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Abstract We study the energy and centrality dependence

of deuteron and triton (helium-3) production in relativistic

heavy-ion collisions at the BNL Relativistic Heavy Ion

Collider (RHIC) and CERN Large Hadron Collider (LHC)

using the Tsallis distribution, blast-wave (BW) model, and

stationary Fokker–Planck (FP) solution. Our study shows

that good agreement can be reached between the fitting

results from the stationary FP solution and the experi-

mental data for Au ? Au collisions from the beam energy

scan (BES) program of RHIC at
ffiffiffiffiffiffiffi

sNN
p

=7.7, 11.5, 14.5,

19.6, 27, 39, 62.4, and 200 GeV and for Pb ? Pb collisions

at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV. The Tsallis distribution and BW

model can reasonably describe the deuteron and triton

(helium-3) transverse momentum spectra obtained at RHIC

and LHC. A more comprehensive comparison among the

three methods suggests that the stationary FP solution is a

sensible method, which is able to describe the energy

dependence of the light nuclei yield ratio NtNp=N
2
d and

provide a coherent description of deuteron and triton (he-

lium-3) production for all centralities and various colliding

energies at RHIC and LHC.

Keywords Light nuclei production � Heavy-ion collisions �
Tsallis distribution � Blast-wave model � Fokker–Planck

solution

1 Introduction

Recently, the production of light nuclei in heavy-ion

collisions has been extensively studied at the collision

energies available at the Relativistic Heavy Ion Collider

(RHIC) and the Large Hadron Collider (LHC) [1–10]. The

PHENIX and STAR collaborations at RHIC have reported

light nuclei production data for Au ? Au collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 7:7 � 200 GeV [2–4]. The ALICE collaboration

has also published data on light nuclei production in p ? p

collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 0:9, 2.76, and 7 TeV and in Pb ? Pb

collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV [5, 6]. The energy and

centrality dependence of light nuclei production has been a

topic of great interest. In addition to the production

mechanism, the critical point has also been suggested to be

relevant to light nuclei, the study of which is one of the

main goals of the beam energy scan (BES) program at

RHIC [11–13]. Nevertheless, how and when light nuclei

are produced in relativistic heavy-ion collisions are still

under debate because of the small binding energies and

finite sizes of these nuclei [14–16].

Various scenarios and mechanisms have been proposed

to describe the production of light nuclei. Three main

approaches are typically used to describe light nuclei pro-

duction. The first approach is the thermodynamic model

[17–21], in which the yields of hadrons and light nuclei are

described using a few parameters related to the chemical

freeze-out conditions. The production of light nuclei can

also be described by the coalescence model, in which it is
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assumed that light nuclei are formed through the coales-

cence of protons and neutrons with similar positions and

velocities on the kinetic freeze-out surface [22–30]. The

third approach is kinetic theory, in which light nuclei are

formed and destroyed during the evolution of the collision

system [31–33].

In addition to the above-mentioned approaches, the

blast-wave (BW) model has also been widely used by

experimental collaborations to describe the transverse

momentum (pT) spectra of light nuclei [3–6]. The BW

model is motivated by its similarity to the freeze-out

configuration of the hydrodynamic model [34]. Despite

being a toy model, the spectra of light nuclei produced in

Au ? Au collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 7:7� 200 GeV and

Pb ? Pb collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV are impressively

well fitted by the BW model [3–5]. The only difference

between the two types of collisions is the exponent n in the

velocity profile b ¼ bsðrRÞ
n
, which was set to different

values at RHIC and LHC. n was fixed to 1 at RHIC,

whereas it was treated as a free parameter at LHC [3, 5].

