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ARTICLE INFO ABSTRACT

Editor: F. Gelis Understanding the properties of hypernuclei helps to constrain the interaction between hyperon and nucleon,
which is known to play an essential role in determining the properties of neutron stars. Experimental
measurements have suggested that the hypertriton (f\H), the lightest hypernucleus, exhibits a halo structure
with a deuteron core encircled by a A hyperon at a distance of about 10 fm. This large A — d distance in ?\H wave
function is found to cause a suppressed f\H yield and a softening of its transverse momentum (p;) spectrum
in relativistic heavy-ion collisions. Within the coalescence model based on nucleons and A hyperons from a
microscopic hybrid hydro model with a hadronic afterburner for nuclear cluster production in Pb-Pb collisions
at \/m = 5.02 TeV, we show how this softening of the hypertriton p; spectrum appears and leads to a smaller
mean p; for iH than for helium-3 (PHe). The latter is opposite to the predictions from the blast-wave model which
assumes that 3AH and 3He are thermally produced at the kinetic freeze-out of heavy-ion collisions. The discovered
quantum mechanical softening of the (anti-)hypertriton spectrum can be experimentally tested in relativistic
heavy-ion collisions at different collision energies and centralities and used to obtain valuable insights to the
mechanisms for light (hyper-)nuclei production in these collisions.

interaction [25-27], which is essential for determining the structure of
compact astrophysical objects like the neutron stars [10].

Various theoretical models based on different assumptions have been
used to describe (anti-)nuclei production in nuclear reactions. These in-

1. Introduction

Observations of anti-nuclei such as anti-deuteron (d), anti-helium

(*He and “He), and anti-hypertriton (3 H) have been reported in many
heavy-ion collision experiments [1-7]. Recent experiments at the Rel-
ativistic Heavy Ion Collider (RHIC) [8] and the Large Hadron Col-
lider (LHC) [9] have even suggested possible detection of heavier anti-
hypernuclei, such as 4 H and 4 He. The detection of these bound nuclei
and the study of their properties [10-14] are important in the search for
the signals of phase transitions in the strongly interacting matter cre-
ated in relativistic heavy-ion collisions [15-21] and in the dark matter
detection in space [22-24] as well as for understanding the fundamen-
tal CPT theorem in quantum field theory [3,4]. Also, understanding the
properties of hypernuclei helps to constrain the hyperon-nucleon (Y-N)
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clude the statistical hadronization model (SHM) [28], the coalescence
model [29-32], and the kinetic or transport approach [33-37]. While
both (anti-)nuclei disintegration and regeneration during the evolution
of the hadronic matter are included in the kinetic approach, only (anti-
)nuclei production is considered in the statistical model and the coa-
lescence model by assuming, respectively, that they are thermally pro-
duced from the hadronization of produced quark-gluon plasma (QGP)
and formed from the recombination of nucleons at the kinetic freeze-out.
Another difference between the statistical and the coalescence model is
the role of light cluster wave function in its production. While the wave
function is essential for forming light clusters in the coalescence model,
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it is not relevant in the SHM. With the hypertriton characterized by a
halo structure with a deuteron core surrounded by a A hyperon, it pro-
vides an excellent tool for differentiating between these two models. If
the coalescence model proves to be the production mechanism of light
nuclei and hypernuclei in nuclear collisions, this will open a new way
for investigating their structures and internal wave functions.
According to recent STAR and ALICE measurements, the f\H has a
lifetime close to that of a free A [12,13,38] and a A separation en-
ergy (B,) of merely a few hundreds keV. While the B, reported by
the ALICE Collaboration is 0.102 + 0.063(stat.) + 0.067(syst.) MeV [12],
it is 0.41 £ 0.12(stat.) + 0.11(syst.) MeV according to the measurement
of the STAR Collaboration [4,39]. The world average B, is, however,
0.164 + 0.043 MeV [4,12,40-46], corresponding to a very large A — d

(rf\ 4) & 9.5 fm, which suggests that the f\H has a halo
structure with a deuteron core surrounded by a A halo. The halo struc-
ture is an intriguing quantum tunneling phenomenon observed in nuclei
far from the f-stability line [47]. Within the coalescence model [30], it
has been demonstrated that such a large A — d distance lead to a pro-
nounced suppression of 13\H production in collisions of small systems,
a phenomenon that has been consistently observed in various ALICE
measurements at the LHC [48-53]. While the grand-canonical ensem-
ble version of the statistical hadronization model fails to account for
the suppression of light clusters in small systems, the canonical statis-
tical model, which takes into account exact charge conservation, does
predict a similar suppression seen in the experimental data [54].

