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Signals of the phase transition:Signals of the phase transition:

•• Strangeness enhancement  Strangeness enhancement  
•• MultiMulti--strange particle enhancementstrange particle enhancement
•• Charm suppressionCharm suppression
•• Collective flow (vCollective flow (v11, v, v22))
•• Thermal dileptonsThermal dileptons
•• Jet quenching and angular correlationsJet quenching and angular correlationsq g gq g g
•• High pHigh pTT suppression of hadronssuppression of hadrons
•• Nonstatistical event by event fluctuations and correlations Nonstatistical event by event fluctuations and correlations 
•• ... ... 

Experiment: Experiment: measures final hadrons and leptonsmeasures final hadrons and leptons

How to learn about physics  from data?How to learn about physics  from data?

Compare with theory!Compare with theory!Compare with theory! Compare with theory! 

Microscopical transport models  provide a unique dynamical Microscopical transport models  provide a unique dynamical 
description ofdescription of nonequilibrium effectsnonequilibrium effects in heavyin heavy ion collisionsion collisionsdescription of description of nonequilibrium effectsnonequilibrium effects in heavyin heavy--ion collisions  ion collisions  



Open and hidden charmOpen and hidden charm



‚Anomalous‘ J/‚Anomalous‘ J/ΨΨ suppression in A+Asuppression in A+A

Heavy flavor sectorHeavy flavor sector reflects the actual dynamics since heavy hadrons reflects the actual dynamics since heavy hadrons 
can can onlyonly be formed in the very early phasebe formed in the very early phase of heavyof heavy--ion collisions !ion collisions !

Anomalous J/Anomalous J/ΨΨ suppression in A+A suppression in A+A (NA38/NA50/NA60)(NA38/NA50/NA60)

yy y y py y p yy

J/Ψ l‘ b tiJ/Ψ ‚normal‘ absorption 
by nucleons 

(Glauber model) 
||

Experimental observation:Experimental observation:pp
extra suppression in A+A 
collisions; increasing with 
centralitycentrality



Scenarios for charmonium suppression in A+AScenarios for charmonium suppression in A+A

•• QGP threshold meltingQGP threshold melting
[Satz  et al’03]

••Comover absorptionComover absorption
[Gavin & Vogt, Capella et al.`97]:

Quarkonium dissociation temperatures:Quarkonium dissociation temperatures: charmonium absorption by low charmonium absorption by low 
energy inelastic scattering with energy inelastic scattering with 
‚comoving‘ mesons (m=‚comoving‘ mesons (m=π,η,ρ,...):π,η,ρ,...):‚comoving  mesons (m‚comoving  mesons (m π,η,ρ,...):π,η,ρ,...):

J/J/ΨΨ+m +m <<−−>> D+DbarD+Dbar
ΨΨ‘+m ‘+m <<−−>> D+DbarD+Dbar

Dissociation energy densityDissociation energy density εεd d ~ 2(T~ 2(Tdd/T/Tcc))44 χχCC+m +m <<−−>> D+DbarD+Dbar
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Charmonium dynamics Charmonium dynamics --> HSD> HSD

g p pg p p
Check scenarios Check scenarios for charmonium suppression in A+Afor charmonium suppression in A+A

using microscopic transport modelsusing microscopic transport models

DD J/J/ΨΨInitial State Hadronization

ΨΨ‘‘

DDbarbarχχCC

QuarkQuark--GluonGluon--Plasma ?Plasma ?
Freeze
-out

Transport  modelsTransport  models

Microscopic transport models  provide the dynamical Microscopic transport models  provide the dynamical 
description of description of nonequilibriumnonequilibrium effects in heavyeffects in heavy--ion collisions  ion collisions  

HSDHSD –– HHadronadron--SStringtring--DDynamics transport approachynamics transport approach



Charm and Charmonium production and absorption in HSDCharm and Charmonium production and absorption in HSD

•• Charmonium =Charmonium = hard probe   hard probe   
=>  binary scaling!=>  binary scaling! 104
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•• ProductionProduction σσ(J/(J/ΨΨ) ) and σσ((ΨΨ‘ )‘ ) in N+N and in N+N and 
ππ+N collsions:+N collsions: parametrization of the available parametrization of the available 
exp. dataexp. data
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Coupled channel problem:Coupled channel problem:
σσJ/J/ΨΨ

expexp = = σσJ/J/ΨΨ + + BB((χχcc-->J/>J/ΨΨ)) σσχχcc + + 

pp
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•• yy--, p, pTT –– distributions  distributions  of of J/J/ΨΨ in pp at RHIC in pp at RHIC 
t ll d b th PHENIX d tt ll d b th PHENIX d t
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are controlled by the PHENIX data :are controlled by the PHENIX data :



