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Phases of hadron fireball evolution

● Tc = 175 MeV ….  phase transition from QGP to hadron gas

● Tc < T < Tch=165 MeV: Hadron gas in local thermal and chemical equilibrium

● Tch=165  MeV: chemical freeze-out

● Tch < T < Tkin=90 MeV: Hadron gas in thermal but not chemical equilibrium

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

Blast wave parametrization of the fireball does not include 
resonance decays



  

DRAGON fit to data

T
ch

 = 0.1656 GeV
μ

B
 = 0.002 GeV

μ
S
 = 0.0069 GeV

T
kin

 and η
f
 are varied to find the best fit

DRAGON is Monte Carlo code based on Blast Wave model with addition of decays 
of unstable resonances, 277 hadrons included

 A possible fragmentation of fireball is included

Momenta of hadrons generated from Boltzmann distribution

 
B. Tomášik, Comp. Phys. Commun. 180 (2009) 1642- 1653.

v t= tanh (√2ηf
r
R )

  

R is radius of cylindrical fireball at freeze-out

y uniform (-1,1)
Transverse rapidity



  

DRAGON P
T
 spectra: particles produced directly vs 

resonance produced
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Transverse momentum spectra (ALICE vs DRAGON)
0-5% most central Pb+Pb experimental data T = 95 MeV, η

f
 = 1.0
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ALICE/DRAGON

1
1.2

0.8

1 2 3 4 pT(GeV)



  

Minimum χ2

χ 2(T kin , η f )=∑
i=1

6

∑
j=1

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

norm (i , j) ]2

σALICE
norm (i , j)2

i runs over six species p,anti-p, π-, π+,K-,K+
j runs over all pT bins  (jmax = 42, 41, 36  for p/anti-p, pions and kaons respectively) 
0.3 < pT <  4.6 GeV for p/anti-p,
0.1 < pT <  3.0 GeV for pions,
0.2 < pT <  3.0 GeV for kaons 
 
NDRAGON  (NALICE) gives normalized numbers of hadrons of i-th species in the j-th bin
 
σ is combination of statistical and systematic errors. 

Each of the six hadron spectra is normalized independently. 



  

χ2 results as function of T and η
f
 

Centrality 0-5% Full spectra

Box area ~  χ2/N
dof

90% CL region smaller than the grid step

min



  

Minimum for different centralities

Full spectra



  

Full spectra

Pt(max) = 2 GeV

Pt(max) = 1 GeV



  

Pions, protons and kaons

Pt(max) = 2 GeV

Pt(max) = 2 GeV

Protons and kaons



  

χ2(T
kin

,η
f
): protons + kaons, 0-5% centrality, P

T
< 2 GeV

minimum found

T
kin

(GeV)

η
f

χ2 within 90% CL

90% CL:  S ‹ Smin + Δ(p,α)  where p = 2, α = 0.9
probability(χ2(p degrees of freedom) < Δ) = α

Protons + kaons + pions

Protons + kaons



  

               χ2(T
kin

,η
f
):  Pions 0-5% centrality, Pt < 2 GeV 

kaons
pions
protons

Kaons + protons

Kaons + protons + pions
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STAR (62 GeV):   T
kin

 = 85 MeV, η
f
 = 0.825, all particles, spectrum up to Pt  ≈ 1 GeV

ALICE:                 T
kin

 = 90 MeV, η
f
 = 1.05, protons+kaons, Pt < 2 GeV

90% CL



  

Conclusions
● Protons, pions and kaons receive important contribution from 

resonance decays (Resonant p/direct p ~ 1.9 for T
ch

 = 165 MeV)

● DRAGON fits to ALICE 0-5% data yield T
kin

 = 75 – 95 MeV and   
η

f
 = 1.0 – 1.05  for T

ch
 = 165 MeV

● Careful treatment of high p
T
 cut needed

● Add K0, Lambda, Xi, Omega
● Do some particles freeze out before others?
● Pion chemical potential?



  

Transverse momentum spectra (ALICE)
0-5% most central Pb+Pb experimental data T = 95 MeV, η

f
 = 1.0



  

More comments
● Log scale for Pt

● Is Dragon publicly available and easy to use? We use very old blast wave, maybe I 
could tell my people to try it out. How do you include resonances?

● Upper Pt cuts should be different for each particle – make ratio of Pt spectra for data 
and fit and where the difference is more than 20%, make the cut

● Do not rely too much on pions they are least sensitive to flow effects and most 
sensitive to all other things (QCD something)

● Systematic errors are big and correlated, we are conservative, have 3 detectors and 
have to combine errors, STAR just one

● Try to include Lambdas, Omegas and Cascades (I will send you a link if we published 
it). Lambdas should fix you up (still large enough elastic cross section so they freeze 
out at the same T. Omegas and Cascades have small X-section, may freeze out 
before

● Comparison with STAR – it would be nice to see that flow behaviour goes to higher 
pT for ATLAS than STAR

● It would be interesting to see if some particles freeze out before others

● Try chemical potential of pions by hand to see how it affects the pT spectra

● It is OK to sum particle spectra with antipart spectra and average them



  

cont'd

● Switch off weak decays of resonances (this is done in the data)


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18