In the present study, we demonstrate that the large A —d distance in
?\H wave function further results in a softening of its transverse momen-
tum (py) spectrum in Pb+Pb collisions at \/m =5.02 TeV. This soft-
ening effect on the hypertriton spectrum occurs not only in non-central
collisions but also in central collisions, where the canonical effects are
expected to be insignificant. The quantum mechanical softening of the
hypertriton spectrum in the coalescence model thus makes it a promis-
ing tool to distinguish it from the statistical hadronization model.

distance of

2. Suppression of hypertriton production in peripheral collisions

We adopt the hybrid model [55] of MUSIC+UrQMD+COAL to study
the production of (anti-)hypertriton in Pb+Pb collisions at \/m =
5.02 TeV. After the evolution of the QGP produced in these collisions
via the (3+1)-dimensional viscous hydrodynamic model MUSIC [56-58]
with the collision-geometric-based 3D initial conditions [59] and a
crossover type of equation of state at finite density NEOS-BQS [60],
hadrons are produced from a constant energy density hypersurface
according to the Cooper-Frye formula [61]. The subsequent hadronic
rescatterings and decays are modeled by the UrQMD model [62]. The
(anti-)hypertriton yield in a collision event is then obtained from the
coalescence (COAL) of (anti-)protons, (anti-)neutrons, and (anti-)A hy-
perons at their kinetic freeze-out.

In the coalescence model [29,30] for light cluster production, the
formation probability of a hypertriton from a proton, a neutron, and a A
hyperon is given by the product of the statistical factor g;, = 1/4 for spin
1/2 proton, neutron, and A hyperon to form a spin 1/2 hypertriton and
the Wigner function of the hypertriton internal wave function, which
we take as

Wiy = 8% i e 2 . (€Y

The relative coordinates and momenta in the above equation are defined
by
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Fig. 1. Collision centrality dependence of 3 H/*He yield ratio in Pb+Pb collisions
at /sy =5.02 TeV for different B, values of 0.42 MeV (solid stars), 0.164 MeV
(solid circles), and 0.102 MeV (solid triangles).
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Here, ry, r,, and r; are the spatial coordinates of neutron, proton, and A
hyperon, respectively, at an equal time in their rest frame, and they are
determined by propagating the constituent particles of momenta k;, k,,
and k; at earlier freeze-out times to the time of the last freeze-out one.
The size parameter o, in the Wigner function is related to the deuteron
root-mean-squared radius r; by o, = \/m ry ~2.26 fm [63,64]. The

size parameter o, is related to the A —d distance by ¢, = % A/ (rf\ 40 and

it can be parameterized as o, ~ (2.15(B, /MeV)~/2 + 1.23) fm, with
details provided in the Appendix A. For the binding energies measured
by the STAR and ALICE collaboration, we obtain ¢, =5.45 fm and ¢, =
7.96 fm, respectively, while using the world averaged B, value gives
0, = 6.52 fm. For helium-3 production in the coalescence model, we use
01 =0, ~ 1.76 fm [64] as it has a spherical shape.

We note that the statistical factor g;,, = 1/4 used in the coalescence
model for proton, neutron, and A hyperon to form a hypertriton does
not include that due to their isospins. As shown in Ref. [16], the light nu-
clei numbers from such a coalescence model based on nucleons from a
thermal source reduce to those from the thermal model when their bind-
ing energies are much smaller than the temperature and their radii are
much larger than the size of the particle emission source. The exclusion
of the isospins in the coalescence model based on kinetically freeze-out
nucleons in relativistic heavy-ion collisions is also supported by the re-
sults in Ref. [37] from the kinetic approach, which treats light nuclei as
dynamic degrees of freedom by including their production and annihila-
tion from pion catalyzed multi-nucleon reactions during the expansion
stage of heavy-ion collisions, because similar light nuclei numbers are
obtained from these two approaches.