CharmoniaCharmonia--baryon dissociation cross sectionsbaryon dissociation cross sections

JJ//ΨΨ ((χχcc,,ΨΨ‘)‘) + + BB ----> > D+Dbar +XD+Dbar +X

•• CharmoniaCharmonia--baryon dissociation cross sectionsbaryon dissociation cross sections
can be fixed fromcan be fixed from p+Ap+A data:data:can be fixed from can be fixed from p+Ap+A data: data: 

HSDHSD--2003:2003:
PP b i (b i ( ll t t t tt t t t ))PrePre--resonance cresonance c--cbar pairs (cbar pairs (colorcolor--octet statesoctet states):):

σσcc Bcc B= 6 mb= 6 mb ((ττcccc=0.3 fm/c)=0.3 fm/c)
Formed charmonium (Formed charmonium (colorcolor--singlet statessinglet states):):

σσJ/J/ΨΨ BB= 4 mb,= 4 mb, σσχχ BB= 5 mb,= 5 mb, σσΨΨ‘‘ BB = 8 mb= 8 mb

HSDHSD--2006/2007: 2006/2007: 
σσcc Bcc B ==σσJ/J/ΨΨ BB==σσχχ BB= 4.18 mb,= 4.18 mb, σσΨΨ‘‘ BB = 7.6 mb= 7.6 mb

adopting a new Glauber fit from NA50adopting a new Glauber fit from NA50



Modelling of the comover scenario in HSDModelling of the comover scenario in HSD

1

 

1.1. Charmonia Charmonia dissociationdissociation cross sections withcross sections with π, ρπ, ρ, , KK andand K*K* mesonsmesons
JJ//ΨΨ ((χχcc,,ΨΨ‘)‘) + + meson meson ((π, ρπ, ρ, , K , K*)K , K*) <<--> > D+DbarD+Dbar

101
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J/Ψ+π[m
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•• PhasePhase--space model for space model for 
charmonium + meson dissociation:charmonium + meson dissociation:
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2.2. JJ//ΨΨ recombinationrecombination cross sections by D+Dbar cross sections by D+Dbar 
annihilation:annihilation: 101 D+Dbar*, D*+Dbar

[m
b]

D+DbarD+Dbar --> > JJ//Ψ Ψ ((χχcc,,ΨΨ‘)‘) + + meson meson ((π, ρπ, ρ, , K , K*)K , K*)
are determined by detailed balance!
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Charmonium recombination by DCharmonium recombination by D--Dbar annihilationDbar annihilation

At SPS recreation of J/Ψ by 
D+Dbar annihilation is negligible

10-3
 

Pb+Pb, s1/2=17.3 GeV, central

D+Dbar annihilation is negligible
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But at RHIC recreation of J/Ψ byBut at RHIC recreation of J/Ψ by 
D+Dbar annihilation is strong!



Modelling of the QGP melting scenario in HSDModelling of the QGP melting scenario in HSDModelling of the QGP melting scenario in HSDModelling of the QGP melting scenario in HSD

Energy densityEnergy density εε (x=0,y=0,z;t) from HSD(x=0,y=0,z;t) from HSD
for Pb+Pb collisions at for Pb+Pb collisions at 160 A GeV160 A GeV

Energy densityEnergy density εε (x=0,y=0,z;t) from HSD(x=0,y=0,z;t) from HSD
for Au+Au collisions at for Au+Au collisions at 21300 A GeV21300 A GeV
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Threshold energy densities:Threshold energy densities:
JJ/Ψ/Ψ melting:  melting:  εε(J(J/Ψ/Ψ )=16  GeV/fm)=16  GeV/fm33

[Olena Linnyk et al., [Olena Linnyk et al., 
nuclnucl--th/0612049, NPA 786 (2007) 183 ]th/0612049, NPA 786 (2007) 183 ]

