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Collision centrality determiantion (1)
Centrality, % Impact 

parameter, fm
Reference 

multiplicity
0 - 5 0 - 2.4 116 - 181

5 - 10 2.4 - 3.6 96 - 116
10 - 20 3.6 - 4.8 67 - 96
20 - 30 4.8 - 6.0 46 - 67
30 - 40 6.0 - 6.8 31 - 46
40 - 50 6.8 - 7.6 20 - 31
50 - 60 7.6 - 8.4 12 - 20
60 - 70 8.4 - 9.2 7 - 12
70-80 9.2 - 10.0 4 - 7

Kr + Kr ��� = 6 GeV
UrQMD 

Kr + Kr ��� = 6 GeV
UrQMD 

Kr + Kr ��� = 6 GeV
UrQMD 

Impact parametr (b) distribution Reference multiplicity (RefMult) distribution Impact parametr vs. Reference multiplicity

System: Kr + Kr ��� = 6 GeV, UrQMD
Statistics: 91 M events
• The centrality of an event is defined by the percentile of 

the reaction total cross-section and characterized  by 
the impact parameter. 

• Experimentally, it can be estimated by the reference 
multiplicity calculated as a number of charged particles 
with |η| < 1.0 and pT > 0.15 GeV/c. 
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Collision centrality determiantion (2)
Centrality, % Impact 

parameter, fm
Reference 

multiplicity
0 - 5 0 - 2.8 186 - 294

5 - 10 2.8 - 4.0 153 - 186
10 - 20 4.0 - 5.6 105 - 153
20 - 30 5.6 - 6.8 71 - 105
30 - 40 6.8 - 8.0 47 - 71
40 - 50 8.0 - 8.8 29 - 47
50 - 60 8.8 - 10.0 17 - 29
60 - 70 10.0 - 10.8 10 - 17
70-80 10.8 - 11.6 5 - 10

Xe + Xe ��� = 6 GeV
UrQMD 

Xe + Xe ��� = 6 GeV
UrQMD 

Xe + Xe ��� = 6 GeV
UrQMD 

Impact parametr (b) distribution Reference multiplicity (RefMult) distribution Impact parametr vs. Reference multiplicity

System: Xe + Xe ��� = 6 GeV, UrQMD
Statistics: 91 M events
• The centrality of an event is defined by the percentile of 

the reaction total cross-section and characterized  by 
the impact parameter. 

• Experimentally, it can be estimated by the reference 
multiplicity calculated as a number of charged particles 
with |η| < 1.0 and pT > 0.15 GeV/c. 
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Collision centrality determiantion (3)
Centrality, % Impact 

parameter, fm
Reference 

multiplicity
0 - 5 0 - 1.2 19 - 48

5 - 10 1.2 - 1.8 16 - 19
10 - 20 1.8 - 2.6 12 - 16
20 - 30 2.6 - 3.2 9 - 12
30 - 40 3.2 - 3.6 7 - 9
40 - 50 3.6 - 4.2 5 - 7
50 - 60 4.2 - 4.6 4 - 5
60 - 70 4.6 - 5.0 3 - 4
70-80 5.0 - 5.4 2 - 3

O + O ��� = 6 GeV
UrQMD 

O + O ��� = 6 GeV
UrQMD 

O + O ��� = 6 GeV
UrQMD 

Impact parametr (b) distribution Reference multiplicity (RefMult) distribution Impact parametr vs. Reference multiplicity

System: O + O ��� = 6 GeV, UrQMD
Statistics: 76 M events
• The centrality of an event is defined by the percentile of 

the reaction total cross-section and characterized  by 
the impact parameter. 

• Experimentally, it can be estimated by the reference 
multiplicity calculated as a number of charged particles 
with |η| < 1.0 and pT > 0.15 GeV/c. 
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π+  spectra

π－  spectra

K+  spectra

K－  spectra

p  spectra

  spectra

Identified hadron spectra for different centrality classes
Track cuts:

• |y| < 0.1
• |η| < 1.0
• pT > 0.15 GeV/c

Centrality is calculated using reference multiplicity (|η| < 1.0, pT > 0.15 GeV/c)
Kr + Kr ��� = 6 GeV
UrQMD
Statistics: 91 M events

Centrality:
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�� - the transverse mass of a hadron

�(�) = tanh−1� 

�0, �1 - the modified Bessel functions

� = ��(�/�)�

�� - the surface velocity

�/� - the relative radial position in the thermal source

 � = 2
2+�
�� -  average transverse radial flow velocity

� - the exponent of flow velosity profile

Fitting spectra using blast wave model
• The blast wave model assumes that the particles are locally thermalized at a kinetic 

freeze-out temperature and are moving with a common transverse collective flow 
velocity.

