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Using the coalescence model based on the phase-space distributions of protons, neutrons, �s, and their
antiparticles from a multiphase transport (AMPT) model, we study the production of light nuclei (2H, 3H,
3He, 3

�H) and their antinuclei in Pb+Pb collisions at
√

sNN = 2.76 TeV. The resulting transverse momentum
spectra, elliptic flows, and coalescence parameters for these nuclei are presented and compared with available
experimental data. We also show the constituent number scaled elliptic flows of these nuclei and discuss its
implications.
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I. INTRODUCTION

Recently, light nuclei production has been studied at the
Large Hadron Collider (LHC) by the ALICE Collaboration
[1,2]. Similar to the experiments carried out earlier by the
STAR Collaboration at the Relativistic Heavy Ion Collider
(RHIC) [3–6], the motivation for such studies is twofold. One
part is to search for nuclei that do not exist in nature in order to
study if nuclei and antinuclei have same properties and to dis-
cover the stability of multistrange hypernuclei and antinuclei.
Indeed, it was in heavy-ion collisions that anti-hypernuclei
were discovered by the STAR Collaboration [5]. The other
part is to use light nuclei to study the space-time structure of
the emission source in relativistic heavy-ion collisions since
they are likely produced at kinetic freeze-out via nucleon
coalescence, complementing the method using the Hanbury-
Brown Twiss (HBT) interferometry [7,8] of particles emitted
at freeze-out. The use of the coalescence model for studying
light nuclei production has a long history with applications
in heavy-ion collisions at both intermediate [9–12] and high
energies [13,14] as well as at relativistic energies [15–19]. In
most applications of the coalescence model, the energy spectra
for light nuclei are simply given by the product of the spectra of
their constituent nucleons multiplied by empirical coalescence
parameters. In a more sophisticated coalescence model, the
coalescence parameter is computed from the overlap of the
nuclear Wigner phase-space density with the nucleon phase-
space distributions at freeze-out. For example, in Refs. [20,21],
the authors used the phase-space distributions of nucleons
at freeze-out from an isospin-dependent transport model for
heavy-ion collisions at intermediate energies with radiative
beams to study production of light nuclei such as deuteron,
triton, helium-3, and α particles in the coalescence model. It
was found in this study that the yield of light nuclei is sensitive
to the density dependence of nuclear symmetry energy. Also,
the study of deuteron production in heavy-ion collisions at
RHIC was studied in Ref. [22] based on a multiphase transport
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(AMPT) model. Both the coalescence model based on the
phase-space distributions of protons and neutrons at freeze-out
and a dynamic model that includes deuteron production and
annihilation via NN ↔ πd in the hadronic stage of AMPT
have been used. It was found that the final deuteron yield and
elliptic flow from these two approaches are similar, providing
thus a consistent check on the applicability of the coalescence
model to deuteron production in heavy-ion collisions. In the
present study, we extend the study of Ref. [22] to include
the production of not only deuteron (2H) but also triton
(3H), helium-3 (3He), and hypertriton (3

�H) as well as their
antinuclei from the coalescence model using the phase-space
distributions of protons, neutrons, �s, and their antiparticles
at freeze-out from the AMPT model in both its default and
string melting versions. We specifically study the transverse
momentum spectra and elliptic flows of these nuclei for
Pb+Pb collisions at

√
sNN = 2.76 TeV as studied in the

experiments by the ALICE Collaboration. We also determine
the coalescence parameters from the transverse momentum
spectra of these nuclei.

The paper is organized as follows. In Sec. II, we briefly
review the AMPT model used for the present study. The
coalescence model is then described in Sec. III. In Sec. IV,
we show results from our study on the transverse momentum
spectra, elliptic flows, and coalescence parameters for 2H, 3H,
3He, and 3

�H as well as their antinuclei. Finally, a summary is
given in Sec. V.

