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The inclusive photoproduction of heavy mesons in ultraperipheral pPb and PbPb collisions at the LHC
energies is investigated considering the color-dipole S-matrix formalism and assuming distinct models for
the unintegrated gluon distribution, based on different assumptions for the description of the QCD
dynamics. In particular, predictions for the B0-meson photoproduction are presented here for the first time.
The study of the D0-meson photoproduction is revisited by estimating the impact of the treatment of the
heavy charm fragmentation on the predictions and extended for pPb collisions. Moreover, the contribution
associated with the b → D0 transition is estimated. Our results indicate that a future experimental analysis
of the heavy meson photoproduction will provide important constraints on the description of the hadronic
structure at high energies.
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I. INTRODUCTION

Heavy meson production in high-energy photon-induced
interactions is a prominent testing ground for various
perturbative QCD approaches. Such a process is expected
to provide important constraints on the target gluon
distribution as well as on the description of the QCD
dynamics at high energies (small values of the Bjorken-x
variable). During the last decades, the photoproduction of
heavy vector mesons at the LHC in exclusive processes,
where both incident particles remain intact, was largely
investigated (for reviews, see Ref. [1]), and more precise
data are expected in the forthcoming years. In contrast,
experimental results for the heavy meson photoproduction
in inclusive processes, where one of the incident hadrons
breaks up, were only recently released [2,3], which have
motivated the improvement of the theoretical description of
this process performed in Refs. [4–6], where the inclusive
D0 meson photoproduction in PbPb collisions was esti-
mated considering distinct theoretical approaches. In par-
ticular, Ref. [6] has calculated the photoproduction cross
section using the standard collinear factorization theorem

and the generalized photon-nucleus fixed-order next-to-lead-
ing logarithm framework,which implies that the cross section
is expressed in terms of the integrated parton distributions
that evolve via Dokshitzer, Gribov, Lipatov, Altarelli, Parisi
(DGLAP) evolution. On the other hand, the color glass
condensate framework is used in Ref. [4], while in Ref. [5]
the cross section is estimatedwithin the color-dipole S-matrix
formalism. Although based on different assumptions, the
resultingexpressions from these twoapproaches for theheavy
quark photoproduction cross section are similar and are
expressed in terms of the unintegrated gluon distribution.
For related studies about inclusive photon-induced processes
in hadronic collisions, see, e.g., Refs. [7–19].
Motivated by the perspective of the releasing of more

precise data in the coming years, our goal in this paper is
twofold: (a) update the predictions for the inclusive D0

photoproduction in PbPb performed in Ref. [5], by
considering a fragmentation function that evolves with
the hard scale, and (b) present, for the first time, predictions
for pPb collisions and for the inclusive photoproduction of
B0 mesons. Our calculations will be performed using the
color-dipole S-matrix formalism [20–25], considering dif-
ferent models for the target unintegrated gluon distribution,
based on distinct assumptions for the description of the
QCD dynamics, and different magnitudes for the electro-
magnetic dissociation. As we will demonstrate below, our
results indicate that a future experimental analysis of the
inclusive B0 photoproduction in pPb and PbPb collisions
at the LHC is, in principle, feasible. In addition, future
experimental data will provide important constraints for the
description of the hadronic structure at high energies,
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complementary to that derived from the study of exclusive
processes.
This paper is organized as follows. In the next section,

we present a brief review of the formalism needed to
describe the inclusive heavy meson photoproduction in
ultraperipheral hadronic collisions. In particular, we will
discuss the main ingredients used in our calculations. In
Sec. III we will present our predictions for the rapidity and
transverse momentum distributions associated with the
inclusive D0 and B0 photoproduction in pPb and PbPb
collisions at the LHC, derived considering distinct models
for the target unintegrated gluon distributions. Moreover, a
comparison with the CMS and preliminary ALICE data for
the D0 photoproduction will be performed. Predictions for
the total cross sections, derived considering the rapidity
ranges covered by typical central and forward detectors,
will also be presented. In addition, the contribution

associated with the b → D0 transition will be estimated.
Finally, in Sec. IV wewill summarize our main conclusions.

