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Outline 

Motivation: 

 phase diagram, critical phenomena 

Model: 

 lagrangian 

 spontaneously / explicitly broken chiral symmetry 

 mean-field and Vlasov equation 

Equilibrium results 

 sigma and sigma mass spectrum 

 thermal blob scenario 

Nonequilibrium  

 2PI effective action 

  dissipation kernel 
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Motivation 

B. Schaefer, M. Wagner 

arXiv:0812.2855 
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Motivation 
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critical phenomena at the phase transition  

• order of the phase transition 

• fluctuations of observables 

• behavior of correlation functions 

  in momentum and space 

 

• critical point (Tc ?):  

• behavior of soft modes, IR sector 

• critical slowing down 

• correlation lengths 

 

 How strong are these effects? 
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Model: Lagrangian 

  Yukawa coupling      O(N) theory / Φ4 coupling  
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Symmetric potential 
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Spontaneously broken symmetry 

FAIRNESS 2013          Alex Meistrenko 6 



Explicitly broken symmetry 
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Mean-field EoM (meson fields) 

with scalar and pseudo-scalar quark densities: 

3D+1 simulation 

Klein-Gordon equations: 
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Vlasov equation (quarks) 

3D+1 simulation 

Vlasov eqution for quarks as test particles: 

with a test particle distribution function: 
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Equilibrium results 

Equilibrium values from self-consistent equations: 
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Equilibrium results 
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remark:  

different values for g, 

best choice for 2nd 

order  transition 
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Thermal blob scenario 
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Thermal blob scenario 
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Thermal blob scenario 
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Thermal blob scenario 
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2PI effective action 

~2

Φ4-interaction  Yukawa interaction 
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2PI contributions – self energies 

...

Yukawa interaction 

Φ4-interaction  

...
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2PI contributions – self energies 

...

...

  1/N-NLO resumation 
 

 
J. Berges  

arXiv:hep-ph/0409233 
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Yukawa interaction 

Φ4-interaction  



2PI effective action – mean field 
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Equilibrium results 
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prelimanary 



Dissipation kernel - motivation 

Julian Schmidt 

bachelor  thesis, Frankfurt 
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Dissipation kernel 

FAIRNESS 2013          Alex Meistrenko 22 



• linear sigma model with Yukawa coupling to quarks 

• numerics for mean-field dynamics and quarks as quasi 

particles exists already, 3D+1 simulation 

• equilibrium and nonequilibrium initial conditions  

• dynamic evolution with a pseudo phase transition 

• particle creation and annihilation is needed 

 

Outlook: 

• on-shell approximation of collision terms 

• Boltzmann dynamics for the distribution functions 

• sigma, pion and quarks 

• dissipation kernel for the mean-field equation 

• long term: 

• solution of kinetic quantum transport equations 

  

Summary and outlook  
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realtime-formalism 
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2PI effective action 
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Transport equations  

Schwinger-Dyson and Kadanoff-Baym equations: 
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Gradient expansion 

drift 

WT 

off-shell gain/loss 

   KB-equations                      kinetic quantum transport equations 

   SD-equations                      dynamics of the spectral function (Breit-Wigner form) 

Vlasov 
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