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Production of light (anti-)hypernuclei production in heavy-ion collisions

Probing the wave function size of (anti-)hypertriton
Kai-Jia Sun et al., Phys. Lett. B 792, 132-137 (2019)

Dai-Neng Liu et al., Phys.Lett.B 855, 138855 (2024)

Global spin polarization of unstable light (hyper)nuclei

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

Dai-Neng Liu et al., arXiv:2508.12193 (2025)
Yun-Peng Zheng et al., arXiv:2509.15286(2025)

Dynamics of light (hyper)nuclei production with pion-nucleus femtoscopy
Kai-Jia Sun, Rui Wang et al., Nature Commun. 15, 1074 (2024)
Open questions



Little-Bang Nucleosynthesis (LBN) (1)

K. A. Oli l., Phys. Rept. 333, 389-407 (2000);
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Little-Bang Nucleosynthesis (LBN)

(2)

A. Andronic et al., Phys.Lett.B 697 (2011) 203-207
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Little-Bang Nucleosynthesis (anti-hypertriton) 3)

Synthesis of antimatter hypernuclei

Observation of an
Antimatter Hypernucleus

The STAR Collaboration*t STAR, Science 328, 58 (2010)

Nuclear collisions recreate conditions in the universe microseconds after the Big Bang. Only a very small
fraction of the emitted fragments are light nuclei, but these states are of fundamental interest. We report
the observation of antihypertritons—comprising an antiproton, an antineutron, and an antilambda
hyperon—produced by colliding gold nuclei at high energy. Our analysis yields 70 + 17 antihypertritons
(CH) and 157 + 30 hypertritons (H). The measured yields of *H (*H) and *He (*He) are similar,
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Little-Bang Nucleosynthesis (anti-hypernuclei) 4)

STAR, Nature 632, 1026 (2024 PHYSICAL REVIEW LETTERS 134, 162301 (2025)
nature u (2024)

Explore content ¥  About the journal ¥  Publish with us v

First Measurement of A =4 Hypernuclei and Antihypernuclei at the LHC

nature > articles > article S. Acharya et al.ﬁv
(ALICE Collaboration)

Article ’ Published: 21 August 2024
Observation of the antimatter hypernucleus 3 1H
STAR Collaboration

Nature 632, 10261031 (2024) ‘ Cite this article
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Dark Matter Searches with Antimatter

3)

Dark matter searches in space
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(6)

QCD CEP Searches with light nuclei production

C. M. Ko, NST 34, 80 (2023). PHYSICAL REVIEW LETTERS 130, 202301 (2023)
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High energy

Beam Energy Dependence of Triton Production and
Yield Ratio (N, x N, /N3) in Au+ Au Collisions at RHIC
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K. J. Sun, L. W. Chen, C. M. Ko, and Z. Xu, Phys. Lett. B 774, 103 (2017); K. J. Sun, C. M. Ko, and F. Li, PLB 816, 136258 (2021);
E. Shuryak, J.M.Torres-Rincon et al., PRC 100, 024903(2019); S. Wu et al., PRC 106,034905(2022).



Probing the wave function size of (anti-)hypertriton



The strange “halo-like” nucleus: (anti-)hypertriton (7)
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Lifetime and binding energy (anti-hypertriton) (8)

ALICE, PRL 131, 102302 (2023) Lifetime and binding energy Y. G. Ma, Nucl. Sci. Tech. 3497 (2023)
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Final-state coalescence model

R. Scheibl and U. W. Heinz, PRC59. 1585(1999); Coalescence MOdel
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Quantum Correction on Yields

(10)

Suppression of light nuclei production in collisions of small systems at

the Large Hadron Collider

Kai-Jia Sun®P"*, Che Ming Ko ®P", Benjamin Dénigus ©

K. J. Sun, C. M. Ko and B. Donigus, Phys. Lett. B 792, 132 (2019)
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Dai-Neng Liu et al., Phys. Lett. B 855 (2024) 138855
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Recent results from ALICE/LHC (11)

ALICE, Phys. Rev. Lett. 128 (2022) 25, 252003
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Shape of wavefunction matters?

(12)

Y. H. Leung, Y. Zhou, N. Herrmann, arXiv:2510.06758 (2025)
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Spin of (anti-)hypertriton ? (13)

Spin triplet Spin singlet Spin triplet




Spin of (anti-)hypertriton ? (14)

Relative branching ratio:
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Global spin polarization of unstable light (hyper)nuclei



Polarization of hadrons in relativistic heavy-ion collisions (15)

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

See talks by Shi Pu, Shu Lin, Jun Xu et al.
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Global spin polarization of (anti-)hypertriton (16)

Zuo-Tang Liang and Xin-Nian Wang Phys. Rev. Lett. 94, 102301 (2005)
Kai-Jia Sun et al., Phys. Rev. Lett. 134, 022301 (2025)




Spin-dependent coalescence model

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

(18)
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BESIII, Phys. Rev. Lett. 129, 131801 (2022).
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(19)

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

(20)