The Tsallis distribution, which is derived from non-ex-

tensive thermodynamics, has been widely applied to

describe the final hadron production over a large range of

pT in p ? p and A ? A collisions at RHIC and LHC with

great success [35–40]. The stationary Fokker–Planck (FP)

solution has also been adopted to describe hadron distri-

butions [39]. To address its inability to fit all the hadron

transverse momentum spectra of Pb ? Pb collisions that

have been identified up to 20 GeV/c, the generalized FP

solution was first proposed in Ref. [41]. An excellent fit for

the transverse momentum spectra of charged hadrons in Pb

? Pb collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV and 5.02 TeV and in

Xe ? Xe collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 5:44 TeV was obtained [42].

We have been dedicated to the search for a simple uni-

versal formula or framework to describe the spectra of

particles produced in relativistic heavy-ion collisions

[38, 39, 42, 43]. With this as the motivation, it is worth

investigating whether the Tsallis distribution, BW model,

and stationary FP solution can describe the light nuclei

spectra produced at various energies and centralities in

relativistic heavy-ion collisions. In this work, we collect

experimental data from Au ? Au collisions at different

collision energies at RHIC and Pb ? Pb collisions at LHC

and conduct a systematic study of light nuclei production

using these three approaches. Based on this analysis, we

would like to suggest the optimal approach to describe the

energy and centrality dependence of light nuclei production

and provide some hints for understanding the mechanism

of light nuclei production in relativistic heavy-ion

collisions.

The remainder of this paper is organized as follows. In

Sect. 2–4, we show our fitting results for the energy and

centrality dependence of deuteron and triton (helium-3)

production in Au ? Au collisions and Pb ? Pb collisions

obtained using the Tsallis distribution, BW model, and

stationary FP solution, respectively. In Sect. 5, a detailed

comparison among the three methods and a brief discus-

sion are presented. Finally, a summary is given in Sect. 6.

2 Tsallis distribution

In our previous works [38–40], we demonstrated that

several versions of the Tsallis distribution can describe the

pT spectra of hadrons produced in both p ? p and A ? A

collisions at RHIC and LHC equally well [38, 39]. The
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Fig. 1 Fitting results obtained using the Tsallis distribution (Eq. 1)

for deuterons in Au ? Au collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 19:6 and 200 GeV

and Pb ? Pb collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV. For better visualization,

both the data and curves have been scaled by a constant, as indicated.

The data/fit ratios are shown in the bottom panels. The data are

obtained from the STAR [3] and ALICE [5] collaborations
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Tsallis distribution was also adopted by the ALICE col-

laboration to reproduce the production of deuterons, tri-

tons, helium-3, and their antinuclei in p ? p collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 0:9, 2.76, and 7 TeV [6]. Recently, the energy and

centrality dependence of deuteron and triton production in

Au ? Au collisions was measured at
ffiffiffiffiffiffiffi

sNN
p ¼ 7:7, 11.5,

14.5 19.6, 27, 39, 62.4, and 200 GeV in the STAR

experiment of the BES program at RHIC [3, 4]. It is

therefore interesting to investigate whether the Tsallis

distribution can still describe the production of light nuclei

in A ? A collisions at RHIC and LHC. In this study, we

adopt the following version of the distribution [38–42]:

E
d3N

dp3

� �

jgj\a

¼A 1 þ ET

nT

� ��n

; ð1Þ

where ET ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

p2
T þ m2

p

� m is the transverse energy and

m is the rest mass of the particle. A, T, and n are free

parameters that can be fixed using experimental data. T is

the effective temperature and includes the contributions of

thermal motion and the flow effect. n is associated with the

non-additivity index q of the entropy from the non-exten-

sive statistics for the colliding system.

