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What can light nuclel in relativistic heavy-ion collisions tell us?
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Central region

composite particle production mechanism

system freeze-out property

QCD phase diagram structure

beam beam




Theoretical studies

thermal models

N, =
j(2”) exp[(y/ p* +m’ —ﬂ.)/ NES

coalescence models

fLN - fpz an_Z ®KLN

dynamical transport models
7d < 7pn; 7t < zpnn; 7°He <> zppn; Nd < Npn;

multi-fragmentation

break-up of highly excited spectators



Experimental measurements

* Pr Spectra collision energy dependence

* rapidity distributions

* yield ratios :
y =— system size dependence

* coalescence factors B, and B,

* flows v, v, and v,
p+ dependence




RHIC Experiment:
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LHC Experiment:
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How coalescence works for those RHIC & LHC measurements ?

Characteristics originated from coalescence itself 2

We develop an analytic description for
the productions of different species of
light nuclei in the coalescence picture --

- the analytical coalescence model.

How MIIK works for these delicious foods ?



quark-antiquark system hadronic system
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D+Nn—d

The deuteron momentum distribution

— —

1:d (I_j) = jdildizdﬁldﬁz fpn ()_(1’ XZ’ ﬁli ﬁz)Kd ()_iu )_(21 611 p21 p)

two-nucleon joint coordinate momentum distribution
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hC D D _0_2
f4 () =80yN (— KL gg d

adopting  f " (F;

89, (hev/n)’y
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We finally have f,(P) =




P+Nn+n—t

Three dimensional momentum distribution
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D+ p+n— °He

Three dimensional momentum distribution
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® BA (BZ’ BS)

Independent of primordial nucleon momentum distributions

® p.spectra, < p+>, yield rapidity densities, ratios...

need primordial nucleon momentum distributions as inputs



at p/A=0.7 GeV/c in pp, p-Pb, Pb-Pb collisions at LHC
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as function of p/A in pp collisions at LHC
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as function of p/A in p-Pb collisions at LHC
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as function of p/A in Pb-Pb collisions at LHC
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From results of B,, we find:

» Analytical coalescence model can give obvious growth of B, against p; in Pb-
Pb collisions but relatively weak p+ dependence in pp and p-Pb collisions.

« Coordinate-momentum correlation is necessary in large Pb-Pb collisions.
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Results

at LHC

RQW, Y.H. Li, J. Song, F.L. Shao, Phys. Rev. C 109, 034907, 2024
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<pT>and dN/dy in Pb-Pb 2.76 TeV

TABLEI Averaged transverse momenta (p7) and yield rapidity densities dN/dy of d, *He, and  in different centralities in Pb-Pb collisions
at ./syy = 2.76 TeV. Experimental data in the third and fifth columns are from Ref. [18]. Theoretical results are in the fourth and sixth columns.

(pr) dN/dy

Centrality Data Theory Data Theory
d 0-10% 2.12 +0.00 + 0.09 2.19 (9.82 +0.04 + 1.58) x 102 11.38 x 102
10-20% 2.07 4+ 0.01 £0.10 2.12 (7.60 £ 0.04 + 1.25) x 1072 7.55 x 1072
20-40% 1.92 +0.00+0.11 1.95 (4.76 +0.02 +0.82) x 1072 428 x 1072
40-60% 1.63 +0.01 +0.09 1.62 (1.90 £ 0.01 £ 0.41) x 1072 1.71 x 102
60-80% 1.29+0.01 £0.14 1.28 (0.51 £ 0.01 £0.14) x 102 0.42 x 102
3He 0-20% 2.834+0.05+0.45 2.95 (2.76 £0.09 + 0.62) x 104 2.60 x 1074
20-80% 2.65+ 0.06 + 0.45 2.18 (5.09 +£0.24 + 1.36) x 1073 5.14 x 1079
t 0-20% ——— 2.97 —— = 2.77 x 1074
20-80% —_—— 2.20 - = 584 x 1077




Pb-Pb 2.76 TeV
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Results at RHIC
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TABLE II. Yield densities dN/dy of d, d, 1, and 7 at midrapidity in Au-Au collisions in different centralities at /Gy =
7.9, 11.5, 19.6, 27, 39, 54.4 GeV. Data are from Refs. [43,45].

