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A tough and general question
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HIC experiments constrain QCD properties
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pre-hydro

(far-from-equilibrium)

Aleksas Mazeliauskas aleksas.eu

QCD thermalisation
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High-energy limit αs≪1 of QCD 

Berges, Heller, AM, Venugopalan RMP (2021)

● Initial conditions: highly occupied gluons 5elds
● Intermediate times: quark and gluon quasi-particles 

hydro

(near equilibrium)

The measurements reported here are from Auþ Au
collisions recorded by the solenoidal tracker at
Relativistic Heavy Ion Collider (STAR) [27] from 2010
to 2017. The data is presented for

ffiffiffiffiffiffiffiffi
sNN

p ¼ 7.7, 11.5, 14.5,
19.6, 27, 39, 54.4, 62.4, and 200 GeV as part of phase-I
of the Beam Energy Scan (BES) program at RHIC [15].
These

ffiffiffiffiffiffiffiffi
sNN

p
values correspond to μB values ranging

from 20–420 MeV at chemical freeze-out [15]. All valid
Auþ Au collisions occurring within 60 cm (80 cm forffiffiffiffiffiffiffiffi
sNN

p ¼ 7.7 GeV) of the nominal interaction point along
the beam axis are selected. For the results presented here,
the number of minimum bias Auþ Au collisions ranges
between 3 × 106 for

ffiffiffiffiffiffiffiffi
sNN

p ¼ 7.7 GeV and 585 × 106 atffiffiffiffiffiffiffiffi
sNN

p ¼ 54.4 GeV. These statistics are found to be
adequate to make the measurements of the moments of
the net-proton distributions up to the fourth order [28]. The
collisions are further divided into centrality classes char-
acterized by their impact parameter, which is the closest
distance between the centroids of two nuclei passing by. In
practice, the impact parameter is determined indirectly
from the measured multiplicity of charged particles other
than protons (p) and antiprotons (p̄) in the pseudorapidity
range jηj < 1, where η ¼ − ln½tanðθ=2Þ&, with θ being the
angle between the momentum of the particle and the
positive direction of the beam axis. We exclude p and p̄
while classifying events based on impact parameter spe-
cifically to avoid self-correlation effects [29]. The effect of
self-correlation potentially arising due to the decay of
heavier hadrons into pðp̄Þ and other charged particles
has been determined to be negligible from a study using the
standard heavy-ion collision event generators, the Heavy
Ion Jet Interaction Generator (HIJING) [30] and the
Ultrarelativistic Quantum Molecular Dynamics (UrQMD)
simulation [31]. The effect of resonance decays and the
pseudorapidity range for centrality determination have been
understood and optimized using model calculations
[32,33]. The results presented here correspond to two event
classes: central collisions (impact parameters ∼0–3 fm,
obtained from the top 5% of the above-mentioned multi-
plicity distribution) and peripheral collisions (impact
parameters ∼12–13 fm obtained from the 70%–80% region
of the multiplicity distribution).
The protons and antiprotons are identified, along with

their momenta, by reconstructing their tracks in the time
projection chamber (TPC) placed within a solenoidal
magnetic field of 0.5 Tesla and by measuring their
ionization energy loss (dE=dx) in the sensitive gas-filled
volume of the chamber. The selected kinematic region for
protons covers all azimuthal angles for the rapidity range
jyj < 0.5, where rapidity y is the inverse hyperbolic
tangent of the component of speed parallel to the beam
direction in units of the speed of light. The precise
measurement of dE=dx with a resolution of 7% in Auþ
Au collisions allows for a clear identification of protons
up to 800 MeV=c in transverse momentum (pT).

The identification of a larger pT (up to 2 GeV=c with
purity above 97%) is made by a time of flight detector
(TOF) [34] having a timing resolution of better than
100 ps. A minimum pT threshold of 400 MeV=c and a
maximum distance of closest approach to the collision
vertex of 1 cm for each pðp̄Þ candidate track is used to
suppress contamination from secondaries and other back-
grounds [15,42]. This pT acceptance accounts for approx-
imately 80% of the total pþ p̄multiplicity at midrapidity.
This is a significant improvement from the results pre-
viously reported [42], which only had the pþ p̄measured
using the TPC. The observation of nonmonotonic varia-
tion of the kurtosis times variance (κσ2) with energy is
much more significant with the increased acceptance. For
the rapidity dependence of the observable, see the
Supplemental Material [34].
Figure 1 shows the event-by-event net-proton

