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Gasenzer, McLerran, JMP, Sexty ‘13

Abelian Higgs model in 2+1 dim
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Gasenzer, McLerran, JMP, Sexty ‘13

Complex scalar vs Abelian Higgs

Which is which?

Quiz 

classical statistical lattice simulations

‘tachyonic’ initial conditions

phase     of scalar field'
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2+1 dim

Abelian Higgs model in 2+1 dim

magnetic field phase of Higgs

Gauge dynamics far from equilibrium

‘tachyonic’ initial conditions

classical statistical lattice simulations

Gasenzer, McLerran, JMP, Sexty ‘13
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‘overpopulation’ initial conditions

Abelian Higgs model in 2+1 dim

Gauge dynamics far from equilibrium
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Spectral functions & transport coefficients
M. Haas, Fister, JMP ´13

Christiansen, M. Haas, JMP, Strodthoff, in prep.

                   Helmboldt, JMP, Strodthoff, in prep.

9



Heavy ion collisions

U. Heinz, talk at RETUNE ’12
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Heavy ion collisions

Computing 
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M. Haas, Fister, JMP ´13

Transport in QCD
correlations of energy-momentum tensor 
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v
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classical  vertex

=⇢⇡⇡ + + + ... 

Diagrammatic representation

full computation Christiansen, Haas, JMP, Strodthoff, in prep.

+ ... 

Vertex corrections

closed form

Flow
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Transport in QCD
correlations of energy-momentum tensor 
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classical  vertex

=⇢⇡⇡ + + + ... 

Diagrammatic representation

full computation Christiansen, Haas, JMP, Strodthoff, in prep.

Complete 2-loop corrections

closed form

Flow
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M. Haas, Fister, JMP ´13

Transport in QCD
correlations of energy-momentum tensor 
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Flow
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with optimised RG-scheme from Fister, JMP ’13
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full vertex

v

with MEM⇢T/L

‘Those are my methods (principles), 
and if you don’t like them...well, I have others’

Groucho Marxdirect computation
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M. Haas, Fister, JMP ´13

Transport in QCD
correlations of energy-momentum tensor 
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 Viscosity in pure glue
imaginary time correlations

0.0 0.5 1.0 1.5 2.0
0

1

2

3

4

5

p [GeV]

Transversal Propagator GT

FRG: T = 0

FRG: T = 0.361Tc

FRG: T = 0.903Tc

FRG: T = 1.81Tc

Lattice: T = 0

Lattice: T = 0.361Tc

Lattice: T = 0.903Tc

Lattice: T = 1.81Tc

transversal gluon propagator

|~p| [GeV]
⌧ T

GT (⌧, ~p)

M. Haas, Fister, JMP ´13
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 Viscosity in pure glue
gluon spectral functions
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M. Haas, Fister, JMP ´13
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 Viscosity in pure glue

Complex DSEs

Strauss, Fischer, Kellermann ’12
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 Viscosity in pure glue

JMP, Strodthoff, in preparation

numerical complex FRG

spectral functions
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‘Those are my methods (principles), and if 
you don’t like them...well, I have others’

Groucho Marxdirect computation
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 Viscosity in pure glue

JMP, Strodthoff, in preparation

numerical complex FRG

spectral functions

 1e-05

 0.0001

 0.001

 0.01

 0.1

 1

 10

 100

 0  50  100  150  200  250  300  350  400  450

ρ
 [

Λ
-2

]

ω [MeV]

4d N=2 exponential regulator, ε=0.1 MeV 

ρπ
ρσ

pion and sigma spectral functions

iteration step �
0

[MeV] �⇢ [%] m
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screen
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0 96.25 0.0052 91.4911 134.8281 47
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QM-model

numerical FRG

Helmboldt, JMP, Strodthoff, in preparation

order parameter
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 Viscosity in pure glue

pure glue

PHSD spectral functions

T=1.44  Tc

=2+1Nf

spectral functions

T=1.44  Tc

transversal
M. Haas, Fister, JMP ´13
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 Viscosity in pure glue
shear viscosity

entropy lattice

H. Meyer ’09

Boyd, Engels, Karsch ’95

T . 2Tc

Shaded area: MEM error estimates

: MEM+optimised RG-scheme systematic error estimates 

Kubo relation

Diagrammatic representation
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+ ... closed form
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M. Haas, Fister, JMP ´13
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Chen, Deng, Dong, Wang ’11

Yang-Mills
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magnetic field phase of Higgs

Abelian Higgs

spectral functions viscosity over entropy ratio
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