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Freeze-out in heavy ion collisions

QGP thermalizes in a relatively short amount of time ~ 1fm/c ~ 10^{-23} s Hydrodynamics 
Becomes dilute and hydrodynamics becomes invalid at about 10 fm/s Kinetic Theory 
Freeze-out into a gas of hadrons, which free-stream into the detectors.



Freeze-out in heavy ion collisions

Infinitely many sets of particle distribution 
functions which match with the a given 
hydrodynamic description 

What is the most probable freeze-out scenario 
which matches with all hydrodynamic content?

Particle distribution function

Maximum entropy freeze-out
Probability that f is realized in one event

EoS and all the 
hydro content have 
to be matched with 
kinetic description
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Overview

Maximum entropy freeze-out

ME Freeze-out of fluctuations - Crucial for CP search via HICs 

Determining unknown phenomenological constants from EoS

Variance of proton multiplicities near CP

Formalism

Applications



Matching ideal hydrodynamics to kinetic description

Mean particle 
distribution function at 

freeze-out

More degrees of freedom on the kinetic side
Infinitely many solutions for these matching conditions

Hydrodynamic mean 
densities
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Maximum entropy “freeze-out” of ideal 
hydrodynamics

Maximizing thermodynamic entropy subject to matching conditions
~ well known Cooper-Frye freeze-out

Hydrodynamic system freezes out into ideal hadron-resonance gas with the same 
values of conserved densities
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f̄A ⇠ e�(uµpµ�qAµB)/T

Extension to freeze-out of viscous hydrodynamics - Everett, Chattopadhyay, Heinz, 21

(Classical statistics)



Matching conditions for correlation functions
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hfAi = f̄A , h�fA�fBi = GAB , h�fA�fB�fCi = GABC . . .Particle distribution 
function at freeze-out

More degrees of freedom on the kinetic side
Infinitely many solutions for these equations

Hydrodynamic 
correlations
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Maximum entropy approach to freeze-out fluctuations
MP, Stephanov, 22

We maximize the entropy associated with the fluctuations of the particle 
distribution function f, subject to the constraints of matching conditions.

Similar to n-PI action in QFT

Probability distribution functional of f

Berges, 04, Stephanov, Yin, 17…

Depends on 
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f̄ , G2, G3, . . .
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Entropy associated with fluctuations out of 
equilibrium

Let P   be the probability distribution function to describe the fluctuations in equilibriumeq

When two point correlations are out of equilibrium:

Compute G_{AB} using P[f] to  obtain Gs in terms of Ks
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P [f ; f̄ , G2]
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Maximum entropy freeze-out of two point fluctuations

Entropy to describe off-equilibrium two-point correlations :
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Berges, 04, Stephanov, Yin, 17…

Maximize entropy :
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Entropy associated with fluctuations out of 
equilibrium

When higher point correlations are out of equilibrium:

Re-express Ks in terms of Gs
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Freeze-out of higher point fluctuations
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General freeze-out prescription (linearized)

Irreducible relative 
cumulants (IRCs)

For general non-
linear freeze-out 

prescription, refer 
MP, Stephanov, 22
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Polynomial in P_{A} 
expressible in terms 
of quantities known 

from EoS



Correlations from maximum 
entropy freeze-out

Systematically subtracts 
terms containing self 

(equilibrium) correlations
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GABCD = ḠABCD + 6b�GABF

�
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<latexit sha1_base64="MK5SjQEW2qBUyvAfOQ+Kx1FekzQ=">AAACAnicbVDJSgNBEO1xjXEb9SReBoMgCGFGRD3GJKDHCGaBTAg9nUrSpGehu0YJw+DFX/HiQRGvfoU3/8bOctDEBwWP96qoqudFgiu07W9jYXFpeWU1s5Zd39jc2jZ3dmsqjCWDKgtFKBseVSB4AFXkKKARSaC+J6DuDUojv34PUvEwuMNhBC2f9gLe5Yyiltrm/on7wDvQp5i4ZRBI0+t2clUsldO2mbPz9hjWPHGmJEemqLTNL7cTstiHAJmgSjUdO8JWQiVyJiDNurGCiLIB7UFT04D6oFrJ+IXUOtJKx+qGUleA1lj9PZFQX6mh7+lOn2JfzXoj8T+vGWP3spXwIIoRAjZZ1I2FhaE1ysPqcAkMxVATyiTXt1qsTyVlqFPL6hCc2ZfnSe0075zn7duzXKE4jSNDDsghOSYOuSAFckMqpEoYeSTP5JW8GU/Gi/FufExaF4zpzB75A+PzB7bPlv0=</latexit>

+b�GABCD

A,B,C,D

For classical gas, phase space integrals of IRCs reduce to factorial cumulants.