II. FORMALISM

In this section we present a brief review of the color-
dipole S-matrix formalism, which was proposed in
Refs. [20–25], and extended for the inclusive D-meson
photoproduction in PbPb collisions in Ref. [5]. As in
Ref. [5], we will assume that one of the hadrons is the
photon source (hadron A) and the other is the target (hadron
B) and that the hadron that emits the photon is moving in
the direction of positive rapidities. Following Ref. [5], the
differential cross section for the inclusive photoproduction
of a heavy meson H with transverse momentum pT;H at
rapidity YH in an ultraperipheral hadronic collision can be
expressed as follows:

d2σðAþ B → A ⊗ H þ XÞ
dYHd2pT;H

¼
Z

1

zmin

dz
z2

DQ=Hðz; μ2Þ
�
d2σðAþ B → A ⊗ QQ̄þ XÞ

dYQd2pT

�
pT¼pT;H

z

; ð1Þ

where⊗ represents the presence of a rapidity gap in the final state, associated with the photon exchange, andDQ=Hðz; μ2Þ is
the fragmentation function for the heavy quarkQ. Moreover, assuming the validity of the equivalent photon approximation,
the cross section for the production of a heavy quark pair QQ̄ in a hadronic collision can be factorized in terms of the
effective nuclear photon flux, feffγ=A, and the cross section that describes the photon-hadron interaction, being given by

dσðAþ B → A ⊗ QQ̄þ XÞ
dYQd2pT

¼
Z

1

xQ

dzQ
xQ
zQ

feffγ=A

�
xQ
zQ

�
dσðγB → QQ̄XÞ

dzQd2pT
; ð2Þ

where xQ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðp2

T þm2
QÞ=sNN

q
expðþYQÞ, mQ is the quark mass, and

ffiffiffiffiffiffiffiffi
sNN

p
is the center-of-mass energy of the AB

collision. In the color-dipole S-matrix formalism, we have that [5]

dσTðγB → QQ̄XÞ
dzQd2pT

¼ Ncαeme2Q
2π2

Z
d2kfBðx;kÞf½z2Q þ ð1 − zQÞ2�B1ðpT;kÞ þm2

QB2ðpT;kÞg; ð3Þ

with fBðx;kÞ ¼ ð4παs=3k2ÞFBðx;kÞ, where FBðx;kÞ is
the unintegrated gluon distribution (UGD) of hadron B,
which is determined by the QCD dynamics. Moreover, the
auxiliary functions B1 and B2 are defined by

B1ðpT;kÞ ¼
1

2

�
pT

p2
T þm2

Q
−

pT þ k
ðpT þ kÞ2 þm2

Q

�
2

; ð4Þ

B2ðpT;kÞ ¼
1

2

�
1

p2
T þm2

Q
−

1

ðpT þ kÞ2 þm2
Q

�
2

: ð5Þ

In our analysis, we will consider ultraperipheral colli-
sions, which are characterized by an impact parameter
larger than the sum of the radius of incident hadrons
(b > RA þ RB). Moreover, we will to take into account the

possibility of additional soft electromagnetic interactions
between the incident hadrons, which can lead to breakup of
the photon-emitting hadron. As a consequence, the effec-
tive nuclear photon flux will be given by

xfeffγ=AðxÞ ¼
Z

d2bωNAðω; bÞPðbÞPstrongðbÞ; ð6Þ

where x ¼ 2ω=
ffiffiffiffiffiffiffiffi
sNN

p
, with ω being the photon energy

and PstrongðbÞ and PðbÞ representing the “survival proba-
bilities” against strong interactions and electromagnetic
dissociation, respectively. In particular, PstrongðbÞ excludes
configurations where hadrons come into contact, and is
approximated by us as PstrongðbÞ ¼ θðb − RA − RBÞ;
b ¼ jbj. On the other hand, PðbÞ will be expressed by
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PðbÞ ¼ exp

�
−

S
b2

�
; S ¼ Z2αem

π2

Z
∞

Emin

dE
E

σtotðγA;EÞ;

ð7Þ
where σtotðγA;EÞ is the total photoabsorption cross section
and E denotes the photon energy in the target rest frame
(see Refs. [5,26] for a detailed discussion). This additional
suppression is necessary to account for the experimental
0nXn forward neutron topology, where the inclusive
neutron emission occurs opposite to the direction of the
photon-emitting nucleus, which remains intact. Finally, we
will assume the photon spectrum for the pointlike source,
which reads [1]

