIXv4B/iH+rSTSMx0Q2ZQRNdEt24RCM/CUxIp9yBhs500nZMyIQn0JVRd76RL+DbWHAWCp7V13tOk3tukAiujet+OYWV1bX1jeJmaWt7Z3evvH/Q0jJVDJtMCqk6AdUoeIxNw43ATqKQRoHAdjC+mfntR1Say/jBTBL0IzqMecgZNXZ0T8/65Ypbdeciy+DlUIFcjX75szeQLI0wNkxQrbuemxg/o8pwJnBa6qUaE8rGdIhdizGNUPvZfNMpOQmlImaEZP7+nc1opPUkCmwmomakF73Z8D+vm5rwys94nKQGY2Yj1gtTQYwks8JkwBUyIyYWKFPcbknYiCrKjD1Lydb3FssuQ6tW9c6rtbuLSv06P0QRjuAYTsGDS6jDLTSgCQxCeIY3eHfQeXJenNefaMHJ/xzCHzkf3xyxirE=</latexit> uL

<latexit sha1_base64="Ys2bWX1nxq3sphbAQhA05ne4Xgc=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y0LF5hYIIGGTIdbOmH6k5mpCWl4BV0ZdecD+QK+jQN2oeBZfXPPmeSe66eCK23bX1ZpbX1jc6u8XdnZ3ds/qB4edVSSSYYuS0Qiez5VKHiMruZaYC+VSCNfYNef3Mz97iNKxZP4QU9T9CI6jnnAGdVm5GbD/G42rNbsur0QWQWngBoUag+rn4NRwrIIY80EVarv2Kn2cio1ZwJnlUGmMKVsQsfYNxjTCJWXL5adkbMgkUSHSBbv39mcRkpNI99kIqpDtezNh/95/UwHV17O4zTTGDMTMV6QCaITMu9MRlwi02JqgDLJzZaEhVRSps1lKqa+s1x2FTqNunNRb9w3a63r4hBlOIFTOAcHLqEFt9AGFxhweIY3eLdC68l6sV5/oiWr+HMMf2R9fAPhK4xd</latexit>

dR
<latexit sha1_base64="5HH+G4YYkwBhRySAOrxk954yhME=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y1LNBZIoCHT4ZZOmP5kZmpCGl5BV0bd+UC+gG/jgF0oeFbf3HMmuef6qeBK2/aXVVpb39jcKm9Xdnb39g+qh0cdlWSSocsSkcieTxUKHqOruRbYSyXSyBfY9Sc3c7/7iFLxJH7Q0xS9iI5jHnBGtRm5o2F+PxtWa3bdXoisglNADQq1h9XPwShhWYSxZoIq1XfsVHs5lZozgbPKIFOYUjahY+wbjGmEyssXy87IWZBIokMki/fvbE4jpaaRbzIR1aFa9ubD/7x+poMrL+dxmmmMmYkYL8gE0QmZdyYjLpFpMTVAmeRmS8JCKinT5jIVU99ZLrsKnUbduag37pq11nVxiDKcwCmcgwOX0IJbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+AdCDjFI=</latexit>

uR
<latexit sha1_base64="Z7DvOIPXaspD5MstMP/B9/ma+QE=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y1LNBZIoCHT4ZZOmP5kZmpCGl5BV0bd+UC+gG/jgF0oeFbf3HMmuef6qeBK2/aXVVpb39jcKm9Xdnb39g+qh0cdlWSSocsSkcieTxUKHqOruRbYSyXSyBfY9Sc3c7/7iFLxJH7Q0xS9iI5jHnBGtRm52TC/nw2rNbtuL0RWwSmgBoXaw+rnYJSwLMJYM0GV6jt2qr2cSs2ZwFllkClMKZvQMfYNxjRC5eWLZWfkLEgk0SGSxft3NqeRUtPIN5mI6lAte/Phf14/08GVl/M4zTTGzESMF2SC6ITMO5MRl8i0mBqgTHKzJWEhlZRpc5mKqe8sl12FTqPuXNQbd81a67o4RBlO4BTOwYFLaMEttMEFBhye4Q3erdB6sl6s159oySr+HMMfWR/f6iWMYw==</latexit>

