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Abstract: The deuteron binding energy is only 2.2 MeV. At the same time, its yield in Pb+Pb collisions
at
√

sNN =2.76 TeV corresponds to a thermal yield at the temperature around 155 MeV, which is too
hot to keep deuterons bound. This puzzle is not completely resolved yet. In general, the mechanism of
light nuclei production in ultra-high energy heavy ion collisions remains under debate. In a previous
work [1] we suggest a microscopic explanation of the deuteron production in central ultra-relativistic
Pb+Pb collisions, the main mechanism being πpn ↔ πd reactions in the hadronic phase of the
collision. We use a state-of-the-art hybrid approach, combining relativistic hydrodynamics for the hot
and dense stage and hadronic transport for a later, more dilute stage. Deuteron rescattering in the
hadronic stage is implemented explicitly, using its experimentally measured vacuum cross-sections.
In these proceedings we extend our previous work to non-central collisions, keeping exactly the
same methodology and parameters. We find that our approach leads to a good description of the
measured deuteron transverse momentum spectra at centralities up to 40%, and underestimates
the amount of deuterons at low transverse momentum at higher centralities. Nevertheless, the
coalescence parameter B2, measured by ALICE collaboration, is reproduced well in our approach
even for peripheral collisions.

Keywords: Heavy ion collisions; deuteron; LHC; relativistic hydrodynamics; hadronic transport

1. Introduction and Methodology

One of the puzzling phenomena observed in the ultrarelativistic ion collisions is the production
of the light nuclei out of a hot fireball, with typical temperature much larger than the binding energies
of the nuclei. The light nuclei yields and spectra, produced in Pb+Pb collisions at

√
sNN =2.76 TeV per

nucleon pair, are measured by ALICE collaboration [3]. The yields of nuclei at midrapidity dNd
dy |y=0,

from deuteron to 4He, as well as anti-nuclei, and a hypernucleus 3
ΛH are described well by a thermal

model [4] via dNd
dy |y=0 = gV

2π2 h̄3 T m2 K2
(m

T
)
≈ gV

(2πh̄)3 (2πmT)3/2e−m/T , where g is degeneracy, V is the
volume of the fireball at the hadronic chemical freeze-out, m is the mass of a nucleus, and T = 155 MeV
is the chemical freeze-out temperature. The transverse momentum spectra of π, K, p, d, and 3He in
central Pb+Pb collisions are described by a blast-wave model fit with a kinetic freeze-out temperature
TKFO = 113 MeV [3]. Individual blast-wave fits to deuteron spectra in different centrality classes
produce kinetic freeze-out temperatures from 77 to 124 MeV [3]. In this manuscript we attempt to
explain the differences between these temperatures from a microscopic perspective.

Proceedings 2018, xx, 5; doi:10.3390/proceedingsxx010005 www.mdpi.com/journal/proceedings

ar
X

iv
:1

81
2.

06
22

5v
1 

 [
he

p-
ph

] 
 1

5 
D

ec
 2

01
8

http://www.mdpi.com/journal/proceedings
http://www.mdpi.com/journal/proceedings
https://orcid.org/0000-0002-5773-6137
https://orcid.org/0000-0002-1279-7008
https://orcid.org/0000-0002-6213-3613
https://orcid.org/0000-0002-2157-2791
http://dx.doi.org/10.3390/proceedingsxx010005
http://www.mdpi.com/journal/proceedings


Proceedings 2018, xx, 5 2 of 4

Pb+Pb,	2.76	TeV
60-80%
40-60%
20-40%
10-20%
		0-10%
afterburner
only	decays

B
2	[

G
eV

2 ]	
	×

	1
04

0

10

60

70

pT	[GeV]
0 0.5 1 1.5 2 2.5 3

Figure 1. Coalescence parameter B2, measured by ALICE collaboration in Pb+Pb collisions at
√

sNN =

2.76 TeV [3] (circles) is compared to the outcome of our hybrid (hydrodynamics + transport) approach
calculation (lines) and to the same calculation without rescatterings, only with decays (dashed lines).
Note that we do not apply coalescence model. Instead, we adopt the approach of [1], where deuterons
are produced at particlization, similarly to hadrons, and rescatter in the hadronic stage. B2 emerges
automatically in this case from dividing deuteron over protons spectra, according to the Eq. 1.

