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Introduction
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= Quark Gluon ' Search for the QCD Critical Point |
E O O Plasma
é’- ___Critical Point? 4 Dynamical modeling of heavy-ion collisions N
2 ~ Equilibrium: Infinite

@ o O Chiral condensate o (Fast mode)—>Ignored

@ Heavy-ion collisions: Finite
Hadron gas ® X Time-scale separation is unclear
Baryon Chemical Potential r K — o could affect the critical dynamics
Fig. QCD Phase Diagram

(Purpose of study:

We construct dynamical model of critical fluctuations
— Coupling of Baryon number density n + Chiral condensate o
— Relaxation of baryon diffusion current from causality

\_ Analyze the effects on correlation of baryon number density n Y

N




Model: coupled Langevin equations
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Fluctuation-dissipation relation
(£:(0)€;(x")) = 2Ty;;6%(x — x')

T E Transport coefficient
T : Temperature

D.T. Son, M.A. Stephanov, Phys.Rev. D70 (2004) 056001
H. Fujii, M. Ohtani, Phys.Rev.D70:014016,2004
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Critical fluctuations

Chiral condensate 5o = qq —{(qq)
Baryon number density 61 = gyoq — {GVoq)
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Potential of free energy functional F[§a, 6n]
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" Diffusion equation violates causality
E{} Introduce relaxation time 75
_ to make the propagation speed finite
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Results: Space-time evolution (1+1D)
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AAAAN — o affects 6n evolution in T — 1 space (1+1D)

\ [ 7r = 0 fm: &7 instantly diffuse to large 1
' ' Tp > 0 fm: 67 diffuse at finite time

N\'\mc“.\on
V - — 086 fm |1 Signal propagates in a finite time
B T T T T R by considering relaxation time 7y
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Results: Corre

ation evolution vs 7y

Correlation function:

C(An,) =

(671 (ns)07(ns + Ang))

<5ﬁ(ns)5ﬁ(ns + Ans»T:ZZO MeV,Ang=0

Setups: L =)’
S(n—n')= We 2w?  w: Gaussian width (w = 0.1)

Initial conditions:

do(ng, 19) = 0, Thermal equilibrium for §7i(n,,79) B =0
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Peak at T, = 160 MeV
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Peak between 150 MeV and 160 MeV

T=220MeV 4,

—_ T=170 MeV -
Tp = 2.0 fm T=160 MeV %,
T=150MeV , o
20 T=140 MeV ,u
= s _
-
10| |
S
Las
0t *¥§;++;;;;$;fi§§§E§!ti‘****ﬂﬂﬁiill]"i
=2a :,&a-t
1 | |
0 0.5 | 1.5 9
Ans

Peak around T~150 MeV

C(An,) at An, = 0 reaches its peak value earlier for Tz = 0 fm than 7z = 1, 2 fm cases

[ Finite relaxation time 7, causes a delay of response ]




Summary and Outlook

¥ We constructed a second-order model for critical fluctuations in 1+1D and A
analyzed the space-time evolution and correlation evolution
 Coupled Baryon density On and Chiral condensate 0o
* Introduced relaxationtime 1
o R /

~

€ Space-time evolution of §o and dn /0 Correlation evolution vs 7p
* oo distribution affects on distribution * Peak at Ang~0
e Signal propagates in a finite time by

\ con5|der|ng relaxation time TR / K 3 delay of response

/
LQOutlook J

* Finite relaxation time T causes

* Analyze the effect on observables




