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Motivation

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

 ® T 

mn
, hydrodynamics

Lagrangian  LQCD 

 ® 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  G2 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 

g2(¹¹) = 16¼2

¯0 ln(x2)

³
1¡ 4¯1

¯20

ln[ln(x2)]
ln(x2)

´

x = ¹¹
¤

x = ¸
T0

(T ¡ Ts)

T > Tc; ¹ = 0



QCD quasiparticle model 6Robert Schulze (TU Dresden)

Zimanyi 75 Memorial Workshop, Budapest 2007

Model outline

●

e.g. gluons:

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

● mapping to  m > 0

● p (T, m & 0) lattice data
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effective quasiparticle model

● Bluhm et al.: Im P=0

● problem:
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full HTL quasiparticle model

● now: Im P¹0  +  collective excitations
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Results for Nf     = 2 +1 

● adjustment to
   lattice data
    at  m=0 

● mapping into
      T–m plane

      ® crossings vanish!
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Effects of collective excitations

● collective modes
   ® neg. entropy contrib.

1.0 1.4 1.8 2.2 2.6
-4

0

4

8

12

16

-4

0

4

8

12

16

 [Kar07] 
lat

=0.967

 full HTL QPM
   tr. gluon+(anti)quark
   long. gluon contribution
   plasmino contribution

 






(i
)

/


 3

/


SB limit

 


/


 3

 eQP

0.0 1.0 2.0 3.0
0.0

0.2

0.4

0.6

0.8

1.0

1.2

 

 
/


c

/
c

situation improves



QCD quasiparticle model 11Robert Schulze (TU Dresden)

Zimanyi 75 Memorial Workshop, Budapest 2007

Effects of Landau damping

● only minor contribution at  m = 0 

● essential for  m > 0 
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2+1 EOS ready?

 m = 0 

Aoki

Karsch

Bernard 0.1

Bernard 0.2

[M. Bluhm]
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A family of EOS's

● interpolate between
   hadron gas and
   QPM description

¹B ¿ T

sound waves

QPM

lin. interpol.

*fix

+

+
+

[M. Bluhm]
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Elliptic flow from relativistic hydrodynamics

● calculate elliptic flow using relativistic hydro code
● compare with experimental data

– low  pT: bag model a little more accurate
– high  pT: bag model fails, QPM: good agreement

[M. Bluhm]
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Summary & Outlook

● 2-loop  G2 + eff. coupling  G 
2  ® QPM

● Im P Þ 0:  ci(T) 

● Im P ¹  0:  Landau damping, collective modes

 ® agreement w/ lattice, vanishing crossings

● EOS(T,  m>0)

● outlook: EOS for cold and dense matter (FAIR, 
neutron/quark/strange stars), transport coeff.

OpenOffice Impress 2.2, LaTeX extension
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Backup: Inclusion of widths

● Peshier: Im P=2gw  

● ansatz  F(w,k) ® BW(m) 
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Backup: Distributed quasiparticle model

● fixed parameters, vary  G 

● adjustment to lattice
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Backup: Distributed quasiparticle model II

● bias adjustment 
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