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I. Introduction
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What can light and hyper-nuclei in high energy heavy-ion collisions tell us?

3 4, , He, He, ...d t

• Natural tools for elementary nucleon-nucleon,

nucleon-hyperon, and three-body interactions

• Probes of system freeze-out properties

• Production mechanisms of composite particles

• Search for more molecular states

• ……

3 4 4H, H, He, ...  
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Experimental measurements

RHIC:  3~200 GeV LHC:  0.9~13.6 TeV

pp, p+Pb, Xe+Xe, Pb+Pb, …Au+Au, Cu+Cu, Ru+Ru, Zr+Zr, …

3 4 3 4 4, , He, He, H, H, He, ...d t   

• coalescence factors B2 and B3 

• pT spectra

• flows v1, v2 and v3

• yield ratios

• ……

collision energy, system size, 

and pT dependence

mass number scaling
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Experiment STAR, PRL 130, 202301, 2023
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Experiment STAR, PRC 99, 064905, 2019
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Experiment ALICE, PRC 107, 064904, 2023

ALICE, PLB 860, 139066, 2025
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Experiment

ALICE, EPJC 82, 289, 2022

ALICE, PRC 107, 064904, 2023
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Experiment STAR, PRL 130, 212301, 2023 STAR, PRC 110, 054911, 2024

mass number scaling             coalescence ? 
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How coalescence works for those RHIC & LHC measurements ?

Characteristics originated from coalescence itself ?

an analytical combination/coalescence model

combination

, , , ,

, , , ,

q u d s c b

q u d s c b



 M qq B qqq( ), ( )

quark-antiquark system hadronic system

3 3, , He, H, ...d t 

Shandong Quark 

Combination Model Coalescence Model

(re-)combination
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1 2 jh h H two-body coalescence

assumption 1: coordinate-momentum factorization

II. An analytical coalescence model

RQW, Y.H. Li, J. Song, and F.L. Shao, Phy. Rev. C 109, 034907, 2024.
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1 2 jh h H two-body coalescence
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assumption 2: delta function approximation 

RQW, F.L. Shao, and J. Song, Phy. Rev. C 103, 064908, 2021.

equal-velocity combination
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1 2 jh h H two-body coalescence
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III. Applications in heavy-ion collisions at RHIC and LHC
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 Coalescence factor BA    (B2 & B3)

 pT spectra

 Production correlation of different light (hyper-)nuclei 

independent of primordial nucleon/hyperon momentum distributions

need primordial nucleon/hyperon momentum distributions as inputs
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BA as function of pT/A in pp collisions at LHC

RQW, F.L. Shao, and J. Song, Phy. Rev. C 103, 064908, 2021.

weak pT dependence of 

B2 and B3 in pp collisions
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BA as function of pT/A in p-Pb collisions at LHC

RQW, F.L. Shao, and J. Song, Phy. Rev. C 103, 064908, 2021.
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BA as function of pT/A in Pb-Pb collisions at LHC

RQW, Y.H. Li, J. Song, F.L. Shao, PRC 109, 034907, 2024.

obvious pT dependence of B2 and B3 in large Pb-Pb collision system
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From results of BA, we find:

• Analytical coalescence model can naturally give obvious growth of BA against pT

in Pb-Pb collisions but relatively weak pT dependence in pp and p-Pb collisions.

• Coordinate-momentum correlation is necessary in large Pb-Pb collisions.
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J.H. Qiao, J.Y. Liu, Y.T. Feng, F.L. Shao, RQW, arXiv:2603.21164.

favor halo structure 

with binding energy 

410 keV
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RQW, J. Song, M.Y. Wu, H.T. Xue, F.L. Shao, Phys. Rev. C 112, 034908, 2025.



24

RQW, J. Song, M.Y. Wu, H.T. Xue, F.L. Shao, Phys. Rev. C 112, 034908, 2025.
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J.H. Qiao, J.Y. Liu, Y.T. Feng, F.L. Shao, RQW, arXiv:2603.21164.
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RQW, Y.H. Li, J. Song, F.L. Shao, Phys. Rev. C 109, 034907, 2024.
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RQW, X.L. Hou, Y.H. Li, J. Song, F.L. Shao, Nucl. Sci. Tech. 36, 185, 2025.
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From results of pT spectra, 

• Analytical coalescence model can reproduce the available data of pT spectra

of d, t, He, from 3 GeV to 5.02 TeV.

• We give corresponding predictions of and hypernuclei.

3H

4 4H, He 
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RQW, Y.H. Li, J. Song, F.L. Shao, Phys.

Rev. C 109, 034907, 2024.

t/3He can reveal production

mechanisms of light nuclei.

X.Y. Zhao, Y.T. Feng, F.L. Shao, RQW, J.

Song, Phys. Rev. C 105, 054908, 2022.

no peak without phase transition
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sensitive observables to

production mechanism

RQW, X.L. Hou, Y.H.

Li, J. Song, F.L.

Shao, Nucl. Sci. Tech.

36, 185, 2025.
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characteristics from coalescence itself
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Production asymmetry of
4 4H and He 

* four-body coalescence or three-body coalescence

4 3 4H and He Het     

* two-body coalescence with
2 3n  and n 

RQW, J. Song, M.Y. Wu, H.T. Xue, and F.L. Shao, Phy. Rev. C 112, 034908, 2025.

sensitive to different coalescence channels
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Production asymmetry of
4 4H and He 

* Total 
4 4H and He 

2 3n  and n. 

Comparisons with future measurements can help shed light on the existence constraints 

of



IV. Summary     
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We developed an analytical coalescence model to deal with productions of light and hyper-

nuclei in high energy heavy-ion collisions. The relationships of light (hyper-)nuclei with

primordial nucleons and hyperons were clearly given.

We applied the coalescence model to heavy-ion collisions at RHIC and LHC, and gave

explanations for different experimental observables.

We presented production correlations of different species of light (hyper-)nuclei from

coalescence itself.

 The analytical coalescence model can be further applied to other molecular states.
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