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Motivation  

Search for critical point





courtesy of R.Lacey & A.Taranenko 

For all known substances the ratio of shear viscosity to entropy density 
reaches a minimum at critical temperature

P.Kovtun, D.Son, A.Starinets, PRL 94 (2005) 111601
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U.Heinz, R. Snellings, Ann.Rev.Nucl.Part.Sci. 63 (2013) 123 

The theoretical curves are calculated with the VISHNU model for different 
(temperature-independent) choices of the specific QGP shear viscosity 𝜼

𝒔
.

It is necessary to decribe the STAR data on elliptic flow in Au+Au @ 200 GeV
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Models:  

UrQMD, Box, Stat.M



Initial Particle Production in UrQMD

S. Bass et al., Prog.Part.Nucl.Phys. 41 (1998) 255
M. Bleicher, E.Z., et al., J.Phys.G 25 (1999) 1859
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Calculation of  

Shear viscosity
M. Teslyk et al.,    Phys. Rev. C 101 (2020) 014904
E. Zabrodin et al., Phys. Scr. 85 (2020) 074009
E. Zabrodin et al., Nucl. Phys. A 1005 (2021) 121861



Evolution of temperature T and energy density 𝜀

There is no global equilibrium in the whole volume of the fireball.
We opted for the central cell with volume 𝑉 = 5×5×5 = 125 𝑓𝑚3 



Evolution of baryon chemical potential 𝝁𝑩
and net-baryon density 𝝆𝑩

Net-baryon density is non-uniformly distributed within the whole volume,
therefore baryon chemical potential is also different in different areas  



Evolution of strangeness chemical potential 𝝁𝑺
and net-strangeness density 𝝆𝑺

Net-strangeness density is also non-uniformly distributed within the whole volume.
Net-strangeness chemical potential is different in different areas  





M. Teslyk, L. Bravina, …, E. Zabrodin, PRC 101 (2020) 014904
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Calculation of  

Partial 𝜂
M. Teslyk, L. Bravina, E. Zabrodin, Symmetry 14 (2022) 634



The lower the energy of nuclear collision, the higher the nucleon’s shear viscosity.
The values of shear viscosity of 𝜦 + 𝜮 are close to each other. These values are 
almost two times lower compared to those of nucleons.  

Nucleons

Λ + Σ



The lower the energy of nuclear collision, the lower the pion’s shear viscosity.
The values of shear viscosity of kaons sit on the top of each other.   

Pions

Kaons



At Elab = 10 AGeV  shear viscosity of baryons is larger than that of mesons,
whereas at  Elab = 40 AGeV  mesons start to dominate

More distributions:

(a)

(a)



Shear viscosity of both baryons and mesons drops with time, i.e., with the reduction of T and 𝜺 .
However,  𝜼𝑩 increases with decreasing 𝒔 , whereas 𝜼𝑴 decreases.

Baryons

Mesons



Reduction of the ratio  
𝜼
𝒔

with decreasing 𝒔 is 
caused by the reduced 
contribution of mesons

Baryons

Mesons

All hadrons



Our study indicates that 

- total shear viscosity of hot and dense nuclear matter in the central
cell drops with time for all four energies (10, 20, 30, 40 AGeV) 

- after 𝒕 ≈ 𝟔 ÷ 𝟕 fm/c 𝜼𝒂𝒍𝒍 in the cell is similar for all 4 energies
- the lower the beam energy, the lower the 𝜼𝑴 and the higher the 𝜼𝑩
- partial shear viscosity of nucleons (pions) increases (decreases)

with the drop of bombarding energy, whereas partial shear 
viscosities of kaons and 𝚲 + 𝚺 are almost insensitive to the beam
energy within the investigated interval  

- the ratio of shear viscosity to entropy density 𝜼𝒔 also decreases 
with the energy drop. This decrease is attributed to mesons. 
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Comparison with other models
J.-B.Rose et al., PRC 97(2018) 055204 

Comparison of different model predictions for the hadron gas 𝜂/𝑠 at 𝜇% = 0






