Phase transitions in chiral fluild dynamics
T Including dissipation and noise
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Motivation

- The system created in a heavy-ion collision is finite, very dynamic and inhomogeneous. ®
- Nonequilibrium effects play an important role at the phase transition in heavy-ion collisions.

- We propagate the order parameter of chiral symmetry explicitly. It is coupled to a realistic fluid dynamical o
description of the expansion of the fireball. These models are called chiral fluid dynamics [1,2].

« We extend chiral fluid dynamics by consistently including dissipation and noise and existing Langevin studies of O
chiral symmetry [3,4,5] by consistently taking the back reaction of the fields on the finite and dynamic heat bath
Into account.

The quark-meson model
The starting point for the coupled system is the quark-meson model
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Figure: The relaxation of the ¢ field and its fluctuations averaged over an

Coupled dynamics Inner sphere. In a scenario with a first order phase transition the ¢ field
Within the formalism of the 2PI effective action one can selfconsistently [6,7] derive relaxes more slowly than for a scenario with a critical point, where we see
the dynamics of the o mean field and the quark fluid [8]. The ¢ field is propagated oscillations due to the vanishing damping at the phase transition [10].
according to a Langevin eguation
SU 160 m=— T | |
ayaﬂg | - gpos + 1ot = ¢ — T~ critical point, /(6T?) ——

. : o0 : . 60 |- it 140 RN first order, 4/ (0T2) ~ —
with a damping term n and the noise field ¢. N R critical point, (T) — — —
Fork =0 - owf 120 - \‘\\:_\/\/\/; '''' ~first order, (T) --—---- -

d m (m_g . mZ)% %30— 100 \\\ N\"\~\\\\
4 - ~ - - \~\‘~~\ —
] CRLAL) B Lo | g
7T mo- 10 - % 30 \\\\ |
1 m 0110 1I20 1I30 1I40 1I50 1I60 1I70 1I80 1I90 200 E - T~ -~
(EOE) = Zo(t —t)myy coth (5T ) 60 | :
Below T.: damping by the interaction with the hard pions 7 = 2.2/fm [4]. The 10 b _
guark fluid evolves according to energy-momentum conservation. Here,
approximation of an ideal fluid: 20 B
ayT(gl/“/ — SU 0 ' P E—
The source term describes the energy dissipation from the field to the fluid 0 2 4 0 t/fS 21416
111
0,TH = — + 1not0)d" o
. ‘7 (g-ps T t_ ) L _ Figure: The time evolution of the temperature of the quark fluid and its
and Fhe energy flow from the fluid to the field provided by the noise field ¢. It is fluctuations averaged over an inner sphere. During the relaxational
obtained from the total energy of the field [9] process of the ¢ field one observes the reheating effect in a scenario with a
o =1/2010%+1/2Vc?+U(0) ) first order phase transition [10].
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