ωNAðω; bÞ ¼
Z2αem
π2

1

b2

�
ωb
γ

�
2

K2
1

�
ωb
γ

�
; ð8Þ

where αem is the electromagnetic fine structure constant and
γ is the Lorentz factor, given by γ ¼ γcm ≡ ffiffiffiffiffiffiffiffi

sNN
p

=ð2mNÞ. It
is important to emphasize that for PðbÞ ¼ 1, one obtains the
well-known result [1]

feffγ=AðxÞ ¼
2Z2αem
πx

�
ξK0ðξÞK1ðξÞ −

ξ2

2
ðK2

1ðξÞ − K2
0ðξÞÞ

�
;

ð9Þ

where ξ ¼ ðRA þ RBÞxmN and the functions Ki are the
modified Bessel functions.
The main inputs to estimate the inclusive heavy meson

photoproduction in hadronic collisions are the unintegrated
gluon distribution of the hadron target, F ðx;kÞ, and the
heavy quark fragmentation function, DQ=H. The modeling
of the fragmentation function will be discussed in the next
section. ForF ðx;kÞ, as in Ref. [5], wewill consider models
based on the distinct assumptions for the QCD dynamics.
In particular, for a proton target, we will consider the
Ciafaloni-Catani-Fiorani-Marchesini (CCFM) parametriza-
tion (setA1), derived in Ref. [27], solving numerically the
CCFM equation [28–30] via the Monte Carlo method, with
the free parameters adjusted in order to describe the HERA
data. It is important to emphasize that such an equation is
almost equivalent to the Balitsky, Fadin, Kuraev, Lipatov
equation in the regime of asymptotic energies and similar to
the DGLAP evolution for large values of x and high values
of the hard scale. In addition, we will consider two distinct
solutions of the running coupling Balitsky-Kovchegov
(rcBK) equation [31,32], which takes into account non-
linear effects in the QCD dynamics, obtained in Refs. [33–
35], which we will denote rcBK and Kutak, Sapeta (KS)
nonlinear, respectively. Finally, we also will estimate the
cross sections using the linear solution of the rcBK
equation obtained in Ref. [35], which disregards the non-
linear effects, which we will denote KS linear. On the other
hand, for a nuclear target, we will consider the CCFM
parametrization rescaled for a lead ion, disregarding
nuclear effects, as well the PB-EPPS16 (Parton

Branching / Eskola, Paakkinen, Paukkunen, Salgado) para-
metrization, which was proposed in Ref. [36] considering
the parton branching approach and taking into account the
nuclear effects, as predicted by the EPPS16 parametrization
[37]. Both parametrizations are derived assuming that the
QCD dynamics is described by a linear evolution equation.
Finally, we will also consider the nuclear UGD derived in
Refs. [33,34] by solving the rcBK evolution equation. The
comparison between the predictions of these distinct
models will allow us to investigate the impact of the
nuclear and nonlinear effects on the heavy meson photo-
production at the LHC energies.

III. RESULTS

In this section, we will present our predictions for the
inclusive D0 and B0 photoproduction in pPb and PbPb
collisions using the color-dipole S-matrix framework and
distinct models for the proton and nuclear UGDs. In our
analysis, wewill assumemc ¼ 1.4 GeV andmb ¼ 4.5 GeV,
and consider pPb (PbPb) collisions at

ffiffiffi
s

p ¼ 8.1 TeV
(

ffiffiffi
s

p ¼ 5.36 TeV). In what follows, we will initially discuss
in Sec. III A the impact of the modeling of the fragmentation
functions (FFs) on our predictions. In particular, we will
investigate the modifications on the predictions derived in
Ref. [5] using the Peterson fragmentation function [38],
when we instead consider a FF that evolves with the hard
scale and is a solution of the DGLAP evolution equation. In
Sec. III B we will present our results for PbPb collisions,
presenting a comparison with the CMS and preliminary
ALICE data for the D0 photoproduction. Moreover, pre-
dictions for theB0 photoproduction are presented for the first
time. In Sec. III C, we investigate the inclusive heavy meson
photoproduction in pPb collisions and present predictions
for the transverse momentum and rapidity distributions.
Moreover, we present our results for the total cross sections,
derived assuming the typical rapidity ranges covered by
central and forward detectors at the LHC. Finally, in
Sec. III D we estimate the contribution for the D0 photo-
production associated with the b → D0 transition.