Summary - Maximum Entropy Freeze-out

Allows a natural generalization to freeze-out ’n’ point 
correlation functions of all hydrodynamic variables

At freeze-out, the out-of equilibrium correlations will serve as 
initial correlations in the gas which are out-of equilibrium

Consistent with the commonly employed picture of an ideal 
HRG with interactions

Formally, we have determined the freeze-out prescription. Applications…



Application : Freeze-out near the critical point

Near the CP : Critical slowing down -> Relaxation to 
equilibrium is infinitely slow.

The fluctuations of  which relaxes parametrically as 
 is the slowest non-hydrodynamic mode

̂s ≡ s/n
Γ ∼ ξ−3

Focus on a regime where only correlations of    are out of 
equilibrium - Hydro+

<latexit sha1_base64="J51M/asLXRNL4xoj+mqe6/wev6g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp0x9TzMxsUK25dXcOskq8gtSgQHNQ/eoPY5ZGXCGT1Jie5yboZ1SjYJLPKv3U8ISyCR3xnqWKRtz42fzcGTmzypCEsbalkMzV3xMZjYyZRoHtjCiOzbKXi/95vRTDGz8TKkmRK7ZYFKaSYEzy38lQaM5QTi2hTAt7K2FjqilDm1DFhuAtv7xK2hd176ruPlzWGrdFHGU4gVM4Bw+uoQH30IQWMJjAM7zCm5M4L86787FoLTnFzDH8gfP5A6pJj8k=</latexit>

ŝ



Application to Hydro+

where there is only one mode which is singular and out of equilibrium:

Applying maximum-entropy freeze-out to a Hydro+ simulation

<latexit sha1_base64="GgRZdqKKriBMxrD1uV6xZeG2rUY="></latexit>

�GAB =

✓
nc

c̄pTc

◆2 
EA � wc

nc
qA

� 
EB � wc

nc
qB

�
fAfB� h�ŝ�ŝi

Baryon density and 
enthalpy at the 
critical point

<latexit sha1_base64="i/rENr2uUeATd4i4HAFmcXGvw3Q=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XxVBIR9Vj04rGC/YAmhM120y7dbMLuRC2h/hUvHhTx6g/x5r9x2+agrQ8GHu/NMDMvTAXX4Djf1tLyyuraemmjvLm1vbNr7+23dJIpypo0EYnqhEQzwSVrAgfBOqliJA4Fa4fD64nfvmdK80TewShlfkz6kkecEjBSYFdkQLEH7BFy7B3jMX4IaGBXnZozBV4kbkGqqEAjsL+8XkKzmEmggmjddZ0U/Jwo4FSwcdnLNEsJHZI+6xoqScy0n0+PH+Mjo/RwlChTEvBU/T2Rk1jrURyazpjAQM97E/E/r5tBdOnnXKYZMElni6JMYEjwJAnc44pRECNDCFXc3IrpgChCweRVNiG48y8vktZpzT2vObdn1fpVEUcJHaBDdIJcdIHq6AY1UBNRNELP6BW9WU/Wi/Vufcxal6xipoL+wPr8AWCsk/I=</latexit>

nc & wc

<latexit sha1_base64="WMtkgr1vqYQhLBcvciYQQmGAPj8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKj70AVUan/YT0yxW36s5BVomXkwrkaPTLX71BTNOISUMFat313MT4GSrDqWDTUi/VLEE6xiHrWioxYtrP5hdPyZlVBiSMlS1pyFz9PZFhpPUkCmxnhGakl72Z+J/XTU147WdcJqlhki4WhakgJiaz98mAK0aNmFiCVHF7K6EjVEiNDalkQ/CWX14lrYuqV6u695eV+k0eRxFO4BTOwYMrqMMdNKAJFCQ8wyu8Odp5cd6dj0VrwclnjuEPnM8faNeQvg==</latexit>

c̄p Specific heat of HRG 
in equilibrium

Now, we compare this to a previously used freeze-out prescription for critical fluctuations

