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1 Polarization of hadrons in relativistic 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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1 Polarization of hadrons in relativistic heavy-ion collisions (2)
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1 Polarization of hadrons in relativistic heavy-ion collisions (3)

STAR, Nature 614, 7947 (2023)
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2 Polarization of light (anti-)(hyper-)nuclei

K. J. Sun et al., Phys. Rev. Lett. 134, 022301 (2025)
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R.-J. Liu and J. Xu, Phys. Rev. C 109, 014615 (2024).
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Spin polarization of (anti-)hypertriton (5)




2 The halo-like nucleus: (anti-)hypertriton

(6)

w 0.2 — 30
= 3 i
c AH |
= 0.15 . — Hypertriton wavefunction 7,
"% 0.1 ‘ ‘ —— Triton wavefunction 7
- — Potential ]
= —10
S 0.05 N
g —
-‘|= 0 — 4=_ 0
(& — 7]
c - T
qg -0.05 N
% - —- 10
2 -0.1 = ]
C_U : _—20
'.6 -0.15 N ]
g ook :

_0'2 ;_I PRI TR AN TN T TN NN NN T T TN SN N N N MO N TN TR SN SO NN SO S SN N _;*30

0 10 20 30 40 50 60
r (fm)

Potential denth (MeV)

M [Mo]

2.8 |
24 L

20 |

AN + ANN (1)

0.8 |
04 |

00!

J. Chen et al., Phys. Rep. 760, 1 (2018);P. Braun-Munzinger and B. Donigus NPA987, 144 (2019)

D. N. Liu et al. Phys. Lett. B 855, 138855 (2024)

16 |

12 |

Phys.Rev.Lett. 114 (2015) 9, 092301

PNM

PSR J0348+0432

PSR J1614-2230

11

12

13 14 15
R [km]



2 Binding energy and lifetime (7)
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2 Spin of (anti-)hypertriton ? (8)

Spin triplet Spin singlet Spin triplet




2 Spin of (anti-)hypertriton ? 9)
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2. Coalescence model (10)

Coalescence Model

Ap
Deuteron Density Matrix Formulation
(sudden approximation)
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2. Spin-dependent coalescence model

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

(12)

Parity-violating weak decay
N\ hyperons

dN
: — Te[TTPpT
0 — d cos6* r[ P ]

1+(PA
2

pa= 1-P,

2

p Py A polarization
i 0": angle between proton momentum N A rest frame
ay: /A decay parameter

o = 2Re(T,T,) = 0.732+0.014
BESIII, Phys. Rev. Lett. 129, 131801 (2022).

A—->p+m

The transition matrix

1 Is+Tpcos6,

V Var T, sin O;e_iq’}k’
The angular distribution
dN

d cos 0*
H denotes A and A

T, sin 0% ¢'%
FA=m +p)= TP—T é)ose*
s —1p

= %(1 + ovpg| P |cos 0%)

3

Hypertriton

(PiH: iH polarization
9*

.3
A3y < H decay parameter

1-Psy

A

2

: Angle between *He momentum in iH rest frame

T(3H — 1~ +°He)
F [ 3T,—T,cos0* —T,sin0%e?
RN sme* —" 3T, +T,cosH*
dN 1 .
dcos@* 2 A ]
1
0By ~ — 0N ~ ——«
L 258

Sign flip !




2. (Anti-)hypertriton polarization and its spin structure (13)
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2. (Anti-)hypertriton polarization and its spin structure

(14)
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The measurement of hypertriton polarization provides a novel
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Summary and outlook

(15)

1. (Anti-)hypertriton is globally polarized in non-central heavy-ion collisions.
2. (Anti-)hypertriton polarization and its decay pattern provide a novel method

to uniquely determine the spin structure of its wavefunction.

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