A. Dependence on the fragmentation function

As discussed in the previous section, the predictions for
the inclusive heavymesonphotoproduction are dependent on
the modeling of the fragmentation functions, DQ=Hðz; μ2Þ,
which describes the hadronization of the heavy quarkQ into
a meson H with an energy fraction z ¼ EH=EQ at the hard
scale μ2. One of the simplest models present in the literature
was proposed in Ref. [38], and is usually denoted the
Peterson fragmentation function. In this model, the frag-
mentation function is independent of hard scale μ2, and is
given by

DQ=HðzÞ ¼ nðHÞ
zð1 − 1

z −
ϵQ
1−zÞ2

; ð10Þ
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where nðHÞ is the normalization factor and ϵQ is a non-
perturbative parameter that depends on the quark flavor and
is roughly proportional to the inverse square of the quark
mass. In our analysis, wewill assume ϵc ¼ 0.05, ϵb ¼ 0.006,
nðD0Þ ¼ 0.308377, and nðB0Þ ¼ 0.0528288. Another pos-
sibility is to obtain the fragmentation functions by perform-
ing a global analysis of the existing data for heavy meson
production, e.g., in eþe− orpp collisions, using the DGLAP

evolution equations for a given perturbative order. As a
consequence, distinctly from the Peterson model, in this
approach theFFdepends on the hard scale.Wehave that once
the FF is determined at some initial scale μ0, their evolution
for another scale μ is determined by the DGLAP evolution
equations. Over the last decades, several groups have
performed this global analysis and derived distinct para-
metrizations for the heavy meson fragmentation functions
(see, e.g., Refs. [39–47]). In our analysis, we will consider
the parametrizations proposed in Refs. [42,44], which we
will denote Kniehl, Kramer, Schienbein, Spiesberger
(KKSS) hereafter. For the hard scale, we choose μ2 ¼
p2
T;H þm2

H.
In Fig. 2 we estimate the transverse momentum (left

panels) and rapidity (right panels) distributions associated
with the inclusive D0 (upper panels) and B0 (lower panels)
photoproduction in PbPb collisions at

ffiffiffi
s

p ¼ 5.36 TeV,
considering distinct models for the fragmentation function.
These results were derived assuming the rcBK nuclear
UGD and that PðbÞ ¼ 1, but we have verified that similar
results are obtained for other UGDs and magnitudes of
PðbÞ. The left panel of Fig. 2 clearly demonstrates the
importance of the onset of QCD evolution in the fragmen-
tation functions, with the importance of the DGLAP
evolution increasing with the transverse momentum pT .

FIG. 1. Inclusive heavy meson photoproduction in pPb and
PbPb collisions.

FIG. 2. Impact of the fragmentation function modeling on the transverse momentum (left panel) and rapidity (right panels)
distributions for the inclusive D0 (upper panels) and B0 (lower panels) photoproduction in PbPb collisions at

ffiffiffi
s

p ¼ 5.36 TeV.
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We have that the KKSS model gives rise to a suppression of
heavy mesons at large pT compared to the Peterson result.
On the other hand, the right panels indicate that the rapidity
distributions are almost insensitive to the modeling of the
fragmentation functions, which is expected, since these
distributions are dominated by the contribution of small
values of pT , where the predictions from these two FF
models are similar.

In Fig. 3 we present a comparison of our predic-
tions with the recent CMS data [2] for the rapidity
distribution considering different transverse momentum
bins associated with the inclusive D0 photoproduction
in ultraperipheral PbPb collisions at

ffiffiffi
s

p ¼ 5.36 TeV.
These data are for the average differential distribution,
defined by

�
d2σðPbþ Pb → Pb ⊗ D0 þ XÞ

dYDd2pT;D

�
¼ 1

ΔpT

1

Δy

Z
ymax

ymin

dy
Z

pmax
T

pmin
T

dpT;D
d2σðPbþ Pb → Pb ⊗ D0 þ XÞ

dYDd2pT;D
; ð11Þ

with ΔpT ¼ pmax
T − pmin

T and Δy ¼ ymax − ymin, where
pmax
T (ymax) and pmin

T (ymin) are the upper and lower values
of the transverse momentum (rapidity) in a given bin. We
have that for the bin associated with smaller values of pT ,
the predictions are almost identical, but they differ when
larger values of pT are considered, as expected from our
previous analysis. In particular, the inclusion of evolution in
the FF implies that the description of the data for negative
rapidities, associated with the calculations performed for this
combination of UGD + PðbÞ, is deteriorated.