dL
<latexit sha1_base64="voSyydqwBVPxOYesYAQvXW03NEg=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y0LF5hYIIGGTIdbOmH6k5mpCWl4BV0ZdecD+QK+jQN2oeBZfXPPmeSe66eCK23bX1ZpbX1jc6u8XdnZ3ds/qB4edVSSSYYuS0Qiez5VKHiMruZaYC+VSCNfYNef3Mz97iNKxZP4QU9T9CI6jnnAGdVm5I6G+d1sWK3ZdXshsgpOATUo1B5WPwejhGURxpoJqlTfsVPt5VRqzgTOKoNMYUrZhI6xbzCmESovXyw7I2dBIokOkSzev7M5jZSaRr7JRFSHatmbD//z+pkOrrycx2mmMWYmYrwgE0QnZN6ZjLhEpsXUAGWSmy0JC6mkTJvLVEx9Z7nsKnQadeei3rhv1lrXxSHKcAKncA4OXEILbqENLjDg8Axv8G6F1pP1Yr3+REtW8ecY/sj6+AbHiYxM</latexit>

~B
<latexit sha1_base64="z/+HwkGZKCJcbhBiV1jo31+JD8w=">AAAB6HicdZDLTgIxFIbP4A3xhrp000hMXJFhlMCS4MYlJnJJYEI65QCVziVth4RMeAddGXXn8/gCvo1lHBM1+q++nv9vcv7jRYIrbdvvVm5tfWNzK79d2Nnd2z8oHh51VBhLhm0WilD2PKpQ8ADbmmuBvUgi9T2BXW92tfK7c5SKh8GtXkTo+nQS8DFnVJtRdzBHljSXw2LJLldrjlOzSQoX9QycqkMqZTtVCTK1hsW3wShksY+BZoIq1a/YkXYTKjVnApeFQawwomxGJ9g3GFAflZuk6y7J2TiURE+RpO/v2YT6Si18z2R8qqfqt7ca/uX1Yz2uuwkPolhjwEzEeONYEB2SVWsy4hKZFgsDlElutiRsSiVl2tymYOp/dST/Q8cpVy7Kzs1lqdHMDpGHEziFc6hADRpwDS1oA4MZPMAzvFh31r31aD19RnNW9ucYfsh6/QCtEI10</latexit>

c)
<latexit sha1_base64="B0tUVPaObS9Lr2fRUsPrGZzE0hg=">AAAB43icbZDNTgIxFIXv4B/iH+rSTSMx0Q2ZQRNdEt24RCM/CUxIp9yBhs500nZMyIQn0JVRd76RL+DbWHAWCp7V13tOk3tukAiujet+OYWV1bX1jeJmaWt7Z3evvH/Q0jJVDJtMCqk6AdUoeIxNw43ATqKQRoHAdjC+mfntR1Say/jBTBL0IzqMecgZNXZ0z8765Ypbdeciy+DlUIFcjX75szeQLI0wNkxQrbuemxg/o8pwJnBa6qUaE8rGdIhdizGNUPvZfNMpOQmlImaEZP7+nc1opPUkCmwmomakF73Z8D+vm5rwys94nKQGY2Yj1gtTQYwks8JkwBUyIyYWKFPcbknYiCrKjD1Lydb3FssuQ6tW9c6rtbuLSv06P0QRjuAYTsGDS6jDLTSgCQxCeIY3eHfQeXJenNefaMHJ/xzCHzkf3x+virM=</latexit>

dR
<latexit sha1_base64="5HH+G4YYkwBhRySAOrxk954yhME=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y1LNBZIoCHT4ZZOmP5kZmpCGl5BV0bd+UC+gG/jgF0oeFbf3HMmuef6qeBK2/aXVVpb39jcKm9Xdnb39g+qh0cdlWSSocsSkcieTxUKHqOruRbYSyXSyBfY9Sc3c7/7iFLxJH7Q0xS9iI5jHnBGtRm5o2F+PxtWa3bdXoisglNADQq1h9XPwShhWYSxZoIq1XfsVHs5lZozgbPKIFOYUjahY+wbjGmEyssXy87IWZBIokMki/fvbE4jpaaRbzIR1aFa9ubD/7x+poMrL+dxmmmMmYkYL8gE0QmZdyYjLpFpMTVAmeRmS8JCKinT5jIVU99ZLrsKnUbduag37pq11nVxiDKcwCmcgwOX0IJbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+AdCDjFI=</latexit>