(Np − Np̄ ¼ ΔNp) distributions obtained by measuring
the number of protons (Np) and antiprotons (Np̄) at
midrapidity (jyj < 0.5) in the transverse momentum range
0.4 < pTðGeV=cÞ < 2.0 for Auþ Au collisions at variousffiffiffiffiffiffiffiffi
sNN

p
. To study the shape of the event-by-event net-proton

distribution in detail, the cumulants (Cn) of various orders
are calculated, where C1 ¼ M, C2 ¼ σ2, C3 ¼ Sσ3,
and C4 ¼ κσ4.
Figure 2 shows the net-proton cumulants (Cn) as a

function of
ffiffiffiffiffiffiffiffi
sNN

p
for central and peripheral Auþ Au

collisions (see the Supplemental Material [34] for a
magnified version). The cumulants are corrected for the
multiplicity variations arising due to finite impact para-
meter range for the measurements [32]. These corrections
suppress the volume fluctuations considerably [32,43]. A
different volume fluctuation correction method [44] has
been applied to the 0%–5% central Au þ Au collision
data, and the results were found to be consistent with those
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FIG. 1. Event-by-event net-proton number distributions for
head-on (0%–5% central) Auþ Au collisions for nine

ffiffiffiffiffiffiffiffi
sNN

p

values measured by STAR. The distributions are normalized to
the total number of events at each

ffiffiffiffiffiffiffiffi
sNN

p
. The statistical

uncertainties are smaller than the symbol sizes and the lines
are shown to guide the eye. The distributions in this figure are not
corrected for proton and antiproton detection efficiency. The
deviation of the distribution for

ffiffiffiffiffiffiffiffi
sNN

p ¼ 54.4 GeV from the
general energy dependence trend is understood to be due to the
reconstruction efficiency of protons and antiprotons being differ-
ent compared to other energies.

PHYSICAL REVIEW LETTERS 126, 092301 (2021)
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Fluctuations is an important measure in systems that are small or with critical point
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Non-hydro DOFs is an important measure in systems that are small or at early time
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LHC energies [20]. The agreement with experimental results from LHC shown in
Fig. 6 is particularly striking.
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Fig. 6. Left: Root-mean-square anisotropic flow coe�cients hv2ni1/2 in the IP-Glasma model [20],
computed as a function of centrality, compared to experimental data of vn{2}, n 2 {2, 3, 4},
by the ALICE collaboration [182] (points). Right: Root-mean-square anisotropic flow coe�cients
hv2ni1/2 as a function of transverse momentum, compared to experimental data by the ATLAS
collaboration using the event plane (EP) method [22] (points). Bands indicate statistical errors.

This agreement indicates that initial state fluctuations in the deposited energy
density, translated by hydrodynamic evolution into anisotropies in the particle pro-
duction, are the main ingredient to explain the measured flow coe�cients.

Because of this feature, some e↵ort has been concentrated on characterizing the
initial state in a way that ties it directly to the measured flow. The simplest way of
doing so is to compare the initial eccentricities of the system

"n =

p
hrn cos(n�)i2 + hrn sin(n�)i2

hrni (13)

to the final flow harmonics vn. However, in particular for v4 and higher harmonics,
the nonlinear nature of hydrodynamics becomes important [183] and more accurate
predictors for flow coe�cients involve both linear and nonlinear terms, e.g. v5 has
contributions from "5 and "2"3, and it was shown [184] that the nonlinear term
becomes more dominant with increasing viscosity.

The fact that linear terms are damped more by viscosity leads to a growing
correlation of di↵erent event planes

 n =
1

n
arctan

hsin(n�)i
hcos(n�)i , (14)

with increasing viscosity [184], a result that is in line with findings in a di↵erent
work [185], where experimental data on event plane correlations from the ATLAS
collaboration [186] was compared to hydrodynamic calculations in di↵erent scenar-
ios.

Gale et al, 1301.5893
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Why diffusion?
• The slowest hydrodynamic mode near CEP is diffusive charges.
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Fick’s law (1855)

∂t n = D∂2n

• Diffusive dynamics is ubiquitous.

stretched horizon

BH
membrane paradigm

ρ0 JM ≡ nρFMρ

Bottom up EOM, applied near equilibrium

mailto:xinan@ugent.be


Why EFT?
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• EFT is convenient for nonlinear loop-calculations in QFT.