B. PbPb collisions

In this subsection we will present our predictions for the
inclusive heavy meson photoproduction in PbPb colli-
sions. Hereafter, we will estimate the cross sections
assuming the KKSS model for the fragmentation function,
which takes into account the DGLAP evolution. In par-
ticular, in Fig. 4 we update the predictions for the average
rapidity distributions presented in Ref. [5] by considering
this new FF model instead of the Peterson fragmentation
function. The results are compared with the CMS data [2],
which were obtained requiring no particle activity in a large
rapidity interval in the direction of the photon-emitting
nucleus and by a signal in at least one of the zero-degree
calorimeters that is greater than or equal to the one-neutron

threshold (usually denoted as the 0nXn signal). The pre-
dictions presented in Fig. 4 have been derived considering
distinct models for the nuclear UGD and for the description
of the electromagnetic dissociation. One has that the CCFM
prediction, which disregards nuclear effects, is not able to
describe the data, as already verified in Ref. [5]. In contrast,
the description of data by the EPPS (rcBK) model,
which includes nuclear effects, is improved (deteriorated).
Unfortunately, more definite conclusions are not yet pos-
sible. As already pointed out in Ref. [5], more precise data,
derived considering smaller bins in pT and a larger range of
rapidity, would be very useful to improve our description of
the nucleus at small x.
ALICE collaboration is currently also performing a

detailed analysis of the inclusive D0 photoproduction in
PbPb collisions [48] and has recently presented the first
preliminary data for the transverse momentum distribution
for jYDj < 0.9 in Ref. [3]. In Fig. 5 we compare our
predictions, derived assuming different nuclear UGDs (left
panel) or distinct assumptions for the treatment of the
electromagnetic dissociation (right panel), with this pre-
liminary data. Our predictions have been normalized, as in
Ref. [3]. We have that the current data for pT ≳ 2 GeV are
quite well described by the predictions associated with the
distinct UGDs. In contrast, the data for smaller values of pT

FIG. 3. Comparison between the predictions derived assuming the Peterson and KKSS FF models and the recent CMS data [2].
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are sensitive to the UGD, and are better described by the
EPPS model. In addition, we have that the current data are
not able to discriminate between the predictions based on
distinct amounts for the electromagnetic dissociation (see
the right panel in Fig. 5).

In Fig. 6 we present, for the first time, the predictions for
the inclusive B0 photoproduction in PbPb collisions. The
dependence on the treatment of the electromagnetic dis-
sociation is presented in the upper panels. The calculations
have been performed assuming the rcBK nuclear UGD, but

FIG. 4. Rapidity distribution associated with the inclusive D0 photoproduction in ultraperipheral PbPb collisions at
ffiffiffi
s

p ¼ 5.36 TeV.
Data from CMS collaboration [2] obtained considering distinct bins in the meson transverse momentum. Theoretical predictions were
derived considering distinct models for the nuclear UGD and for the description of the electromagnetic dissociation.

FIG. 5. Transverse momentum distributions for the inclusive D0 photoproduction in PbPb collisions. Preliminary data from ALICE
collaboration [3]. Dependencies on the nuclear UGD (left panel) and on the description of the electromagnetic dissociation (right panel).
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we have verified that similar results are obtained for the
other two parametrizations, differing only in the normali-
zation. The results indicate that, similarly to that observed
for D0 photoproduction in Ref. [5], the inclusion of the
nuclear dissociation implies a decreasing of the normali-
zation of the distributions, with the impact being larger with
the increasing of the parameter S. In addition, the impact is
also larger when the rapidity is increased. In the lower
panels, we estimate the dependence on the nuclear UGD
assumed in the calculation. We have that the CCFM
predictions have the larger normalization, which is
expected, since this parametrization disregards the impact
of nuclear and nonlinear effects. The inclusion of the
nuclear effects, present in the EPPS parametrization,
implies that the normalization is decreased in comparison
to the CCFM one. Finally, the rcBK prediction has a
smaller normalization. Such results indicate that a future
experimental analysis of this final state can be useful to
constrain the description of the QCD dynamics and/or the
magnitude of the nuclear effects.