• �±, �±, p, and p particle spectra are fitted simultaneously with the blast-wave model.

pT fit ranges (O + O):
π: 0.5 - 1.0 GeV/c, 
K: 0.35 - 1.1 GeV/c,
p( p ): 0.35 - 1.0 GeV/c

pT fit ranges (Kr + Kr, Xe + Xe):
π: 0.5 - 1.0 GeV/c, 
K: 0.35 - 1.35 GeV/c,
p( p ): 0.8 - 1.7 GeV/c

Phys.Rev.C48:2462-2475,1993
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Impact of pT fit ranges on the extracted parameters

• Difference between “low” pT  and “default” pT results:
• Tkin:  9-12%,   � : 13-50%  for Kr+Kr, Xe+Xe, Au+Au;
• Tkin:  6-11%,   � : 7-16%    for O+O.

• Difference between “high” pT  and “default” pT results:
• Tkin:  9-14%,   � : 5-17%    for Kr+Kr, Xe+Xe, Au+Au;
• Tkin:  3-7%,     � : 4-8%      for O+O.

Kr+Kr, Xe+Xe, 
Au+Au O+O

“low” pT fit 
range, GeV/c

π: 0.5 - 0.8 
K: 0.2 - 0.75
p: 0.35 - 1.2
 p: 0.75 - 1.2

π: 0.5 - 0.8 
K: 0.35 - 1.35
p( p ): 0.8 - 1.7

“default” pT fit 
range, GeV/c

π: 0.5 - 1.0 
K: 0.35 - 1.35
p( p ): 0.8 - 1.7

π: 0.5 - 1.0
K: 0.35 - 1.1

p( p ): 0.35 - 1.0

“high” pT fit 
range, GeV/c

π: 0.7 - 1.3 
K: 0.6 - 1.5

p( p ): 1.0 - 2.0

π: 0.7 - 1.3
K: 0.5 - 1.4

p( p ): 0.5 - 1.1

• The blast wave model results are sensitive to the pT fit ranges used for fitting.

Fit ranges

central

central
central

central

peripheral

peripheral

peripheral

peripheral

Phys. Rev. C 96, 044904 (2017)
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Impact of the centrality determination on the extracted parameters

• Difference in Tkin: 
• Kr+Kr, Xe+Xe, Au+Au:  less than 1% for all 

centralities;
• O+O: 3% for the most central bin, ~1% for 

other centralities.

• Difference in  � :
• Kr+Kr:    up to 4%;
• Xe+Xe:   up to 6%;
• O+O:      up to 8%;
• Au+Au:  up to 10%.

System Kr+Kr, Xe+Xe, 
Au+Au O+O

pT fit ranges, 
GeV/c

π: 0.5 - 1.0 
K: 0.35 - 1.35
p( p ): 0.8 - 1.7

π: 0.5 - 1.0
K: 0.35 - 1.1

p( p ): 0.35 - 1.0

• Comparison of the kinetic freeze-out parameters obtained with the impact parameter and reference multiplicity centrality 
determination is performed.

Fit ranges central

central central

central

peripheral

peripheral

peripheral

peripheral
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Comparison of kinematic freeze-out parameters between different systems

• The  β  decreases from central to peripheral 
collisions indicating more rapid expansion in 
central collisions. 

• Tkin increases from central to peripheral 
collisions.

• Higher values of Tkin correspond to lower 
values of  β .

System Kr+Kr, Xe+Xe O+O

pT fit ranges, 
GeV/c

π: 0.5 - 1.0 
K: 0.35 - 1.35
p( p ): 0.8 - 1.7

π: 0.5 - 1.0
K: 0.35 - 1.1

p( p ): 0.35 - 1.0

Fit ranges

central

peripheral
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Comparison of kinematic freeze-out parameters with STAR data

• The  β  decreases from central to peripheral 
collisions indicating more rapid expansion in 
central collisions. 

• Tkin increases from central to peripheral 
collisions.

• Higher values of Tkin correspond to lower 
values of  β .

