
From hadron resonance gas to quark matter

David Blaschke 
University of  Wroclaw, Poland & JINR Dubna, Russia

Nuclear Physics Colloquium, Goethe-Universitaet Frankfurt, May 21, 2015



From hadron resonance gas to quark matter

David Blaschke 
University of  Wroclaw, Poland & JINR Dubna, Russia

Nuclear Physics Colloquium, Goethe-Universitaet Frankfurt, May 21, 2015



From hadron resonance gas to quark matter

David Blaschke 
University of  Wroclaw, Poland & JINR Dubna, Russia

Nuclear Physics Colloquium, Goethe-Universitaet Frankfurt, May 21, 2015

1. Introduction: 
    Mott-Anderson localization model for chemical freeze-out 

2. Mott dissociation of pions in a PNJL model

3. Thermodynamics of  Mott-HRG and lattice QCD data



Mott-Anderson localization model for chemical freeze-out
DB, J. Berdermann, J. Cleymans, K. Redlich, Phys. Part. Nucl. Lett.  8  (2011) 811 

The basic idea: Localization of (certain) multiquark states (“cluster”) = hadronization;
                           Reverse process = delocalization by quark exchange between hadrons

Freeze-out criterion:

Hippe & Klevansky, PRC 52 (1995)  2172

Povh-Huefner law, 
PRC 46 (1992) 990



Mott-Anderson localization model for chemical freeze-out
DB, J. Berdermann, J. Cleymans, K. Redlich, Phys. Part. Nucl. Lett.  8  (2011) 811 

Povh-Huefner law behaviour for quark exchange between hadrons

Flavor exchange processes

Nonrelativistic     rel. quark loop integrals



Mott-Anderson localization model for chemical freeze-out
DB, J. Berdermann, J. Cleymans, K. Redlich, Phys. Part. Nucl. Lett.  8  (2011) 811 

Model results:

Collision time strongly T, mu dependent ! 
Expansion time scale from 
entropy conservation:Schematic resonance gas: dp pions, dN nucleons

Thermodynamics consistent with phenomenological

Freeze-out rules: 



Mott-Anderson localization model for chemical freeze-out
DB, J. Berdermann, J. Cleymans, K. Redlich, Few Body Syst. 53 (2012) 99 

Model results:
Full hadron resonance gas model

;

Collision  time  follows  a power law 
 t_coll ~ (T/Tc)^a
with a large exponent  a ~ 20

See also: P. Braun-Munzinger, J. Stachel, 
C. Wetterich, PLB  (2004)



Mott-Anderson localization model for chemical freeze-out
DB, J. Berdermann, J. Cleymans, K. Redlich, Few Body Syst. 53 (2012) 99 

Model results:
Full hadron resonance gas model

;

The coefficient  a  stands for the 
inverse system size in the formula
 

for the 3D expansion time scale 
assuming entropy conservation

See also: S. Leupold, J. Phys. G (2006)
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Mott Dissociation of Hadrons in Hadron Matter
Possible application: parton fraction in the EoS at the hadronization transition

L. Turko et al. “Effective degrees of freedom in QCD …”, EPJ Web Conf. 71 (2014) 00134
Compare: 
M. Nahrgang et al. “Influence of hadronicbound states above  Tc …”, PRC 89 (2014) 014004  



Mott Dissociation of Mesons in Quark Matter
J. Huefner, S.P. Klevansky, P. Zhuang, H. Voss, Ann. Phys. 234, 225 (1994) 

P. Zhuang, J. Huefner, S.P. Klevansky, NPA 576, 525 (1994)  



Mott Dissociation of Mesons in Quark Matter
D. Blaschke, M. Buballa, A. Dubinin, G. Roepke, D. Zablocki, Ann. Phys. 348, 228 (2014) 
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Mott Dissociation of Mesons in Quark Matter

D. Blaschke, A. Dubinin, Yu. Kalinovsky, 
Acta Phys. Pol. Suppl. 7 (2014) 

XXXI. Max Born Symposium, 
Wroclaw (2013) 



Hadron Resonance Gas with Mott Dissociation
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Hadron Resonance Gas with Mott Dissociation

D. Blaschke, A. Dubinin, L. Turko, Phys. Part. Nucl. 46 (2015); arxiv:1501.00485 



Hadron Resonance Gas with Mott Dissociation

Pion channel in PNJL Pion in effective model

Effective model for in-medium hadron phase shifts

D. Blaschke, A. Dubinin, L. Turko, Phys. Part. Nucl. 46 (2015); arxiv:1501.00485 
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D. Blaschke, A. Dubinin, L. Turko, Phys. Part. Nucl. 46 (2015); arxiv:1501.00485 



Hadron Resonance Gas with Mott Dissociation

D. Blaschke, A. Dubinin, L. Turko, Phys. Part. Nucl. 46 (2015); arxiv:1501.00485 



Towards Selfconsistence: Cluster Virial Expansion

D. Blaschke, PoS Baldin XXII (2014); arxiv: 1502.06279 

Conserving approximation (Phi-derivable approach) for 
Hadrons in Quark Matter

Clusters in nuclear matter: Roepke et al., Nucl. Phys. A (2013)



Towards Selfconsistence: Cluster Virial Expansion

D. Blaschke, PoS Baldin XXII (2014); arxiv: 1502.06279 

Mesons = 

Quarks =

Diquarks =

Nucleons =



Summary

Outlook



28 member
countries !!
(MP1304)

!New
Kick-off: Brussels, November 25, 2013



Strangeness in Quark Matter 2015
Dubna, 6.-11. July 2015

   Satellite Meetings:

 Summer School “Dense Matter”, Dubna, June 29 – July 11, 2015
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