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Motivation
Three temperature scenario       Tcritical ≥ Tchemical  ≥ Tkinetic      

ALICE ArXiv:1303.0737[hep-ex] Centrality dependence of pi,K,p production in Pb-Pb at 2.76 TeV
  PT spectra fits typically do not include resonance decays
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● Tc ~ 175 MeV ….  phase transition from QGP to hadron gas

● Tc > T > Tch ~ 152 MeV: Hadron gas in local thermal and chemical equilibrium

● Tch~ 152  MeV: chemical freeze-out

● Tch > T > Tkin~ 90 MeV: Hadron gas in thermal but not chemical equilibrium

● Tkin ~ 90 MeV (?): kinetic freeze-out

 

Transverse velocity βT

Tkin 



  

We implement resonance decays together with Blast wave model kinetic 
freeze-out  = DRAGON Monte Carlo code

Similar work by W. Florkowski at all:              
their chemical nonequilibrium model + Krakow model +  THERMINATOR 
explains  hadron abundances + spectra 

This talk: hadron abundances not yet, just spectra
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DRAGON 

T
ch

 = 0.152 GeV
μ

B
 = 0.001 GeV

μ
S
 = 0 GeV

T
kin

, η
f
 and n are varied to find the best χ2 fit

(T
kin

 in steps of 4 MeV, η
f
  in steps of 0.01 and n in steps of 0.02)

DRAGON is MC code based on Blast Wave model  
+ decays  of unstable resonances, 277 hadrons included
+ possible fragmentation of fireball is included (not used here)

 

βT=η f (
r
R

)
n

  

R is radius of cylindrical fireball at freeze-out

y uniform (-1,1)

Transverse velocity

dN
dy d 2 pt

∼∫d Σμ( x) pμ 1
exp(√ p2+mi

2/T )∓1
=∫ d 4 x S ( x , p)

√ t 2−z2=τ0=constFreeze-out at const proper time

B. Tomášik, Comp. Phys. Commun. 180 (2009) 1642- 1653.
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Comparison of DRAGON with ALICE  ArXiv:1303.0737 [hep-ex]:
Centrality dependence of pi,K,p production in Pb-Pb at 2.76 TeV

No resonances 

Resonances

(ALICE)
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DRAGON P
T
 spectra: particles produced directly vs resonance 

produced
T

kin
 = 98 MeV, η

f
 = 0.88, n = 0.69 
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Transverse momentum spectra 

0-5% most central Pb+Pb experimental data, T = 98 MeV, η
f
 = 0.88, n = 0.69, χ2/N

dof
 = 0.214 

Bins included in the fit
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R = ALICE/DRAGON
0-5% most central Pb+Pb experimental data

?



  

R = ALICE/DRAGON  (Ξ and Ω)

9



  

8 species

Centrality dependence

<β
T
>
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Conclusions
● Hadrons receive important contribution from resonance decays 

● DRAGON fits to ALICE 0-5% data yield Tkin = 98 MeV, <βT> = 0.65

     

 DRAGON fits to STAR (Au+Au, 62.4 AGeV)  Tkin = 90 MeV, <βT> = 0.57)   
 

● Ξ and Ω freeze out earlier Tkin = 126 MeV  for 0-5%

● Low pt pion region – pion chemical potential?

     (40-60%: Tkin = 138 MeV, <βT> = 0.55)

dN
dy d 2 pt

∼∫d Σμ( x) pμ 1
exp(√ p2+mi

2/T )∓1
=∫ d 4 x S ( x , p)
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Minimum χ2

χ 2(T kin , η f , n)=∑
i=1
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∑
jmin

jmax [ N DRAGON
norm (i , j ,T kin , η f , n)−N ALICE

norm (i , j)]2

σALICE
norm (i , j)2

i runs over 8 species p,anti-p, π-, π+,K-,K+,K0 and Λ
j runs over  pT bins   

 
Each of 8 hadron spectra is normalized independently. 

NDRAGON  (NALICE) gives normalized numbers of hadrons of i-th species in the j-th bin

σ is combination of statistical and systematic errors. 
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