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II. Chemical and Thermal 
Freeze-out of Main Hadron 

Species 



                                      



                                      



                                      



                                      



                                      



                                      



                                      



                                      



                                      



                                      



                                      



                                      



                                      



                                      



                                      



                                      



                                      



                                      



                                      



                                      



                                      



Motivation 
“The discovery of global  
Lambda polarization in 
non-central heavy ion 
collisions opens new 

directions in the study of 
the hottest, least viscous 
- and now, most vortical 
- fluid ever produced in 

the laboratory.” 
STAR Collaboration, 
Nature 548 (2017) 62 



Freeze-out of hyperons      



Thermal vorticity in reaction plane 

Thermal vorticity 
component ⍵zx  has 

quadruple structure in 
the reaction plane. The 
value of ⍵zx decreases 

with the expansion of the 
system. The first and 
third quadrants are 

associated with a central 
region with a slight 

negative vorticity. This 
connecting part becomes 
smaller as the energy of 

the colliding nuclei 
increases.  



                                      



Spatial distribution of and
 и анти-
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Polarization of and anti-  

The polarization of both hyperons decreases with time. In the early stages, Lambdas 
form mainly in hot and dense areas with high polarization. The polarization of the 
(anti-) Lambdas formed after t = 10 fm /c is close to zero.  



Energy dependence of global polarization 
of and anti-   

The difference between the 
global polarization of both 
hyperons is due to 
(1) different space-time 
distributions of Lambdas 
and anti-Lambdas and 
(2)  different thermal 

vorticity in the freeze-
out regions of both 
hyperons. 

 
Data: STAR Collaboration, 
PRC 98 (2018) 014910 
 



Comparison with other models 
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      -  MC models favor chemical equilibration of hot and  
       dense matter at t≈𝟕 fm/c  fm/c 
    -  In MC models different hadron species are frozen at  
       different times: 𝑲,𝝅, anti-𝚺,  anti-p, anti-𝚲  , 𝚲 and in   and in  
       different space regions with different values of T and  
       chemical potentials   
    -  These circumstances naturally explain such effects as     
       (i)   normal directed flow for 𝒑,𝚺,  𝚲  and antiflow for  
              their antiparticles at low and intermediate energy  
              nuclear collisions 
       (ii)  different polarization of 𝚲   and anti-𝚲 in these   in these  
              collisions 
    -  (iii) and many other peculiar signals and observables … 
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