χχcc melting:melting: εε((χχc c ) =2 GeV/fm) =2 GeV/fm33

ΨΨ ‚‚ melting:melting: εε((ΨΨ ‚‚) =2 GeV/fm) =2 GeV/fm33



‚Local‘ energy density‚Local‘ energy density εε versus Bjorken energy density versus Bjorken energy density εεBjBj

•• transient time for central Au+Au at 200 GeV: transient time for central Au+Au at 200 GeV: 
ttr r ~ 2R~ 2RAA//γγcmcm ~ 0.13 fm/c~ 0.13 fm/c•• cc--cbar formation time: cbar formation time: JJ/Ψ/Ψ

ΨΨ ‚‚

ττCC ~ 1/M~ 1/MT T ~ 1/4GeV ~ 0.05 fm/c   < ~ 1/4GeV ~ 0.05 fm/c   < ttrr

•• cc--cbar pairs are produced in the cbar pairs are produced in the initial hard NNinitial hard NN
collisions in time periodcollisions in time period tt

χχcc

collisions in time period collisions in time period ttr r 

dE11ε T⋅=

•• Bjorken energy density:Bjorken energy density: AAΤ  Τ  is the nuclei transverse overlap areais the nuclei transverse overlap area
ττ is the formation time of the mediumis the formation time of the medium
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transient time transient time ttrr ::
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~ 30 GeV/fm~ 30 GeV/fm33

accounting accounting ττCC :: εε~ 28 GeV/fm~ 28 GeV/fm33

HSD reproduces PHENIX data for Bjorken energy density very wellHSD reproduces PHENIX data for Bjorken energy density very well
HSD results are consistent with simple estimates for the energy density HSD results are consistent with simple estimates for the energy density 



J/J/Ψ Ψ and and ΨΨ´́ suppression in In+In and Pb+Pb at SPS: suppression in In+In and Pb+Pb at SPS: J/J/Ψ Ψ and and ΨΨ´́ suppression in In+In and Pb+Pb at SPS: suppression in In+In and Pb+Pb at SPS: 
Comover absorptionComover absorption
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•• Exp. data (NA50/NA60) for Exp. data (NA50/NA60) for 
Pb+Pb and In+In at 160 A GeV  Pb+Pb and In+In at 160 A GeV  
are consistent with theare consistent with the comovercomover
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J/J/ΨΨ andand ΨΨ´́ suppression in In+In and Pb+Pb at SPS:suppression in In+In and Pb+Pb at SPS:J/J/Ψ Ψ and and ΨΨ´́ suppression in In+In and Pb+Pb at SPS: suppression in In+In and Pb+Pb at SPS: 
QGP threshold scenarioQGP threshold scenario

Set 1:Set 1: εε(J(J/Ψ/Ψ )=16  GeV/fm)=16  GeV/fm33, , εε((χχc c ) =2 GeV/fm) =2 GeV/fm33,  ,  εε((ΨΨ ‚‚) =2 GeV/fm) =2 GeV/fm33
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•• Set 1:Set 1: QGP threshold melting scenario QGP threshold melting scenario 
with dissociation energy densities with dissociation energy densities 
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J/J/Ψ Ψ and and ΨΨ´́ suppression in Au+Au at RHIC: suppression in Au+Au at RHIC: 
Comover absorptionComover absorption
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 PHENIX, 1.2<|y|<2.2 εεcutcut=1 GeV/fm=1 GeV/fm33 reduces the reduces the 
meson comover absorptionmeson comover absorption

||||
0.5

 R

Space for partonic effectsSpace for partonic effects

0.0

 HSD
 |y|<0.35

0.015

D+Dbar<−> J/Ψ +m
 

D+Dbar<−> J/Ψ +m
+ εcut=1 GeV/fm3

In the comover scenario In the comover scenario 
th J/th J/ΨΨ i ti t|y|

 1.2<|y|<2.2

0 005

0.010

Ψ
´) 

/ S
(J

/Ψ
)

 

the J/the J/Ψ Ψ suppression at suppression at 
midmid--rapidityrapidity is is strongerstronger
thanthan at at forwardforward rapidity, rapidity, 

0.000

0.005

S(
Ψ unlike the data!unlike the data!
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  Au+Au,   s=200 GeV,    QGP  threshold  scenario

J/J/Ψ Ψ and and ΨΨ´́ suppression in Au+Au at RHIC: suppression in Au+Au at RHIC: 
QGP threshold scenarioQGP threshold scenario
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S ’ d lS ’ d l l di i i fl di i i f E d iE d i 1 G V/f1 G V/f 33 d hd hSatz’s  model:Satz’s  model: complete dissociation of complete dissociation of 
initial initial J/J/Ψ Ψ and and ΨΨ´́ due to the huge local due to the huge local 
energy densities ! energy densities ! 