EFT EOM

?

UV

Ibare[φ, Φ]

IR

Ieffective[φ]

Integrate out Φ

Integrate in Φ

• Unlike universal near-equilibrium phenomena governed by conservation, far-from-
equilibrium phenomena exhibit a rich landscape without obvious organizing principles.

E.g., Jain et al, 2009.01356
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Strongly and weakly coupled regimes far from equilibrium 

7

Strongly coupled regime

  Collective excitations

Fluid-like

 (1 + τ∂t)∂t n = D∂2n
τ ∼ ℓmic ∼ 1/T

Mode structure: poles

non-hydro pole

hydro pole

−i/τ

−iDq2

ω

Weakly coupled regime

         Quasiparticles

Particle-like

 (∂t + v ⋅ ∂) f(x, p) ≈ − ( f − feq)/τ
τ ∼ ℓmfp ∼ 1/(α2

s T)

Mode structure: cuts

non-hydro cut

hydro pole
−i/τ

−iDq2

ω
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Schwinger-Keldysh formalism

8

  Unitarity constraints

   Reflectivity                            
   Normalizability                        
   Positivity                              

I∗[A , Aa] = − I[A , − Aa]
I[A , Aa = 0] = 0
Im I[A , Aa] ≥ 0

  Kubo-Martin-Schwinger (KMS) invariance

I[A, Aa] = I[Ã, Ãa] ⟹ Ã(−t) = A(t), Ã1,2(−t) = A1,2(t ± iβ/2)

A ≡ Ar =
1
2

(A1 + A2)

A1

A2

Aa = A1 − A2

ρ0(β)
Schwinger, 1961; 

Keldysh, 1965

Martin et al, 1973

Glorioso et al, 1805.09331

…

Z[A1, A2] = Tr U[A1]ρ0U[A2]†

Tr ρ = 1

mailto:xinan@ugent.be
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Explicit and emergent symmetries
The action is required to be invariant under

9

ϕ → ϕ + λ, 𝔸μ → 𝔸μ

Unbroken (disordered) phase: local/independent shift Broken (ordered) phase: global/common shift

‣ Emergent shift due to SSB

ϕ → ϕ + θ(x), Aμ → Aμ − ∂μθ(x), ⟹ 𝔸μ = Aμ + ∂μϕ → 𝔸μ

‣ Explicit U(1) gauge transformation

ϕ → ϕ + λ(x), 𝔸μ → 𝔸μ + ∂μλ(x)

Jeffrey Goldstone 
1933.09.03-2026.10.12

mailto:xinan@ugent.be


xinan@ugent.be

Scenarios for multiple U(1)s
Generalization to a collection of systems (layers) with multiple U(1)s.

10

   All U(1)s are unbroken    All U(1)s are broken into a diagonal U(1)

        Hybridization of the two

III

III

U(1)U(1) U(1) diagonal U(1)U(1)U(1) U(1)

XA, Brants, Heller and Yin, 2511.11555, PRL
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Scenario I: all U(1)s are unbroken

11

Delacretaz et al, 2203.05004 

York et al, 0811.0729

Mo et al, 2512.23960

ϕ1 ϕNϕα

Action for unbroken scenario

IU[{ϕα}] =
N

∑
α=1

∫x
χ0{(∂t ϕ)∂t ϕa − (∂i ϕ)∂i ϕa +

1
2 [(v ⋅ ∂)ϕ ∂t ϕa + (r ↔ a)]}α

EOM: kinetic-like theory

Boltzmann equation for δf = χ0(∂t ϕ)

 Layer-dependent shift 

IU[{ϕα , ϕa
α}] = IU[{ϕα +λα(x), ϕa

α}]

ω
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Scenario II: all U(1)s are broken into a diagonal U(1)

12

φ1 φKφn φ1 φKφn

U(1)U(1) U(1) U(1)

 Layer-independent (diagonal) shift 

IB[{𝔸n, 𝔸a
n}] = IB{𝔸n +∂λ(x), 𝔸a

n}]