An alternative way to understand the light nuclei production in the ultrarelativistic ion collisions
is a coalescence model. It postulates, that nuclei are formed at a late stage of the expansion from
nucleons that reside close in the phase space. The coalescence model predicts momentum spectra of
nuclei with number of protons Z and number of neutrons A− Z being proportional to the powers

of the proton and neutron spectra
(

Ep
dNp
d3 p

)Z (
En

dNn
d3 p

)A−Z
. Particularly, for deuterons (taking into

account that at 2.76 TeV proton and neutron spectra should be identical), after integration over the
polar angles:

1
2π

d2Nd
pTdpTdy

|pd
T=2pp

T
= B2(pT)

(
1

2π

d2Np

pTdpTdy

)2

, (1)

where B2(pT) can in principle be computed ab initio in an elaborate version of a coalescence
model [5]. Here we reproduce B2(pT) in a different way.

Our approach has been described in detail elsewhere [1], and here we only briefly summarize it.
We simulate heavy ion collisions using a hybrid approach, combining relativistic hydrodynamics for
the denser stage of the fireball expansion, and hadronic transport approach (also called afterburner)
for the later, more dilute stage. The initial entropy density distributions in Pb+Pb collisions are given
by the Trento Monte Carlo model [7] with default parameters to approximate the IP-Glasma initial
condition [8]. The hydrodynamic evolution starts at τ0 = 0.3 fm/c with a shear viscosity over entropy
density ratio η/s = 0.16. The CLVisc code [6] is used to solve the viscous hydrodynamics equations.
The s95p-pce lattice equation-of-state [9] is used, which matches a chemically equilibrated hadron gas
at temperatures between 150 and 184 MeV. On the constant temperature hyper-surface with Tfrz = 155
MeV, which is equal to the chemical freeze-out temperature in the thermal model, we sample hadrons
as well as deuterons using the Cooper-Frye formula [10]. These sampled hadrons and deuterons are
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allowed to rescatter with their vacuum hadronic cross-sections using the SMASH hadronic transport
approach [11]. We treat deuterons in the afterburner as pointlike particles. The implemented reactions
are πd ↔ πpn, Nd ↔ Nnp, N̄d ↔ N̄np, elastic πd, Nd and N̄d, and all the corresponding ones for
anti-deuterons. The cross-sections can be found in [1]. Our implementation strictly obeys the detailed
balance principle. The most important reaction is πd↔ πpn due to the high abundance of pions and
large cross-section. In general, the setup for this calculation is exactly the same as in [1].

2. Results
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Figure 2. Centrality-dependent pT-spectra of identified particles((a) – pions, (b) – kaons, (c) – protons,
(d) – deuterons) in Pb+Pb collisions at

√
sNN = 2.76 TeV. Measurements by ALICE collaboration [2,3]

(circles) are compared to our hybrid (hydrodynamics + transport) approach calculation (lines). Note
that computing deuteron spectra is parameter-free and does not apply coalescence model (see text).

The main result of this manuscript is reproducing the experimentally measured behaviour of
the B2(pT) coalescence parameter of deuterons against collision centrality, as shown in Fig. 1. Our
approach correctly captures the growth of B2 against pT for all centralities, except the most peripheral
60-80% bin, where the applicability of the hybrid approach in general is doubtful. Nevertheless, even
for this most peripheral bin our result is consistent with the data. The B2 itself is a ratio of the pT
spectra, which tends to partly cancel systematic uncertainties, both in experiment and in our simulation.
To understand these uncertainties better, it is instructive to analyze and compare the individual pT
spectra too. The pT spectra of pions, kaons, protons, and deuterons are shown in Fig. 2. One can see,
that we capture the deuteron spectra at pT > 1.5 GeV rather well for all centralities. At the same time,
we underestimate the amount of deuterons at low pT , especially in peripheral collisions. Still, this does
not impact the B2 description much, because already B2(0.5 GeV) is connected by Eq. 1 to the deuteron



Proceedings 2018, xx, 5 4 of 4

spectrum at pT = 1 GeV, where the discrepancy is not as large. The underestimation of the deuteron
spectra at pT < 1.5 GeV may be caused by the underestimation of the proton spectra at pT < 0.75 GeV,
which can be observed in Fig. 2. The pion and kaon spectra, shown in Fig. 2, are almost unchanged
by the hadronic afterburner, unlike proton and deuteron spectra. Therefore, a fair reproduction of
pion and kaon spectra, as in Fig. 2, shows that the parameters of the hydrodynamical evolution were
chosen reasonably.

In this manuscript we limited ourselves to computing the deuteron transverse momentum spectra
in Pb+Pb collisions at 2.76 TeV. It is also interesting to compute flow observables in our approach, which
is left for future work. Applying our approach at lower energies and for smaller colliding systems
will help to explore the connection between spatial nucleon density fluctuations and light nuclei
production, and may eventually provide the information about the critical point of the deconfinement
transition [12].
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