Energy density cut Energy density cut εεcutcut=1 GeV/fm=1 GeV/fm33 reduces the reduces the 
meson comover absorption, however, D+Dbar meson comover absorption, however, D+Dbar 

annihilation can not generate enough charmonia,annihilation can not generate enough charmonia,
especially for peripheral collisions!especially for peripheral collisions!

QGP threshold melting scenario is ruled out by QGP threshold melting scenario is ruled out by PHENIX dataPHENIX data!!

especially for peripheral collisions! especially for peripheral collisions! 



J/J/Ψ Ψ excitation functionexcitation function
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••Comover Comover reactions in the hadronic phase give almost a constant suppression;     reactions in the hadronic phase give almost a constant suppression;     
prepre--hadronic reactions lead to a larger recreation of charmonia with Ehadronic reactions lead to a larger recreation of charmonia with Ebeambeam

••The J/The J/ΨΨ melting scenariomelting scenario with hadronic comover recreation shows a with hadronic comover recreation shows a maximum maximum 
suppressionsuppression at Eat Ebeambeam = 1 A TeV;    = 1 A TeV;    exp. data ?exp. data ?



ΨΨ´́ excitation functionexcitation function
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ΨΨ´́ suppression provides independent information suppression provides independent information 
on absorption versus recreation mechanisms !  on absorption versus recreation mechanisms !  



HSD: vHSD: v22 of D+Dbar and J/of D+Dbar and J/ΨΨ from Au+Au versus pfrom Au+Au versus pTT and y at RHIC and y at RHIC 
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• HSD:HSD: DD--mesons and J/mesons and J/Ψ Ψ follow the follow the 
charged particle flow charged particle flow =>=> small vsmall v2  2  < 3%< 3%0.15
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•• Exp. data at RHIC Exp. data at RHIC show  show  large large collective collective 
flow of Dflow of D--mesons up tomesons up to vv22~10%!~10%!0.05
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flow of Dflow of D mesons up to mesons up to vv22 10%!10%!

=> strong initial flow of non=> strong initial flow of non--hadronic hadronic 
nature!nature! (cf AMPT by Che(cf AMPT by Che Ming Ko)Ming Ko)0 05
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nature!           nature!           (cf. AMPT by Che(cf. AMPT by Che--Ming Ko)Ming Ko)
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HSD predictions for CBM HSD predictions for CBM -- elliptic flow at 25 A GeVelliptic flow at 25 A GeV

Au+Au 25 A GeV
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••HSD:HSD: DD--mesons and J/mesons and J/Ψ Ψ 
follow the charged particle flow follow the charged particle flow 

=>=> small vsmall v22

0.10

0.15

v 2

 charged hadrons
 D+Dbar

=>=> small vsmall v2  2  

AMPT AMPT with string melting with string melting 

0.00

0.05

v g gg g
shows muchshows much stronger vstronger v22!!
(Che(Che--Ming Ko)Ming Ko)
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[G V/ ] Possible observation at CBM:Possible observation at CBM:

Challenge for CBM!Challenge for CBM!

pT [GeV/c] Possible observation at CBM:Possible observation at CBM:
strong initial flow strong initial flow of Dof D--mesons mesons 
and J/and J/ΨΨ due to due to partonic partonic 
interactions!interactions!Challenge for CBM!Challenge for CBM! interactions!interactions!



Summary I.Summary I.

•• J/J/ΨΨ probes early stagesprobes early stages of fireball and HSD is the tool to model it.of fireball and HSD is the tool to model it.

•• Comover absorption and threshold meltingComover absorption and threshold melting both reproduce J/both reproduce J/ΨΨ
survival in Pb+Pb as well as in In+Insurvival in Pb+Pb as well as in In+In atat SPSSPS, while , while ΨΨ´́/J//J/ΨΨ datadata
appear to be in conflict with the melting scenarioappear to be in conflict with the melting scenario..