We analyze the light nuclei production in Au ? Au

collisions under the BES program at RHIC and in Pb ? Pb

collisions at LHC using the Tsallis distribution. Similar

results are observed for all the energies. In Fig. 1, we show

only the fits to the transverse momentum spectra of deu-

terons using the Tsallis distribution Eq. (1) in Au ? Au

collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 19:6 and 200 GeV and in Pb ? Pb

collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV at the four centralities of

0–10%, 10–20%, 20–40%, and 40–60%. The figure also

shows the corresponding deuteron distributions from the

STAR and ALICE collaborations [3, 5]. It is observed that

the Tsallis distribution fits the experimental data for

40–60% centrality at the three energies very well. This is

not surprising because the hadron spectra in p ? p colli-

sions, which create a similar environment to that of

peripheral collisions in A ? A collisions, are well fitted by

the Tsallis distribution shown in Refs. [6, 38]. For central

and less central collisions, the Tsallis distribution under-

estimates the experimentally measured deuteron transverse

momentum spectra in the intermediate pT region at the

three collision energies, as shown in Fig. 1. This underes-

timation relative to peripheral collisions is attributed to

medium and/or dynamical effects in the central and less

central collisions. Furthermore, to show the agreement

between the data and the Tsallis distribution on a linear

scale, the deviations of the spectra from the Tsallis distri-

bution are presented as the data/fit ratio in the bottom

panels of Fig. 1. The maximum deviation clearly exceeds

30% for central collisions. It should also be noted that the

fitting pT range is not large. This indicates that the Tsallis

distribution is suboptimal for deuteron production.

We also apply the Tsallis distribution to the transverse

momentum spectra of tritons. The fitting results for the

triton distributions in Au ? Au collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 19:6

and 200 GeV from central to peripheral collisions are

shown in Fig. 2a, b. The situation is somewhat different for

Pb ? Pb collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV. Helium-3 is

investigated instead of triton in Fig. 2c because the triton

data are not available. It can be seen from the triton data/fit

ratios in the bottom panels of Fig. 2a, b that the relative

discrepancies are similar to those for deuteron discussed

above. In comparison, the worst fitting results are obtained

for helium-3 in Pb ? Pb collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV.

This may be related to the fitting pT range, which is almost

twice as large as that for tritons in Au ? Au collisions.
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Fig. 2 Same as Fig. 1 for tritons in Au ? Au collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 19:6 and 200 GeV [4] and helium-3 in Pb ? Pb collisions at

ffiffiffiffiffiffiffi

sNN
p ¼ 2:76

TeV [5]

123

Energy and centrality dependence of light nuclei production... Page 3 of 10 45



3 The blast-wave model

Besides the Tsallis distribution, the BW model is also

commonly adopted by experimental collaborations [3–5].

This model describes particle production under the

assumption that the particles are thermally emitted from an

expanding source. The functional form of this model is

given by

1

pT

d2N

dpT

/
Z

R

0

rdrmTI0
pT sinh q

T

� �

K1

mT cosh q
T

� �

; ð2Þ

where mT ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

p2
T þ m2

p

is the transverse mass, I0 and K1

are the modified Bessel functions, and T is the kinetic

freeze-out temperature. The velocity profile, q, is given by

q ¼ tanh�1½bsðr=RÞ
n�; ð3Þ

where bs is the transverse expansion velocity at the surface,

r the radial distance from the center of the thermal source

in the transverse plane, R the radius of the thermal source,

and n the exponent of the velocity profile. Experimentally,

n was fixed at 1 for the (anti)deuteron distributions in

Au ? Au collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 7:7–200 GeV at RHIC [3],

whereas for Pb ? Pb collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV [5], n

was treated as a free parameter to obtain a better fit. The

different treatments of the parameter n for deuteron

1 2 3 4

10-7

10-6

10-5

10-4

10-3

10-2

10-1

d
2 N

/2
 p

T
dp

T
dy

 [(
G

eV
/c

)-2
]

(c) Pb+Pb@2.76 TeV

0 1 2 3 4 5

p
T
 (GeV/c)

0.7

0.85

1

1.15

1.3

D
at

a/
fit1 2 3 4

10-7

10-6

10-5

10-4

10-3

10-2

10-1

d
2 N

/2
 p

T
dp

T
dy

 [(
G

eV
/c

)-2
] BW Eq.(2)

(b) Au+Au@200 GeV

0 1 2 3 4 5

p
T
 (GeV/c)