d d T
G5 Centrality data theory data theory data theory theory
x 1072 x 1072 x 103 x 1073 x 103 x 103 x 109
7.7 GeV 0-10%  140.994+041 + 10.97 142.52 - 2.43 21.64 22.06 1.48
1020 % 93.87+0.324+7.92 06.73 - 1.94 15.76 16.51 1.41
2040 % 49.06+0.16 + 5.38 51.86 - 1.46 7.30 9.23 1.33
40-60 % 15.48 +£0.09 +2.92 16.52 - 0.89 1.25 1.44 1.25
60-80 % 3.1340.05 £ 091 3.28 - 0.22 0.36
x 1072 x 1072 x 107 x 1074 x 107 x 1073 % 107%
11.5 GeV 010 % 63.05+0.14 £ 4.55 65.11 3.294+0.63 £ 1.10 3.21 5.83 6.07 6.50
1020 % 41.024+0.11 +3.39 42.46 1.92 +0.32 £ 0.57 231 4.00 423 4.94
2040 % 21.924+0.06 +2.23 22.32 1.054+0.17 +0.34 1.42 1.96 2.34 3.28
40-60 % 6.73+0.03 £+ 1.17 6.96 - 0.84 0.34 0.34 3.01
60-80 % 1.31 £0.02 + 0.40 1.38 - 0.29 1.48
x 1072 » 102 x 104 w104 » 10~4 w10~ » 1077
19.6 GeV 0-10 % 27.45 +0.06 £+ 2.04 29.12 17.88 +0.52 + 3.14 20.45 15.70 16.43 8.33
10-20 % 18.78 £0.05 + 1.57 20.09 13.16 £0.45 £ 2.36 15.38 10.20 11.98 6.92
2040 % 9.734+0.03 £ 1.00 10.05 10.33+£0.27 £ 1.87 11.44 5.37 6.23 6.73
40-60 % 3.20+0.01 £+ 0.55 3.30 5484+02041.15 6.65 0.90 0.95 6.10
60-80 % 0.68 +0.007 £ 0.21 0.67 207+0.14 £0.70 2.23 2.80
®107° ® 1072 %107 x 1074 % 107 = 1074 % 107%
27 GeV 010 % 18.44+0.04 + 1.28 19.57 41.35+0.54 + 4.63 44,34 7.98 8.35 2.59
10-20 % 12.834£0.03 + 1.05 12.98 32.35+0.47 £ 3.85 35.17 5.07 5.71 2.35
2040 % 6.84+0.01 £0.70 7.05 23.03+£0.28 £2.79 24.68 3.17 3.38 2.09
40-60 % 2.334+0.009 £ 0.43 2.45 11.484+0.21 £2.45 12.92 0.49 0.59 1.55
60-80 % 0.49+0.004 £0.17 0.52 3334+0.11 +£1.23 3.87 0.60
»x 1072 * 1072 x 104 w104 x 10—4 w10~ »x 10-%
39 GeV 010 % 12.73 +£0.02 £ 0.95 13.27 79.96 + 0.46 + 6.35 85.57 4.21 4.59 6.60
1020 % 8.78 +0.01 £ 0.69 9.20 62.39 + 0.40 + 4.60 64.75 3.01 3.32 5.80
2040 % 4.81 £+ 0.008 £ 0.48 5.03 41.24+0.23 +4.11 42.81 1.68 1.92 4.46
40-60 % 1.72 £ 0.004 £+ 0.30 1.82 19.24+0.15 £ 3.26 22.45 0.36 0.37 3.33
60-80 % 0.37+0.002 £0.12 0.37 5.504+0.09 + 1.80 6.77 1.33
x107° x 1072 =« 107 x 1072 x 107 x 1074 x 1077
54.4 GeV 010 % 10.28 9.58 1.21 1.26 267 247 1.22
1020 % 7.07 7.15 093 0.93 236 2.14 0.94
2040 % 3.89 3.67 0.57 0.59 1.29 1.16 0.69
40-60 % 1.40 1.27 0.28 0.28 0.25 0.21 0.39
60-80 % 0.31 0.28 0.07 0.08 0.13
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We find:

« Data for p; spectra, averaged p+ 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/*He can further reveal production mechanisms of light nuclei.




€ \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.

Thank you !



Extended applications

Au-Au collisions at /S, =3 GeV, consider other coalescence sources

p+n—d;
p+n+n—t, n+d—>t;

D+p+n—°He, p+d— °He;
D+ p+n+n— *He, p+n+d— “He, p+t— “He,
n+°He > *‘He, d+d— *He

RQW, J.P. Lv, Y.H. Li, J. Song, F.L. Shao, Chin. Phys. C 48 053112 (2024).
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Extended applications
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