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• Motivation: chemical equilibrium of anti-baryons

• Chemical equilibration at the Hagedorn temperature 

• Outlook



  

Exploring the phases of nuclear matter



  

Strangeness production at SpS energies
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QGP signature…?

P. Koch, B. Müller, J. Rafelski



  

Production of Anti-Baryons

R.Rapp and E. Shuryak, 
Phys.Rev.Lett.86 (2001) 2980

C.Greiner and S.Leupold, J.Phys. G27 (2001) L95

Multimesonic channels
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             production at RHIC

I. Shovkovy, J. Kapusta

Thermal rates within 
chiral SU(3) description

Chemical population of
baryons / anti-baryons:

P. Huovinen, J. Kapusta

Insufficient by a factor of 3 to 4



  

Chemical Freeze-out and                 of QCD

Hadronic resonance gas 

vs. lattice:

(P. Braun-Munzinger, J. Stachel, C. Wetterich, Phys.Lett.B596:61-69 (2004)) 

Chemical equilibration 
of baryon / anti-baryons:

Multimesonic channels:



  

Possible solution by Hagedorn states
C. Greiner, P. Koch, F. Liu, 

I. Shovkovy, H. Stöcker 
J.Phys.G31 (2005)



  

K. Redlich et al, K. Bugaev et al

   Hagedorn gas close to

• Hagedorn spectrum:

• Hagedorn like excitations 
  in transport models:

RQMD

HSD



  

Estimate for baryon/antibaryon production



  

Microcanonical decay of HS
(Fuming Liu)



  

Rate Equations

where N is the total number of particles

J. Noronha-Hostler, C. Greiner, I. A. 
Shovkovy, PRL 100:252301, 2008.



  

Decay Widths

Linear fit (PDG)

Baryon anti-baryon decay 
(microcanonical)

Where the average baryon 
number is 

Analogously for kaon anti-
kaon pairs, i.e.



  

Time Scale Estimate

Assuming                           and 

where and



  

Results: Analytical vs. Numerical Results



  

Results: Expansion Varying IC's has only small effect!

J. Noronha-Hostler, C. Greiner, I. A. 
Shovkovy, PRL 100:252301, 2008.



  

Results: Particle Ratios

•J. Noronha-Hostler, C. Greiner, I. A. Shovkovy, PRL 100:252301, 2008.
 
•STAR DATA: O. Y. Barannikova [STAR Collaboration], arXiv:nuclex/0403014; J.    Adams et 
al. [STAR Collaboration],Nucl. Phys. A 757, 102 (2005).

•PHENIX DATA: S. S. Adler et al. [PHENIX Collaboration], Phys. Rev. C 69, 034909 (2004).



  

Shear Viscosity
Kinetic 
Theory:

-non-relativistic particles

HS:

where

J. Noronha-Hostler, CG, J. Noronha



  

Bulk Viscosity
M. Cheng et al., Phys. 
Rev. D 77, 014511 (2008). 
(Lattice Results)

From F. Karsch et al., Phys. Lett. B 663, 217 (2008).



  

The strange sector of baryons/antibaryons



  

Importance of baryonic HS     CBM?



  



  



  



  



  

The order and shape of QGP phase transition
I. Zakout, CG and J. Schaffner-Bielich, NPA 781 (2007) 150
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Conclusions and Outlook

• Potential Hagedorn states as additional dof can explain       
  and also strange baryon production close to        ; 

(re-)population and decay are governed by detailed 
balance

• Three main assumptions:

(1):

(2): 

(3):   microcanonical statistical decay

• Future: Embedding into UrQMD 



  


