Measurement of global polarization of A and A

in Au+Au collisions from the RHIC
Beam Energy Scan-li

S5

Quark Matter 2025

Tong Fu (futong626@mail.sdu.edu.cn), for the STAR Collaboration
Shandong University

Abstract

Significant global hyperon polarization has been observed in non-central heavy-ion collisions, providing evidence of the vorticity of quark-gluon
plasma (QGP). This effect can serve as a new probe in exploring fluid properties of strongly interacting matter. We present high precision
measurements of A and A global polarization in Au+Au collisions at \/Syy =7.7,9.2,11.5, 14.6 and 17.3 GeV from RHIC BES-II with upgraded STAR
detectors. These results offer new insights into the polarization mechanism and vorticity fields in heavy-ion collisions, enabling the study of possible
magnetic field-driven effects through the polarization difference between A and A hyperons.
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Non-central HICs have large initial angular momentum
Polarize quarks due to “spin-orbit” interaction

Polarization of the final-state hadrons
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> ay is the hyperon decay parameter, ay = 0.732 + 0.014 in this analysis.
> ¢y is the azimuthal angle of the daughter proton in A rest frame.
» A, is an acceptance correction factor, 4y = (sin 9;)

The late-stage magnetic field may be extracted through the splitting
Of PA an d PT\ Becattini, Francesco et al., Phys. Rev. C 95.054902(2017)
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1 is the A magnetic moment, uy = —1.93 x 10~ MeV/T
» T, is the temperature of the emitting source
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STAR BES-II (2019-2021) collected an order of magnitude more data
compared to BES-I.
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Analysis Details
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» Event plane reconstruction

* Hyperon reconstruction
> Using topological cuts to reconstruct A and A
» A kinematic cuts: |n| < 1.5,0.5 < pt < 6 GeV/c

»

* Polarization measurement
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> Invariant-mass method: ¢sin(¥; —¢;)) * (M) = (1 — F*5(M,,)) (sin (¥, — ¢;)) ™
+ £7%(M,,, ) sin (T, — ;) %,
fP5(M,,,) represents the background fraction as a function of the invariant mass,
\_ where the background is estimated using a second-order polynomial.
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» Due to the larger number of events and better event plane resolution,
the results from BES-II have much higher precision compared to
BES-I, with statistical uncertainties reduced by a factor of about 9,
and they include two new energies (9.2 and 17.3 GeV).

» The global polarization decreases with increasing collision energy.

+ No splitting between A and A global polarization within uncertainties.
This suggest that the effect of the magnetic field requires further
investigation [-31 , STAR, P, R, € 108, 014910 2028
» Upper limit of the late-stage magnetic field (95.4% confidence level):
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* Improves the event plane
resolution

Time Projection Chamber
* Inner TPC upgrade: |n| < 1 - 1.5
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