0.7

0.85

1

1.15

1.3

D
at

a/
fit1 2 3 4

10-7

10-6

10-5

10-4

10-3

10-2

10-1

d
2 N

/2
 p

T
dp

T
dy

 [(
G

eV
/c

)-2
]

0-10%
10-20%/3

20-40%/3 2

40-60%/3 3

(a) Au+Au@19.6 GeV

0 1 2 3 4 5

p
T
 (GeV/c)

0.7

0.85

1

1.15

1.3

D
at

a/
fit

Fig. 3 Fitting results obtained using the BW model (Eq. 2) for

deuterons in Au ? Au collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 19:6 and 200 GeV and

Pb ? Pb collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV. For better visualization,

both the data and curves have been scaled by a constant, as indicated.

The data/fit ratios are shown in the bottom panels. The data are

obtained from the STAR [3] and ALICE [5] collaborations
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Fig. 4 Same as Fig. 3 for tritons in Au ? Au collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 19:6 and 200 GeV [4] and helium-3 in Pb ? Pb collisions at

ffiffiffiffiffiffiffi

sNN
p ¼ 2:76

TeV [5]
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production at RHIC and LHC reflect the different dynam-

ical evolution behaviors of the fire balls produced in heavy-

ion collisions. In this work, we fix the parameter n to 1 for

both Au ? Au and Pb ? Pb collisions to check the uni-

versality of the BW model. There are therefore three free

parameters comprising T, bs, and the normalization factor.

Similar to the Tsallis distribution, we present only the

fitting results obtained using Eq. (2) for Au ? Au colli-

sions at
ffiffiffiffiffiffiffi

sNN
p ¼ 19:6 and 200 GeV and for Pb ? Pb col-

lisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV. Figures 3 and 4 show that

better fitting results are obtained compared to those

obtained using Eq. (1), especially for tritons. For the deu-

terons produced in Au ? Au collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 19:6 and

200 GeV shown in Fig. 3, the discrepancies of the data/fit

ratios for all centralities are mostly less than 15%, while

those for the fitting results in the intermediate pT region for

central Pb ? Pb collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV reach up to

30% because the parameter n is fixed to 1. Recent studies

[24, 26] have shown that when the phase-space distribu-

tions of protons and neutrons generated by a sophisticated

hydrodynamic model, the iEBE-MUSIC hybrid model

[44], are used in the coalescence model, light nuclei pro-

duction in Au ? Au collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 200 GeV can be

reproduced well, but the deuteron yield is slightly overes-

timated and the yield of helium-3 is underestimated by a

factor of approximately 2 for central Pb ? Pb collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV [24]. These results suggest that the

dynamical evolution of the medium in Au ? Au collisions

differs slightly from that in Pb ? Pb collisions. This picture

is consistent with the different values of n chosen for the

BW model by the RHIC and LHC collaborations. Figure 4

shows that the triton distributions in Au ? Au collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 19:6 and 200 GeV and helium-3 distributions in

Pb ? Pb collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV are well repro-

duced by Eq. (2).

4 The Fokker–Planck solution

Based on the results in Sects. 2 and 3, it can be seen that

neither the Tsallis distribution nor the BW model is the

optimal universal formula for describing the transverse

momentum spectra of light nuclei at RHIC and LHC.

Considering the solution of the FP equation to study the

rapidity spectra of net proton production at RHIC [45] and

the good performance of the generalized FP solution in

describing the identified hadron spectra produced in

Pb ? Pb collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 and 5.02 TeV and in

Xe?Xe collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 5:44 TeV across a very large

pT range in our previous works [41, 42], we propose the

stationary solution of the FP equation,

E
d3N

dp3
¼ A

e�
b
T arctan

ET
b

1 þ ET

b

� �2
h ic ; ð4Þ

as the universal formula for the light nuclei spectra at

RHIC and LHC. In Eq. (4), A, b, c, and T are free

parameters.