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

(21)

See talk by Dai-Neng Liu (XI[{{§E), Oct. 26 9:45-10:05 Dai-Neng Liu et al., arXiv:2508.12193 (2025)
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Spin alignment of Li-4

(22)

Yun-Peng Zheng et al., arXiv:2509. 15286 (2025)

P4

See poster by Yun-Peng Zheng(¥E = Ji§), Oct. 27

State |E (MeV) Structure L| Decay mode [I'(MeV) ﬁ%e_*
ALICPR) |  gs. 3He(%+)——p(%+) 1[4Li — 3He+p| 6.03 % (1— 3% (1’]\2,+41’N_‘Z’L+T£) (300329*—1))
‘LiCP)| 032 [PHe(")—p(A")|1]*Li—3He+p| 735 |1 (1—1(P2—4ByP +P2)(3cos26* —1))
‘LiCPy)| 208 |*He(1")—p(t")|1]*Li —3He+p| 9.35 1
‘Li'py)| 285 [PHe(1")—p(L1™)|1]*Li— 3He+p| 13.51 1 (1-2P2(3c0s20* — 1))
w w
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Dynamics of light (hyper)nuclei production with
pion-nucleus femtoscopy



“Snowball in Hell” Puzzle (23)

L] [ ] ‘ L] ’
ALICE 1nvest1gates snowballs in hell PHYSICAL REVIEW LETTERS 134, 252301 (2025)
POIEINENS Peter Braun-Munzinger. Benjamin Dénigus,
How is it that loosely bound objects are observed in high-energy nuclear

Explaining Snowball-in-Hell Phenomena in Heavy-Ion Collisions

collisions?
|3=2 2 MeV B=7.7 MeV Using a Novel Thermodynamic Variable

*He (npp) L

Eric Braaten,"” Kevin Ingles®,"*" and Justin Pickett
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“ ‘ n . “ _ A loosely bound hadronic molecule produced by a relativistic heavy-ion collision has been described as a
_ “snowball in hell” since it emerges from a hadron resonance gas whose temperature is orders of magnitude
larger than the binding energy of the molecule. This remarkable phenomenon can be explained in terms of a

AH (npA) Rﬁ novel thermodynamic variable called the “contact” that is conjugate to the binding momentum of the
° o] ‘ molecule. The production rate of the molecule can be expressed in terms of the contact density at the kinetic

freeze-out of the hadron resonance gas. It approaches a nonzero limit as the binding energy goes to 0.
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“Contact” density from
cold atom physics

Bpg = 0.164 MeV

0224 C = 8myny

1. Formation of light (anti-)nuclei occurs at t~1
and T~100 MeV

2. Rarely produced (suppressed by e "™4/T)

Binding energies(Eg) << T

. 1
4. The size r~ \/T—EB’ (rg~2 fm, 13, ™~ 2 fm, r;{H~5 fm)

dNx/dy = 7 (Cxue/nifs ) dN o/ dy.
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Production Mechanisms : When? Where? How? (24)

NN & wd, NNN < Nd
nTNNN o nt, tNd & 7t
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D. Oliinychenko et al., PRC99, 044907 (2019),
K. J. Sun et al., Nat. Commun. 15, 1074

R. Scheibl et al., PRC59. 1585(1999)
F. Bellini et al., PRC99, 044913 (2019)
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A.Andronic et al., Nature 561, 321 (2018)



Hadronic re-scattering effects at RHIC (25)

K. J. Sun, R. Wang, C. M. Ko, Y. G. Ma, C. Shen, Nat. Commun. 15, 1074 (2024)
Data from STAR, PRL 130, 202301 (2023)
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Hadronic re-scattering effects at RHIC

(26)

K. J. Sun, R. Wang, C. M. Ko, Y. G. Ma, C. Shen, Nat. Commun. 15, 1074 (2024)

Data from STAR, PRL 130, 202301 (2023)
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Re-scatterings:

7wNN < wd
7Nd + 7 3H

*NNN < 7 3H

Hadronic re-scatterings have small effects on the final deuteron yields (see also D. Oliinychenko et
al. PRC 99, 044907 (2019)), but they reduce the triton yields by about a factor of 1.8.



Pion-nucleus femtoscopy

ALICE, arXiv:2504.02393(2025)
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Pion-nucleus femtoscopy unveils the dynamics of light (anti-)nuclei production (driven by pion-catalyzed reaction)
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For theoretical explanation: See poster by Li-Yuan Zhang(5K37.Jz), Oct. 27



Open questions

A.

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

_______________________________________________________

Formation of loosely-bound (anti-)(hyper-)nuclei in
high-energy collisions (little bang nucleosynthesis) is
of fundamental importance and it is inherently a non-
equilibrium guantum phenomenon.

:(Open questions:

'>» What are their main production mechanisms?
'>» How they survive?

" '> What is the role of their wavefunctions

'> How their masses and widths are modified in medium?
> Are they polarized in non-central collisions?

_______________________________________________________

Thanks for your listening!
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