II. THE AMPT MODEL

To obtain the phase-space distributions of protons, neutrons,
and �s as well as their antiparticles, we use the AMPT
model that has been extensively utilized for studying heavy-ion
collisions at relativistic energies. The AMPT model is a hybrid
model [23] with the initial particle distributions generated by
the heavy-ion jet interaction generator (HIJING) model [24].
In the default version, the jet quenching in the HIJING model is
replaced in the AMPT model by explicitly taking into account
the scattering of minijet partons via Zhang’s parton cascade
(ZPC) model [25]. These partons are recombined with their
parent strings after their scattering, which are then converted
to hadrons using the Lund string fragmentation model. In the
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version of string melting, all hadrons produced from string
fragmentation in the HIJING model are converted to their
valence quarks and antiquarks, whose evolution in time and
space is modeled by the ZPC model. After the end of their
scatterings, quarks and antiquarks are converted to hadrons
via a spatial coalescence model. In both versions of the
AMPT model, the scatterings among hadrons are described
by a relativistic transport (ART) model [26]. In the present
study, we adopt the version Ampt-v1.25t7–v2.25t71 with the
default Lund string fragmentation parameters a = 0.5 and
b = 0.9 GeV−2 in the HIJING model, the QCD coupling
constant αs = 0.33, and the screening mass μ = 3.2 fm−1

to obtain a parton scattering cross section of 1.5 mb in ZPC.
These parameters were shown in Ref. [27] to give a better
description of both the charged particle multiplicity density at
midrapidity and elliptic flow measured in heavy-ion collisions
at the LHC than their values used in Ref. [23] for heavy-ion
collisions at RHIC.

III. THE COALESCENCE MODEL

For light nuclei production in heavy-ion collisions, both the
statistical model [28,29], which assumes that light nuclei are in
both thermal and chemical equilibrium with all other particles
in the produced hot dense matter, and the coalescence model
have been used. In the present study, we use the coalescence
model to study light nuclei production based on the phase-
space distributions of protons, neutrons, and �s as well as their
antiparticles at freeze-out from the AMPT model described in
the previous section.

The coalescence model for nuclei production in heavy-ion
collisions is based on the sudden approximation of projecting
out their wave functions from the wave functions of nucleons
at freeze-out. As shown in Ref. [13], the number of nuclei
consisting of A constituents produced in a heavy-ion collision
is then given by the overlap integral of the Wigner function
fA(x′

1, . . . ,x
′
A; p′

1, . . . ,p
′
A) of the produced nucleus with the

phase-space distribution function fN (x,p) of the constituents
at freeze-out, which is normalized to the constituent number
N according to

∫
d3xd3pfN (x,p) = N , that is,

dNA

d3PA

= gA

∫
�A

i=1d
3xid

3pifN (xi ,pi)

× fA(x′
1,...,x

′
A; p′

1,...,p
′
A)δ(3)

(
PA −

A∑
i=1

pi

)
,

(1)

where gA = (2JA + 1)/2A is the statistical factor for A con-
stituents of spin 1/2 to form a nucleus of angular momentum
JA. As in Refs. [21,22], the coordinate xi and momentum
pi are those of the ith constituent in the center-of-mass of
colliding heavy ions when it freezes out, i.e., undergoes its last

1This version was downloaded from http://myweb.ecu.edu/
linz/ampt and run with a modified file linana.f to change the
coalescence order between mesons and baryons.

scattering. The corresponding coordinate x′
i and momentum

p′
i , which appears in the nuclear Wigner function, are obtained

by first Lorentz transforming to the rest frame of produced
nucleus and then letting this constituent propagate freely with
a constant velocity, given by the ratio of its momentum and
energy in the rest frame of the nucleus, until the time when the
last constituent in the nucleus freezes out.

For the light nuclei we consider in this study, such as 2H,
3H, 3He, 3

�H, and their antinuclei, we approximate their wave
functions by those of the ground state of a harmonic oscillator
with the oscillator constant adjusted to fit the empirical charge
radii of these nuclei. The Wigner function for a nucleus
consisting of two constituents is then [30]

f2(ρ,pρ) = 8g2 exp

[
−ρ2

σ 2
ρ

− p2
ρσ

2
ρ

]
, (2)

where

ρ = 1√
2

(x′
1 − x′

2), pρ =
√

2
m2p′

1 − m1p′
2

m1 + m2
, (3)

with mi , x′
i , and p′

i being the mass, position, and momentum
of constituent i, respectively.