uR
<latexit sha1_base64="Z7DvOIPXaspD5MstMP/B9/ma+QE=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y1LNBZIoCHT4ZZOmP5kZmpCGl5BV0bd+UC+gG/jgF0oeFbf3HMmuef6qeBK2/aXVVpb39jcKm9Xdnb39g+qh0cdlWSSocsSkcieTxUKHqOruRbYSyXSyBfY9Sc3c7/7iFLxJH7Q0xS9iI5jHnBGtRm52TC/nw2rNbtuL0RWwSmgBoXaw+rnYJSwLMJYM0GV6jt2qr2cSs2ZwFllkClMKZvQMfYNxjRC5eWLZWfkLEgk0SGSxft3NqeRUtPIN5mI6lAte/Phf14/08GVl/M4zTTGzESMF2SC6ITMO5MRl8i0mBqgTHKzJWEhlZRpc5mKqe8sl12FTqPuXNQbd81a67o4RBlO4BTOwYFLaMEttMEFBhye4Q3erdB6sl6s159oySr+HMMfWR/f6iWMYw==</latexit>

uR
<latexit sha1_base64="Z7DvOIPXaspD5MstMP/B9/ma+QE=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y1LNBZIoCHT4ZZOmP5kZmpCGl5BV0bd+UC+gG/jgF0oeFbf3HMmuef6qeBK2/aXVVpb39jcKm9Xdnb39g+qh0cdlWSSocsSkcieTxUKHqOruRbYSyXSyBfY9Sc3c7/7iFLxJH7Q0xS9iI5jHnBGtRm52TC/nw2rNbtuL0RWwSmgBoXaw+rnYJSwLMJYM0GV6jt2qr2cSs2ZwFllkClMKZvQMfYNxjRC5eWLZWfkLEgk0SGSxft3NqeRUtPIN5mI6lAte/Phf14/08GVl/M4zTTGzESMF2SC6ITMO5MRl8i0mBqgTHKzJWEhlZRpc5mKqe8sl12FTqPuXNQbd81a67o4RBlO4BTOwYFLaMEttMEFBhye4Q3erdB6sl6s159oySr+HMMfWR/f6iWMYw==</latexit>

dR
<latexit sha1_base64="5HH+G4YYkwBhRySAOrxk954yhME=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y1LNBZIoCHT4ZZOmP5kZmpCGl5BV0bd+UC+gG/jgF0oeFbf3HMmuef6qeBK2/aXVVpb39jcKm9Xdnb39g+qh0cdlWSSocsSkcieTxUKHqOruRbYSyXSyBfY9Sc3c7/7iFLxJH7Q0xS9iI5jHnBGtRm5o2F+PxtWa3bdXoisglNADQq1h9XPwShhWYSxZoIq1XfsVHs5lZozgbPKIFOYUjahY+wbjGmEyssXy87IWZBIokMki/fvbE4jpaaRbzIR1aFa9ubD/7x+poMrL+dxmmmMmYkYL8gE0QmZdyYjLpFpMTVAmeRmS8JCKinT5jIVU99ZLrsKnUbduag37pq11nVxiDKcwCmcgwOX0IJbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+AdCDjFI=</latexit>

