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Beauty hadron production in high energy proton-proton and heavy-ion collisions in the EPOS4HQ framework

1. Introduction

The recently advanced EPOS4HQ event generator for heavy quarks and heavy hadrons has
very successfully described many charmed hadron observables in pp as well as in heavy-ion (HI)
collisions [11, 12] and allowed to identify how QCD processes show up in the experimental
observables. In this proceeding, we continue our studies with bottom hadrons.

Due to their large mass, bottom quarks add information to that obtained by charm quarks,
especially because the different perturbative Quantum Chromodynamics (pQCD) mechanisms con-
tribute differently to charm and bottom quark production. However, bottom quarks are rarely
produced even in high energy pp and heavy ion collisions. Therefore the body of data is still very
limited but the present run 3 at the large hadron collider (LHC) will soon improve this situation
drastically.

Bottom hadrons decays into 𝐷 mesons (usually called non-prompt 𝐷) and charmonia, such as
non-prompt 𝐽/𝜓. So, the information of bottom quark production, energy loss, and hadronization
are encoded in the properties of non-prompt 𝐷 and non-prompt 𝐽/𝜓.

2. Beauty hadrons in pp

In EPOS4, 𝑄�̄� pairs can be created in three leading order or next to leading order processes.
There are gluon splitting, flavor creation, and flavor excitation. In addition to these basic processes,
higher order terms contribute as well, due to the realization of full space-time cascades, see detail in
Ref. [10, 11] The transverse momentum, 𝑝𝑇 , spectrum at midrapidity and the rapidity distribution
of bottom quarks at production in pp collisions in EPOS4HQ are shown in Fig. 1 and compared with
the prediction of FONLL [5], the most advanced pQCD calculations. We see that the EPOS4HQ
predictions agree quite nicely within the error bars with the FONLL results. In EPOS4HQ in space
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Figure 1: The transverse momentum and rapidity distribution of bottom quarks in pp collisions at
√
𝑠 =

5.02 TeV. The black solid lines are from EPOS4HQ, while the blue bands are from FONLL calculations [5].

regions with an energy density of light partons 𝜖 > 0.57GeV/fm3 a quark-gluon plasma (QGP) is
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created, in pp as well as in HI collisions. If the heavy quarks are in a region where a QGP exists,
they interact with the QGP degrees of freedom, either elastically or inelastically. These interactions
provoke an energy loss of the heavy quarks and have been described extensively in Ref. [12]. Due

0 5 10 15 20

10-6

10-5

10-4

10-3

pT (GeV/c)

dN
/
dp
T
dy

[(
G
eV

/c
)-
1 ]

pp, s = 5.02TeV , MB

Initial Bottom

Bf. Hadronization

|y|<0.5

0 5 10 15 20

10-4

10-3

10-2

10-1

100

pT (GeV/c)

dN
/
dp
T
dy

[(
G
eV

/c
)-
1 ]

PbPb, sNN = 5.02TeV , 30-50%

Initial Bottom

Bf. Hadronization

|y|<0.5

Figure 2: The 𝑝𝑇 spectra of bottom quarks at creation and before hadronization (after energy loss in the
QGP) for minimum bias (MB) pp (left) and 30-50% centrality Pb-Pb (right) collisions at √𝑠NN = 5.02 TeV.

to their large mass the energy loss of bottom quarks in pp collisions is, however, tiny. This is
shown in Fig. 2, left, where the 𝑝𝑇 spectra of 𝑏 quarks at creation and before hadronization. For
HI collisions, displayed on the right side, the energy loss in the QGP is not negligible and leads to
a clear modification of the 𝑝𝑇 spectra.

The hadronization of bottom quarks has been described in the above reference as well [11].
For those quarks, which are in the QGP when it hadronizes, it is a mixture of coalescence and
fragmentation. Partons outside the QGP hadronize by pure fragmentation. The probability that a
bottom hadron is formed is given in the coalescence approach by the Wigner density of a Gaussian
form whose width has been adjusted to the root-mean-radius (rms) of the bottom hadron wave
function, calculated with a Schrödinger equation. The details are discussed in Ref. [11].