Fig. 1 displays the collision centrality dependence of the yield ra-
tio ?\H />He for different values of B,. The three collision centrali-
ties of 0-10%, 10-30%, and 30-50% in this figure correspond to the
charged-particle multiplicity d N, /dn of about 1700, 1040, and 440,
respectively, which are consistent with those measured in ALICE ex-
periments [65]. The yield ratio /3\H/3He is seen to be suppressed in
more peripheral collisions (30-50%) as compared to central collisions
because of increasing emission source volume with decreasing collision
centrality. Also, the yield ratio ZH />He is more suppressed for a smaller
A-separation energy or a larger A — d distance with a variation by a
factor of 2-3 for the different A-separation energies considered in the
present study. The suppression of hypertriton production in non-central
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Fig. 2. The yield ratio of hypertriton to helium-3 as a function of transverse momentum p; in Pb+Pb collisions at

Sna = 5.02 TeV for 0-10% (a), 10-30% (b),

and 30-50% (c) centralities. Results from the coalescence approach (MUSIC+UrQMD+COAL) and blast-wave model are denoted by shaded regions and solid lines,

respectively.

collisions is in accordance with earlier studies on light cluster produc-
tion in collisions of small systems like pp or p+Pb collisions at the LHC
energies [30].

3. Softening of hypertriton py spectrum

Fig. 2 displays by shaded bands the ratio ?\H />He as a function of
transverse momentum (p;) from the coalescence model. It is observed
that this spectrum ratio in all centralities also varies by a factor of 2-
3 among the three different values of the A separation energy as for
the yield ratio shown in Fig. 1. Also, there is a pronounced decreasing
trend in this ratio with an increase in py. This trend is in sharp contrast
with the behavior predicted by the blast-wave (BW) model, shown by
solid lines, which shows an increase of iH/3He with increasing pr. In
the BW model, both hypertriton and helium-3 are assumed in local ther-
mal equilibrium at their kinetic freeze-out with an invariant momentum
spectrum f = Ed*N /dp® given by [66,67]:

inh sh
fBL‘x/mTIO (pr sin| (p)> K, (mr cos (p)> vdr.
Tkin Tkin

In the above, I, and K, are the modified Bessel functions with their

arguments depending on the transverse mass my = {/m? + pZT, the ki-
netic freeze-out temperature T};,, and the flow rapidity profile p =
tanh_l[(r/RO)”ﬂs] with r and R, f;, and n being the radial distance
in the transverse plane, the transverse radius, the transverse expansion
velocity at the surface, and the exponent of the velocity profile, respec-
tively. The blast-wave model can be viewed as a simple approximation
to the hydrodynamic model used in describing heavy-ion collisions. The
results shown in Fig. 2 for the blast-wave model are obtained by using
the fitted kinetic freeze-out temperature (7};,), flow velocity (f,) and
exponent (n) in Ref. [65], i.e., 0.090 GeV, 0.907, and 0.735 for 0-10%
centrality, 0.094 GeV, 0.90, and 0.739 for 10-30% centrality, and 0.105
GeV, 0.88, and 0.828 for 30-50% centrality. For large mr, fp; takes the
1+(Br)
1=(pr)
(blue-shifted) temperature. The ratio of the hypertriton to the helium-3
spectrum at large my is then given by

(5)

form fp; o« exp(—my /Tyg) with Toge = Ti,

being the effective

ht 2 _ 9
BL My~ Mpes

hes X EXP|~ ’
BL (M + P+ 1 + P2 T

which increases with increasing p; because the transverse flow drives
the heavier hypertriton to higher momentum than the lighter helium-3,

(6)

and this explains the increasing trend of the blast-wave model results
(solid lines) shown in Fig. 2.