Similarly, the Wigner function for a nucleus consisting of
three constituents is [30]

f3(ρ,λ,pρ,pλ) = 82g3 exp

[
−ρ2

σ 2
ρ

− λ2

σ 2
λ

− p2
ρσ

2
ρ − p2

λσ
2
λ

]
,

(4)

where ρ and pρ are similarly defined as in Eq. (3), and

λ =
√

2

3

(
m1x′

1 + m2x′
2

m1 + m2
− x′

3

)
,

pλ =
√

3

2

m3(p′
1 + p′

2) − (m1 + m2)p′
3

m1 + m2 + m3
. (5)

The width parameter σρ in Eq. (2) is related to the charge
mean-square radius of the nucleus of two constituents via [30]

〈
r2

2

〉 = 3

∣∣Q1m
2
2 + Q2m

2
1

∣∣
(m1 + m2)2

σ 2
ρ = 3

2

∣∣Q1m
2
2 + Q2m

2
1

∣∣
ωm1m2(m1 + m2)

, (6)

where the second line follows if we use the relation σρ =
1/

√
μ1ω in terms of the oscillator frequency ω in the

harmonic oscillator wave function and the reduced mass μ1 =
2(1/m1 + 1/m2)−1.

For the width parameter σλ in Eq. (4), it is related to the
oscillator frequency by (μ2ω)−1/2, with μ2 = (3/2)[1/(m1 +
m2) + 1/m3]−1. Its value and also that of σρ = 1/

√
μ1ω

are then determined from the oscillator constant via the
mean-square charge radius of the nucleus of three constituents,
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that is [30] 〈
r2

3

〉 = 3

2

|Q1m2m3(m2 + m3) + Q2m3m1(m3 + m1) + Q3m1m2(m1 + m2)|
ωm1m2m3(m1 + m2 + m3)

. (7)

IV. RESULTS

In the present section, we show results on the transverse
momentum spectra, elliptic flows, and coalescence parameters
for 2H, 3H, 3He, and 3

�H as well as their antinuclei. They are
calculated from the coalescence model using the phase-space
distributions of proton, neutron, �, and their antiparticles at
freeze-out from the AMPT model. For 2H, 3H, and 3He, their
statistical factors and the values of the width parameters in
their Wigner functions are shown in Table I together with
the empirical values of their charge radii and the resulting
oscillator constants. Same parameters are used for their
antinuclei. For 3

�H and 3
�̄

H̄, they are assumed to have same
properties as corresponding nuclei of three nucleons, and the
width parameters in their Wigner functions are thus taken to
be the same as those for 3H.

Since the hot dense matter produced at the midrapidity of
Pb+Pb collisions at

√
sNN = 2.76 TeV is essentially baryon

free and has zero isospin, the distributions of protons and
neutrons as well as their antiparticles are similar. Therefore,
2H and 2H̄ also have similar distributions. The same is true for
the distributions of 3H, 3He, and their antinuclei as well as those
of 3

�H and 3
�̄

H̄. Furthermore, to improve the statistics of the
results for 3

�H and 3
�̄

H̄, we have also calculated the distributions
of 3

�He and 3
�n as well as their antinuclei, assuming that the

width parameters of their Wigner functions are the same as
those for 3He and 3H, respectively, although 3

�He has not been
observed and 3

�n has only been seen in one experiment [32].
In the following, we thus show results that are obtained by
averaging over these similar distributions, i.e., (p + n + p̄ +
n̄)/4, (� + �̄)/2, (2H + 2H̄)/2, (3H + 3He + 3H̄ + 3He)/4,
and (3

�H + 3
�He + 3

�n + 3
�̄

H̄ + 3
�̄

He + 3
�̄
n̄)/6, and they are

denoted in the following as N -like, �-like, 2H-like, 3H-like
and 3

�H-like, respectively.

A. Transverse momentum spectra

In Fig. 1, we show the transverse momentum spectra of
N -like (solid line), �-like (dashed line), 2H-like (dash-dotted
line), 3H-like (filled triangles), and 3

�H-like (open triangles)
at midrapidity from the default (left panel) and the string
melting (right panel) AMPT model for Pb+Pb collisions at

TABLE I. Statistical factor (g), root-mean-square charge radius
(Rch), oscillator frequency (ω), and width parameter (σρ , σλ) for
deuteron (2H), triton (3H), and helium-3 (3He). Radii are taken from
Ref. [31].