•• Comover absorption and threshold meltingComover absorption and threshold melting fail to fail to describe the describe the 
1/21/2RHIC RHIC datadata atat ss1/21/2=200 GeV for Au+Au=200 GeV for Au+Au at midat mid-- and forwardand forward--

rapidities simultaneouslyrapidities simultaneously..

•• STAR data onSTAR data on vv22 ofof high phigh pTT charged hadrons and charm D mesonscharged hadrons and charm D mesonsSTAR data on STAR data on vv22 ofof high phigh pTT charged hadrons and charm D mesons charged hadrons and charm D mesons 
are NOT reproduced in the hadronare NOT reproduced in the hadron--string picture  string picture  => evidence for => evidence for 
a huge plasma pressure ?!a huge plasma pressure ?!



High pHigh pTT suppression of hadrons suppression of hadrons 
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High pHigh pTT suppression of hadrons: exp. observablessuppression of hadrons: exp. observables

AA
TAA σN

σ
)(pR

><
∝

Nuclear Modification Factor:

Probe: Probe: initialinitial + + finalfinal state effectsstate effects ppcoll σN ⋅><

Cronin effectCronin effect “jet quenching”“jet quenching”Cronin effectCronin effect jet quenchingjet quenching
hadronic + partonic suppressionhadronic + partonic suppression

AA

AA

RRAAAA < 1 in regime of < 1 in regime of soft physicssoft physics
RRAAAA = 1 at high= 1 at high--ppTT where hard where hard 

scattering dominatesscattering dominates
AA

scattering dominatesscattering dominates
RRAAAA > 1 > 1 -- Cronin EffectCronin Effect

Suppression:Suppression:
RR < 1< 1 at highat high pp “jet quenching”“jet quenching”RRAAAA < 1< 1 at highat high--ppTT jet quenchingjet quenching



Cronin effect at RHIC (HSD)Cronin effect at RHIC (HSD)

Cronin effect:Cronin effect: initial state initial state semisemi--hard gluon radiationhard gluon radiation increases increases 
ppTT spectra already in p+A or d+Aspectra already in p+A or d+AppTT p y pp y p

Tpp
inelas
ppcoll

TdA
2event

dA
TdA /dydpdσ/σN

/dydpNd1/N)(pR
⋅><

⋅=
Dynamical modeling of the Dynamical modeling of the 
Cronin effect in HSD:Cronin effect in HSD:Cronin effect in HSD:Cronin effect in HSD:

<k<kTT
22>>AAAA = <k= <kTT

22>>PPPP (1+a N(1+a NPrevPrev))

NNPrevPrev= number of previous = number of previous 
collisions (dynamically collisions (dynamically HSD with Cronin eff.
calculated for each hadron!)calculated for each hadron!)

parameter  a = 0.25 parameter  a = 0.25 –– 0.40.4
HSD without Cronin eff.

W C i K G ll i t d C G iW C i K G ll i t d C G i

pp

W. Cassing, K. Gallmeister and C. Greiner, W. Cassing, K. Gallmeister and C. Greiner, 
Nucl. Phys. A 735 (2004) 277Nucl. Phys. A 735 (2004) 277



High pHigh pTT suppression in nonsuppression in non--central Au+Au (HSD)central Au+Au (HSD)

HSD with Cronin eff.

• Hadron-string model with Cronin effect provides  ~ enough  high 
pT suppression for  non-central Au+Au



Cronin effect in central Au+Au at RHIC (HSD)Cronin effect in central Au+Au at RHIC (HSD)

AA
2event

AA /dydpNd1/N ⋅

Tpp
inelas
ppcoll

TAAAA
TAA /dydpdσ/σN

/dydpNd1/N)(pR
⋅><

=

• Hadron-string model doesn‘t 
provide enough  high pT
suppression for  central 
Au+Au

HSD with Cronin eff.

Extra suppression :
from early partonic phase ?!



Jet suppression: dN/dJet suppression: dN/dϕϕ

‘Trigger’ - high pT particle

jetjet

4<pT(trigger)<6 GeV/c
( )>2 G V/

p+p
jetjet

pT(assoc.)>2 GeV/c

High pT particle

near

away
QGP suppression ?!QGP suppression ?!

