Nonuniform-temperature effects
on the phase transition
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QCD phase transition and the phase diagram
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» The location of CP? Phys. Rept. 853 (2020)

The 1st order phase transition?
The signals?



The signals for the CP

* Non-interacting gas
(An,Any) = <(&”p)2> Opk = (M) Opi

* Near the CP, 2-particle correlator

(AnpyAng) = v (lm, +‘ M

coupling leads to a singular contribution as one approaches the CP.

e 3, 4-particle correlators are more sensitive to M. Stephanov, PRL 102, 032301(2009)
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STAR BES: Cumulant ratios

J. Adam et al. (STAR Collaboration), PRL 126, 092301 (2021)
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* Nonmonotonic deviations of k2 at

around -/ ~ .

* Could not be explained by UrQMD,

HRG, and equi/non-equi critical models.
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Besides the dynamical effects, any other effects? a




Nonuniform T system
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Assumptions:

Markov process

Fast relaxation

local equilibrium

uniform chemical potential

~N

g
Temperature profile:

ol X
T(xX)=T;+— t::mh(—).
2 W
with = 40MeV. The
temperature gradient in the PT
region is 20 or 40 MeV/fm for
w=1 or 0.5.
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The probability distribution function in continuous limit is written as

2
Pl =i {_ f P L ?er;f’[fr(?")]},

We adopt the Ising-like effective potential

Vio] = a(T =T )(o—00)+b(u—p)o—00)” +c(o—00)’,

Parameter sets: a = 0.5 2 b=-0.25 1 ¢c=3.6. = 160MeV, c0=0.

Stationary solution  satisfies §P[o]/60 = 0.

1 SV
Vig = —VT -Vo + —.
T oo

Boundary condition: o(x=-L/2)=01, o(x=L/2)=o0r

where ot and or represent the global minimum at the local T.



stationary solution and the lift of Tc
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For different order of phase transition, oc(x) changes its sign at x > 0.

By identifying the point of sigh change of oc as the PT point, the PT
temperature are lifted about 3 Mev and 8 MeV from Tc.




lift of phase transition temperature

Zheng, Jiang, PRD 104, 016031(2021)
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X. Luo, S. Shi, N. Xu, and Y. Zhang, Particles 3, 278 (2020).

e Hints that the QCD phase transition in the fireball may happen at a
higher temperature than the equilibrium lattice Tc.



mass and variance

(w, Ag)  unit: ([fm], [MeV])
- {1.0,-20) — (1.0,0) — (1.0, 20)

s (0.5, -20) <o (0.5,0) - (0.5, 20)

Zheng, Jiang, PRD 104, 016031(2021)

Expand the probability distribution function
around the stationary solution
o(r) = oc(x) + do(r).

position dependent mass square
m*(x) = 2bAu + 12co>

The probability distribution function becomes
S
Plo] o exp {—5 Zj: o M;;50 j} :

where the nonzero elements of the matrix M are
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The local variance

The variances are enhanced in the PT region, and monotonically

increase as the increase of




Spatial correlation
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The nonlocal correlation
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Where denotes the spatial location of
the maximum point of the variance.

= 09
50.4: Numerically,
0.2} G(2jAx) = [M_l]ig—j,.ioJrj/[M_l]in,En-
DOII 1T 2 3 —— 4 5 The correlation length § is determined by

X [fm] requiring
G(€) = exp(-1).

* The correlation length § again smoothly increases as the increase of

and is about 1.65fm - 1.9fm in the central part of the brick cell.
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3, 4 point correlation in the space
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The normalized nonlocal correlation, with /() = T ,g(r)= T
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» Typical structure of the high order fluctuations in the nonuniform T space for

all the three different phase transition scenarios. 11



Summary

» we studied the nonuniform-temperature effects on the stablest order
parameter profile, the fluctuations and the correlation length.

- lift the PT temperature, which hints the QCD phase transition may happen at a
higher temperature than the equilibrium lattice Tc.

- The fluctuations are enhanced in the PT region.

- No divergence, the uniqueness of the CP behaviors and the discontinuities of the
1st order phase transition are wiped off.

» Future work:
- more realistic setup of the nonuniform-temperature system.
- combination of nonuniform-temperature effects and dynamical effects.

Thank you!
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Results with a more realistic temperature profile Zheng, Jiang, PRD 104, 016031(2021)
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Results with a more realistic temperature profile --- high order flucs
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