Nucleus g Rch (fm) ω (s−1) σρ,σλ (fm)

2H 3/4 2.1421 0.1739 2.473
3H 1/4 1.7591 0.3438 1.759
3He 1/4 1.9661 0.5504 1.390

√
sNN = 2.76 TeV and impact parameter b = 8 fm. Also

shown in the figure are the proton (open diamonds) and
deuteron (open squares) transverse momentum spectra from
the ALICE Collaboration [1] for collisions at centralities
20–30% and 20–40%, respectively, which are similar to
collisions at impact parameter b = 8 fm used in the AMPT
calculations. It is seen that the default AMPT model describes
reasonably the experimentally measured proton transverse
momentum spectrum but overestimates that of deuteron. The
string melting AMPT model overestimates, however, both
measured proton and deuteron transverse momentum spectra.
The latter is not surprising as it has already been pointed out
in Ref. [23] that baryons are not properly described by the
AMPT with string melting, giving generally a larger number
and a soft transverse momentum spectrum at midrapidity,
because of the way AMPT treats baryon production via quark
coalescence at hadronization. Although some improvements
on the problem have been introduced in the version of AMPT
code used in the present study by changing the coalescence
order between mesons and baryons, this has apparently not
solved the problem. Further improvements are thus needed in
the AMPT model.

The total number of light nuclei produced in a collision
can be obtained from integrating their transverse momentum
spectra. For the default AMPT model, the numbers are 24 for
N -like, 16 for �-like, 0.36 for 2H-like, 8.6 × 10−4 for 3H-like,
and 5.5 × 10−4 for 3

�H-like, while for the string melting AMPT
model, the corresponding numbers are 38, 21, 2.1, 2.4 × 10−2,
and 2.5 × 10−2, respectively. The penalty in adding a nucleon
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FIG. 1. (Color online) Transverse momentum spectra of N -like
(solid line), �-like (dashed line), and 2H-like (dash-dotted line), 3H-
like (filled triangles), 3

�H-like (open triangles) at midrapidity |y| �
0.5 from the default (left panel) and the string melting (right panel)
AMPT model for Pb+Pb collisions at

√
sNN = 2.76 TeV and impact

parameter b = 8 fm. Data for protons (open diamonds) and deuterons
(open squares) are from the ALICE Collaboration [1,2].
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to form a heavier nucleus is thus about two orders of magnitude
smaller in both the default and the string melting AMPT model,
similar to that found in experimental data. Because the number
of nuclei produced from coalescence is much smaller than
the number of nucleons and �s, the errors introduced in the
coalescence model by allowing a nucleon or � to coalescence
with many other nucleons and �s are thus negligibly small.

Since 2H is known to have a small mixture of D waves in
its wave function (∼5%), which results in a hole in its density
distribution at the center, we have estimated this effect on
the yield of 2H and 2H̄ using the D-wave Winger function in
Ref. [33]. We have found that this only leads to a reduction of
their number by about 3% in both default and string melting
AMPT if the D-wave component in the deuteron is taken to
be 5%. This effect is negligible in view of the uncertainties
in the accuracy of the AMPT in describing the dynamics of
a heavy-ion collisions, particularly in the case of the string
melting version as mentioned above.

In our study, we have ignored the possible dissociation
of light nuclei produced from coalescence of nucleons at
freeze-out by freeze-out pions. Because of the large pion-pion
elastic scattering cross section, which has a peak value of
175 mb due to the ρ meson resonance [34], the dissociation of
light nuclei by pions is then negligible if their dissociation cross
sections are smaller than 175 mb. This is indeed the case for the
deuteron because its dissociation cross section by a pion via the
reaction dπ → NN has a peak value of only 10 mb due to
the � resonance [35,36]. For other light nuclei considered
in the present study, their dissociation cross section by pions
would be even smaller because their size is smaller than that
of the deuteron. Including dissociation of light nuclei by pions
is thus not expected to affect our results much. However,
because of their small dissociation cross sections, light nuclei
might even be produced before nucleons freeze out. This
seems to be the case as shown in Fig. 6 of Ref. [22], where
the times for deuteron production in the transport approach
via the reactions pp ↔ dπ are seen to be earlier than those
for deuteron production from the coalescence of nucleons at
freeze-out, although the difference is not large. Since including
the production of light nuclei with more than two nucleons in
the transport approach are technically challenging and have
not yet been done, we postpone such a study for the future.

B. Elliptic flows

The momentum distribution of nucleus A produced in a
heavy-ion collision event can be generally written as

fA(pT ,φ,y)

= NA(pT ,y)

2π

{
1 + 2

∑
n

vn(pT ,y) cos[n(φ − 
n)]

}
, (8)

where φ is the azimuthal angle, 
n is the nth-order event plane
angle, and NA(pT ,y) and vn(pT ,y) are the number of nuclei
of transverse momentum pT at rapidity y and their nth-order
anisotropic flows, respectively. In the present study, we are
only interested in the elliptic flow v2. Also, we neglect the
fluctuation of event plane angle 
2 by taking 
2 = 0 as our
calculations involve the mixing of many events to reduce the
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FIG. 2. (Color online) Elliptic flows of N -like (solid line), �-like
(dashed line), 2H-like (dash-dotted line), 3H-like (filled triangles), and
3
�H-like (open triangles) at midrapidity |y| � 0.5 from the default (left
panel) and the string melting (right panel) AMPT model for Pb+Pb
collisions at