~E
<latexit sha1_base64="4qs01Pp1V6NIfMW1KF7eom4BjgQ=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuCrT0dIuiyK4rGAv0A4lk562sZkLSaZQhr6DrkTd+Ty+gG9jOo6gov/qy/n/wPmPFwmutG2/W7mV1bX1jfxmYWt7Z3evuH/QVmEsGbZYKELZ9ahCwQNsaa4FdiOJ1PcEdrzp5dLvzFAqHga3eh6h69NxwEecUW1Gnf4MWXK1GBRLdrlac5yaTVI4q2fgVB1SKdupSpCpOSi+9Ychi30MNBNUqV7FjrSbUKk5E7go9GOFEWVTOsaewYD6qNwkXXdBTkahJHqCJH1/zybUV2rueybjUz1Rv73l8C+vF+tR3U14EMUaA2YixhvFguiQLFuTIZfItJgboExysyVhEyop0+Y2BVP/qyP5H9pOuXJWdm7OS42L7BB5OIJjOIUK1KAB19CEFjCYwgM8w4t1Z91bj9bTZzRnZX8O4Yes1w+xjY13</latexit>

+
<latexit sha1_base64="GwgbfZzwggThrD5adCwa9rS9GIo=">AAAB4nicdZDLSgMxFIbP1Futt6pLN8EiCMIwnVraZdGNyxbsBdqhZNIzbWjmQpIRytAX0JWoOx/JF/BtTGsFFf1XX87/B85//ERwpR3n3cqtrW9sbuW3Czu7e/sHxcOjjopTybDNYhHLnk8VCh5hW3MtsJdIpKEvsOtPrxd+9w6l4nF0q2cJeiEdRzzgjGozal0MiyXHrtZct+aQJVTqK3CrLinbzlIlWKk5LL4NRjFLQ4w0E1SpftlJtJdRqTkTOC8MUoUJZVM6xr7BiIaovGy56JycBbEkeoJk+f6ezWio1Cz0TSakeqJ+e4vhX14/1UHdy3iUpBojZiLGC1JBdEwWfcmIS2RazAxQJrnZkrAJlZRpc5WCqf/VkfwPHdcuV2y3dVlqXK0OkYcTOIVzKEMNGnADTWgDA4QHeIYXa2TdW4/W02c0Z63+HMMPWa8fztqKjw==</latexit>

�<latexit sha1_base64="3KqFhdf6yi6IsaWjU/NEnGF1XEk=">AAAB4nicdZDLTgIxFIbP4A3xhrp000hM3DgZBgksiW5cQiKXBCakU85AQ+eStmNCJryAroy685F8Ad/Ggpio0X/19fx/k/MfPxFcacd5t3Jr6xubW/ntws7u3v5B8fCoo+JUMmyzWMSy51OFgkfY1lwL7CUSaegL7PrT64XfvUOpeBzd6lmCXkjHEQ84o9qMWhfDYsmxqzXXrTlkCZX6CtyqS8q2s1QJVmoOi2+DUczSECPNBFWqX3YS7WVUas4EzguDVGFC2ZSOsW8woiEqL1suOidnQSyJniBZvr9nMxoqNQt9kwmpnqjf3mL4l9dPdVD3Mh4lqcaImYjxglQQHZNFXzLiEpkWMwOUSW62JGxCJWXaXKVg6n91JP9Dx7XLFdttXZYaV6tD5OEETuEcylCDBtxAE9rAAOEBnuHFGln31qP19BnNWas/x/BD1usH0daKkQ==</latexit>

• Chirally-imbalanced matter in the presence of a background magnetic field will 
induce a separation of positive and negative charges (Chiral Magnetic Effect).
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CP violation in the Quark Gluon Plasma: the Chiral Magnetic Effect
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Chiral Magnetic Effect

}
Experimental signature?

• Off-central HICs give rise to large background electromagnetic fields. 
• Parity and Charge-Parity violating fluctuations are expected to happen with relatively 

high probability in the QGP. 
• Chirally-imbalanced matter in the presence of a background magnetic field will 

induce a separation of positive and negative charges (Chiral Magnetic Effect). 
• The search for signatures of this and other anomalous transport effects is affected 

by the presence of large background effects.
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• Fluctuations of energy density

• Fluctuations of axial charge

✏
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)

