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MOTIVATION



MOTIVATION



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



MEASUREMENT OF 𝚲 POLARIZATION



THERMAL VORTICITY AND POLARIZATION





MODELS AT OUR
DISPOSAL



TRANSPORT MODEL: UrQMD



Steffen A. Bass

PARTICLE PRODUCTION VIA STRINGS IN URQMD



STATISTICAL MODEL OF IDEAL HADRON GAS
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RESULTS



ANGULAR MOMENTUM

Angular momentum is not 
exactly conserved at the

early stage of the collision
because of inelastic

collisions (especially, in 
the fragmentation of

strings).  The maximum
deviation, however, does

not exceed 2%.

L.B. et al, Symmetry 13 (2021) 10, 1852



FREEZE-OUT OF HYPERONS



EVOLUTION OF TEMPERATURE AND ENERGY
DENSITY

Neither energy density nor temperature is uniformly distributed 
within the expanding hot and dense nuclear matter 

L.B. et al, Symmetry 13 (2021) 10, 1852



THERMAL VORTICITY IN THE REACTION PLANE

Thermal vorticity component
⍵zx has a quadruple
structure in the reaction
plane. It is stable in time, 
but its magnitude decreases
because of the system 
expansion. At intermediate
energies, first and third
quadrants are connected in 
the central area which has 
a small negative vorticity.
This connection part 
becomes smaller with
increasing energy of heavy
ion collisions.

O. Vitiuk, L.B., E. Zabrodin,
PLB 803 (2020) 135298



SPATIAL DISTRIBUTION OF Λ 
AND ANTI-Λ 

77.7

O. Vitiuk, L.B., E. Zabrodin,
PLB 803 (2020) 135298



DEPENDENCE ON COLLISION ENERGY



DEPENDENCE ON COLLISION ENERGY

62.4 GeV



POLARIZATION OF Λ AND ANTI-Λ 

Polarization of both hyperons decreases with time. At the initial stage, 
they are mainly formed in hot and dense areas with high polarization. 
Later on polarization of newly formed hyperons rapidly drops

O. Vitiuk, L.B., E. Zabrodin, PLB 803 (2020) 135298



ENERGY DEPENDENCE OF
Λ AND ANTI-Λ POLARIZATION

Difference in global 
polarization of both
hyperons arises from
(1) different spatio-

temporal distributions
of Λ and anti-Λ

(2) different thermal
vorticity in the freeze-
out regions

O. Vitiuk, L.B., E. Zabrodin,
PLB 803 (2020) 135298

Data:  STAR Collab., PRC 98 (2018) 014910



OTHER MODELS

The idea of different FO can
be employed in other models
also
Y.Xie, G.Chen, L.P.Csernai,
EPJC 81 (2021) 12

F.Becattini and M.A.Lisa, 
Ann. Rev. Nucl. Part. Sci.
70 (2020) 395



ENERGY DEPENDENCE OF
Λ AND ANTI-Λ POLARIZATION

Request from HADES Collaboration:
Provide model predictions for Λ and anti-Λ polarization in (i) Ag+Ag @ 2.55 GeV
and   (ii)  Au+Au @ 2.42 GeV for given centrality and kinematic windows



COMPARISON WITH THE DATA
HADES Collab., PLB 835 (2022) 137506

(a)

(b)

(c)

Global polarization of Λ as function of
centrality (a), transverse momentum (b),
and rapidity (c) in Ag+Ag collisions at 
𝑠 = 2.55 GeV

“The agreement is remarkable …” (PLB 835, 137506)



CONCLUSIONS



1. Thermal vorticity in non-central heavy ion collisions, Au+Au and
Ag+Ag, was studied at ⎷s = 2,4 --19,6 GeV within the framework
of UrQMD model

2. Quadruple structure of ⍵zx was obtained
3. The magnitude of vorticity dependence on time and energy of

colliding nuclei is studied
4. Self-consistent method for calculation of Λ-polarization in

microscopic transport model is developed
5. The distribution of Λ and anti-Λ is different in space, their

freeze-out distributions are (slightly) different in time, therefore
these hyperons are emitted from regions with different vorticity

CONCLUSIONS
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ATTENTION !



EVOLUTION OF BARYON CHEMICAL
POTENTIAL AND DENSITY



EVOLUTION OF STRANGENESS CHEMICAL
POTENTIAL AND STRANGENESS DENSITY


