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From QCD to thermodynamics

thermodyn. potential  Ω 
 → state variables: p, s, nq, etc.
 → EOS  e = e(p)

 → T 

μν
, hydrodynamics

QCD:  L 

 → propagators

 → self-energies
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CJT formalism

● effective action

● for translation invariant systems w/o broken 
symmetries 
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2-loop QCD thermodynamics

● truncate  Γ2 at 2-loop order

         → self-energies of 1-loop order

● gauge invariance: add. HTL approximation
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Effective coupling

● running coupling  g 
2 

● effective coupling  G 
2 

x = μ̄
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Model outline

●

e.g. gluons:

● effective QPM: no collective modes, no damping

● adjustment to s (T, μ = 0) lattice data

→ mapping to finite chemical potential

s’ = 0
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=
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∂T

qp contribution damping terms
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Peshier, Kämpfer, Soff: PRC'00, PRD'02

Peshier, Kämpfer, Pavlenko, Soff: PLB'94, PRD'96
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Small chemical potential

● effective QPM: Im Π=0

● p (T, μ & 0) lattice data
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Bluhm, Kämpfer, Soff: PLB'05
Bluhm, Kämpfer, RS, Seipt: EPJC'07
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EOS for Nf     = 2 +1 

● RHIC, LHC:

Aoki

Karsch

Bernard 0.1

Bernard 0.2

μ = 0

Kämpfer, Bluhm, RS, Seipt, Heinz: NPA'05
Bluhm, Kämpfer, RS, Seipt, Heinz: PRC'07
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First test

● calculate elliptic flow using relativistic hydro code

● compare with experimental data (RHIC)

s0 = 110 fm-3
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Predictions for LHC

● LHC Pb+Pb collisions - conservative guess:

  

● higher initial temperature
 → flatter pT spectra
 → smaller v2  

s0 = 330 fm-3, τ0 = 0.6 fm/c

b = 5.2 fm T0 = 515 MeV
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Next step: FAIR, large  μ 

● effective model: crossing characteristics

● full model: Im Π ≠ 0  + collective excitations
RS, Bluhm, Kämpfer: EPJ ST'08
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Towards an EOS

● entropy and Baryon density accessible

● next step: pressure, energy density, EOS
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Summary & Outlook

● 2-loop  Γ2 + eff. coupling  G 
2  → QPM

● Im Π = 0:  ci(T), EOS(T,  μ  > 0)
 → agreement w/ RHIC; LHC predictions

● Im Π ≠  0: Landau damping + collective modes
     → vanishing crossings, large μ accessible

● outlook: EOS for cold and dense matter (FAIR, 
neutron/quark/strange stars);
transport coefficients, critical endpoint

OpenOffice Impress 2.2, LaTeX extension
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More LHC predictions

● initial parameters translate to

● LHC: higher initial temperature → longer fireball 
lifetime → stronger radial flow → pT  spectra flat

e0 = 127 GeV, p0 = 42
GeV

fm3 , T0 = 515 MeV
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More full HTL quasiparticle model

● now: Im Π≠0  +  collective excitations

s = sqp + sdamp = sqp + (s̃ − sqp)

s̃ =
R
dω∫dk σ(ω, k)| {z }

=̂sqp(ω)

·F (ImΠ(ω, k))

F := - 1π

³
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´
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ξ := ImΠ
ReD-1

 → Landau damping
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More effects of collective excitations

● collective modes
   → neg. entropy contrib.
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More effects of Landau damping

● only minor contribution at  μ = 0 

● essential for  μ > 0 
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A family of EOS’s

● interpolate between
   hadron gas and
   QPM description

μB ¿ T

sound waves

lin. interpol.

fixed
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Backup: Inclusion of widths

● Peshier: Im Π=2γω  

● ansatz  F(ω,k) → BW(m) 
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Backup: Distributed quasiparticle model

● fixed parameters, vary  Γ 

● adjustment to lattice
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Backup: Distributed quasiparticle model II

● bias adjustment 
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