C. pPb collisions

In this subsection, we will focus on the possibility of
using the inclusive heavy meson photoproduction in pPb

collisions as a way to constrain the description of the
QCD dynamics in a proton target. In what follows, the
transverse momentum and rapidity distributions will be
estimated assuming distinct proton UGDs, based on
different assumptions for the underlying dynamics. In
particular, we will consider two UGDs that are solutions
of the rcBK evolution equation, denoted rcBK and KS
nonlinear [27,33–35], and we will compare the predic-
tions with those obtained disregarding the nonlinear
effects (CCFM and KS linear) [27,35]. In our calcula-
tions, we will assume PðbÞ ¼ 1, since the contribution of
the electromagnetic dissociation in pPb collisions is
expected to be negligible. Moreover, we will consider
that the nucleus that has emitted the photon is moving in
the direction of positive rapidities and the calculations
will be performed in the center-of-mass frame.
In Figs. 7 and 8, we present our predictions for the

transverse momentum and rapidity distributions, respec-
tively, associated with the inclusive D0 and B0 photo-
production in pPb collisions at

ffiffiffi
s

p ¼ 8.1 TeV. These
results indicate that the rcBK and KS nonlinear predic-
tions are quite similar, which is expected, since both are
based on the rcBK evolution equation, differing only in
the numerical implementation and assumptions for the

FIG. 6. Transverse momentum (left panels) and rapidity (right panels) distributions for the inclusive B0 photoproduction in PbPb
collisions at

ffiffiffi
s

p ¼ 5.36 TeV. Dependencies on the description of the electromagnetic dissociation (upper panels) and nuclear UGDs
(lower panels).
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initial condition. Such predictions provide the results with
the smaller normalization. In contrast, when the nonlinear
effects are disregarded, the associated predictions (CCFM
and KS linear) have a larger normalization. Such results
indicate that a future experimental analysis of these two
final states can provide additional constraints on the
description of the proton structure.

In Tables I and II we present our predictions for the
total cross sections (in mb) for the heavy meson photo-
production in PbPb collisions at

ffiffiffi
s

p ¼ 5.36 TeV and pPb
collisions at

ffiffiffi
s

p ¼ 8.1 TeV, respectively, derived consi-
dering the typical rapidity ranges covered by central and
forward detectors, which we assume to be−2.0 ≤ Y ≤ þ2.0
and 2.0 ≤ Y ≤ 4.5, respectively. Calculations for PbPb

FIG. 7. Transverse momentum distributions for the inclusive D0 (upper panels) and B0 (lower panels) photoproduction in pPb
collisions at

ffiffiffi
s

p ¼ 8.1 TeV assuming two distinct values for the meson rapidity: Y ¼ 2 (left panels) and Y ¼ 4 (right panels).
Theoretical predictions for distinct proton UGDs.

FIG. 8. Rapidity distributions for the inclusive D0 (left panels) and B0 (right panels) photoproduction in pPb collisions atffiffiffi
s

p ¼ 8.1 TeV. Theoretical predictions for distinct proton UGDs.
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collisions were performed assuming S ¼ ð17.4 fmÞ2. Our
results indicate that the predictions for PbPb collisions
are approximately 2 orders of magnitude larger than those
for pPb collisions, which is partially associated with the
Z2-factor in the photon flux. We also have that the results for
the B0 photoproduction are smaller than for theD0 case by a
factor≈102, which is associatedwith themass dependence of
the cross section. Moreover, the predictions decrease by 1 or
2 orders of magnitude when a forward rapidity selection is
considered. Finally, we have that the results are sensitive to
the model assumed for the target UGD. Considering the

typical luminosities for PbPb and pPb collisions at the
LHC,Oðnb−1Þ, our results indicate that a future experimen-
tal analysis of the inclusive B0 photoproduction is, in
principle, feasible, as well as the measurement of the
inclusive D0 photoproduction in pPb collisions.