<latexit sha1_base64="hHsUSaQmykWhyPwJmQqrjktRE3s=">AAAB9nicbZDNTsJAFIWn+If4V2XpppGY4Ia0aKJLohuXmAiS0KaZDheYMJ1OZqaGpuFVdGXUnQ/iC/g2DtiFgmf1zT1nkntPJBhV2nW/rNLa+sbmVnm7srO7t39gHx51VZJKAh2SsET2IqyAUQ4dTTWDnpCA44jBQzS5mfsPjyAVTfi9zgQEMR5xOqQEazMK7aoPQlGW8Po0zH0BUszOQrvmNtyFnFXwCqihQu3Q/vQHCUlj4JowrFTfc4UOciw1JQxmFT9VIDCZ4BH0DXIcgwryxfIz53SYSEePwVm8f2dzHCuVxZHJxFiP1bI3H/7n9VM9vApyykWqgRMTMd4wZY5OnHkHzoBKIJplBjCR1GzpkDGWmGjTVMWc7y0fuwrdZsM7bzTvLmqt66KIMjpGJ6iOPHSJWugWtVEHEZShZ/SG3q2p9WS9WK8/0ZJV/KmiP7I+vgG9ypKL</latexit>

p?
<latexit sha1_base64="4zvI35CjPx0Q2iN6s/JDcQR/0RE=">AAAB6nicbZDNTgIxFIXv+Iv4h7p000hMXJEZNNEl0Y1LTOTHwIR0ygUa2pmm7ZiQCS+hK6PufBxfwLex4CwUPKuv95wm99xICW6s7395K6tr6xubha3i9s7u3n7p4LBpklQzbLBEJLodUYOCx9iw3ApsK41URgJb0fhm5rceURuexPd2ojCUdBjzAWfUutGD6mVdhVpNe6WyX/HnIssQ5FCGXPVe6bPbT1gqMbZMUGM6ga9smFFtORM4LXZTg4qyMR1ix2FMJZowmy88JaeDRBM7QjJ//85mVBozkZHLSGpHZtGbDf/zOqkdXIUZj1VqMWYu4rxBKohNyKw36XONzIqJA8o0d1sSNqKaMuuuU3T1g8Wyy9CsVoLzSvXuoly7zg9RgGM4gTMI4BJqcAt1aAADCc/wBu+e8J68F+/1J7ri5X+O4I+8j28fXo5H</latexit>

�
<latexit sha1_base64="oSslb5GetBgLctlCtI2oEtHKU7Y=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJFXRZdOOygr1AG8pketIMnVyYmQgl9BF0JerOF/IFfBsnMQtt/VffnP8fOP/xEsGVtu0vq7K2vrG5Vd2u7ezu7R/UD496Kk4lwy6LRSwHHlUoeIRdzbXAQSKRhp7Avje7zf3+I0rF4+hBzxN0QzqNuM8Z1flolAR8XG/YTbsQWQWnhAaU6ozrn6NJzNIQI80EVWro2Il2Myo1ZwIXtVGqMKFsRqc4NBjREJWbFbsuyJkfS6IDJMX7dzajoVLz0DOZkOpALXv58D9vmGr/2s14lKQaI2YixvNTQXRM8spkwiUyLeYGKJPcbElYQCVl2hymZuo7y2VXoddqOhfN1v1lo31THqIKJ3AK5+DAFbThDjrQBQYBPMMbvFtT68l6sV5/ohWr/HMMf2R9fAMC5ovY</latexit>

dR
<latexit sha1_base64="5HH+G4YYkwBhRySAOrxk954yhME=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y1LNBZIoCHT4ZZOmP5kZmpCGl5BV0bd+UC+gG/jgF0oeFbf3HMmuef6qeBK2/aXVVpb39jcKm9Xdnb39g+qh0cdlWSSocsSkcieTxUKHqOruRbYSyXSyBfY9Sc3c7/7iFLxJH7Q0xS9iI5jHnBGtRm5o2F+PxtWa3bdXoisglNADQq1h9XPwShhWYSxZoIq1XfsVHs5lZozgbPKIFOYUjahY+wbjGmEyssXy87IWZBIokMki/fvbE4jpaaRbzIR1aFa9ubD/7x+poMrL+dxmmmMmYkYL8gE0QmZdyYjLpFpMTVAmeRmS8JCKinT5jIVU99ZLrsKnUbduag37pq11nVxiDKcwCmcgwOX0IJbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+AdCDjFI=</latexit>