In the coalescence model, the ratio of hypertriton to helium-3 p;
spectra is, on the other hand, approximately given by [29,68,69]

2
[op
ht ht 14 Shes 13
fcoaL _ JBL [+ 2R2(pr)] e
fhe3 ™~ he3 1 512 3 U% 32 ’
coaL  /BL 3/211 :
[+ 2R2(PT)] {1+ ZRZ(PT)]

where R(pr) is the inhomogeneity Gaussian size of the nucleon and
Lambda emission source for produced hypertriton and helium-3 of trans-
verse momentum pr, and the last factor (denoted by C hereafter) is
from the quantum mechanical corrections [29,30] due to the hyper-
triton wave function. Because of the decreasing R(py) with increasing
pr [70] and the relation 6, > oy,.3 ~ 61, the quantum correction factor
C leads to a suppression of the *}\H yield at larger p; compared to that
of helium-3. This can be explicitly seen as follows. Since R(pr) in the
collisions considered in our study is larger than the sizes of hypertriton
and helium-3, i.e., R(py) > 6, > 0}, 0}3, the correction factor can be
approximately expressed as

362

~ 3(03 + 07 —207.,) 7

he3” ¢ _

4R%(pr) iR ®
which makes the ratio in Eq. (7) less than one and thus a large quantum
correction. With R(py) decreasing with increasing p;, the correction
factor and thus the f\H /3He ratio decreases with increasing p; as shown
in Fig. 2 for all collision centralities.

For a small emission source with R(py) < 0}, 0}.3 < 05, the correc-
tion factor becomes approximately

6
O,
h 2 1 1
Cr =% [1 +3R2(1’T)<2_ -=- 7)]
0103 %hes %1 02
ol 3R? o2
he3 (pr) he3
M= 1+ —62 2— _0'2 s
0103 he3 1

which also shows a suppression at large pr since the value of R(py)
decreases as p; increases as a result of radial flow [71,72].

C~1

©)

4. Suppression of hypertriton mean transverse momentum

Shown in Fig. 3 by shaded bands is the ratio {(py )3 ;;/{Pr)3pe of hy-

A
pertriton to helium-3 mean-p; as a function of the A — d distance, with
the solid symbols corresponding to results obtained with various values
of B,. This mean transverse momentum ratio is seen to be less than one
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Fig. 3. Ratio <PT>3\ u/{Pr)iue of hypertriton to helium-3 as a function of A — d distance in Pb+Pb collisions at

syn =95.02 TeV for 0-10% (a), 10-30% (b), and

30-50% (c) centralities. The solid lines denote the prediction of the blast-wave model, whereas the shaded bands denote the prediction from the coalescence model.
The solid symbols correspond to results obtained for various values of A separation energy B, .

and decreases as the A — d distance increases or the hypertriton binding
energy B, decreases with a variation on the order of 10%. This varia-
tion is much smaller than the factor of 2-3 variation for the yield ratio
in Fig. 1 and the spectrum ratio in Fig. 2 because of the weak depen-
dence of the f\H /3He ratio on the transverse momentum. Also shown
by solid lines is the prediction of the blast-wave model, which indicates
that the value of the hypertriton to helium-3 mean-py ratio has a slightly
larger than unity value of about 1.03 for the 0-10% collision centrality
and about 1.04 for the 30-50% collision centrality. The different hy-
pertriton to helium-3 mean-p; ratio in the coalescence model and the
blast-wave model is unlike the suppressed hypertriton production in pe-
ripheral collisions, which can be described by the coalescence model
with the hypertriton wave function and also by the thermal model with
a canonical correlation volume [54]. Therefore, the observation of the
softening of hypertriton transverse momentum spectrum and the reduc-
tion of its mean transverse momentum, albeit their small magnitude, is
of great significance because it clearly contradicts to the thermal model
predictions and can serve as a clean probe to the hypertriton production
mechanism in relativistic heavy-ion collisions.

Although a smaller mean py for hypertriton than that for helium-
3 is seen for all collision centralities, the centrality dependence of the
softening effect shown in Fig. 3 is, however, rather weak because of
the slowly decreasing radial flow with increasing collision centrality.
Since the radial flow is even smaller and the p; dependence of R(py)
is less prominent in collisions of small systems [70-72], the softening
of hypertriton transverse momentum spectrum in pp and pA collisions
is expected to be even weaker in these collisions. For a quantitative
study of the system size effect on the hypertriton transverse momentum
spectrum requires, however, the extension of the present study to pp
and pA collisions, which we leave for a future study.

