
or little Big Bang

33rdrd Light Ion Nuclear Collision Workshop, IHEP(Light Ion Nuclear Collision Workshop, IHEP(ProtvinoProtvino),   19.06.2008),   19.06.2008

RelativisticRelativistic HICsHICs
at at energiesenergies from from 
FAIR to LHCFAIR to LHC
L.BravinaL.Bravina (UiO)(UiO)

in in collaborationcollaboration withwith
colleaguescolleagues from from universitiesuniversities ofof

OsloOslo, , Moscow, Moscow, TuebingenTuebingen,, Frankfurt Frankfurt a.Ma.M.,.,
Kiev, and from GSI, ITEP and JINR Kiev, and from GSI, ITEP and JINR 
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Equation of State
Tricritical point is 
located  around     
10-40 GeV (LQCD)

We have to explore 
this energy range to 
study the possible 
phase transition

QGP can be formed 
already at low 
energies   

H. Stoecker, nuclH. Stoecker, nucl--th/0506013                                                          th/0506013                                                          
L. Bravina et al., PRC 60 (1999) 024904; 63 (2001) 064902L. Bravina et al., PRC 60 (1999) 024904; 63 (2001) 064902

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


Equilibration in the Central CellEquilibration in the Central Cell
Kinetic equilibrium:Kinetic equilibrium:
Isotropy of velocity distributionsIsotropy of velocity distributions
Isotropy of pressureIsotropy of pressure

Thermal equilibrium:  Thermal equilibrium:  
Energy spectra of particles are Energy spectra of particles are 
described by Boltzmann distributiondescribed by Boltzmann distribution

Chemical equlibrium:Chemical equlibrium:
Particle yields are reproduced by SM with the same values of Particle yields are reproduced by SM with the same values of 
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Statistical model of ideal hadron gasStatistical model of ideal hadron gas
input values                            output values

Multiplicity 

Energy

Pressure

Entropy density
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PrePre--equilibrium Stageequilibrium Stage
Homogeneity of baryon matterHomogeneity of baryon matter Absence of flowAbsence of flow

The local equilibrium in the central zone is quite possible The local equilibrium in the central zone is quite possible 
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Kinetic EquilibriumKinetic Equilibrium
Isotropy of velocity distributionsIsotropy of velocity distributions Isotropy of pressureIsotropy of pressure

VelocityVelocity distributionsdistributions and and pressurepressure becomebecome isotropicisotropic for all for all energiesenergies
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ThermalThermal and and ChemicalChemical EquilibriumEquilibrium
BoltzmannBoltzmann fitfit to to thethe energyenergy spectraspectra ParticleParticle yieldsyields

ThermalThermal and and chemicalchemical equilibriumequilibrium seemsseems to be to be reachedreached
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How dense can be the medium? How dense can be the medium? 
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Dramatic differences at the nonDramatic differences at the non--equilibrium stage; after beginning of equilibrium stage; after beginning of 
kinetic equilibrium the energy densities and the baryon densities are the kinetic equilibrium the energy densities and the baryon densities are the 
same for ”small” and ”big” cell same for ”small” and ”big” cell 
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Isentropic expansionIsentropic expansion
ExpansionExpansion proceedsproceeds
isentropicallyisentropically ((withwith constantconstant
entropyentropy per per baryonbaryon). ). ThisThis
resultresult supports supports applicationapplication of of 
hydrodynamicshydrodynamics
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EquationEquation of of StateState in in thethe cellcell
pressure vs. energypressure vs. energy sound velocitysound velocity
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EquationEquation ofof State: sound State: sound velocityvelocity vs. Tvs. T
comparisoncomparison withwith HagedornHagedorn modelmodel energy and entropy densities energy and entropy densities 

Heavy 
resonances

Big difference 
between models 
with and w/o  
heavy 
resonances

No difference between the models
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Still c_s**2 drops faster than in Hagedorn model
Non-zero chemical potential ?
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EOS in EOS in thethe cellcell: : observationobservation ofof kneeknee
temperaturetemperature vs. vs. chemicalchemical potentialspotentials

The “knee” is similar to that in 2The “knee” is similar to that in 2--flavor lattice QCD flavor lattice QCD 

S. S. EjiriEjiri et al., PRD 73 et al., PRD 73 
(2006) 054506(2006) 054506

L.B. et al., 
arXiv:0804.1484
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ConclusionsConclusions at FAIR to SPS so farat FAIR to SPS so far

•• ThereThere is a is a kinetickinetic equilibriumequilibrium stage of stage of hadronhadron--
stringstring matter in matter in thethe centralcentral cellcell at t > 8 fm/c at t > 8 fm/c 

•• TheThe ratio P/e is ratio P/e is approximatelyapproximately constantconstant and and 
equalsequals 0.12 (AGS), 0.14 (40 0.12 (AGS), 0.14 (40 AGeVAGeV), and 0.15 ), and 0.15 
(SPS & RHIC) => (SPS & RHIC) => onsetonset of of saturationsaturation

•• EntropyEntropy per per baryonbaryon ratio ratio remainsremains constantconstant
during during thethe time time intervalinterval 8 fm/c < t < 20 fm/c. 8 fm/c < t < 20 fm/c. 
ThisThis supports supports applicationapplication of of hydrodynamicshydrodynamics

•• TemperatureTemperature vs. vs. chemicalchemical potentialpotential: : thethe kneeknee
structurestructure whichwhich appearsappears at at thethe onsetonset of of 
equilibriumequilibrium shouldshould be be studiedstudied furtherfurther
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