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I. Introduction
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What can light nuclei in relativistic heavy-ion collisions tell us?

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

• composite particle production mechanism 

• system freeze-out property

• QCD phase diagram structure

• ……
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Theoretical studies

thermal models

coalescence models

dynamical transport models

multi-fragmentation
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break-up of highly excited spectators
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Experimental measurements

• pT spectra

• rapidity distributions

• yield ratios

• coalescence factors B2 and B3 

• flows v1, v2 and v3 

•……

collision energy dependence

system size dependence

pT dependence
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RHIC Experiment:

STAR, PRL 130, 202301, 2023
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ALICE, PRC 107, 064904, 2023LHC Experiment:



8

We develop an analytic description for

the productions of different species of

light nuclei in the coalescence picture --

- the analytical coalescence model.

How coalescence works for those RHIC & LHC measurements ?

Characteristics originated from coalescence itself ?

How milk works for these delicious foods ?
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quark-antiquark system hadronic system

3 3 4, , He, H, He...d t 
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Shandong Quark 

Combination Model

re-combination

Nucleon Coalescence Model

II. Analytical coalescence model
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The deuteron momentum distribution
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The deuteron momentum distribution
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Assumption 1: delta function   

approximation 
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The deuteron momentum distribution
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adopting
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We finally have
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Three dimensional momentum distribution
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Three dimensional momentum distribution
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III. Applications at RHIC and LHC
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 BA    (B2, B3)

 pT spectra, < pT>, yield rapidity densities, ratios…

independent of primordial nucleon momentum distributions

need primordial nucleon momentum distributions as inputs
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BA at pT/A=0.7 GeV/c in pp, p-Pb, Pb-Pb collisions at LHC

RQW, F.L. Shao, J. Song, PRC 103, 064908, 2021

b=0

b=0
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BA as function of pT/A in pp collisions at LHC
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BA as function of pT/A in p-Pb collisions at LHC
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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

a=0.67, b=-0.25

a=0.51, b=0

a=0.60, b=-0.25

a=0.43, b=0
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From results of BA, we find:

• Analytical coalescence model can 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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pT spectra, < pT>, yield rapidity densities, ratios

Inputs: proton distributions 
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Results at LHC

RQW, Y.H. Li, J. Song, F.L. Shao, Phys. Rev. C 109, 034907, 2024

pT spectra of d, 3He, t
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<pT> and dN/dy in Pb-Pb 2.76 TeV
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Pb-Pb 2.76 TeV
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Pb-Pb 2.76 TeV
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X.Y.Zhao, Y.T.Feng, F.L.Shao, RQW, J. Song, PRC 105, 054908, 2022Results at RHIC
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• Data for pT spectra, averaged pT, yield rapidity densities, yield ratios,

especially for their interesting behaviors as functions of the collision energy

and the collision centrality, can be well reproduced.

• Predictions of t/3He can further reveal production mechanisms of light nuclei.

We find:



IV. Summary     

We developed an analytical coalescence model to deal with productions of different light

nuclei in relativistic heavy-ion collisions.

 The relationships of light nuclei with primordial nucleons and effects of different factors

(e.g., the whole hadronic system scale, the sizes of the formed light nuclei) on light nuclei

production were clearly given.

We applied the analytical coalescence model to heavy ion collisions at RHIC and LHC to

successfully explain the experimental measurements.

We found the coalescence mechanism worked well in describing light nuclei production in a

wide collision energy range from 3 GeV to 5.02 TeV.
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Extended applications

Au-Au collisions at , consider other coalescence sources3 GeVNNs 
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RQW, J.P. Lv, Y.H. Li, J. Song, F.L. Shao, Chin. Phys. C 48 053112 (2024).



34



35



36



37

Extended applications Hyper triton, heavy flavor molecular states…