5. Conclusion and outlook

In the present study, we have investigated hypertriton production in
Pb+Pb collisions at \/m =5.02 TeV using the coalescence model with
kinetic freeze-out nucleons and A hyperons from a microscopic hybrid
approach based on the MUSIC hydrodynamic model and the UrQMD
hadronic transport model. We have found that the halo structure of hy-
pertriton with a large A — d distance of approximately 10 fm leads to
not only a suppression of ZH yield but also a softening of its transverse
momentum (pr) spectrum with a weak centrality dependence. In par-
ticular, the mean p; of ?\H is found to be smaller than that of helium-3
even in the most central collisions, which is in sharp contrast with the
predictions of the blast-wave model. Such a quantum mechanical soft-
ening of (anti-)hypertriton spectrum is a general feature and a natural

\ ™ J.Phys. G 23401 (1997) 1
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Fig. 4. The B, dependence of A-d distance ( (rf\ ) of hypertriton. The solid
squares denote theoretical results taken from Ref. [45].

outcome of the hypertriton wave function used in the final-state coales-
cence model, which can be readily tested in high-energy experiments
with different beam energies and collision systems, providing thus the
possibility to unravel the production mechanism of (anti-)hypernuclei
in high-energy nuclear collisions and to also obtain constraints on the
A-nucleon interaction.
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Appendix A

A.1. A separation energy and A — d distance

Fig. 4 depicts the A —d distance

of A separation energy B,. The symbols in Fig. 4 are theoretical results
taken from Ref. [45]. Because the hypertriton is a loosely bound state
of a deuteron and a A hyperon, one has the relation (black dashed line
of Fig. 4)

/ r?\d> ~ 197.33 MeV - fm’ 10)
\4uB,

where y=mymg;/(my + my) =700 MeV is the reduced mass. Instead of
Eqg. (10), we use the following parametrization for the A — d distance
(red solid line in Fig. 4),

a
V2 ye —2—— +b, an
AE /B MeV
with parameters a = 3.226 + 0.062 fm and b = 1.836 + 0.173 fm. For
B, =0.42 MeV (STAR), 0.164 MeV (world average), and 0.102 MeV
(rid) are 6.8 fm, 9.5 fm, and
11.9 fm, respectively. The size parameter o, in the coalescence model is

related to the A — d distance by ¢, = %\ /(rf\ 4)» and the values of o, are
5.45 fm, 6.52 fm, and 7.96 fm, respectively, for the above three values
of BA‘

\ /(rid) of hypertriton as a function

(ALICE), the corresponding values of

References

[1] B. Abelev, et al., The STAR Collaboration, Science 328 (2010) 58.
[2] H. Agakishiev, et al., The STAR Collaboration, Nature 473 (2011) 353.
[3] J. Adam, et al., The ALICE Collaboration, Nat. Phys. 11 (2015) 811.
[4] J. Adam, et al., The STAR Collaboration, Nat. Phys. 16 (2020) 409.
[5] J. Chen, D. Keane, Y.-G. Ma, A. Tang, Z. Xu, Phys. Rep. 760 (2018) 1.
[6] P. Braun-Munzinger, B. Donigus, Nucl. Phys. A 987 (2019) 144.
[7] S. Acharya, et al., The ALICE Collaboration, Phys. Rev. C 107 (2023) 064904.
[8] B. Aboona, et al., The STAR Collaboration, arXiv:2310.12674 [nucl-ex], 2023.
[9] https://indico.cern.ch/event/1139644/contributions/5541458/.
[10] A. Gal, E.V. Hungerford, D.J. Millener, Rev. Mod. Phys. 88 (2016) 035004.
[11] L. Adamczyk, et al., The STAR Collaboration, Nature 527 (2015) 345.
[12] S. Acharya, et al., The ALICE Collaboration, Phys. Rev. Lett. 131 (2023) 102302.
[13] S. Acharya, et al., The ALICE Collaboration, Phys. Lett. B 797 (2019) 134905.
[14] B. Aboona, et al., The STAR Collaboration, Phys. Rev. Lett. 130 (2023) 212301.
[15] K.-J. Sun, L.-W. Chen, C.M. Ko, Z. Xu, Phys. Lett. B 774 (2017) 103.
[16] K.-J. Sun, L.-W. Chen, C.M. Ko, J. Pu, Z. Xu, Phys. Lett. B 781 (2018) 499.
[17] K.-J. Sun, F. Li, C.M. Ko, Phys. Lett. B 816 (2021) 136258.
[18] E. Shuryak, J.M. Torres-Rincon, Phys. Rev. C 100 (2019) 024903.