Figures 5 and 6, respectively, show the experimental

data for the transverse momentum spectra of deuterons and

tritons in Au ? Au collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 7:7, 11.5, 14.5,

19.6, 27, 39, 62.4, and 200 GeV and the four centralities

obtained under the BES program. The solid lines represent

the fitting results from Eq. (4) for each distribution. The

fitting for deuterons and tritons in Au ? Au collisions at

RHIC obtained using Eq. (4) is quite good for a wide range

of collision energies. The results in Figs. 5 and 6 are indeed

encouraging. Therefore, we repeat the fitting process for

deuterons and helium-3 produced in Pb ? Pb collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV at LHC and obtain excellent results,

especially for deuterons, as shown in Fig. 7. The ratios

shown in the bottom panel of Fig. 7a are almost equal to 1

across the whole pT region for the four centralities. The

discrepancy between the data and fit in Fig. 7b is approx-

imately 15% and can be partially attributed to the low

statistics of the helium-3 data. Therefore, based on the

results shown in Figs. 5, 6 and 7, we conclude that the

stationary FP solution can describe light nuclei production

in A ? A collisions at different colliding energies and

centralities well.

5 Discussion

From the above results, we have learned that the three

different methods, i.e., the Tsallis distribution, BW model,

and stationary FP solution, can describe the experimental

data in general. To explicitly compare the agreement of the

fitting results obtained using the three approaches with the

experimental data, we define the relative discrepancy as the

ratio

R ¼ Data � Fitted

Data
: ð5Þ

This ratio can be used to determine which of the three

methods is the optimal one for describing the transverse

momentum distributions of light nuclei produced at RHIC

and LHC.

Figure 8 shows the values of the ratio R obtained using

Eqs. (1), (2) and (4) for deuterons (solid symbols) and

tritons/helium-3 (empty symbols) as functions of pT on a

linear scale for central collisions. The largest discrepancy

for deutrons occurs for Au ? Au collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 19:6

and 200 GeV while that for tritons/helium-3 occurs for
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Pb ? Pb collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV. The experimental

data for 0–10% centrality were used for deuterons and

tritons [3, 4], while the 0–20% centrality data were used for

helium-3 [5]. From Fig. 8a, it can be seen that the maxi-

mum derivation for deuterons calculated using Tsallis

distribution Eq. (1) (solid black squares) is approximately

40% for Au ? Au collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 19:6 GeV. The

ratios for the BW model in Eq. (2) (solid red circles) for

Au ? Au collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 19:6 GeV shown in Fig. 8a

are less than 10%, while the ratios for the two higher

energies shown in Fig. 8b, c oscillate between �0:3 and

0.3. These results show that the Tsallis distribution and BW

model can only comparatively describe the transverse

momentum spectra of deuterons produced at RHIC and

LHC. The relative discrepancies for the stationary FP

solution Eq. (4) (solid blue triangles), which are in the

range between �0:1 and 0.1 for the three energies shown in

Fig. 8, are significantly smaller than those for the Tsallis

distribution and BW model. These results indicate that

among the three methods, the stationary FP solution is the

optimal one for describing the transverse momentum

spectra of deuterons produced at RHIC and LHC.

To perform a comprehensive evaluation, it is also nec-

essary to check the relative discrepancies for tritons, which

are shown with empty symbols in Fig. 8. The ratios for

tritons obtained using Eqs. (1), (2), and (4) are generally

smaller than those for deuterons at the three collision

energies. In more detail, the relative discrepancies for

Eq. (1) (empty black squares) are generally larger than

those for Eq. (2) (empty red circles) and Eq. (4) (empty

blue triangles). The results demonstrate that both the BW

model and stationary FP solution are better than the Tsallis

distribution for reproducing the triton spectra at various

collision energies.