uR
<latexit sha1_base64="Z7DvOIPXaspD5MstMP/B9/ma+QE=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y1LNBZIoCHT4ZZOmP5kZmpCGl5BV0bd+UC+gG/jgF0oeFbf3HMmuef6qeBK2/aXVVpb39jcKm9Xdnb39g+qh0cdlWSSocsSkcieTxUKHqOruRbYSyXSyBfY9Sc3c7/7iFLxJH7Q0xS9iI5jHnBGtRm52TC/nw2rNbtuL0RWwSmgBoXaw+rnYJSwLMJYM0GV6jt2qr2cSs2ZwFllkClMKZvQMfYNxjRC5eWLZWfkLEgk0SGSxft3NqeRUtPIN5mI6lAte/Phf14/08GVl/M4zTTGzESMF2SC6ITMO5MRl8i0mBqgTHKzJWEhlZRpc5mKqe8sl12FTqPuXNQbd81a67o4RBlO4BTOwYFLaMEttMEFBhye4Q3erdB6sl6s159oySr+HMMfWR/f6iWMYw==</latexit>

uR
<latexit sha1_base64="Z7DvOIPXaspD5MstMP/B9/ma+QE=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y1LNBZIoCHT4ZZOmP5kZmpCGl5BV0bd+UC+gG/jgF0oeFbf3HMmuef6qeBK2/aXVVpb39jcKm9Xdnb39g+qh0cdlWSSocsSkcieTxUKHqOruRbYSyXSyBfY9Sc3c7/7iFLxJH7Q0xS9iI5jHnBGtRm52TC/nw2rNbtuL0RWwSmgBoXaw+rnYJSwLMJYM0GV6jt2qr2cSs2ZwFllkClMKZvQMfYNxjRC5eWLZWfkLEgk0SGSxft3NqeRUtPIN5mI6lAte/Phf14/08GVl/M4zTTGzESMF2SC6ITMO5MRl8i0mBqgTHKzJWEhlZRpc5mKqe8sl12FTqPuXNQbd81a67o4RBlO4BTOwYFLaMEttMEFBhye4Q3erdB6sl6s159oySr+HMMfWR/f6iWMYw==</latexit>

dR
<latexit sha1_base64="5HH+G4YYkwBhRySAOrxk954yhME=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y1LNBZIoCHT4ZZOmP5kZmpCGl5BV0bd+UC+gG/jgF0oeFbf3HMmuef6qeBK2/aXVVpb39jcKm9Xdnb39g+qh0cdlWSSocsSkcieTxUKHqOruRbYSyXSyBfY9Sc3c7/7iFLxJH7Q0xS9iI5jHnBGtRm5o2F+PxtWa3bdXoisglNADQq1h9XPwShhWYSxZoIq1XfsVHs5lZozgbPKIFOYUjahY+wbjGmEyssXy87IWZBIokMki/fvbE4jpaaRbzIR1aFa9ubD/7x+poMrL+dxmmmMmYkYL8gE0QmZdyYjLpFpMTVAmeRmS8JCKinT5jIVU99ZLrsKnUbduag37pq11nVxiDKcwCmcgwOX0IJbaIMLDDg8wxu8W6H1ZL1Yrz/RklX8OYY/sj6+AdCDjFI=</latexit>

~E
<latexit sha1_base64="4qs01Pp1V6NIfMW1KF7eom4BjgQ=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuCrT0dIuiyK4rGAv0A4lk562sZkLSaZQhr6DrkTd+Ty+gG9jOo6gov/qy/n/wPmPFwmutG2/W7mV1bX1jfxmYWt7Z3evuH/QVmEsGbZYKELZ9ahCwQNsaa4FdiOJ1PcEdrzp5dLvzFAqHga3eh6h69NxwEecUW1Gnf4MWXK1GBRLdrlac5yaTVI4q2fgVB1SKdupSpCpOSi+9Ychi30MNBNUqV7FjrSbUKk5E7go9GOFEWVTOsaewYD6qNwkXXdBTkahJHqCJH1/zybUV2rueybjUz1Rv73l8C+vF+tR3U14EMUaA2YixhvFguiQLFuTIZfItJgboExysyVhEyop0+Y2BVP/qyP5H9pOuXJWdm7OS42L7BB5OIJjOIUK1KAB19CEFjCYwgM8w4t1Z91bj9bTZzRnZX8O4Yes1w+xjY13</latexit>