Physics Letters B 855 (2024) 138855

[19] E. Shuryak, J.M. Torres-Rincon, Phys. Rev. C 101 (2020) 034914.

[20] M. Abdulhamid, et al., The STAR Collaboration, Phys. Rev. Lett. 130 (2023) 202301.

[21] C.-M. Ko, Nucl. Sci. Tech. 34 (2023) 80.

[22] K. Blum, K.C.Y. Ng, R. Sato, M. Takimoto, Phys. Rev. D 96 (2017) 103021.

[23] P. von Doetinchem, et al., J. Cosmol. Astropart. Phys. 08 (2020) 035.

[24] S. Acharya, et al., The ALICE Collaboration, Nat. Phys. 19 (2023) 61.

[25] J. Chen, X. Dong, Y.-G. Ma, Z. Xu, Sci. Bull. 68 (2023) 3252.

[26] Y.G. Ma, Nucl. Sci. Tech. 34 (2023) 97.

[27] L. Zhang, S. Zhang, Y.-G. Ma, The STAR Collaboration, Eur. Phys. J. C 82 (2022)
416.

[28] A. Andronic, P. Braun-Munzinger, K. Redlich, J. Stachel, Nature 561 (2018) 321.

[29] R. Scheibl, U. Heinz, Phys. Rev. C 59 (1999) 1585.

[30] K.-J. Sun, C.M. Ko, B. Donigus, Phys. Lett. B 792 (2019) 132.

[31] Z. Zhang, C.M. Ko, Phys. Lett. B 780 (2018) 191.

[32] F. Bellini, K. Blum, A.P. Kalweit, M. Puccio, Phys. Rev. C 103 (2021) 014907.

[33] P. Danielewicz, G.F. Bertsch, Nucl. Phys. A 533 (1991) 712.

[34] Y. Oh, C.M. Ko, Phys. Rev. C 76 (2007) 054910.

[35] Y. Oh, Z.-W. Lin, C.M. Ko, Phys. Rev. C 80 (2009) 064902.

[36] D. Oliinychenko, L.-G. Pang, H. Elfner, V. Koch, Phys. Rev. C 99 (2019) 044907.

[37] K.-J. Sun, R. Wang, C.M. Ko, Y.-G. Ma, C. Shen, Nat. Commun. 15 (2024) 1074.

[38] M. Abdallah, et al., The STAR Collaboration, Phys. Rev. Lett. 128 (2022) 202301.

[39] P. Liu, J. Chen, D. Keane, Z. Xu, Y.-G. Ma, Chin. Phys. C 43 (2019) 124001.

[40] M. Juric, et al., Nucl. Phys. B 52 (1973) 1.

[41] G. Keyes, M. Derrick, T. Fields, L.G. Hyman, J.G. Fetkovich, J. McKenzie, B. Riley,
I.T. Wang, Phys. Rev. D 1 (1970) 66.

[42] K.N. Chaudhari, S.N. Ganguli, N.K.K. Rao, M.S.R. Swami, A. Gurtu, J.M. Kohli, M.B.
Singh, Proc. Indian Acad. Sci. 68 (1968) 228.

[43] C. Mayeur, et al., Nuovo Cimento A 43 (1966) 180-192.

[44] R.G. Ammar, W. Dunn, M. Holland, Nuovo Cimento 26 (1962) 840-843.

[45] A. Cobis, A.S. Jensen, D.V. Fedorov, J. Phys. G 23 (1997) 401.

[46] P. Eckert, et al., Chart of hypernuclides — Hypernuclear structure and decay data,
hypernuclei.kph.uni-mainz.de, 2023.

[47] 1. Tanihata, et al., Phys. Rev. Lett. 55 (1985) 2676.

