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𝑁𝐴 = 𝑇𝑟 ො𝜌𝑠 ො𝜌𝐴

1. Statistical hadronization or final-state 
coalescence?

2. Does finite nuclear size play any role?
3. Does post-hadronization dynamics have 

visible effects?
4. Any medium effect?



2. Statistical hadronization
Andronic, Braun-Munzinger, Redlich, Stachel, Nature 561, 321 (2018)
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𝑔ℎ𝑉𝐶
2𝜋2
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2𝑇𝐶𝐾2(

𝑚ℎ
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) 𝑇𝐶: Chemical freeze-out

temperature, which is close
to the chiral transition
temperature (LQCD)
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All (stable) particles including light (hyper)nuclei are 
produced at the QCD phase boundary and share a 
common chemical freeze-out

Compact multi-quark states                 loosely bound states

(6)



2. Hadronic Re-Scattering Effects at RHIC

• A = 2  𝜋𝑁𝑁 𝜋𝑑, 𝑁𝑁𝑁 𝑁𝑑
• A = 3  𝜋𝑁𝑁𝑁 𝜋𝑡(ℎ), 𝜋𝑁𝑑 𝜋𝑡(ℎ),

𝑁𝑁𝑁𝑁 𝑁𝑡(ℎ), 𝑁𝑁𝑑 𝑁𝑡 ℎ , and etc.
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K. J. Sun, R. Wang, C. M. Ko, Y. G. Ma, C. Shen, Nat. Commun. 15, 1074 (2024)
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2. Hadronic Re-Scattering Effects at RHIC

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. 

(8)
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)



2. Final-state coalescence (9)
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Production Structure

can be inferred from Femtoscopy

Two-body coalescence 𝑎 + 𝑏 → 𝑐:

“Quantum mechanical correction”
ALICE Results（ Λ

3H）

Phys. Rev. Lett. 128, 055203(2022)
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Density Matrix Formulation (sudden approximation)

= 𝑔𝑐 ∫ 𝑑Γ 𝜌𝑠 {𝑥𝑖 , 𝑝𝑖} ×𝑊𝐴 ({𝑥𝑖 , 𝑝𝑖})𝑁𝐴 = 𝑇𝑟 ො𝜌𝑠 ො𝜌𝐴



(Anti-)Hypertriton Polarization 



3. The halo-like nucleus: (anti-)hypertriton (10)
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3. Binding energy and lifetime (11)
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3. Spin of  (anti-)hypertriton ? (12)

Spin triplet Spin singlet Spin triplet



3. Spin of  (anti-)hypertriton ? (13)

STAR, PRC 97, 054909 (2018)

Favors spin 1/2 Favors spin 3/2



3. (Anti-)hypertriton polarization and its spin structure (14)

Coalescence model for hypertriton production (without baryon spin correlation)



3. (Anti-)hypertriton polarization and its spin structure (15)



3. (Anti-)hypertriton polarization and its spin structure (16)

19

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

H denotes 𝛬 and ҧ𝛬

The transition matrix

Parity-violating  weak decay

The angular distribution

Λ hyperons Hypertriton

K. J. Sun et al., arXiv:2405. 12015(2024)



3. (Anti-)hypertriton polarization and its spin structure (16)

20

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

H denotes 𝛬 and ҧ𝛬

The transition matrix

Parity-violating  weak decay

The angular distribution

Λ hyperons Hypertriton

Sign flip !

K. J. Sun et al., arXiv:2405. 12015(2024)



3. (Anti-)hypertriton polarization and its spin structure (17)



3. (Anti-)hypertriton polarization and its spin structure (18)

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



4. Effects of baryon spin correlation (19)

‘genuine’ correlation terms

Induced correlations



4. A possible way to probe polarization of nucleons (20)

𝐿

Production of hypertriton Polarization of nucleons



Summary and outlook (21)

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.



Summary and outlook (22)

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

➢ FAIR/CBM (2.4-4.9 GeV)
➢ HIAF/CEE   (2.1-4.5 GeV)
➢ NICA/MPD  (4-11 GeV)
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A novel tool to study the evolution of strongly-
interacting matter at high-baryon density region



Backup



3. (Anti-)hypertriton polarization and its spin structure (8)

Sign flip !

Parity-violating weak decay:



4. Effects of baryon spin correlation (17)
C. M. Ko, NST 34, 80 (2023).

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);J. P. Lv et al., Phys. Rev. D 109, 114003 (2024)



Little Bang Nucleosynthesis (2)

Antimatter factory



Final-state coalescence
Coalescence Model

Deuteron

Λ
3H

𝑛 𝑝

Density Matrix Formulation
(sudden approximation)

= 𝑔𝑐 ∫ 𝑑Γ 𝜌𝑠 {𝑥𝑖 , 𝑝𝑖} ×𝑊𝐴 ({𝑥𝑖 , 𝑝𝑖})

𝑁𝐴 = 𝑇𝑟 ො𝜌𝑠 ො𝜌𝐴

Wigner function of light cluster

Overlap between source 
distribution function and Wigner 
function of light nuclei

Two-body coalescence 𝑎 + 𝑏 → 𝑐:

“Quantum mechanical correction”
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