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Chiral fluid dynamics

Fluid dynamics + phase transition model +
dissipation and noise
(I. N. Mishustin and O. Scavenius, PRL 83 (1999)
K. Paech, H. Stoecker and A. Dumitru, PRC 68 (2003))



QCD phase diagrams



first order phase transition

spinodal decomposition

critical point

critical phenomena

(I. N. Mishustin, PRL 82 (1999),
J. Randrup, PRL 92 (2004))



Critical phenomena
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(M. A. Stephanov, K. Rajagopal and E. V. Shuryak, PRD 60 (1999), NA49 collaboration
J. Phys. G 35 (2008))



The critical point in dynamic systems

ξ : correlation length, h = TC−T
TC

(B. Berdnikov and K. Rajagopal, PRD 61 (2000))



Linear sigma model with constituent quarks

L =q̄(iγµ∂µ − g(σ + iγ5τ~π))q

+
1
2
(∂µσ)2 +

1
2
(∂µ~π)2

−U(σ, ~π)

U(σ, ~π) =
λ2

4
(σ2 + ~π2− ν2)2− hqσ−U0



Phase diagram of the linear sigma model

(O. Scavenius, A. Mocsy, I. N. Mishustin and D. H. Rischke, PRC 64 (2001))



Influence functional method



Classical equation of motion for the sigma field



Chiral condensate - lowest order

〈q̄q〉(0)σ = 2dqmq

∫ d3p
(2π)3

nF(p)
E

E =
√

p2 + g2σ2 , mq = gσ

equation of motion for the sigma field:

∂µ∂µσ +
δU
δσ

+ g〈q̄q〉0 = 0



Effective potential - lowest order

Z =
∫
DqDqDσD~π exp

[∫ 1/T

0
d(it)

∫
V

d3xL
]

Veff = −
T
V

logZ =− 2dqT
∫ d3p

(2π)3 log(1 + e−E/T )

+ U (σ, ~π)



Effective potential - lowest order



Chiral condensate - first order

damping term η and noise ξ for k = 0
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Damping term η

large compared to η = 2.2/fm
(T. S. Biro and C. Greiner, PRL 79 (1997))



Equation of motion for the sigma field

∂µ∂µσ +
δU
δσ

+ g〈q̄q〉(0)σ + η∂tσ = ξ

η = 20/fm
〈ξ(t)〉 = 0

〈ξ(t)ξ(t ′)〉 =
2T
V

ηδ(t − t ′)



Stochastic source term

∂µT µν = Sν

Sν = −∂µT µν
field =− (∂µ∂µσ +

δU
δσ

)∂νσ

=− (−g〈q̄q〉(0)σ − η∂tσ + ξ)∂νσ



Initial conditions

energy density in units of e0



Intensity of sigma fluctuations

dNσ

d3k
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a†
kak

(2π)32ωk
=
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(ω2
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∂2Veff

∂σ2 |σ=σeq



Intensity of sigma fluctuations - critical point



Fluctuations - critical point



Fluctuations - first order PT



Summary & outlook



backup



Effective potential



Relaxation of the sigma field



Intensity of sigma fluctuations - crossover



η1 = 2.2/fm



Intensity of sigma fluctuations - crossover



Intensity of sigma fluctuations - critical point



Fluctuations - critical point



Intensity of sigma fluctuations - first order PT



Fluctuations - first order PT



The equation of state

e(σ,T ) = T
∂p(σ,T )

∂T
− p(σ,T )

p(σ,T ) = −Veff(σ,T ) + U(σ)


