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= Model: Chiral Hydro

= Application: Inhomogeneities
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= A closer look: Viscosity
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Gell-Manwn Levy - Model

Finite Temperatures:

One-loop effective Potential

Va0 7o) = U(60) — 4y [ 55 fiow (15 s 10g (147

E = /p? + (g¢)?

q and g have been integrated out to generate the effective
Potential for the chiral fields g4
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Gell-Manwn Levy - Model

Chiral Field acts as
Order Parameter

Finite Temperatures:
One-loop effective Potential

Va0 7o) = U(60) — 4y [ 55 fiow (15 s 10g (147
E =+/p*>+ (99)?

q and g have been integrated out to generate the effective
Potential for the chiral fields g4
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Coupled PYna mics of Feld ana Flutd

Equations of Motion:

oV . .
Field: 0@, + (quﬁ =0 Chiral Hydrodynamics
Fluid:  0,T4%, = 0, [(e + p)utu” — pg"”]
03" =0, (put) =0
p=ple,p,¢) = —(Vert (€, p,¢) — U(¢a))

Coupling of field - -
and fluid: 3,(The, +Teor ) =0

@& Scavenius, Mocsy, Mishustin, Rischke; Phys. Rev. C64 045202, 2001
& Paech, Stocker, Dumitru Phys.Rev.C68:044907, 2003
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Coupled Dynamices of Field and Fluid

Equations of Motion:

Field: +g= 0

a 5¢a

Fluid:  0,T4%, = 0, [(e + p)utu” — pg"”]
a,uju — a,u(pu“) =0

p=nple,p,¢) = —(Ve(€:0:8) — U ()
Coupling of field

and fluid: 3Ty + Thery ) =0

Chiral Hydrodynamics

@& Scavenius, Mocsy, Mishustin, Rischke; Phys. Rev. C64 045202, 2001
& Paech, Stocker, Dumitru Phys.Rev.C68:044907, 2003
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Effective Potential and Equation of State
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Effective Potential and Equation of State
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inttLal Conditlons

m— ([
2345 67 8910
X, y.z (fm)
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Results: Evolution of Baryon- ano Energ 50[61/\,5&5

Kerstin Paech Michigan State University



ty

L

’

Ltg)

)

’

’

Michigan State Univers

//lambda.gsfc.nasa.gov/product/map/

WMAP Science Team
h1‘1‘p:
_images.c

m

3
Q
A
s
Q
AW
N
S
pd
G
Q
DV
Q
s
Q
o
s
UV
&
S

4

Time

Kerstun Paech

Results




Results: Density nhomogeneities
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Results: Density nhomogeneities
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Ideal Hydrodynamics:

7 = (p+ e’ — pg?
N® = nu® Uey :7(176)

local rest frame:
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Non-Ideal Hydrodynamics:

TaB (p—l— e)uauﬁ _pgaﬁ + §TP
— euo‘uﬁ — pHOéﬁ =+ 5T0é5 Haﬁ — JapB — UalUp
N = nu® + oN“ ua:7(1727)

local rest frame:

Landau frame: 579 = (
Eckart frame: ONY =0

|l I ’ II | | ’ I|
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Non-Ideal Hydrodynamics:

T = (p+ejuu’ —pg™” + 6T
— euo‘uﬁ — pH(w =+ 5T045 Ha,@ — JapB — UalUp
N = nu® + oN“ ua:7(1727)
Eckart 5ST8 — HeY HBO 1/ shear viscosity
frame: _ i &

—| ¢cH* ou’ bulk viscosity
— (H’Yau + HWﬁua) Q

~  heat conduction

2
Was = Optg + Oqug — 2 Jap Ou’ Qo =0T +T (u-0)u,
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dNV 1
= N — N, ON = N — Ng
d¢ Tchem ( q) :
0 dNe
m offset from equilibrium: 0N = Tchem (X | dtq>
(9]9 (92? dne
oP = (&) on = — (%) 7_(:hemFQl (slow expansion)

Op .
( > Tchem Tleq V-0

on
N

coefficient of bulk viscosity T




2
a(‘;ﬁgt) I Fagit) Fmy (0(t) — oeq(t)) = R(1) scalar mean field
(R(R()) = A5(t — 1)
m2o L
00) = JT — / dt'(o(0)o(t')) linear response theory
I doeg op [' do
— Il 2 — | £ eq =
%) m2(T) dt oF (80)6 m2 ds SV v

/7

coefficient of bulk viscosity T

|i |I ; ; ’ ,



visoosi’cg

Linear Sigma Model

For u=0:

1st order when
g > 3.5549

crossover when

g < 3.5549 150 200 250
T (MeV)

Kerstin Paech Michigan State Lniversity



visoosi’cg

Linear Sigma Model

For u=0:
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Non-equilibrivm d Yyna mics of the chiral phase tra nsttlon

non-eq dywnamics of order parameter field can lead to large
density inhomogeneities: Ae/eo, Ap/po ~ 1

Ae and Ap depends on structure of Ve larger effect tn the
regime of 1st-O transitions thaw for crossover

Bulk viscosity can alternatively can be included through
explicit evolution of chemistry or fields and could become
Lmportant near T,