<latexit sha1_base64="sanNqVsEZTkE5h2bEN2h8IG5i9g="></latexit>

�GAB = b�Hab(H̄
�1

PḠ)aA(H̄
�1

PḠ)bB
<latexit sha1_base64="rLJ6nLOYkRYa8Bu7UgdEq7lH5kQ="></latexit>

b�Hŝŝ = � h�ŝ�ŝi , b�Hpp = b�Hpŝ = b�Hpuµ = b�Hŝuµ = b�Hu⌫uµ = 0



Freeze-out prescription based on EFT near critical 
point

<latexit sha1_base64="1zYmY9w3AVT9GASpa7ixtanh6CQ=">AAACBHicbVDJSgNBEO1xjXGLesylMQiCEGZE1INI1IvHCGaBzDD0dGqSJj0L3TVCCDl48Ve8eFDEqx/hzb+xsxw08UHB470qquoFqRQabfvbWlhcWl5Zza3l1zc2t7YLO7t1nWSKQ40nMlHNgGmQIoYaCpTQTBWwKJDQCHo3I7/xAEqLJL7HfgpexDqxCAVnaCS/UHQlhHgR+leuEp0uXh65bZDIqFH8Qsku22PQeeJMSYlMUfULX2474VkEMXLJtG45doregCkUXMIw72YaUsZ7rAMtQ2MWgfYG4yeG9MAobRomylSMdKz+nhiwSOt+FJjOiGFXz3oj8T+vlWF47g1EnGYIMZ8sCjNJMaGjRGhbKOAo+4YwroS5lfIuU4yjyS1vQnBmX54n9eOyc1q2705KletpHDlSJPvkkDjkjFTILamSGuHkkTyTV/JmPVkv1rv1MWldsKYze+QPrM8fqueXdg==</latexit>

hfAi+ �fA

 We incorporate the effects of critical fluctuations via the modification of 
particle masses due to their interaction with the critical sigma field 

Fluctuating particle distribution function

<latexit sha1_base64="qYapE6KB00GAtQEMaBi4ln/ZylU=">AAACBXicbZC7TsMwFIYdrqXcAowwWFRITFWCEDAWWBiLRC9SW0UnjpNatZPIdhBV1YWFV2FhACFW3oGNt8FpM0DLL1n69J9zdHx+P+VMacf5thYWl5ZXVktr5fWNza1te2e3qZJMEtogCU9k2wdFOYtpQzPNaTuVFITPacsfXOf11j2ViiXxnR6mtCcgilnICGhjefZBN6BcAxbeZRfSVCYPODKoWCSg7NkVp+pMhOfBLaCCCtU9+6sbJCQTNNaEg1Id10l1bwRSM8LpuNzNFE2BDCCiHYMxCKp6o8kVY3xknACHiTQv1nji/p4YgVBqKHzTKUD31WwtN/+rdTIdXvRGLE4zTWMyXRRmHOsE55HggElKNB8aACKZ+SsmfZBAtAkuD8GdPXkemidV96zq3J5WaldFHCW0jw7RMXLROaqhG1RHDUTQI3pGr+jNerJerHfrY9q6YBUze+iPrM8fgtKX7w==</latexit>

�mA ⇡ gA�

<latexit sha1_base64="7f0XYTNW/DCMESd0kiPS4vK6DoA="></latexit>

fA = hfAi+ gA
@ hfAi
@mA

�

MP, Rajagopal, Stephanov, Yin, 22

<latexit sha1_base64="a22O/d9C4f5MMgYJb2+r9whERk4="></latexit>

h�i = 0, h�(x+)�(x�)i = Z�1 h�ŝ(x+)�ŝ(x�)i

Stephanov, Rajagopal, Shuryak, 1999

Fluctuating particle 
distribution function



Freeze-out of Gaussian fluctuations near the 
critical point

<latexit sha1_base64="E3uX+zBWKWBkThDKNS6L2+MdagY="></latexit>

� h�NA�NBi� = dA dB

Z
DpA

Z
DpB

Z
(dS · pA)

