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Spin polarization of hyperons in heavy-ion collisions

Spin polarization of Lambda hyperon

Z. T. Liang and X. N. Wang PRL 94, 102301 (2005)

Globally Polarized Quark-Gluon Plasma in Noncentral A + A Collisions
Zuo-Tang Liang' and Xin-Nian Wang®'

Produced partons have a large local relative orbital angular momentum along the direction opposite to
the reaction plane in the early stage of noncentral heavy-ion collisions. Parton scattering is shown to
polarize quarks along the same direction due to spin-orbital coupling. Such global quark polarization will
lead to many observable consequences, such as left-right asymmetry of hadron spectra and global
transverse polarization of thermal photons, dileptons, and hadrons. Hadrons from the decay of polarized
resonances will have an azimuthal asymmetry similar to the elliptic flow. Global hyperon polarization is
studied within different hadronization scenarios and can be easily tested.
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The 1deal relativistic spinning gas:
Polarization and spectra

F. Becattini **, F. Piccinini®
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EXp erimental pl’Ogl’eSS For overview, see talks by J. H. Chen, S. Pu et al. (2)
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From polarization of hadrons to light (hyper-)nuclei (3)

K. J. Sun et al., Phys. Rev. Lett. 134, 022301 (2025)
K. J. Sun, R. Wang, C. M. Ko, Y. G. Ma, C. Shen, Nature Commun. 15, 1074 (2024)

R.-J. Liu and J. Xu, Phys. Rev. C 109, 014615 (2024).
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Global spin polarization of (anti-)hypertriton (4)

Kai-Jia Sun et al., Phys. Rev. Lett. 134, 022301 (2025)




Strange halo nucleus: (anti-)hypertriton
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Lifetime, binding energy, and femtoscopy

(6)

ALICE, PRL 131, 102302 (2023)
Y. G. Ma, Nucl. Sci. Tech. 3497 (2023)
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Spin of (anti-)hypertriton ? (7)

Spin triplet Spin singlet Spin triplet




Spin of (anti-)hypertriton ? (3)

PHYSICAL REVIEW D 87, 034506 (2013)

Light nuclei and hypernuclei from quantum chromodynamics

Relative branching ratio: in the limit of SU(3) flavor symmetry
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Spin-dependent coalescence model

Kai-Jia Sun et al., Phys. Rev. Lett. 134, 022301 (2025)
» Spin wavefunction
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(Anti-)hypertriton polarization and its spin structure

(10)

Parity-violating weak decay
N\ hyperons
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2. (Anti-)hypertriton polarization and its spin structure (ll)
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Proton spin polarization (12)

SU(6) quark coalescence model Z. T. Liang and X. N. Wang PRL 94, 102301 (2005)

: Py =Py P2=(4Pq_Ps_3PsP?I)/R2, R§;=3—4PqPS—I—P2;
| Pz=(4P,—P,—3P,P;)/Rz, Rz=3—4P,P +P5;
i Po=2P.(5+P2)/Ry,  Ro=6(1+P?).

X. D. Ji, F. Yuan, and Y. Zhao, Nature Rev. Phys. 3 (2021) 1, 27-38
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: Au: 85(4)% : 13(5)% Frame-independent spin sum rule| |Infinite-momentum frame spin sum
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| 2 777" 2 2 17787

I

I « AZX/2 and Lj (sum to J,) are the quark o AG is the gluon helicity, £, and £, are

: helicity and OAM, respectively; canonical OAM;

I o Quark and gluon contributions Jq and J’g « All terms have partonic interpretations, £ 4

: As: -4(1)% can be obtained from GPD moments; and 7, are twist-three quantities;

I * The sum rule also works for the transverse| |¢ AG is measurable from e.g. RHIC-spin and

: angular momentum in the IMF. EIC; 7, and ¢, can be extracted from GPDs.
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Decoding proton spin polarization from hypertriton production (13)

Dai-Neng Liu et al., Phys. Rev. Res. 8, 033057 (2026)
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Energy dependence (14)

Dai-Neng Liu et al., Phys. Rev. Res. 8, 033057 (2026)

a b C
5_"'I ' oo ' 1" ' ' o ' 0 ) '3" o
- Lambda (A) 1 Proton (p) Hypertriton (y H)
4f Au+ Au(20-50%) -+ =m AMPT (Hadronization) +
* A (STAR, 2017) [ B AMPT (Kinetic Freeze-out) T

33 * A (STAR, 2023)




Decoding proton spin polarization (15)
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Proton spin polarization can be decoded from polarizations of hypertriton and Lambda hyperon
A direct observation of proton spin polarization requires a baryon polarimeter
(see Y. T. Liang et al., Phys. Rev. D 112 (2025) 3, L031502)



Lower collision energies (high baryon densities)

(16)

See talk by Dai-Neng Liu (X]f{EE) (Jul. 29th)
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Spin alignment of Li-4 (17)

Yun-Peng Zheng et al., Phys. Rev. C 113, 054906 (2026)
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Spin alignment of Li-4

See talk by Yun-Peng Zheng (¥ =) (Jul. 28th)
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Recent experimental progress (19)
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Summary and outlook

(20)

A. Andronic et al., Phys. Lett. B 697, 203-207 (2011)

Many interesting physics

High ba ryon denSities J* Structure Decay mode dN/(sin@*do*)
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> FAIR/CBM (2.3-5.3 GeV)
> HIAF/CEE (2.1-4.5 GeV)
> NICA/MPD (4-11 GeV)
> J-PARC-HI (2-6.2 GeV)







Final-state coalescence model (9)

Coalescence Model

Ap
Deuteron Density Matrix Formulation
(sudden approximation)

Ny =Tr(pspa)
=g J dT ps({x;, p:}) X Wy ({x1,0:})

Wigner function of light cluster

Ar ./ Overlap between source
. - y distribution function and Wigner

function of light nuclei

R. Scheibl and U. W. Heinz, PRC59. 1585(1999) Zhen Zhang and Che Ming Ko, PLB 780, 191-195 (2018)
F. Bellini et al., PRC99,054905(2019) K. Blum, M. Takimoto, PRC 99, 044913 (2019)
K. J. Sun, C. M. Ko and B. Donigus, PLB 792, 132 (2019) Hui-Gan Chen and Zhao-Qing Feng, PLB 824, 136849 (2022)
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