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1. Introduction

* Non-central heavy-ion collisions create fireballs with large global orbital
angular momenta
Ly ~ 10°A

Liang, Wang Phys. Rev. Lett. 94, 102301(2005); Phys. Lett. B 629, 20 (2005)
F. Becattini, F. Piccinini, and J. Rizzo, PRC 77, 024906 (2008)

spectators

participants

before collision after collision
figure: M. Lisa, talk @ “Strangeness in Quark Matter 2016”
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1. Global polarization in heavy-ion collisions

STAR Col., Nature 548, 62 (2017)

Beam-beam
counter

7 6
2 Jays p: P
(s S
) o~ Beam-beam g .
) counter
A | &I

Quark-gluon
plasma

Forward-going
beam fragment

dN, 1
— =1 *
Toos 0" 2( + ay|Pulcos %)

w ~ kgT(Py + Py)/h
~(9+1) x 10t st

N

_H,_
A=l
By
%
By

Through spin-orbit interaction, particles tend to align their spins

along the direction of the system's orbital angular momentum,

resulting in polarization.



1. Spin alignment in heavy-ion collisions
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STAR Col., Nature 614, 244 (2023) B *¢ (yl<1.0&1.2<p_<5.4GeVic) 4
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d(cos0?) ™ (1= poo) + (3po0 — L)cos™8 Fluctuation/correlation of strong force field

X. L. Sheng et al., PRL 131, 042304 (2023)
Quark-antiquark spin correlation

J. P. Lv et al., PRD 109, 114003(2024)
Meson spectral property

F. Li and S. Liu, arXiv:2206.11890

Spin alignment of mesons



1. Polarization of nucleon?

Unstable hadrons Stable nucleon

A(uds) =(uss) Q(sss) p(uud) n(udd)
‘ p(uud) n(udd)

¢(s8)  K*O(ds) J/y(co)

k ) D 4P, — Pq SU(6) quark model
s =

3

Nucleon is the baisc constituents of visible matter and dominant baryonic dof.
» Light quark spin polarization

» Proton spin puzzle Ji, Yuan, Zhao, Nature Rev. Phys. 3, 27-38 (2021)
» Spin Hall effect Liu and Yin, Phys. Rev. D 104, 054043 (2021)
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From Hyperons to Hypernuclei: A New Route

to Unravel Proton Spin Polarization

Dai-Neng Liu, Kai-Jia Sun, Yun-Peng Zheng, Wen-hao Zhou
Jin-Hui Chen, Che Ming Ko, Yu-Gang Ma, Song Zhang

arXiv: 2508.12193



2. Reveal proton spin polarization

Hadron Gas
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2. Measurements

Pin = 1 _@iH
3

Asp+m” ) 1-7, 1 @ T TOQH-o T+ He) .

2 P o

The transition matrix \I;_ ( 3T —T)cos 9(; —T,sin@%e® '\ :

. e ot O\ T 6 sme* O 3T, +T,cos0*
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’ H denotes A and K BESIII, Phys. Rev. Lett. 129, 131801 (2022). Sun, DNL, Zheng, Chen, Ko, Ma, Phys.Rev.Lett. 134, 022301 (2025)
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Thermal vorticity

___________________________________
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2. Hadron polarization from vorticity

AuAu 7.7-2b008C?eV, 20-50%, Spin polarization vector of single pariticle
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Xia, Li, Huang, Huang, Phys.Rev.C 100, 014913 (2019)

2. Hadronic decay Spin and parity c
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Cross section A(X°)71 < ¥*(1385)

2. Hadronic scatterings pommmmmmons T i \
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2. Results---global A and proton polarization

a b
5_"'| ' o ' 1l ' '
- Lambda (A) 1 Proton (p) :
4t Au+ Au (20-50%) + =mm AMPT (Hadronization) -
* A (STAR, 2017) 1 ®= AMPT (Kinetic Freeze-out)

33 * A (STAR, 2023)

- L R
10 100
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Feed-down effect on global polarization Scattering effect on the polarization

. sar,+1
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3. Three Kinds of spin structure of (anti)hypertriton

Possible spin configurations

/ — AH(E)

,/’T -.."-u.,
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Sun, DNL, Zheng, Chen, Ko, Ma, Phys.Rev.Lett. 134, 022301 (2025)
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3. (Anti)hypertriton polarization with spin-1/2

» Spin wavefunction
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3. Coalescence model for hypertriton production
Spin-dependent Coalescence model
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3. Global hypertriton polarization

L Au + Au (20-50%)
4l E® AMPT (Hadronization) ]
i w8 AMPT (Kinetic Freeze-out)

Polarization
Pi H
2
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» Linear relationship



