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Introduction

* The Quark-Gluon Plasma (QGP) formed in non-central
nucleus-nucleus collisions may exhibit vorticity as a result of the large
angular momentum carried by the initial collision system

* Spin-orbit coupling aligns spin directions of produced
particles along the direction of vorticity

> [-T. Liang and X.-N. Wang, PRL34, 102301 (200%)
> 3. A Voloshin, arXiv:nucl-th/040083

P | ;
* Another possible source of particle polarization is O 1§
magnetic field, created in non-central collisions in %A -
the initial stage T pection Hlane oL CRANIS

> D. Kharzeev, L. McLerran, and H. Warringa, Nucl.Phys.A803, 227 (2008)
> McLerran and Skokaov, Nucl. Phys. A9Z8, 184 (2014)
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impact parameter

Vorticity

* In non-central Heavy-lon Collisions the initial collective longitudinal flow velocity depends on the velocity gradient:

wy =37 (Vxv) ,= —

1dv,

0.12
* For small polarization:
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How to measure global polarization?

* Hyperons are “self-analyzing” due to weak decay properties: L
. . e A
* Daughter baryons are preferentially emitted along parent spin direction .

* Daughter baryons of hyperons
with polarization (P) follows the distribution:

dv 1 S 1 .
0 =E(1+aH|P| - D}) =_—(1+ayPcosO")

* ay - decay parameter, unique for each hyperon species

>

. ;;; is the daughter baryon momentum in the parent frame

* Projection to the transverse plane can be measured:
P, — 8 (sin(P1-9p))
H™ may  Resy)
* | is first-order event plane angle (proxy for reaction plane)

* 5; and its resolution Res(Ur)
can be calculated with spectator’s signal. quark-gluon

plasma

» = global polarization could also be measured A /

forward-going

via its daughter A polarization with transfer factor Czy = 0.944 Rnor et
Eyar Alpatov NAALE-2025




Motivation

Global polarization of A hyperons was
measured for /sy = 3-200 GeV at STAR

Py decreases with increasing collision energy

ID[I (C'(}_)

Recent BES-II A global polarization studies shows no
significant difference between A and A global polarization

Theoretical calculations can quantitively explain

the energy dependence of the A polarization, but
many of them fail to explain differential measurements
like azimuthal dependence of local polarization

Nowadays there is a growing interest to measure
the global polarization of other hyperons such as =.

Ps — Py (%)

= and  hyperons global polarization was measured
in Au+Au collisions at \/syy = 200 GeV

= polarization may provide new input for
global polarization and vorticity studies
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The STAR experiment

ITPC

TPC

TOF

EPD

4 %E
$ o\
’sdllld aNv Lo

Detectors with their n acceptance:

Hyperon reconstruction:

Time Projection Chamber

iITPC increases TPC acceptance to
[-1.5, 1.5]

Time-Of-Flight

In| € [-0.9, 0.9]

Event plane angle measurement:

Beam-Beam Counter
In| €[3.3, 5.0]

Event-Plane Detector
In| €[2.1, 5.1]

Larger EPD acceptance and
granularity improves event-plane
resolution ~1.5 times compared to
BBC in BES-I



Experimental technique

* Event plane ¥, is determined by detectors at forward rapidity where directed flow is large

> w;sin(¢,)

, where w; is detector’s tile ADC A M Paskanzer, 5. A Vlostin, PRCSS 671(398)
> w;cos(¢h,)

¥, = tan™!

* Res (LPL Full r]) = \/2 < COS(Lpl,Forward n — Lp1,Backward r]) >

Lyzak, Maksym, Kisel, lvan, Kulakov, lgor, & Vassiliev, lourii (2013).

e EPD was used to determine event_p|ane ang|e I:EAﬁFEIJEEEF;LEEEBDNTEkEgEfurthE fast particle reconstruction
. Hyperon reconstruction performed via decay topology with
Event plane resolution yp _ _ P y topology
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| BES-II results: A global polarization

SNN:7°7_17'3 GeV

* Significant improvement in precision, consistent
dependence with BES-I

| « No obvious splitting between A and A global

polarization with high precision

* Upper limit on late stage magnetic field ignoring feed-
down effect:
. |B|~TelPAz=Pal
2|pp

. BL10T (95% oS HHHEHEL D
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BES-II results: = global polarization
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* Significant non-zero signal of =
global polarization observed

* Decreasing with increase in collision
energy

* Consistent between direct (via @)
and indirect (Py = CzpPx)
measurements

* No significant difference between A
and = global polarization

* While P=~P A 1s expected from pure
spin transfer from vorticity, there 1s
possible difference due to different
freeze-out properties

L-T. Liang and X.-N. Wang, PRL 34, 102301 (Z00a)
Hui Li et al., PLB 827, 136971(2022)



BES-II results Q) global polarlzatlon
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* () global polarization seems to
decrease with increase in
collision energy

* A hint of larger Q global
polarization than A at lower
energies

* Theory expects larger global
polarization of €2

5
* PO~ PA



Conclusions

* No splitting observed between A and A global polarization in Au+Au collisions
at 7.7 - 27 GeV Aut+Au collisions

e First measurements of 2~ + 27 and Q™ + Q% global polarization at 7.7-27 GeV
Au+Au collisions

* Global polarization decrease with increase in collision energy
e Hint of larger O~ + Q% global polarization

Thank you for your attention!
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