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1 Research background 
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  The interacting system at the kinetic freeze-out (the last                         

stage of collisions) stays at a thermodynamic equilibrium state or 

local equilibrium state, when the particle emission process is 

influenced  not only by the thermal motion but also the flow effect. 

   By analyzing the transverse momentum spectra of final-state 

particles, one can obtain the kinetic freeze-out temperature of 

interacting systems (emission sources) and the transverse flow 

velocity of produced particles. 

1 Research background 
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1 

the kinetic freeze-out                

       temperature            

          reflects 
 

the excited degree  of  

    emission sources 

2 

transverse flow velocity 

  of produced particles                  

               reflects    

hydrodynamic  

expansion picture of 

interacting systems 

  at the stage of 

kinetic freeze-out 

   at the stage of 

kinetic freeze-out 

Real temperature  Kinetic freeze-out  temperature 

Effective temperature Thermal motion and flow effect 
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2.1 
The model assumes that many emission sources  are 

formed in high energy collisions. 

due to the existence of different interacting mechanisms in the collisions and 

different event samples measured in experiments. 

These sources are classified into a few groups 
2.2 

We assume that these sources in the same group stay  

at a local equilibrium state. 2.3 

 2. Theoretical Model -multisource thermal model 

They have the same excitation degree and temperature, and they can be 

described by different distribution laws. 

2 Theoretical Model 
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2.4 The emission process of all the sources in different 

groups result in the final-state distribution.  

2.5 

2.6 

The final-state distribution can be described by a 

multi-component distribution law. 

Different effective temperatures can be obtained by 

using different distributions to describe the transverse 

momentum spectra of final-state particles. 

. 

2 Theoretical Model 
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3 Research Methods 

Distribution 

Function 

The multi-   

component  

Erlang   

distribution 

A new method for  

extracting 

Tsallis-

standard 

transverse 

momentum 

distribution 

Tsallis 

transverse 

momentum 

distribution 

The multi-

component 

standard 

distribution 

Kinetic freeze-out temperature 

 

 Transverse flow velocity 



山西大学  

Tsallis-standard transverse momentum distribution: 

Tsallis transverse momentum distribution: 

3 Research Methods 
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Multi-component standard distribution: 

 

The mean effective temperature: 

 

Standard transverse momentum distribution: 
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The multi-component Erlang distribution: 

Particles generated from one emission 

source are assumed to obey an 

exponential function of transverse 

momentum distribution 

 

All the sources in the j-th group 

result in the folding of 

exponential functions 

The contribution of all groups 

of sources  

The mean transverse 

momentum 

Erlang 

distribution 

the multi-

component 

Erlang 

distribution 
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4 Results 

The symbols are taken from literature, 

the curves are our fitting results. 

H.-R. Wei, F.-H. Liu, R. A. Lacey, 

J. Phys. G 43, 125102 (2016). 
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The symbols are 

taken from literature, 

the curves are our 

fitting results. 
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H.-R. Wei, F.-H. Liu, R. A. Lacey, 

Eur. Phys. J. A 52, 102 (2016).  

The symbols are taken from literature, 

the curves are our fitting results. 
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4 Results 

When              ,      is regarded as the real source temperature, or the kinetic 

freeze-out temperature of interacting system. 

         ,     , and      are extracted from Tsallis-standard, Tsallis, and two- or three 

component standard distributions. 

00 m 0T
00 amTT 

0STT  0TT 0ST
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The effective temperatures 

         ,      , and     increase with 

the increase of centrality or 

particles mass 

 

STT  TT ST
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The quantity extracted directly from the 

distribution mentioned above is the effective 

temperature which includes thermal motion 

and flow effect of particles. 

4 Results 

00 kmTT 

mkCT T

'' 
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(1)The kinetic freeze-out temperature extracted by us is 0–20%  in Pb-Pb 

collisions at 2.76TeV for including     ,      ,    ,     , and         . 

(2)The particle’s mass effects of kinetic freeze-out temperature for     and        are 

obvious. 

(3)We have observed an evidence of mass-dependent differential kinetic freeze-

out scenario or multiple kinetic freeze-out scenario. 

4 Results 

H.-L. Lao, H.-R. Wei,  

F.-H. Liu, R. A. Lacey, 

Eur. Phys. J. A 52, 203 (2016). 
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The slope in                (or             ) 

relation is regarded as the mean 

transverse flow velocity         (or 

mean flow velocity       ).         and        

denote the mean transverse 

momentum and mean momentum 

of massless particle.  

This can provide a set of alternative methods 

to extract the kinetic freeze-out temperature, 

transverse flow velocity, and flow velocity. 

mpT  mp 
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u
0Tp

0
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(1) The intercepts have the tendency of   

converging to one point. 

(2) The intercepts are nearly equal to 

each other or do not change obviously 

with center-of-mass energy or centrality. 

(3) The slopes have the tendencies of 

increasing with center-of-mass energy 

and centrality. 

00 mkCp TT 

0mkCp pp 
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The slopes have the dimension of 

velocity and are considered to be 

related to mean transverse flow 

velocity and mean flow velocity. 

4 Results 

muCp TT  '

0

muCp p  '
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the assumption of isotropic 

emission in the source rest 

frame 

Tp kk )2(

 Tuu )2(

)522.0339.0( cuT 
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)424.1546.0( ck p 
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3、 We obtained the transverse flow velocity from the  

        slope by plotting the mean transverse momentum  

        versus the mean moving mass.  

1、We used the Tsallis-standard, Tsallis, multi-component  

       standard and multi-component Erlang distributions  

       to describe the transverse momentum spectra of final- 

       state particles and extracted the effective temperature. 

2、 We obtained the kinetic freeze-out temperature from  

       the intercept by plotting the effective temperature  

        versus the particle’s rest mass. 

5 Conclusions 
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