+
<latexit sha1_base64="GwgbfZzwggThrD5adCwa9rS9GIo=">AAAB4nicdZDLSgMxFIbP1Futt6pLN8EiCMIwnVraZdGNyxbsBdqhZNIzbWjmQpIRytAX0JWoOx/JF/BtTGsFFf1XX87/B85//ERwpR3n3cqtrW9sbuW3Czu7e/sHxcOjjopTybDNYhHLnk8VCh5hW3MtsJdIpKEvsOtPrxd+9w6l4nF0q2cJeiEdRzzgjGozal0MiyXHrtZct+aQJVTqK3CrLinbzlIlWKk5LL4NRjFLQ4w0E1SpftlJtJdRqTkTOC8MUoUJZVM6xr7BiIaovGy56JycBbEkeoJk+f6ezWio1Cz0TSakeqJ+e4vhX14/1UHdy3iUpBojZiLGC1JBdEwWfcmIS2RazAxQJrnZkrAJlZRpc5WCqf/VkfwPHdcuV2y3dVlqXK0OkYcTOIVzKEMNGnADTWgDA4QHeIYXa2TdW4/W02c0Z63+HMMPWa8fztqKjw==</latexit>

�<latexit sha1_base64="3KqFhdf6yi6IsaWjU/NEnGF1XEk=">AAAB4nicdZDLTgIxFIbP4A3xhrp000hM3DgZBgksiW5cQiKXBCakU85AQ+eStmNCJryAroy685F8Ad/Ggpio0X/19fx/k/MfPxFcacd5t3Jr6xubW/ntws7u3v5B8fCoo+JUMmyzWMSy51OFgkfY1lwL7CUSaegL7PrT64XfvUOpeBzd6lmCXkjHEQ84o9qMWhfDYsmxqzXXrTlkCZX6CtyqS8q2s1QJVmoOi2+DUczSECPNBFWqX3YS7WVUas4EzguDVGFC2ZSOsW8woiEqL1suOidnQSyJniBZvr9nMxoqNQt9kwmpnqjf3mL4l9dPdVD3Mh4lqcaImYjxglQQHZNFXzLiEpkWMwOUSW62JGxCJWXaXKVg6n91JP9Dx7XLFdttXZYaV6tD5OEETuEcylCDBtxAE9rAAOEBnuHFGln31qP19BnNWas/x/BD1usH0daKkQ==</latexit>

N5 6= 0
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   (defined as                          )

The Chiral Magnetic effect in the CGC
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Initial Stage Fluctuations in Heavy Ion Collisions

• We apply the Color Glass Condensate effective theory to describe fluctuations of color charge 
densities (primordial fluctuations) in the initial stage of Heavy Ion Collisions 

• We do so through the computation of one- and two-point correlators of the energy density deposited 
in the Glasma state at 

• We perform a study of azimuthal anisotropy based on these first-principle calculations. Our method 
provides a satisfactory description of                                  without having to rely on ad-hoc sources of 
fluctuations. 

• By assuming a free field propagation, we perform an analytical calculation of the evolution of said 
correlators at finite proper times 

• Our results provide theoretical insight into the thermalization phase of Heavy Ion Collisions, at least 
while the system can be described classically 

• Another source of fluctuations can be considered in the dilute-dense regime: the changing 
positions of Hot Spots

• Work in progress: We intend to perform a similar study of the evolution of correlators considering both 
sources of fluctuations simultaneously

• Once completed, we expect this calculation to provide an extra constraint to the phenomenological Hot 
Spots model, which includes parameters such as the proton radius, the size and number of hot spots, 
etc.

Conclusions
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