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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. 
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     The chemical  

       freeze-out   

     temperature  

       describes 
    the excitation  

     degree of the 

 interacting system 

2 3 

      The effective 

      temperature  

           can be  

       extracted 
          from the  

        transverse 

momentum spectra 

   by using some 

 distribution laws 

     at the stage of 

chemical equilibrium 

 

     

        The kinetic  

        freeze-out   

      temperature  

        describes 
      the excitation  

      degree of the 

 interacting system 

     at the stage of  

kinetic and thermal  

      equilibrium 
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flow effect 
 

 

      describes 
the  kinetic         

expansion 

characteristics 

of  the 

 interacting system 
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(i) The BGBW model results in the        

     distribution to be 
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For the spectra in a wide      range, we have to 

consider the contribution of hard scattering process   
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We can use a superposition of both contributions 

of soft and hard processes 
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4 Conclusions 

The      spectra of      ,      ,    and     produced in pp and d-Au 

collisions at the RHIC, as well as pp and p-Pb collisions at the 

LHC, have been analyzed by four methods. 
 

Tp K p p

The four methods present similar results, and in some cases 

these results are in agreement with each other within errors. 

     in central d-Au and p-Pb collisions is relatively larger than 

that in peripheral d-Au and p-Pb collisions,  and      in central 

d-Au and p-Pb collisions is slightly larger than or equal to 

that in peripheral d-Au and p-Pb collisions. 
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Comparing with central nucleus-nucleus collisions,  pp collisi- 

ons are closer to peripheral nucleus-nucleus collisions due to 

similar numbers of participant nucleons. 

In central collisions, the excitation degree at the kinetic freeze-

out is mainly determined by the maximum nucleus and 

collision energy, but not the numbers of participant nucleons 

and binary collisions. 

Central d-Au and p-Pb collisions are similar to central Au-Au 

and Pb-Pb collisions, and peripheral d-Au and p-Pb collisions 

are similar to peripheral Au-Au and Pb-Pb collisions. 
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