• The obtained parameters are consistent with 
previous results from the STAR collaboration 
within the uncertainties.

central

peripheral

Phys. Rev. C 96, 044904 (2017)

pT fit ranges:
π: 0.5 - 1.0 GeV/c, 
K: 0.35 - 1.35 GeV/c,
p( p ): 0.8 - 1.7 GeV/c
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Backup slides
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Collision centrality determiantion
Centrality, % Impact parameter, fm Reference multiplicity

0 - 5 0 - 3.2 178 - 293
5 - 10 3.2 - 4.8 146 - 178

10 - 20 4.8 - 6.4 99 - 146
20 - 30 6.4 - 8.0 67 - 99
30 - 40 8.0 - 9.2 43 - 67
40 - 50 9.2 - 10.4 27 - 43
50 - 60 10.4 - 11.2 15 - 27
60 - 70 11.2 - 12.0 8 - 15
70-80 12.0 - 13.2 4 - 8

Au + Au ��� = 7.7 GeV
UrQMD 

Au + Au ��� = 7.7 GeV
UrQMD 

Au + Au ��� = 7.7 GeV
UrQMD 

Impact parametr (b) distribution Reference multiplicity (RefMult) distribution Impact parametr vs. Reference multiplicity

System: Au + Au ��� = 7.7 GeV, UrQMD
Statistics: 76 M events
• The centrality of an event is defined by the percentile of 

the reaction total cross-section and characterized  by 
the impact parameter. 

• Experimentally, it can be estimated by the reference 
multiplicity calculated as a number of charged particles 
with |η| < 0.5 and pT > 0.15 GeV/c. 
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π+  spectra

π－  spectra

K+  spectra

K－  spectra

p  spectra

  spectra

Identified hadron spectra for different centrality classes
Track cuts:

|y| < 0.1
|η| < 1.0
pT > 0.15 GeV/c

Centrality is calculated using reference multiplicity (|η| < 1.0, pT > 0.15 GeV/c)
Xe + Xe ��� = 6 GeV
UrQMD
Statistics: 91 M events

Centrality:
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π+  spectra

π－  spectra

K+  spectra

K－  spectra

p  spectra

  spectra

Identified hadron spectra for different centrality classes
Track cuts:

|y| < 0.1
|η| < 1.0
pT > 0.15 GeV/c

Centrality is calculated using reference multiplicity (|η| < 1.0, pT > 0.15 GeV/c)
O + O ��� = 6 GeV
UrQMD
Statistics: 76 M events

Centrality:
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π+  spectra

π－  spectra

K+  spectra

K－  spectra

p  spectra

  spectra

Identified hadron spectra for different centrality classes
Track cuts:

|y| < 0.1
|η| < 1.0
pT > 0.15 GeV/c

Centrality is calculated using reference multiplicity (|η| < 0.5, pT > 0.15 GeV/c)
Au + Au ��� = 7.7 GeV
UrQMD
Statistics: 76 M events

Centrality:
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Kr + Kr ��� = 6 GeV

Xe + Xe ��� = 6 GeV

O + O ��� = 6 GeV

Extracted freeze-out parameters 16



Extracted freeze-out parameters 
for Au+Au collisions at ��� = 7.7 GeV 

STAR results are taken from Phys. Rev. C 96, 044904 (2017)
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Blast wave fits of identified hadron spectra
System: Kr + Kr ��� = 6 GeV, UrQMD
Statistics: 91 M events

pT fit ranges:
π: 0.5 - 1.0 GeV/c, 
K: 0.35 - 1.35 GeV/c,
p( p ): 0.8 - 1.7 GeV/c
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Blast wave fits of identified hadron spectra
System: Xe + Xe ��� = 6 GeV, UrQMD
Statistics: 91 M events

pT fit ranges:
π: 0.5 - 1.0 GeV/c, 
K: 0.35 - 1.35 GeV/c,
p( p ): 0.8 - 1.7 GeV/c
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Blast wave fits of identified hadron spectra
System: O + O ��� = 6 GeV, UrQMD
Statistics: 76 M events

pT fit ranges:
π: 0.5 - 1.0 GeV/c, 
K: 0.35 - 1.1 GeV/c,
p( p ): 0.35 - 1.0 GeV/c

20



Blast wave fits of identified hadron spectra
System: Au + Au ��� = 7.7 GeV, UrQMD
Statistics: 91 M events

pT fit ranges:
π: 0.5 - 1.0 GeV/c, 
K: 0.35 - 1.35 GeV/c,
p( p ): 0.8 - 1.7 GeV/c
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“default” pT fit ranges

“default” pT fit ranges (using impact parameter)

“low” pT fit ranges

“high” pT fit ranges

Kr + Kr ��� = 6 GeV 22



“default” pT fit ranges

“default” pT fit ranges (using impact parameter)

“low” pT fit ranges

“high” pT fit ranges

Xe + Xe ��� = 6 GeV 23



“default” pT fit ranges

“default” pT fit ranges (using impact parameter)

“low” pT fit ranges

“high” pT fit ranges

O + O ��� = 6 GeV 24



Au + Au ��� = 7.7 GeV
“default” pT fit ranges

“high” pT fit ranges
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Au + Au ��� = 7.7 GeV
“low” pT fit ranges

“default” pT fit ranges (using impact parameter)
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