√
sNN = 2.76 TeV and impact parameter b = 8 fm.

statistical fluctuations due to the small number of nucleons
and �s in an event. In this case, the elliptic flow can be simply
calculated from

v2(pT ) =
〈
p2

x − p2
y

p2
x + p2

y

〉
, (9)

where 〈· · · 〉 indicates average over all nuclei A in all events.
Figure 2 shows the elliptic flow of N -like (solid line), �-like

(dashed line), 2H-like (dash-dotted line), 3H-like (filled trian-
gles), and 3

�H-like (open triangles) at midrapidity |y| � 0.5
from the default (left panel) and the string melting (right panel)
AMPT model for Pb+Pb collisions at

√
sNN = 2.76 TeV

and impact parameter b = 8 fm. These results are obtained
from 40 000 AMPT default or string melting events with the
mixing of 50 events in calculating the elliptic flows of light
(anti-)nuclei. Both the N -like and the �-like are seen to have
similar elliptic flows in both the default and the string melting
AMPT model. Also, as the nuclei get heavier, their elliptic
flow becomes smaller, similar to the mass ordering of elliptic
flows seen in the hydrodynamic description of collective flow.
Because of the strong partonic scattering, the elliptic flow of
nuclei is larger in the string melting version of AMPT than in
the default version.

A unique feature of the coalescence model is its prediction
of an approximate constituent number scaling of the elliptic
flows of nuclei, which states that the elliptic flow of a nucleus
at transverse momentum pT per constituent is the same as a
function of pT divided by the number of constituents [37,38].
For light nuclei considered here, vA

2 (pT /A)/A is then the
same. This scaling would be exact if only constituents of same
momentum can coalescence to form a nucleus, corresponding
to a width parameter in the Wigner function of the nucleus that
is infinitely large [39].

Figure 3 shows the constituent number scaled elliptic
flow of N -like (solid line), �-like (dashed line), 2H-like
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FIG. 3. (Color online) Constituent number scaled elliptic flows
of N -like (solid line), �-like (dashed line), 2H-like (dash-dotted line),
3H-like (filled triangles), and 3

�H-like (open triangles) at midrapidity
|y| � 0.5 from the default (left panel) and the string melting (right
panel) AMPT model for Pb+Pb collisions at

√
sNN = 2.76 TeV and

impact parameter b = 8 fm.

(dash-dotted line), 3H-like (filled triangles), and 3
�H-like (open

triangles) at midrapidity |y| � 0.5 from the default (left panel)
and the string melting (right panel) AMPT model for Pb+Pb
collisions at

√
sNN = 2.76 TeV and impact parameter b =

8 fm. It indeed shows that the scaled elliptic flows of all light
nuclei are similar in the default AMPT model, although there
are some deviations in the case of the string melting AMPT
model, which may again be related to the baryon problem in
this model, as discussed above. We note that an approximate
nucleon number scaling of the elliptic flows of light nuclei was
also obtained in heavy-ion collisions at intermediate energies
in a study based on the quantum molecular dynamics (QMD)
model [40].

C. Coalescence parameters

Results from the coalescence model can be characterized
by the coalescence parameter BA defined via the relation

EA

d3NA

dp3
A

= BA

(
Ep

d3Np

dp3
p

)A

, (10)

where pA and pp are the momenta of the nucleus and
the coalescence constituent, respectively. Using d3p/E =
dyd2pT , the above equation can be written as

d3NA

dyd2pT A

= BA

(
d3Np

dypd2pTp

)A

. (11)

In Fig. 4, we show the coalescence parameters for 2H-like
(solid line), 3H-like (dashed line), and 3

�H-like (dash-dotted
line) at midrapidity |y| � 0.5 from the default (left panel)
and the string melting (right panel) AMPT model for Pb+Pb
collisions at

√
sNN = 2.76 TeV and impact parameter b = 8

fm. It is seen that the B2 for 2H-like nuclei as well as the B3
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FIG. 4. (Color online) Coalescence parameters for 2H-like (solid
line), 3H-like (dashed line), and 3