[48] S. Acharya, et al., The ALICE Collaboration, Phys. Rev. C 97 (2018) 024615.

[49] S. Acharya, et al., The ALICE Collaboration, Phys. Rev. C 101 (2020) 044906.

[50] S. Acharya, et al., The ALICE Collaboration, Eur. Phys. J. C 80 (2020) 889.

[51] S. Acharya, et al., The ALICE Collaboration, Eur. Phys. J. C 82 (2022) 289.

[52] S. Acharya, et al., The ALICE Collaboration, J. High Energy Phys. 01 (2022) 106.

[53] S. Acharya, et al., The ALICE Collaboration, Phys. Rev. Lett. 128 (2022) 252003.

[54] V. Vovchenko, B. Dénigus, H. Stoecker, Phys. Lett. B 785 (2018) 171.

[55] W. Zhao, K.-j. Sun, C.M. Ko, X. Luo, Phys. Lett. B 820 (2021) 136571.

[56] J.-F. Paquet, C. Shen, G.S. Denicol, M. Luzum, B. Schenke, S. Jeon, C. Gale, Phys.
Rev. C 93 (2016) 044906.

[57] C. Shen, B. Schenke, Phys. Rev. C 97 (2018) 024907.

[58] C. Shen, L. Yan, Nucl. Sci. Tech. 31 (2020) 122.

[59] C. Shen, S. Alzhrani, Phys. Rev. C 102 (2020) 014909.

[60] A. Monnai, B. Schenke, C. Shen, Phys. Rev. C 100 (2019) 024907.

[61] F. Cooper, G. Frye, Phys. Rev. D 10 (1974) 186.

[62] S.A. Bass, et al., Prog. Part. Nucl. Phys. 41 (1998) 255.

[63] K.-J. Sun, L.-W. Chen, Phys. Rev. C 95 (2017) 044905.

[64] G. Ropke, Phys. Rev. C 79 (2009) 014002.

[65] S. Acharya, et al., The ALICE Collaboration, Phys. Rev. C 101 (2020) 044907.

[66] F. Cooper, G. Frye, Phys. Rev. D 10 (1974) 186.

[67] E. Schnedermann, J. Sollfrank, U.W. Heinz, Phys. Rev. C 48 (1993) 2462.

[68] F. Bellini, A.P. Kalweit, Phys. Rev. C 99 (2019) 054905.

[69] K. Blum, M. Takimoto, Phys. Rev. C 99 (2019) 044913.

[70] J. Adam, et al., The ALICE Collaboration, Phys. Rev. C 92 (2015) 054908.

[71] K. Aamodst, et al., The ALICE Collaboration, Phys. Rev. D 84 (2011) 112004.

[72] S. Acharya, et al., The ALICE Collaboration, Phys. Rev. C 109 (2024) 024915.