S. Summary

» Calculating global Lambda, nculeon, hyprtriton polarization
from spin-dependent coalescence approach
with rescattering effect at hadronic phase

»> Revealing proton polarization via hypertriton with a linear relationship
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5. Outlook
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Hyperon production

T T T T LI B B L
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Tom Reichert et al., Phys.Rev.C 107 (2023), 014912 A. Andronic et al., PLB 697, 203(2011)
» FAIR/CBM (2.4-4.9 GeV)

> HIAF/CEE (2.1-4.5 GeV)
> NICA/MPD (4-11 GeV)

Thank you!
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Appidx 1

» Hypernucleus, bound system with at least one hyperon
» Hyperon—nucleon (Y-N) interactions

A NEUTRON STAR: SURFACE and INTERIOR
. Swiss *Spaghetti

ENVELOPE
CRUST
OUTER CORE
INNER CORE

/\H rg—a=10fm

(distance)

J. M. Lattimer and M. Prakash, Three-dimensional nuclear chart
Science 304, 536 (2004)



Appidx 2 Structure of (Anti-)Hypertriton

ALICE, Phys.Rev.Lett. 131, 102302 (2023)

Theoretical predictions
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Appidx 3 Spin Structures of (Anti-)Hypertritgn.. .. Spm conﬁguramns

Favors spin 1/2 ' |

s N
/ .

AH — 7~ +” He, AH e 7’ +7 H,
AHe 17 +d+p, AHe 1 +d+n,

SHo 1 4+p+n+p, \Heoa'+p+n+n

Kamada et al., Phys. Rev. C 57, 1595(1998)

Calculated decay B.R.
from Kamada et al

4-body mesonic

non-mesonic

P +d+n 7~ +°He

Spln triplet

———

3
3\ 2

Favors spin 3/2

/ PHYSICAL REVIEW D 87, 034506 (2013)

Light nuclei and hypernuclei from quantum chromodynamics
in the limit of SU(3) flavor symmetry

A. Parr(::ﬁo,2 M.J. Savage,3 and A. Walker-Loud’®

S.R. Beane,' E. Chang,2 S.D. Cohen,? W. Detmold,*> H.W. Lin,® T.C. Luu,® K. Orginosf*’5
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Appidx Polarization of hypertriton

PHYSICAL REVIEW LETTERS 134, 022301 (2025)

Deciphering Hypertriton and Antihypertriton Spins
from Their Global Polarizations in Heavy-Ion Collisions

Kai-Jia Sun®,"*" Dai-Neng Liu,'” Yun-Peng Zheng,l’2 Jin-Hui Chen®,"*" Che Ming Ko > and Yu-Gang Ma e
'Key Laboratory of Nuclear Physics and Ion-beam Application (MOE), Institute of Modern Physics,
Fudan University, Shanghai 200433, China
2Slmzngha'i Research Center for Theoretical Nuclear Physics, NSFC and Fudan University, Shanghai 200438, China
3Cycloz‘ron Institute and Department of Physics and Astronomy, Texas A&M University, College Station, Texas 77843, USA

® (Received 25 May 2024; revised 11 October 2024; accepted 3 December 2024; published 14 January 2025)
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Appidx Polarization from hadrons to light (anti-)(hyper-

;IlllCIEl

Polarization of light (anti-)(hyper-)nuclei?

Unstable hadrons

s

A(uds) =(uss) Q(sss)
$(s5)  K*(ds) pT(ud)

J/w(cc)

~N

Decay approach

(

\
Stable (anti-)(hyper-)nuclei

d(np) *He(npp)
d(mp) *He(Ppp)

Unstable (anti-)(hyper-)nuclei

SH(npA) “Li(nppp)
*H(ApA) “Li(nppp)
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Appidx (Anti-)Hypertriton Polarization with Spin-1/2 Singlet

The polarization of hypertriton is solely
determined by that of the A hyperon

??\H ~ TA

(X3 v 58 (1
AH A
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Appidx (Anti-)Hypertriton Polarization with Spin-3/2

» Density matrix
(14+P7)° (1—Py) (1+Py)?

pf\H ~ diag
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; « 0" sin@*
_ FTp _73;5089 T )
vor | ¢ sin®” 2 * R R 1 14
V3 V3 €080 Pri4+p 1 1 —sR——Ds i~
\ 0 —e 10 sine*) 272 272 2 1 +P¢
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Appidx (Anti-)Hypertriton Polarization with Spin Structure
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oy Py [%]

(Anti-)Hypertriton Polarization with Spin Structure

The measurement of hypertriton polarization provides a novel
method to uniquely determine its internal spin structure
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