�H-like (dash-dotted line) at midra-
pidity |y| � 0.5 from the default (left panel) and the string melting
(right panel) AMPT model for Pb+Pb collisions at

√
sNN = 2.76 TeV

and impact parameter b = 8 fm. Data for B2 (open squares) and B3

(open circles) are from the ALICE Collaboration [1,2].

for both 3H-like and 3
�H-like nuclei increase with increasing

transverse momentum in both the default and string melting
AMPT model, similar to that extracted from the experimental
data from the ALICE Collaboration [1,2] shown by open
squares for B2 and open circles for B3. Their values at low pT

are a few times 10−3 GeV2/c3 for B2 and about 10−6 GeV4/c6

for B3 with that for 3H-like nuclei slightly larger than that
for 3

�H-like nuclei. Compared to the experimentally extracted
values from the ALICE Collaboration, the default AMPT gives
a B2 that is about a factor of two larger and a B3 that is about a
factor of two smaller. For the string melting AMPT model, the
obtained B2 is about a factor of two larger at lower momentum
and almost an order of magnitude larger at higher momentum
than the empirical value, although it gives a B3 that agrees
with the empirical one.

V. SUMMARY

We have studied in the present paper the production of
light normal and hypernuclei and their antinuclei in heavy-
ion collisions at the LHC by using the coalescence model.
With the phase-space distributions of protons, neutrons, and
�s as well as their antiparticles at freeze-out taken from the
AMPT model, and taking the Wigner functions of these nuclei
to be of Gaussian form with their width parameters fitted to
their known charge radii, we have calculated the transverse
momentum spectra and elliptic flows of 2H-like nuclei that
include 2H and 2H̄, of 3H-like nuclei that include 3H, 3He, 3H̄,
and 3He, and of 3

�H-like nuclei that include 3
�H, 3

�He, 3
�n, 3

�̄
H̄,

3
�̄

He, and 3
�̄
n̄.

For the transverse momentum spectra, we have found that
the default version of the AMPT model gives a better descrip-
tion of the experimental data from the ALICE Collaboration
for proton and deuteron than the string melting version of
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the AMPT model, and this has been attributed to the baryon
problem in the current string melting version of the AMPT
code. From the total yield of these nuclei, we have verified
the experimental observation that the yield of light nuclei is
reduced by about two orders of magnitude with the addition
of a nucleon or � to a nucleus.

For the elliptic flows of these nuclei, they are found
to show a mass ordering behavior with the heavy nuclei
having a smaller elliptic flow, like that in the hydrodynamical
description of heavy-ion collisions. This behavior is seen in
both the default and the string melting AMPT model. We have
further found that the elliptic flows of light nuclei display an
approximate constituent number scaling in that their elliptic
flows at transverse momentum pT per constituent are the same
as a function of pT divided by the number of constituents,
particularly in the case of the default AMPT model.

We have further studied the coalescence parameter BA for
light nuclei, which is defined by the ratio of the invariant
transverse momentum spectrum of a nucleus to that of
its constituents raised to the power corresponding to the
number of constituents in the nucleus. Our results based on
both the default and string melting AMPT models indicate
that the coalescence parameter increases with increasing
transverse momentum of a nucleus, similar to that extracted
from the experimental data. Their values are, however, a factor
of two larger for B2 and a factor of two smaller for B3 in the
case of the default AMPT model. In the string melting version
of the AMPT model, the value of B2 is almost an order of
magnitude larger than data at high momentum but that of B3

agrees with the data.
Although our results are qualitatively comparable to the

experimental data from the LHC, they do not give a quantitative

description, particularly in the case of the string melting
version of the AMPT model due to its problem in treating
baryon production during hadronization. Since it is known that
a strongly interacting partonic stage exists in relativistic heavy-
ion collisions, an improved description of baryon production
in the AMPT model is urgently needed in order to study
quantitatively light nuclei production in relativistic heavy-ion
collisions.

Also, the elliptic flows of light nuclei that are produced via
the coalescence model are always positive, even though they
do show a mass ordering as in the hydrodynamic approach.
Since masses of these light nuclei are comparable to that of a
charmonium, which has been shown to have a negative elliptic
flow in the hydrodynamic description of relativistic heavy-ion
collisions [41], we expect that the light nuclei studied here
would have negative elliptic flows as well if they are produced
statistically in the hydrodynamic model. Therefore, it is of
great interest to measure experimentally the elliptic flows of
light nuclei to see if they are positive like in the coalescence
model or negative as in the hydrodynamic model.
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