Z
(dS · pB)�GAB

<latexit sha1_base64="p1n3H3q8DPjcdDwf5XQ3cLiY32o="></latexit>

�GAB ⌘ h�fA�fBi =
gAgB
ZT 2

mA

EA

mB

EB
fAfB h�ŝ�ŝi

<latexit sha1_base64="ZAPS4MEPTSOXWYGY7GL3yAXNi5Q="></latexit>

h�NA�NBi = hNAi �AB +� h�NA�NBi�

Poisson (or more generally, baseline) contribution

Deviations from baseline 
(critical+dynamical effects)

MP, Rajagopal, Stephanov, Yin, 22

Unknowns!



<latexit sha1_base64="UglzjE/xCJhHuPbbkMv6TBl0Prw="></latexit>

�GAB =
gAgB
ZT 2

mA

EA

mB

EB
fAfB� h�ŝ�ŝi

Agrees with the prescription obtained using the EFT with sigma field:

if g_As have a specific energy dependence 

Maximum-entropy freeze-out 
<latexit sha1_base64="GgRZdqKKriBMxrD1uV6xZeG2rUY="></latexit>

�GAB =

✓
nc

c̄pTc

◆2 
EA � wc

nc
qA

� 
EB � wc

nc
qB

�
fAfB� h�ŝ�ŝi



Phenomenological implications

<latexit sha1_base64="7l93jox7ck4zfqKzjrT+khah3ys=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgopRERN0Uim5cVrAPaEKYTCft0MlkOjMRSqi/4saFIm79EHf+jdM2C209cOFwzr3ce08oGFXacb6twtr6xuZWcbu0s7u3f2AfHrVVkkpMWjhhieyGSBFGOWlpqhnpCklQHDLSCUe3M7/zSKSiCX/QE0H8GA04jShG2kiBXR4Hou5WoVeF48ATtO541cCuODVnDrhK3JxUQI5mYH95/QSnMeEaM6RUz3WE9jMkNcWMTEteqohAeIQGpGcoRzFRfjY/fgpPjdKHUSJNcQ3n6u+JDMVKTeLQdMZID9WyNxP/83qpjq79jHKRasLxYlGUMqgTOEsC9qkkWLOJIQhLam6FeIgkwtrkVTIhuMsvr5L2ec29rDn3F5XGTR5HERyDE3AGXHAFGuAONEELYDABz+AVvFlP1ov1bn0sWgtWPlMGf2B9/gD4GZMK</latexit>

qp = 1, q⇡ = 0

Mixed correlations of protons and pions can have negative sign

<latexit sha1_base64="bZGlmNrbXasELNkVBO5vAEew8rY=">AAACKnicbVBLS8NAEN7UV62vqkcvi0WooCURUY+tXjxWsCo0JUy2m3bpZhN3N0oJ/T1e/CteelCKV3+ImxpBqwML32OG2fn8mDOlbXtiFebmFxaXisulldW19Y3y5taNihJJaItEPJJ3PijKmaAtzTSnd7GkEPqc3vqDi8y/faBSsUhc62FMOyH0BAsYAW0kr9zoeQ2X3ifswe2Dxhk7KLmBBJK6igkXeNwHzxmljxmtfvPDHBztj7xyxa7Z08J/gZODCsqr6ZXHbjciSUiFJhyUajt2rDspSM0Ip6OSmygaAxlAj7YNFBBS1Umnp47wnlG6OIikeULjqfpzIoVQqWHom84QdF/Nepn4n9dOdHDWSZmIE00F+VoUJBzrCGe54S6TlGg+NACIZOavmPTB5KRNuiUTgjN78l9wc1RzTmr21XGlfp7HUUQ7aBdVkYNOUR1doiZqIYKe0At6RW/WszW2Jtb7V2vByme20a+yPj4BKrmnGQ==</latexit>

gA ⌘ ĝA
sin↵1

w sin(↵1 � ↵2)