Based on the above-detailed comparisons, we can con-

clude that the stationary FP solution is the optimal method

for describing the deuteron and triton (helium-3) transverse

momentum spectra of central to peripheral collisions at
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Fig. 5 Fitting results obtained using the stationary FP solution

(Eq. 4) for deuterons in Au ? Au collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 7:7–

200 GeV. For better visualization, both the data and curves have

been scaled by a constant, as indicated. The data/fit ratios are shown

in the bottom panels. The data are obtained from the STAR

collaboration [3]
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RHIC and LHC across a wide range of collision energies

from
ffiffiffiffiffiffiffi

sNN
p ¼ 7:7 GeV to 2.76 TeV.

Figure 9 shows the energy dependence of the light

nuclei yield ratio NtNp=N
2
d at 0-10% centrality for

Au ? Au collisions. It has been suggested that this ratio

can be used to probe the QCD phase diagram [12, 14]. The

red solid circles are the preliminary results for BES ener-

gies obtained by the STAR collaboration [4]. The yield

ratio exhibits a non-monotonic energy dependence. The

yield ratios obtained using the Tsallis distribution, BW

model, and the stationary FP solution are represented by

the lines with blue empty triangles, magenta empty dia-

monds, and black full squares, respectively. It is obvious

that the black line (the stationary FP solution) best repro-

duces the experimental data, which is consistent with the

conclusion above. Our results indicate that transport or

hydrodynamic models should reproduce the transverse

momentum spectra of light nuclei with a high level of

accuracy to quantitatively reproduce the NtNp=N
2
d ratio.
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Fig. 6 Same as Fig. 5 for tritons with experimental data from the STAR collaboration [4]
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Fig. 7 Fitting results obtained using the stationary FP solution

(Eq. 4) for deuterons and helium-3 produced in Pb ? Pb collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV. For better visualization, both the data and curves

have been scaled by a constant, as indicated. The data/fit ratios are

shown at the bottom panels. The data are obtained from the ALICE

collaboration [5]
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6 Summary

In this paper, we presented a detailed study of the Tsallis

distribution, BW model, and stationary FP solution in

which fitting was performed on the transverse momentum

spectra of light nuclei produced in Au ? Au collisions

under the BES program at
ffiffiffiffiffiffiffi

sNN
p ¼7.7, 11.5, 14.5, 19.6, 27,

39, 62.4, and 200 GeV and in Pb ? Pb collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV. In general, these three approaches can

be used to describe the transverse momentum spectra of

deuterons and tritons (helium-3) at RHIC and LHC because

the maximum relative discrepancy is approximately 40%.

However, based on the detailed comparison of the three

methods, which included the energy dependence of the

light nuclei yield ratio NtNp=N
2
d , it is clear that the sta-

tionary FP solution is the optimal approach for a universal

description of the energy and centrality dependence of light

nuclei production at RHIC and LHC. We expect our con-

clusion to be supported by light nuclei produced in

Pb ? Pb collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 5:02 TeV and in Xe?Xe

collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 5:44 TeV in the near future.
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Fig. 8 (Color online) Relative

discrepancies of Eqs. (1), (2),

and (4) for the pT spectra of

deuterons and tritons (helium-3)

in Au ? Au central collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 19:6 and 200 GeV and

in Pb ? Pb collisions at
ffiffiffiffiffiffiffi

sNN
p ¼ 2:76 TeV based on the

deuteron and triton data for

0–10% centrality [3, 4] and

helium-3 data for 0–20%

centrality. [5]
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Fig. 9 (Color online) Light nuclei yield ratio NtNp=N
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ffiffiffiffiffiffiffi
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for central Au ? Au collisions. The
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5. J. Adam, D. Adamová, M.M. Aggarwal et al., Production of light

nuclei and anti-nuclei in pp and Pb–Pb collisions at energies

available at the CERN Large Hadron Collider. Phys. Rev. C 93,

024917 (2016). https://doi.org/10.1103/PhysRevC.93.024917

6. S. Acharya, J. Adam, D. Adamová et al., Production of deuterons,
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