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Functional Methods for QCD
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 Functional Methods for QCD
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pure glue flow   +     

Functional Methods for QCD
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Functional Methods for QCD
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Phase structure and thermodynamics
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Fister, JMP ’11
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 Full dynamical QCD
Phase structure
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Improving models towards full QCD

Glue Potential

Yang-Mills Potential

 Full dynamical QCD

Polyakov loop potential in full QCD
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Spectral functions & transport coefficients

UrQMD Frankfurt/M
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Spectral functions & transport coefficients
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Spectral functions & transport coefficients

UrQMD Frankfurt/M
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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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Diagrammatic representation
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Flow
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M. Haas, Fister, JMP ´13

Transport in QCD
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 Viscosity in pure glue
imaginary time correlations
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 Viscosity in pure glue
spectral functions
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 Viscosity in pure glue

Complex DSEs
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 Viscosity in pure glue

JMP, Strodthoff, in preparation

numerical complex FRG
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 Viscosity in pure glue

JMP, Strodthoff, in preparation

numerical complex FRG
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 Viscosity in pure glue
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PHSD spectral functions
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 Viscosity in pure glue
shear viscosity

entropy lattice
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!Phase diagram of QCD

!Phase structure and thermodynamics at finite     & 

Summary & outlook
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!Phase diagram of QCD

!Phase structure and thermodynamics at finite     & 

!2+1 flavours, baryons, phenomenology, non-eq. dynamics 

Summary & outlook
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!Phase diagram of QCD

!Phase structure and thermodynamics at finite     & 

!2+1 flavours, baryons, phenomenology, non-eq. dynamics 

Summary & outlook

T µ

QCD meets cold quantum gases: two-colour QCD

mesonbaryon

mesons & baryons

praecondensation
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!Phase diagram of QCD

!Phase structure and thermodynamics at finite     & 

!2+1 flavours, baryons, phenomenology, non-eq. dynamics 

!Phase diagram of cold quantum gases

!quantitative precision, dynamics

Summary & outlook
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Summary & outlook

T µ

close collaborations with experimental  groups

close links to QCD

MC 

!2 !1 1 2

0.05

0.10

0.15

0.20

0.25

0.30

0.35

(kFa)
−1

T/TF

Many-body fermion physics:
thermodynamic scales kF, T 1/2

Few-body physics of
effective dimers:
microscopic scales εB

Critical behavior:
long distance scales kld

Two-body bound state

Zero crossing of
fermion chemical potential

(akF)�1

Tc/TF

‘You name it, we do it’
John Thomas
QGP meets cold atoms-Episode III
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!Phase diagram of QCD

!Phase structure and thermodynamics at finite     & 

!2+1 flavours, baryons, phenomenology, non-eq. dynamics 

!Phase diagram of cold quantum gases

!quantitative precision, dynamics

!Hadronic properties

!hadron spectrum & in medium modifications

! low energy constants 

Summary & outlook

T µ
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Gauge dynamics far from equilibrium

Strickland
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Gasenzer, McLerran, JMP, Sexty ‘13

Abelian Higgs model in 2+1 dim

S[Aµ,�] = �
Z

x


1

4
Fµ�F

µ� + (Dµ�)
⇤Dµ�+ V (�)

�

Classical action:

� Higgs

�

|�| = ei�phase

Gauge dynamics far from equilibrium
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Abelian Higgs model in 2+1 dim

S[Aµ,�] = �
Z

x


1

4
Fµ�F

µ� + (Dµ�)
⇤Dµ�+ V (�)

�

Classical action:

� Higgs

�

|�| = ei�phase

Classical action of Yang-Mills theory in diagonalisation gauges:

SYM ' 1

2

Z

x
trF 2

µ̄�̄ +
1

2

Z

x
tr (Dµ̄A2)

2

Wilson loop 

W2 = P exp

(
i

Z L2

0
dx2 A2(x)

)
= exp{i�} n(S) = 1

16⇥ i

I

S
d2x �ijtr ⇤̂ ⌅i⇤̂ ⌅j ⇤̂ �̂ =

�

k�k

Vortex winding phase

A2 = A

c
2(x0, x1)

Gauge dynamics far from equilibrium
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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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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
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‘overpopulation’ initial conditions

Abelian Higgs model in 2+1 dim

Gauge dynamics far from equilibrium

GU (⇥x, ⇥y, t) = h�(⇥x, t)U(⇥x, ⇥y, t)�(⇥y, t)⇤icl
parallel transport U

⇥ =
6e2

�

coupling

� = 0.025

relative phasemodulus of Higgs

charge

Gasenzer, McLerran, JMP, Sexty ‘13

'

U (~x, t) = arg(GU (~0, ~x, t))

relative phase
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