<latexit sha1_base64="cuTq4bJutrtTa+1nNDvDm3WO00E="></latexit>

ĝp,0 ⇡ �3.1, ĝ⇡,0 ⇡ 0.18, ĝp̄,0 ⇡ 5.5

Baryon density and 
enthalpy at the 
critical point

<latexit sha1_base64="i/rENr2uUeATd4i4HAFmcXGvw3Q=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XxVBIR9Vj04rGC/YAmhM120y7dbMLuRC2h/hUvHhTx6g/x5r9x2+agrQ8GHu/NMDMvTAXX4Djf1tLyyuraemmjvLm1vbNr7+23dJIpypo0EYnqhEQzwSVrAgfBOqliJA4Fa4fD64nfvmdK80TewShlfkz6kkecEjBSYFdkQLEH7BFy7B3jMX4IaGBXnZozBV4kbkGqqEAjsL+8XkKzmEmggmjddZ0U/Jwo4FSwcdnLNEsJHZI+6xoqScy0n0+PH+Mjo/RwlChTEvBU/T2Rk1jrURyazpjAQM97E/E/r5tBdOnnXKYZMElni6JMYEjwJAnc44pRECNDCFXc3IrpgChCweRVNiG48y8vktZpzT2vObdn1fpVEUcJHaBDdIJcdIHq6AY1UBNRNELP6BW9WU/Wi/Vufcxal6xipoL+wPr8AWCsk/I=</latexit>

nc & wc

<latexit sha1_base64="6tfjn9YzNiEjkoZtk+Jx6JoRAUI="></latexit>

ĝA(EA) /
EA

mA

✓
EA

wc
� qA

nc

◆

Depends on non-
critical information 
from the QCD EoS

Measure of the size of 
the critical region

Estimates using 
BEST EoS

BEST EoS parameters

<latexit sha1_base64="xDT5Oblo4cLXMF/b0d+sD8+Quss=">AAACBHicbVDJSgNBEO2JW4xb1GMujUHwEMKM+0UIevEiRDALZELo6VSSJj0L3TViGHLw4q948aCIVz/Cm39jZzlo4oOCx3tVVNXzIik02va3lVpYXFpeSa9m1tY3Nrey2ztVHcaKQ4WHMlR1j2mQIoAKCpRQjxQw35NQ8/pXI792D0qLMLjDQQRNn3UD0RGcoZFa2Zzrxy3uFi7cwtGJTd2Ci/CAyQ1Uh7SVzdtFeww6T5wpyZMpyq3sl9sOeexDgFwyrRuOHWEzYQoFlzDMuLGGiPE+60LD0ID5oJvJ+Ikh3TdKm3ZCZSpAOlZ/TyTM13rge6bTZ9jTs95I/M9rxNg5byYiiGKEgE8WdWJJMaSjRGhbKOAoB4YwroS5lfIeU4yjyS1jQnBmX54n1cOic1q0b4/zpctpHGmSI3vkgDjkjJTINSmTCuHkkTyTV/JmPVkv1rv1MWlNWdOZXfIH1ucPNo2WjA==</latexit>

µc = 350MeV



Variance of proton multiplicity near a critical point  

The fluctuations are reduced relative to equilibrium value 
(conservation laws)
Compared to the equilibrium scenario, the fluctuations are less 
sensitive to freeze-out temperature

Tf = 140 MeV

Tf = 156 MeV
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<latexit sha1_base64="O0co4F2852uYO5p7NHWuzCvGJJk=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1GPRi8cKthaaEDbbTbt0swm7k9IS8k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MBVcg+N8W5W19Y3Nrep2bWd3b//APjzq6CRTlLVpIhLVDYlmgkvWBg6CdVPFSBwK9hSO7mb+05gpzRP5CNOU+TEZSB5xSsBIgW17Ex7kHrAJ5DGZFEVg152GMwdeJW5J6qhEK7C/vH5Cs5hJoIJo3XOdFPycKOBUsKLmZZqlhI7IgPUMlSRm2s/nlxf4zCh9HCXKlAQ8V39P5CTWehqHpjMmMNTL3kz8z+tlEN34OZdpBkzSxaIoExgSPIsB97liFMTUEEIVN7diOiSKUDBh1UwI7vLLq6Rz0XCvGs7DZb15W8ZRRSfoFJ0jF12jJrpHLdRGFI3RM3pFb1ZuvVjv1seitWKVM8foD6zPH4+VlEM=</latexit>

⇠max Proximity of the trajectory to critical point 
<latexit sha1_base64="6s/s4dQrtLql+45yiJJ0wF0y6+8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK/YI2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqPjX7YL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8surpHVR9a6q7sNlpXabx1GEEziFc/DgGmpwD3VoAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPHybSjbY=</latexit>

Tf Proximity of freeze-out point to critical region MP, Rajagopal, Stephanov, Yin, 22



Summary

Numerical implementation of freeze-out of higher-point fluctuations needs 
to be performed..

