The 26th international symposium on spin physics (SPIN2025) / LETIERI)

kisun@fudan.edu.cn;
Fudan University
QingDao
Sep. 23, 2025




Outline

1. Spin polarization of hadrons in heavy-ion collisions

2. Spin polarization of (anti-)hypertriton
Kai-Jia Sun et al., Phys. Rev. Lett. 134, 022301 (2025)

3. Spin polarization of proton
Dai-Neng Liu et al., arXiv:2508.12193 (2025)

4. Spin alignment of “Li ,
Yun-Peng Zheng et al., arXiv:2509. 15286 (2025)

5. Summary and outlook



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)

STAR, Nature 548, 62 (2017)
Z.T. Liang and X. N. Wang PRL 94, 102301 (2005)
F. Becattini, F. Piccinini, and J. Rizzo, PRC 77, 024906 (2008) F. Becattini, M. Buzzegoli, T. Niida, S. Pu, and A. Tang, Int.J.Mod.Phys.E 33 (2024) 06, 2430006
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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)
K. J. Sun, R. Wang, C. M. Ko, Y. G. Ma, C. Shen, Nature Commun. 15, 1074 (2024)
E. Jobst, M. Puccio, and S. Kundu https://repository.cern/records/w44qe-33g73

R.-J. Liu and J. Xu, Phys. Rev. C 109, 014615 (2024).

Stable (anti-)nuclei

Elementary hadrons
p(uud) d(np) ‘He(npp)

p(uad) d(mp) “He(npp)
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Spin polarization of (anti-)hypertriton (5)




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

(6)
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2 Binding energy and lifetime (7)

ALICE, PRL 131, 102302 (2023) Y. G. Ma, Nucl. Sci. Tech. 3497 (2023)
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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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=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
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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
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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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3. Spin polarization of proton (15)

D. N. Liu, Y. P. Zheng, W. H. Zhou et al. arXiv:2508. 12193 (2025) See talks by D. N. Liu at 17:25-17:50 Meeting Room 3, Sep. 23th
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3. Spin polarization of proton (16)

D. N. Liu, Y. P. Zheng, W. H. Zhou et al. arXiv:2508. 12193 (2025) New
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3. Spin polarization of proton (17)

D. N. Liu, Y. P. Zheng, W. H. Zhou et al. arXiv:2508. 12193 (2025) New
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4. Spin alignment of ‘Li(2")

(18)

p(*Li(27))

See talks by Y. P. Zheng at 11:20-11:40 Meeting Room 6, Sep. 24th
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Summary and outlook (19)

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.
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Summary and outlook (20)

Yun-Peng Zheng et al., arXiv:2509. 15286 (2025)
D. N. Liu, Y. P. Zheng, W. H. Zhou et al. arXiv:2508. 12193 (2025)

A. Andronic et al., Phys. Lett. B 697, 203-207 (2011)
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Discussion: Effects of baryon spin correlation
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Induced correlations
We can express the polarization of a particle as P = (P) + 8P with 82 denoting its space and momentum depen-
dent fluctuations, which leads to the relations (B,P,) = (B,)(Pp) + (8P,0Py) and (P, PpPa) = (Pu){(Pp)(Pn) +

(8P,8P,) (PA) + (BPLOPA) (Pp) + (8P,0P) (Pn) + (8P,8P, 0Py ). Assuming again (F,) ~ (P,) ~ (Pa) and neglecting
the three-body correlation, we then have

Py~ (1 (32,5%,) — (38,005) — (3B,5P))(T).

This result suggests that it is possible to extract the information on the spin-spin correlations among nucleons and
A hyperons from the measurement of hypertriton polarization in heavy-ion collisions, although it is non-trivial in
practice.




Little-Bang Nucleosynthesis

Big-bang nucleosynthesis is responsible for the Synthesis of antimatter nuclei in little bangs of
formation of light nuclei in our Universe. relativistic heavy-ion collisions t ~107%%5,kT~100 MeV
t ~100s,kT <1 MeV
K. A. Olive et al., Phys. Rept. 333, 389-407 (2000); K. J. Sun, R. Wang, C. M. Ko, Y. G. Ma, C. Shen, Natun:{ Commun. 15, 1074 (2024)
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