http://refhub.elsevier.com/S0370-2693(24)00413-1/bib81A60AEA205305029BE423190CFAFA2As1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib1D822062C3FF5D29CD3834850BBB480Fs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibFCA168E43A53B7B4C89CD00DD612BF8Fs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib91FF1D0D2B3A75715AABB31DDF915E05s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibD7D5F9390D1B39102878FFB5B7AB692Ds1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib7FB37CFD57BC0BC9B4FBD307120B593Cs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib48ABA8F044FF96542CB6F60F9DB0542As1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibE6A20F77E117B0C92E510A496BDFB25As1
https://indico.cern.ch/event/1139644/contributions/5541458/
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib282E9FBF32A1AABFBB2CD5CDA72F4195s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib72BFBAD994A53FB0FC0C93B7C2ABD56Cs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib78B7772BCF417DFAB7382ED4BEFC0C13s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib2A9152371B742B4F6281042119EDD367s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibCFF5497121104C2B8E0CB41ED2083A9Bs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib34DA7C60CF0D7D2E1308763305127218s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib48A2D33670497723C346372345D1E576s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib4257ABB423AABCD898498108E6E822CDs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibA09454D61092F6DCBFDEF34CA40B5C8Es1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib2F4527C30CB3E99B34D3AB6B4704EDA3s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib1BEAB14CC356C8EAC14E3C233DD15480s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibF69B87CD716E519B6BF4DF9C21D5ECE9s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib99FF779817AAB59F615072BABAA9FD46s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibB0A405ED94B8A5D6991B80F4844A79E3s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib16E14BBF312BF75885F26161D4996293s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib86CCB41B8EC7D9DF6D33F4EC7BFB6B4Fs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib087DD98B3437688289ECE8BCBBE7EE11s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib26655B234CA34B5B3B52C20FBBB79F67s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib26655B234CA34B5B3B52C20FBBB79F67s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib373726A65651F1845F95F826457FAFCEs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib23A28B0EFEBF848F6AA5D49BD7DD462Bs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib4ECE8E5CA496F20450078EF09752307Cs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib390F492FEC32456C1788D0014C6FD1A8s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibB0283F721DF34C1FAEAEDCF4CFB8C94Es1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib1BACD602624FEE58BDD456B7BFC64756s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib916CA5178BFBEB7F160E95091EF574B1s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib77871816565A7CD779D8485981E53F36s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib589E4CCBA95389DE4A265A1842622F7Es1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib7008FCC90B9A1960BCEEAB430AD1BAA1s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib7B8C4587EA40B3552F3F30A12DC0DDE4s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib8669A622056A0552C46591AEDA9FB7B4s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibDB213CBE67F28CC702100839E25534DAs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib5529B13B5A36BA388DDF576A4C507EADs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib5529B13B5A36BA388DDF576A4C507EADs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib0C8676BD055175BD117C51534432860Cs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib0C8676BD055175BD117C51534432860Cs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib9CFE36F626E2554BDE70EEEE1130F6D2s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib4201C88D1419075095671BDA810B4C9Ds1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib6F3F57EFC489C260DFDCE6AB0ADE4288s1
https://hypernuclei.kph.uni-mainz.de
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib687B48C4D1EEC2BD648D39173E551213s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibBB4B07839DEDEC0F459C87686F77BCC7s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibF31C19AE7D5FD7B1CBCFD89943F3D588s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibE9BEBB2D4EE6125B29BA85BD06F37E81s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib685F2267210969FE8390B097D3AC0770s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib992F2D1DB52FCE21B0C75CA3CD7C069Ds1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib3E0B0B809EA1A2A2CED4E4C2EF84DB3Fs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib17A98F622213D6629A9D3C616F8DC433s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib48665A7568A70D4C334298E7A2434018s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibCC8AC728215B60D3AC282F23A75F9413s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibCC8AC728215B60D3AC282F23A75F9413s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibD71884A99C7B33E3E6C9AF5FD01137E0s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib4A46575845C044100D227CDDC42D8859s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib7BFCE343F67F377521FD9B70D4355DFFs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib316105F00B9577F3AB6939B9A96C6BB3s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib91E1A38884324F124E06A4A3665F2E26s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib266E0BBB148EDC7F5A0636AD1C91F8FAs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib917EC56E4C6AD6943E3663777C6D8860s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib2AF24E34CBD8F5E6F54A99340E4A9C6Fs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib36782808987D5C2139D2570404E57A9Es1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibDDBD1792FAB6D725A0709D408A241CACs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibBB7BAD8CBE7D1187FA879D2F44AA7807s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibB789FABBED2DA2AD638E23E79C9517A0s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib1E7CDE74171FDD2690D91BF933101D22s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib7AD642548321633D66AFAA3D70AC07CDs1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bib1BF198AE58D7DDB20BCE39D71FE44DB3s1
http://refhub.elsevier.com/S0370-2693(24)00413-1/bibFF3113BE2DD31379910EC8DC4F9A0DD1s1

	Softening of the hypertriton transverse momentum spectrum in heavy-ion collisions
	1 Introduction
	2 Suppression of hypertriton production in peripheral collisions
	3 Softening of hypertriton pT spectrum
	4 Suppression of hypertriton mean transverse momentum
	5 Conclusion and outlook
	Declaration of competing interest
	Data availability
	Acknowledgements
	References