A general prescription for freeze-out has been recently 
developed - Maximum entropy approach

Previously, unknown parameters crucial for the freeze-out of 
fluctuations near the QCD critical point in terms of the QCD equation 
of state

Thank you!

Dynamics of fluctuations have important consequences for their magnitude at 
freeze-out , it also reduces the sensitivity to the freeze-out location
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Rajagopal, Ridgway,Weller, Yin, 19 

MP, Rajagopal, Stephanov, Yin, 22

Γ(x) =
D0ξ0

ξ3
K(x), K(x) ∼ x2 for x ≪ 1 Model H

<latexit sha1_base64="EQdsWwGACj3AFOwe2noF4iY9sac=">AAACAXicbVDLSgNBEJz1bXytehG8DAbBQwi74usiiF68CBGSGMguy+ykV4fMPpjpFcMSL/6KFw+KePUvvPk3TmIOGi1oKKq66e4KMyk0Os6nNTE5NT0zOzdfWlhcWl6xV9eaOs0VhwZPZapaIdMgRQINFCihlSlgcSjhKuyeDfyrW1BapEkdexn4MbtORCQ4QyMF9kY9iLzKsVdx9x2vQj2EOywuoNkP7LJTdYagf4k7ImUyQi2wP7xOyvMYEuSSad12nQz9gikUXEK/5OUaMsa77BrahiYsBu0Xww/6dNsoHRqlylSCdKj+nChYrHUvDk1nzPBGj3sD8T+vnWN05BciyXKEhH8vinJJMaWDOGhHKOAoe4YwroS5lfIbphhHE1rJhOCOv/yXNHer7kHVudwrn5yO4pgjm2SL7BCXHJITck5qpEE4uSeP5Jm8WA/Wk/VqvX23TlijmXXyC9b7FxbClWU=</latexit>

Tf = 150MeV

<latexit sha1_base64="kkHNV07NwmrzqZ38CGDJta+TyQ8="></latexit>

h�ŝ(x+)�ŝ(x�)i =
Z

Q
eiQ·�xW2(x,Q)

<latexit sha1_base64="7TBo0Agg08cKIpI+juMt4I723uQ="></latexit>

u · @W2(x,Q) = ��(|Q|⇠)
�
W2(x,Q)� W̄2(x,Q)

�

The contribution of low Q modes dominate the 
particle correlations

<latexit sha1_base64="S5QEGLEXGdFIA6ISvr8r0spe3+8=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgY9wVUcugjWUCeUF2XWYns8mQ2Udm7gphSWHjr9hYKGLrR9j5N04ehSYeuHA4517uvcdPBFdgWd9GbmV1bX0jv1nY2t7Z3TP3D5oqTiVlDRqLWLZ9opjgEWsAB8HaiWQk9AVr+YPbid96YFLxOKrDKGFuSHoRDzgloCXPLNYcwYbYAZJ6wX12ao8dNZSQhWf1sWeWrLI1BV4m9pyU0BxVz/xyujFNQxYBFUSpjm0l4GZEAqeCjQtOqlhC6ID0WEfTiIRMudn0iTE+1koXB7HUFQGeqr8nMhIqNQp93RkS6KtFbyL+53VSCK7djEdJCiyis0VBKjDEeJII7nLJKIiRJoRKrm/FtE8koaBzK+gQ7MWXl0nzvGxflq3aRalyM48jj4roCJ0gG12hCrpDVdRAFD2iZ/SK3own48V4Nz5mrTljPnOI/sD4/AFzPpf6</latexit>
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Dynamics of fluctuations near a critical point
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Stephanov, Yin, 17



Maximum - entropy freeze-out hasn’t been 
implemented in numerical simulations yet..

However, the EFT based approach has been 
implemented for freeze-out of Gaussian fluctuations..

We’ll use the EFT based freeze-out approach ( g_As assumed to be constant) to demonstrate 
affects of critical slowing down and conservation qualitatively.