Action for broken scenario

IB[{𝔸n}] =
K

∑
n=1

∫x
{ f2 (Δ𝔸)t (Δ𝔸)a

t − g2(Δ𝔸)i(Δ𝔸)a
i + ϵ E ⋅ Ea − κ B ⋅ Ba + σ E ⋅ 𝔸a}n

Δ𝔸n = 𝔸n+1 − 𝔸n

EOM: holographic-like theory

Maxwell equations for hidden photon 𝔸μ
Nickel et al, 1009.3094

ω
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Scenario II: all U(1)s are broken into a diagonal U(1)

13

 (minimum configuration) reproduces Maxwell-Cattaneo (MC) diffusion. 
Maxwell 1867; Cattaneo, 1948; Nickel et al, 1009.3094
K = 1

Action for MC

IB
K=1 ∫x

( f2 (𝕍 − 𝔸)t (𝕍 − 𝔸)a
t − g2(𝕍 − 𝔸)i(𝕍 − 𝔸)a

i + ϵ E ⋅ Ea − κ B ⋅ Ba + σ E ⋅ 𝔸a)

UA(1) × UV(1) → U(1)

A V

Morse Diagram

dynamic background/external

mailto:xinan@ugent.be
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Scenario II: all U(1)s are broken into a diagonal U(1)

14

ρ0

Black hole horizon AdS boundary

ρ → ∞

U1(1) × … × Un × … × UK(1) → U(1)

A1 AKA2 An AK−1An+1

Δρ

 (continuous limit) reproduces holography via dimensional deconstruction. 
Arkani-Hamed et al, 0104005
K → ∞

Maxwell action for 5D holography

IB
K→∞ −

1
4 ∫x,ρ

−g gMM′￼gNN′￼FMNFa
M′￼N′￼

ω
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Scenario III: Hybridization of the two

15

• Mutual equilibration of two open systems with chemical potential .

• Transition between strongly and weakly coupled regimes.

μU ∼ ∂tϕα, μB = ∂tφV

ϕ1 ϕNϕα

φ1

φV

system U (kinetic) 

system B (holo)

boundary

Action for hybrid scenario

 IH = IU[{ϕα}] + IB[{φ1, φV}] + ΔI[ϕα , φV]

ΔI = −
χU

τR ∑
α

∫x
(∂t ϕα − ∂t φV)(ϕa

α − φa
V)

non-hydro cut

diffusive mode (hydro)
−i/τR

ωD

ω
−q q

ωC

ω− ω+

coupling mode
QNM

−i/τ

τR > τ

mailto:xinan@ugent.be
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Fluctuations and shift symmetry

“Integrated in” action invariant under shift

16

integrate out ϕ̃

θ ϕ̃(θ = 2π) = ϕ+

ϕ̃(θ = 0) = ϕ−

thermal

Local action for ϕ̃

Ĩ [ϕ̃] = ∫x ∫
2π

0
dθ

σ
2 [i(∂θϕ̃)2 −

1
2πT

(∂θϕ̃) ∂tϕ̃]

 Shift on auxiliary field 

Ĩ [ϕ̃(θ, x)] = Ĩ [ϕ̃(θ, x) +λ(x)]

Nonlocal action for ϕ

Idiss + Ifluct = ∫x,ω
ϕa(−ω)[Eϕ(ω) + iQϕa(ω)]

KMS/FDR

Q = coth ( ω
2T ) ImE

XA, Brants, Heller and Yin, 2511.11555, PRL

mailto:xinan@ugent.be


Content

EFT approach from action principle

Application in diffusive dynamics near CEP



ExperimentTheory

xinan@ugent.be

Cumulant as a probe of CEP

STAR, 2504.00817; Stephanov, 2410.02861

18

Theory vs BES-II data
(universal EOS) critical �n :

(irreducible correlations) FCn[Np] ⇠ �n (Pradeep, MS 2211.09142), !n ⌘ FCn/FC1

Bzdak et al review 1906.00936

Expected signatures: bump in !2 and !3, dip then bump in !4

for CP at µB > 420 MeV

M. Stephanov QCD EOS and Critical Point Theory SQM 2024 4 / 15
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QCD phases

QGP

hadron gas

chemical potential
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200GeV
7.7GeV

Cn ∼
∂nP(μ, T)