Au+Au

away jet energy loss in the jet energy loss in the 
mediummedium



Jet suppression: dN/dJet suppression: dN/dϕϕ

pp
Au Au, 0−5 % centr.

pp
Au Au, 5−20% centr. •
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N
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Au Au, 0−5 % centr.
STAR, pp
STAR, Au+Au

Au Au, 5−20% centr.
STAR, pp • The jet angular 

correlations for pp are 
fine!
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pp
Au Au, 20−45% centr.
STAR, pp

pp
Au Au, 45−65% centr.
STAR, pp

• Au+Au: The near-side 
jet angular correlation    
is well described, but 
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,
the suppression of the 
far-side jet is too low!
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Cassing et al., NPA 748 (2005) 241Cassing et al., NPA 748 (2005) 241



Summary II.Summary II.

• Cronin effect (initial state semiinitial state semi--hard gluon radiation) increases phard gluon radiation) increases pTT
spectra already in p+A or d+Aspectra already in p+A or d+Aspectra already in p+A or d+Aspectra already in p+A or d+A

• The attenuation of high pT-hadrons (RAA) is well reproduced in g pT ( AA) p
the hadron-string approach for non-central Au+Au collisions at 
top RHIC energies, however, underestimated in central Au+Au 
collisions.collisions.

• The jet angular correlations for pp are fine, however,
the suppression of the ‚far-side‘ jet is underestimated in central 
Au+Au collisions at s1/2 = 200 GeV  

System interacts more strongly in the early phase than hadron-
like matter !



OutlookOutlook

•• A dA deconfined phase is clearly reached at RHICeconfined phase is clearly reached at RHICA dA deconfined phase is clearly reached at RHIC, econfined phase is clearly reached at RHIC, 
but a but a theory theory having the having the relevant/proper degreesrelevant/proper degrees
of freedomof freedom (quarks and gluons)(quarks and gluons) in this regimein this regime isisof freedom of freedom (quarks and gluons)(quarks and gluons) in this regimein this regime is is 
needed needed to study its to study its transport transport propertiesproperties..

HSD    HSD    PPartonarton--HHadronadron--SStringtring--DDynamicsynamics
((PHSDPHSD))((PHSDPHSD))

PHSDPHSD ––
transport description of thetransport description of the partonic partonic andand hadronic phase hadronic phase 
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Outlook:Outlook: PHSD PHSD -- basic conceptsbasic concepts

Initial A+A collisions Initial A+A collisions –– HSD: HSD: string formation and decay to prestring formation and decay to pre--hadronshadrons

Fragmentation of preFragmentation of pre--hadrons into quarks:hadrons into quarks: using the quark spectral Fragmentation of preFragmentation of pre hadrons into quarks:hadrons into quarks: using the quark spectral 
functions from the Dynamical QuasiParticle ModelDynamical QuasiParticle Model ((DQPM) 
approximation to QCD DQPM: Peshier, Cassing, PRL 94 (2005) 172301;DQPM: Peshier, Cassing, PRL 94 (2005) 172301;

Cassing,  NPA 791 (2007) 365: NPA 793 (2007)  Cassing,  NPA 791 (2007) 365: NPA 793 (2007)  

Partonic phase:  Partonic phase:  quarks and gluons (= quarks and gluons (= ‚dynamical quasiparticles‘)‚dynamical quasiparticles‘) withwith
offoff--shell spectral functionsshell spectral functions (width, mass) defined by DQPM(width, mass) defined by DQPM

elastic and inelastic partonelastic and inelastic parton--parton interactions:parton interactions: using the effective cross 
sections from the DQPM 

q + qbar (flavor neutral) <=> gluon (colored)q q ( ) g ( )
gluon + gluon <=> gluon (possible due to large spectral width)
q + qbar (color neutral) <=> hadron resonances

Hadronization: Hadronization: based on DQPM based on DQPM -- massive, offmassive, off--shell quarks and gluons shell quarks and gluons 
with broad spectralwith broad spectral functions hadronize tofunctions hadronize to offoff--shell mesons and baryons:shell mesons and baryons:

gluons   gluons   q + qbar;  q + qbar;  q + qbar  q + qbar  meson;meson; q + q +q  q + q +q  baryonbaryon

Hadronic phase: Hadronic phase: hadronhadron--string interactions string interactions –– offoff--shell HSDshell HSD



Dilepton radiation from the sQGP Dilepton radiation from the sQGP –– NA60NA60
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Conjecture: the sQGP shows up already at SPS energies !


