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Standard measurements in HIC: PID, momenta distributions               multiplicities, pT- and y-spectra, flows

“New” measurements: averaged spin orientation
                                Can be done for hyperons which are “self-analyzing particles”.
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elementary processes Hadronic scattering, e.g., K- N-> p H, H=S,L  

interference of s- and p-waves

spin-summed 

cross section

Colliding ideal spheres do not spin up!
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[Barngerter et al PRD23]



elementary processes High energy inclusive L production in pp and pA scattering
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p+Be

p+Pl
• L polarization is negative with respect to the creation plane

• at fixed xF, L polarization decreases linearly with pT

• at fixed pT, L polarization decreases linearly with xF

• L polarization does not depend on the beam energy, nor on target nature

• anti-Ls are not polarized! [Felix, Mod. Phys. Lett. A 14, 827 (1999)]

collective processes

Ar+KCl @ 1.8 GeV/u, BNL [Harris et al., PRL 47, 229 (1981)]  70 L registered, 

(PL=-0.10+-0.05)

C-C,Ne,Cu,Zr,Pb @ 4.5 GeV/u, Dubna [Anikina et al., ZPC 25, 1 (1984)] 
  no polarization PL~0



The experimental data of global Λ and anti-Λ polarization

L. Adamczyk et al., Nature 548 (2017)
R.A.Yassine et al. (HADES Coll.), Phys.Lett.B 835 (2022)

L - anti-L splitting in

global polarization



Origin of global polarization in collective processes                 Initial angular momentum of colliding nuclei

angular momentum 

per nucleon

Mechanism of angular-momentum transfer from orbital one to spin

spin S and angular 
moment L operatorsIn equilibrium! density matrix

hydrodynamic vorticity

Polarization generation rate

How fast the equilibrium can be approached?

momentum distributions 
of initial particlesif



The thermodynamic approach
F. Becattini, V. Chandra, L. Del Zanna, E. Grossi,
Annals Phys. 338 (2013)

Relativistic thermal vorticity:

vorticity

helicity
hydrodynamic velocity

Spin vector:

s – spin, p – 4 momentum of particle

is the Lamb vector also known as the vortex force  

transverse to the fluid motion. It is a measure of the 

Coriolis acceleration of a velocity field under the 

effect of its own rotation.

In the rest frame of the particle, which is used for experimental 

identification of the fermion polarization

What velocity, vorticity, and helicity field 
can be created in HICs?



The Parton-Hadron-String Dynamic model: the generalized off-shell transport equations, 

Dynamical Quasi-Particle Model (for partons), FRITIOF Lund (strings breaking) 

PYTHIA and JETSET (jet production and fragmentation), Chiral Symmetry Restoration,

Setup

Kinetics → fluidization → hydrodynamic quantities

Fluidization criterion:

cells with ε > 0.05 GeV/fm3.

Spectators do not form fluid!

Spectator separation: 

||yspectator|−ybeam| ≤ 0.27

Φ − smearing function

Fermi motion
No mean field effects are included 
in particle propagation an in Tmn



Angular momentum transfer

Small b: L is small but large fraction of it can be transferred
Large b: L is big but nuclear overlap is small and less L is transferred

transition time scale ~10fm/c
similar dependence was derived in [Becattini, Piccinini, Rizzo, PRC77 (2008)] 

Transferred angular momentum distribution 
depends weakly on the collision energy



Velocity and vorticity fields

Hydrodynamic velocity field
Hydrodynamic vorticity field



Vorticity field

Au+Au @ 7.7 GeV

 b=7.5 fm

y=0

Vortex rings

Yu.B. Ivanov, A.A. Soldatov predicted in 
[PRC97 (2018)] within the 3-fluid hydro 
model the formation of  vortex rings

t=11 fm/c



Hyperon and Anti-hyperon production

central Pb+Pb collisions at energy 40AGeV

Exp: NA49 PRL 94 (2005) 192301

Theory:



Dynamics of hyperon production

Two main sources for hyperons and only one for antihyperons.

Different thermodynamic conditions for particles and 

antiparticles→ different polarization!

hyperons

anti-hyperons



Polarization source



Hyperon Polarization



Feed-down effects



Conclusion
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