∂μn

Cn = ⟨(N − ⟨N⟩)n⟩c

mailto:xinan@ugent.be


xinan@ugent.be

“Dynamical calculations are called for”
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We report precision measurements on cumulants (Cn) and factorial cumulants (κn) of (net) proton
number distributions up to fourth order in Auþ Au collisions over center-of-mass energies

ffiffiffiffiffiffiffiffi
sNN

p ¼
7.7–27 GeV from phase II of the Beam Energy Scan program at RHIC. (Anti)protons are selected
at midrapidity (jyj < 0.5) within a transverse momentum range of 0.4 < pT < 2.0 GeV=c. Relative
to various noncritical-point model calculations and peripheral collision 70%–80% data, the net
proton C4=C2 measurement in 0%–5% collisions shows a minimum around 19.6 GeV for
significance of deviation at ∼2–5σ. A minimum in C4=C2 with respect to a noncritical baseline
is expected to be a characteristic feature of the signature associated with a critical point in the QCD
phase diagram. In addition, deviations from noncritical baselines around the same collision energy
region are also seen in proton factorial cumulant ratios, especially in κ2=κ1 and κ3=κ1. Dynamical
model calculations including a critical point are called for in order to understand these precision
measurements.

DOI: 10.1103/9l69-2d7p
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Dynamic approaches
• Different approaches are complementary and related

1) Stochastic sampling

2) Deterministic equations

3) Schwinger-Keldysh (SK) formalism  

·φi = Fi + ξi, ⟨ξi(x)ξj(x′￼)⟩ = 2Qijδxx′￼

·φi = Qij(S, j + S, jkℓGkℓ) + …, S = logPeq

𝕃(φr , ψa) = ( ·φr − Fi(φr))φa
i + iφa

i Qijφa
j

Straightforward but consuming; noise problem

analytic control; need truncation

Top-down; less straightforward

20

XA, Basar and Stephanov, 2604.14110, PRC
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SK Lagrangian for MC

21

MC Lagrangian (  case of holography-like theory in the classical limit )K = 1 ω/T ≪ 1
        

ℒ = f2 (𝕍 − 𝔸)t

n

(𝕍 − 𝔸)a
t −g2(𝕍 − 𝔸)i

Ji

(𝕍 − 𝔸)a
i + iλ𝔸ai𝔸̃i

a

λ (βEi−∂iα)𝔸a
i +iλ𝔸ai𝔸i

a

+ maxwell

MC Lagrangian (bottom-up MSR)

ℒ = −(∂tn + ∂iJi

conservation

)φa

−(Ji + τ∂tJi + λ∂iα

MC equation

)𝔸ai + iλ𝔸i
a𝔸ai

noise

Fick Lagrangian

ℒ = n𝕍 a
t + iλ𝕍ai(𝕍 i

a + i∂iα)
= − (∂tn + ∂iλ∂iα

Fick equation

)φa − iφa∂iλ∂iφa

noise

integrate out  at Ji g → ∞zero source 𝕍 μ
a = ∂μφa

𝔸̃i
a = 𝔸i

a + iβ∂t𝔸i
r

τ ∼ λ/g2
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xinan@ugent.be

EFT constraint on transport coefficients

22

SK Lagrangian

ℒ = n𝕍 a
t + Ji(𝕍 − 𝔸)a

i + iλ𝔸ai𝔸̃i
a

KMS invariance requires ℒ̃ − ℒ = iβ [n∂tμ − g−2Ji∂tJi] = iβ∂t p

⟹ dp = ndμ −
1

2g2
dJ2 ⟹ ( ∂g−2

∂μ )
J

= 2 ( ∂n
∂J2 )

μ

𝔸̃μ
a = 𝔸μ

a + iβ∂t𝔸μ
r

𝕍̃ μ
a = 𝕍 μ

a + iβ∂t𝕍 μ
r

( ∂g−2

∂μ )
J

⟹ g2 =
τ
σ

= constantThe independence of  and  requiresn J

This implies that  and  must have the same scaling behavior near CEP.τ σ

Jain et al, 2309.00511

See also Michal’s talk on NTFP
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Diffusion dynamics: from Fick to MC

23

x

n(
t,x

)

t=0
t=0.05, vanilla hydro
t=0.05, extended hydro

t = 0

t = 0+
Fick
MC

 limit: Fickτ → 0

Charge conservation

∂t n + ⃗∂ ⋅ ⃗J = 0

Fick

⃗J = − D ⃗∂n
Maxwell-Cattaneo (MC)

(τ∂t + 1) ⃗J = − D ⃗∂nor

To close the system we use EOS

st D = λα′￼

mailto:xinan@ugent.be
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Mode analysis of MC diffusion

