Pis’ma v ZhETF, vol. 116, iss. 3, pp. 137 – 138 © 2022 August 10

On ambiguity of definition of shear and spin-hall contributions to Λ polarization in heavy-ion collisions

Yu. B. Ivanov^{+∗×1)}, A. A. Soldatov^∗

+Bogoliubov Laboratory for Theoretical Physics, Joint Institute for Nuclear Research, 141980 Dubna, Russia

∗National Research Nuclear University “MEPhI”, 115409 Moscow, Russia

×National Research Centre “Kurchatov Institute”, 123182 Moscow, Russia

Submitted 19 June 2022 Resubmitted 23 June 2022

Accepted 24 June 2022

DOI: 10.31857/S1234567822150010, EDN: jequnw

Non-central heavy-ion collisions at high energies are characterized by a huge global angular momentum of the order of 10^3–10^5ℏ, depending on the collision energy and centrality. Although a large part of the angular momentum is carried away by the spectator nucleons, its sizable fraction is accumulated in the created dense and highly excited matter, that implies a strong rotational motion of this matter. This matter is conventionally associated with a (participant) fluid because it is successfully described by the fluid dynamics. Such rotation leads to a strong vortical structure inside the produced fluid. Local fluid vorticity induces a preferential orientation of spins of emitted particles through spin-orbit coupling. The STAR Collaboration at the Relativistic Heavy-Ion Collider discovered the global polarization of emitted Λ hyperons, which indicated fluid vorticity of ω ≈ (9 ± 1) × 10^{21} s^{−1} [1]. This result exceeds the vorticity of all ever known fluids in nature. This discovery have opened an entirely new direction of research in heavy-ion physics.

The major part of applications to heavy-ion collisions was performed within thermodynamic approach in terms of hadronic degrees of freedom [2–4]. In the present paper, we discuss this thermodynamic approach. The key quantity of the thermodynamic approach is thermal vorticity

ϖ_{μν} = 1 2 (∂_ν β_μ − ∂_μβ_ν ), (1)

where β_μ = u_μ/T , u_μ is collective local four-velocity of the matter, and T is local temperature. The corresponding mean spin vector of Λ particles with fourmomentum p, produced around point x on freeze-out hypersurface is

1)e-mail: yivanov@theor.jinr.ru

S^μ_ϖ(x, p) = − 1 8m [1 − f(x, p)] ϵ^{μναβ} p_ν , ϖ_{αβ} (x), (2)

where f(x, p) = 1/{exp[(u_ν p^ν −μ)/T ]+1} is the Fermi– Dirac distribution function, m is mass of the Λ hyperon and μ is the baryon chemical potential.

It was recently realized [5–7] that there are other additional contributions to the mean spin vector, if the thermal equilibrium is local. These are the so-called thermal-shear (S^μ_ξ ) and spin-Hall (S^μ_ζ ) contributions:

S^μ_ξ (x, p) = 1 4m [1 − f(x, p)]ϵ^{μναβ} p_ν n_β p^ρ (n · p) ξ_{ρα}, (3)

S^μ_ζ (x, p) = 1 4m [1 − f(x, p)]ϵ^{μναβ} p_αn_β (n · p)

∂_ν ζ, (4)

where ζ = μ/T ,

ξ_{μν} = 1 2 (∂_μβ_ν + ∂_ν β_μ) , (5)

is the thermal-shear tensor, and n is a four-vector that is the main subject of the discussion below. In [5], the n four-vector is defined as the time direction in the centerof-mass frame of colliding nuclei: n_β = t̂_β = (1, 0, 0, 0). Only the shear term was considered in [5]. In [6, 7], the n four-vector is identified with the four-velocity: n_β = u_β. In the mid-rapidity region these choices are very close because u_β ≈ t̂_β . However, at forward-backward rapidities, which are relevant to fixed-target polarization measurements [8–10], they may significantly differ.

In this paper, we consider consequences of these different choices at the example of the global polarization of Λ-hyperons. The global polarization is chosen because it allows a significant advance in the analytical treatment, if momentum acceptance is disregarded, and because it is relevant to fixed-target polarization measurements at moderately relativistic energies [8–10].

Письма в ЖЭТФ том 116 вып. 3 – 4 2022 137

138 Yu. B. Ivanov, A. A. Soldatov

The polarization of the Λ hyperon is measured in its rest frame, therefore the Λ polarization is

P^μ(x, p) = S^{∗μ}(x, p)/S_Λ, (6)

where S_Λ = 1/2 is the spin of the Λ hyperon, S^μ = = S^μ_ϖ + S^μ_ξ + S^μ_ζ , and S^{∗μ} is the mean Λ-spin vector in the Λ rest frame

S^∗(x, p) = S − t̂ · S t̂ · p + m p^Λ def= S − ΔS, (7)

where ΔS is the boost correction. The zeroth component of S^{∗μ} identically vanishes.

It is shown that alternative definitions of the thermal-shear contribution to the polarization in heavyion collisions, [5] on the one hand and [6, 7] on the other, result in very different corrections to the global Λ polarization averaged over wide range of momenta. The spin-Hall contribution to the polarization, defined accordingly to [6, 7], results in identicaly zero correction to the global Λ polarization, if averaged over all momenta of Λ’s. Only application of restrictive momentum acceptance and the boost (to Λ rest frame) correction result in nonzero global spin-Hall polarization. If the spin-Hall contribution were defined similarly to [5], the global spin-Hall polarization would be non-zero even without any acceptance and the boost correction.

This work was supported by MEPhI within the Federal Program “Priority-2030”.

This is an excerpt of the article “On ambiguity of denition of shear and spin-hall contributions to polarization in heavy-ion collisions”. Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364022601300.

1. L. Adamczyk, J. K. Adkins, G. Agakishiev et al.

(STAR Collaboration), Nature 548, 62 (2017); arXiv:1701.06657 [nucl-ex].

2. F. Becattini, V. Chandra, L. Del Zanna, and E. Grossi, Annals Phys. 338, 32 (2013); arXiv:1303.3431 [nucl-th].

3. F. Becattini, I. Karpenko, M. Lisa, I. Upsal, and S. Voloshin, Phys. Rev. C 95(5), 054902 (2017); arXiv:1610.02506 [nucl-th].

4. R.-h. Fang, L.-g. Pang, Q. Wang, and X.-n. Wang, Phys.

Rev. C 94(2), 024904 (2016); arXiv:1604.04036 [nuclth].

5. F. Becattini, M. Buzzegoli, and A. Palermo, Phys. Lett.

B 820, 136519 (2021); arXiv:2103.10917 [nucl-th]. 6. S. Y. F. Liu and Y. Yin, JHEP 07, 188 (2021);

arXiv:2103.09200 [hep-ph].

7. S. Y. F. Liu and Y. Yin, Phys. Rev. D 104(5), 054043 (2021); arXiv:2006.12421 [nucl-th].

8. M. S. Abdallah, B. E. Aboona, J. Adam et al. (STAR), Phys. Rev. C 104(6), L061901 (2021); arXiv:2108.00044 [nucl-ex].

9. K. Okubo for the STAR collaboration, EPJ Web Conf.

259, 06003 (2022); arXiv:2108.10012 [nucl-ex]. 10. R. Abou Yassine, J. Adamczewski-Musch, O. Arnold et al. (HADES Collaboration), arXiv:2205.15914 [nucl-ex]; F. J. Kornas, doi:10.26083/tuprints-00019763.

Письма в ЖЭТФ том 116 вып. 3 – 4 2022