The 𝑝𝑇 spectra for |𝑦 | < 2.4 of the different bottom hadrons created in pp collisions at 5.02
TeV are displayed in Fig. 3. In the top row we display that from 𝐵0, 𝐵−, and 𝐵𝑠, in the bottom
row that for the baryons Λ𝑏, Ξ0

𝑏
+ Ξ−

𝑏
, and Ω𝑏. Data exist only for 𝐵0 and 𝐵𝑠 and they agree quite

well with our calculations, in the slope as well as in the absolute magnitude. After production
bottom mesons will weakly decay into 𝐷-mesons. Following the PDG [6], we found that the main
decay channels to 𝐷0 are: 𝐵0 → 𝐷0𝑋 with a total branching ratio ∼ 51%, 𝐵− → 𝐷0𝑋 with a
total branching ratio ∼ 62%. This means that roughly half of the 𝐵0 (or 𝐵−) mesons decay into
𝐷0. This underestimates the experimental data of non-prompt 𝐷0. Considering also the other
decay channels, as in this study, we obtain a larger branching ratio: 82%, which is also used by
FONLL [5]. These 𝐷-mesons are called non-prompt in contrast to the directly produced 𝐷-meson
which are formed from c quark produced at the interaction point. The ALICE collaboration has
measured both contributions at midrapidity (|𝑦 | < 0.5) [1]. The result and the comparison with the
EPOS4HQ calculations is shown in Fig. 4 left. We see that, compared to the 𝐵0 meson spectra, the
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Figure 3: The bottom hadron production in minimum bias pp collisions at
√
𝑠 = 5.02 TeV. The experimental

data is from the CMS [7, 8].
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Figure 4: The prompt and non-prompt 𝐷0 produced in pp collisions at
√
𝑠 = 5.02 TeV (left) and the ratio of

both (right). The experimental data is from the ALICE [1].

spectra are shifted during the decay to the lower 𝑝𝑇 . Also here we see over the whole 𝑝𝑇 range a
good agreement between data and calculations. The right hand side of Fig. 4 shows the ratio of
non-prompt and prompt 𝐷0 where one can see the quality of the agreement between calculations
and experiment, which is remarkable. It reflects that the kinematics of 𝑏 and 𝑐 quark production is
well under control in the EPOS4HQ approach. The increasing ratio as a function of 𝑝𝑇 is due to a
harder spectrum of non-prompt 𝐷0 from the 𝐵0 decay compared to prompt 𝐷0, which is produced
by a softer charm distribution.
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3. Beauty hadrons in HI collisions

As shown in Fig. 2, right, 𝑏-quarks, created in semi-central HI collisions, suffer a substantial
energy loss in the QGP. This has influence on the 𝑝𝑇 spectra of the finally produced bottom hadrons.
Bottom hadrons have been measured in 0-100% PbPb collisions at√𝑠NN = 5.02 TeV by the CMS [7]
and compared with the EPOS4HQ results in Ref. [11]. In the central (0-10%) and semi-central
(30-50%) PbPb collisions at √𝑠NN = 5.02 TeV, the non-prompt 𝐷0 has been observed by ALICE
[4]. In Fig. 5, left, we compare the experimental 𝑝𝑇 spectra for prompt and non-prompt 𝐷0 mesons,
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Figure 5: The prompt and non-prompt 𝐷0 produced in PbPb collisions at √𝑠NN = 5.02 TeV. The spectra is
shown in the left and the elliptic flow 𝑣2 in the right panel. The experimental data are from the ALICE [2–4]
and CMS [9].

measured by the ALICE [2, 4] collaboration, with the EPOS4HQ results. On the right hand side we
compare the EPOS4HQ elliptic flow values 𝑣2 with those measured by ALICE [3] and CMS [9].
The comparison shows that both 𝑝𝑇 spectra, that coming from 𝑐-quarks (prompt) and that coming
from 𝑏-quarks (non-prompt) are well described, except a small underestimation of the non-prompt
𝐷0 at the low 𝑝𝑇 . The same is true for the elliptic flow 𝑣2 which is half as large for 𝑏-decay 𝐷0

compared to that of the directly produced 𝐷0. Heavy quarks, produced in hard processes, show
no 𝑣2 when they are produced. They acquire 𝑣2 by the interaction with the QGP partons. Due to
different cross sections and due to the kinematics bottom quarks acquire much less 𝑣2 than charm
quarks. This figure shows as well that EPOS4HQ reproduces as well these flow observables.

4. Summary

Charmed hadron observables from RHIC to LHC energies have been very successfully de-
scribed with the recently advanced EPOS4HQ event generator. In this paper, we use the same
framework and investigate the production of bottom hadrons and their decay products, non-prompt
𝐷, in proton-proton (pp) and heavy ion (HI) collisions. We find that the experimental observables
can be well described. Together with the prompt production, this allows to constrain further the
heavy quark energy loss and hadronization mechanism in high-energy nuclear collisions.
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