24

• The modes

• MC equation retains one non-hydro mode and thus applies beyond hydro:

GR(ω, q) ∼
1

−iω(1 − iωτ) + Dq2
⟹ ω± =

−i ± i 1 − 4τDq2

2τ
, q⋆ =

1

2 τD

Fick

hydro−iDq2

ω

q ≪ q⋆ q ≳ q⋆

non-hydro

hydro

−i/τ

−iDq2

ω ω

QNM

q ≪ T
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Schwinger–Dyson equations for multi-point functions

25

• Equations for multi-point functions are given by variation method.

∫ 𝒟χ𝒟χa
δ

δχa
(eiI[χ, χa]𝒪[χ]) = ⟨δI[χ, χa]

δχa

EOM for χ

𝒪[χ]⟩ = 0

N

∑
i=1 ⟨(EOM for δχi)∏

j≠i

δχj⟩
c

⟹ ∂t ⟨
N

∏
i=1

δχi⟩
c

=
N

∑
i=1 ⟨δF[χi]∏

j≠i

δχj⟩
c

( )

( )

( )

Gi  i   …1   2
c

i  i   , j  j  …1   2Q 1   2L i    j  j  …1   21

( ) • :

⑨
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;
°
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force noise

Sogabe et al, 2111.14667

Abbasi et al, 2212.11499
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Equation for MC correlators

• Equation for 2-pt correlators in the longitudinal channel for  and :n g ≡ ·n = = − ∂ ⋅ J

26

The results for higher-point functions are straightforward.

Wij…(qi, qj) = Wigner Transform [⟨δχi(x1)δχj(x2)…⟩], χ = n, g

EOM for 2-pt functions (MC)

∂tWnn = 2Wng,

∂tWng = Wgg − τ−1Wng − u2q2Wnn,

∂tWgg = − 2τ−1Wgg − 2u2q2Wng + 2λτ−2q2 .

Abbasi, XA and Wu, 2606.02446, PRD

EOM for 2-pt functions (Fick)

∂tWnn = − 2Dq2Wnn + 2λq2 .

XA, Basar, Stephanov and Yee, 2009.10742, PRL

τ → 0

u2 =
D
τ

=
g2

f 2

mailto:xinan@ugent.be
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2-pt function dynamics
• Evolution at a particular wavenumber q:

27

Solid: τ ∼ 1 fm

q = 1.0 fm−1

q = 1.5 fm−1

q = 2.0 fm−1

Dashed: τ = 0 fmWnn(q, t)
Wnn(q, t0)QCD phases

quark-gluon plasma

hadron gas

critical point

chemical potential

te
m

pe
ra

tu
re

t

ω

QNM

oscillation at short scale

q ≳ q⋆(t)

Abbasi, XA and Wu, 2606.02446, PRD

The behavior of higher-point functions is similar.
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Freezeout in a boost-invariant fluid

28

z0 = 0

z

Δ

QΔ = ∫z
wΔ(z) n(tf, z), wΔ(z) = Θ(Δ − |z | )

Cn[w] = ∫ [∏
i

d3qi

(2π)3 ] (2π)3δ(3)(∑
i

qi) Wc
n⋯n(q1, …, qN; tf)∏

i

wΔ(qi)

wΔ(qi) =
2 sin(qiΔ)

qi

• Experiments collect data at acceptance window Abbasi, XA and Wu, 2606.02446, PRD
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Cumulants and energy dependence

29

Theory vs BES-II data
(universal EOS) critical �n : (irreducible correlations) FCn[Np] ⇠ �n (Pradeep, MS 2211.09142), !n ⌘ FCn/FC1

Bzdak et al review 1906.00936
Expected signatures: bump in !2 and !3, dip then bump in !4

for CP at µB > 420 MeV

M. Stephanov QCD EOS and Critical Point Theory SQM 2024 4 / 15

Abbasi, XA and Wu, 2606.02446, PRD

The toy model features the qualitative similarity.
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Recap

Thank You

Far-from-equilibrium phenomena are organized 
by one principle.  

EFT is powerful in constraining parameters and 
calculating nonlinear effects.

A framework for fluctuation dynamics 
incorporating nonhydro behavior is plausible.  

The far-from-equilibrium phenomena may affect 
the CEP experiment results.


