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Outline

® Introduction of global polarization in heavy-ion collisions

o Measurements of spin alignment of vector mesons at RHIC
and LHC

® Summary and outlook



Global polarization in HIC
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Large OAM is deposited in the interaction region

» The initial momentum gradient will result in a rotatihg QGP in non-central hea—lii
* Quarks with spin 1/2 will be polarized due to spin-orbit coupling. k
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Spin alignment of vector mesons
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Z..T. Liang et al., Physics Letters B 629 (2005) 20-26 ° Spin state of Spin 1 partide along OAM.
f '* Pop can be determined by the momentum distribution

of decay products.
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Experimental measurements of ¢, K*
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| | | | | | |
fragmentation:

—

|

O -60%
- PP =03 q>*0 (20-60%) _
= -0.03<P_,P <0.15 v K" (20-60%)

1

- P =18 L -

b n _
- R ! {l _
e ——— Y AR e

® L

. oo dh
— | recombination: = =
I - =—-0.03<P,P_<0.15 |

— P,P_=-0.3

| | | | | | | | | | | | | | |

0 1 2 3 4 5
o (GeV/c)

ALICE Col. Phys. Rev. Lett. 125, 012301 (2020)

- Event plane

(a)T Event plane

—_— _——

* Early data in Au+Au 200 GeV have large uncertainties.
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New measurements of @, K* at RHIC
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New measurements of @, K* at RHIC
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At hlgh energles (>62 4 GeV) for cp and (=39 GeV) for K*O Poo mcenral coII|S|ons tends to <1/3.

ThIS might be caused by transverse local spin alignment and a contribution from the helicity j
"1 polarization of quarks.

Centrallty dependence of ¢ K* at RHIC

STAR Col. Nature 614, 244 (2023)

| Xiaet., al., Phys. Lett. B 817, 136325 (2021);




Beam energy dependence of @, K*
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Expectations of p, from theory

Physics Mechanisms

ca: Quark coalescence
vorticity & magnetic fieldl]
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Expectations of p, from theory

Physics Mechanisms
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Sheng, et al., Phys. Rev. Lett. 131, 042304 (2023)
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Light front framework

Fu et.al., arXiv: 2308.0793

0.44 v - -
Pgo in experiments | * ¢ STAR,20-60%
042 w ¢, ALICE, 10-50% -
e Jhy, ALICE, 0-20% .
04 | —ii— ¢, Light Front Appr. ||
038 - -
L
* ~H-
0.36 - % e % -
%\.\1‘?
0.34 |- * o —n ]
0.32 -¢: 1.2 <p,<5.4 GeV, |y| < 1.0 (STAR) -
- Jy:2<p;<6GeV, 25<y<4 7
03 11l 1 1l | 11
10 10° 10° 10*
Vsy [GeV]

By introducing light front spi

0.44 . -
" Poo —8—¢, M, = 1.0 GeV
042 —a—Jly, M, = 3.1 GeV"
—a—Y, My = 9.5 GeV
0.4 | -
0.38 - -
0.36 - -
0.34 |- —-—g
0.32 |- _
- Meson Rest Frame
03 11l paal 1 L1
10’ 10° 10° 10
Vs [GeV]

‘can be naturally derived.

nor, the polarizat

ion of vector mesons with pyy > 1/3




The small A Py vs. large ¢ Poo

Z. T. Liang, Chirality 2023
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The STAR data show that: (P,Pz) # (P, )(P7)

One has to take fluctuations into account, so that: (PqPq) 7 (Pq)(Pq) I

By studying Py, we study the average of quark polarization P ;

by studying pg,, we study the correlation between P, and P .
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Measurements of J/y spin alignment

ALICE, Phys. Rev. Lett. 131, 042303 (2023)
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On going analysis: BESII ¢ mesons
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On going analysis: BESII ¢ mesons

STAR, QM 2023
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On going analysis: BESII ¢ mesons

Theory curve: Sheng et al., arXi1v:2308.14038 [nucl-th]

STAR, QM 2023
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On going analysis: J/y mesons
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On going analysis: K )
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STAR, QM 2022
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On going analysis: ' mesons

STAR, QM 2023

Statistical error projection Statistical error projection for AuAu 200 GeV,
for isobar at 200 GeV. run 2023 & 2025 combined.
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On going analysis: p~ mesons

Shen et al., PLB 839 137777 (2023)
STAR, QM 2023
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On going analysis: D ™ mesons
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Summary
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+Spin polarization opens a new avenue to investigate heavy-ion collisions

Global hyperon polarization is observed with the order of a few percent. It represents a
'measure of the average value of the global quark polarization in the system |

Global vector meson spin alignment is observed with a surprisingly large parttern for ¢- ‘
meson. It represents a local fluctuation/correlation between quark and anti-quark polarization '

{
‘Measurements as a function of collision energies, different hadron species are on-going,
'rich physics to be explored }

. __ __ —
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