D. Inclusive D0 photoproduction
from bottom hadron decays

Finally, in this subsection, we will investigate the
contribution from bottom hadron decays for the inclusive
D0 photoproduction. In our analysis, we will consider the
approach discussed in Ref. [49], where this contribution is
estimated considering the b-quark production and the
posterior hadronization of this b quark into a charmed
meson. In this approach, we have a one-step transition
based on the fragmentation function for b → D0. As a
consequence, such a contribution can be easily imple-
mented in our framework. We will calculate Eq. (2) for
the b-quark production and use in Eq. (1) the FF for the
b → D0 transition, provided in Ref. [42].
In Fig. 9 we present our predictions for the transverse

momentum (left panel) and rapidity (right panel) distribu-
tions for the inclusive D0 photoproduction in PbPb
collisions at

ffiffiffi
s

p ¼ 5.36 TeV, associated with the contri-
bution from bottom hadron decays for the inclusive D0

photoproduction (solid red lines). For completeness, the
results for the case where the D0 meson comes from the
fragmentation of charm quarks (dashed blue lines) is also
presented. We have that the amount of D0 mesons
originating from b-quark decays is only a small fraction
of the dominating contribution, which is associated with the
fragmentation of charm quarks, in agreement with the
results derived in Ref. [49]. Although these results have
been derived using the rcBK nuclear UGD and assuming
S ¼ ð17.4 fmÞ2, we have verified that the conclusions are

TABLE I. Total cross section (in mb) for the heavy
meson photoproduction in PbPb collisions at

ffiffiffi
s

p ¼ 5.36 TeV,
derived considering the rapidity range covered by a typical
central (forward) detector. Calculations are performed for
S ¼ ð17.4 fmÞ2.

D0 B0

CCFM 225.1 (14.69) 2.138 (0.0310)
EPPS 50.31 (3.717) 0.615 (0.0107)
rcBK 31.11 (1.867) 0.284 (0.0046)

TABLE II. Total cross section (in mb) for the heavy meson
photoproduction in pPb collisions at

ffiffiffi
s

p ¼ 8.1 TeV, derived
considering the rapidity range covered by a typical central
(forward) detector.

D0 B0

CCFM 2.18 (0.449) 0.0261 (0.00241)
KS linear 2.48 (0.656) 0.0244 (0.00286)
KS nonlinear 1.35 (0.236) 0.0164 (0.00167)
rcBK 1.33 (0.271) 0.0149 (0.00162)

FIG. 9. Transverse momentum (left panel) and rapidity (right panel) distributions for the inclusive D0 photoproduction in PbPb
collisions at

ffiffiffi
s

p ¼ 5.36 TeV. Predictions for the contribution from bottom hadron decays for the inclusive D0 photoproduction (solid
red lines). For completeness, the results for the case where the D0 meson comes from the fragmentation of charm quarks, denoted
c → D0 in the plot, is also presented.
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also valid for other UGDs and treatments of PðbÞ, as well
as for pPb collisions.

IV. SUMMARY

One of the main goals of particle physics is to achieve a
deeper knowledge of the hadronic structure. Over the last
decades, several studies have demonstrated that our under-
standing of the QCD dynamics at high energies can be
significantly improved through the analysis of photon-
induced interactions present in electron-hadron and hadron-
hadron collisions. In particular, the study of exclusive and
inclusive processes in ultraperipheral pPb and PbPb
collisions is expected to provide additional and comple-
mentary constraints on the description of proton and
nuclear targets. In this paper, we have focused on the
inclusive D0 and B0 photoproduction and estimated the
associated transverse momentum and rapidity distributions,
as well as total cross sections, using the color-dipole S-
matrix formalism and considering different models for the
target unintegrated gluon distribution, based on distinct
assumptions for the description of the QCD dynamics. In
particular, for a nuclear target, we have compared the
predictions derived assuming (or not) the presence of
nuclear effects with those based on the solution of the

rcBK evolution equation, which takes into account the
nonlinear effects. A similar comparison between linear and
nonlinear predictions has also been performed for a proton
target. Such analysis has demonstrated that the inclusive
heavy meson photoproduction can be used to constrain the
description of the hadronic structure. In addition, our
results have demonstrated that a future experimental
analysis of inclusive D0 and B0 photoproduction in pPb
collisions is, in principle, feasible, as well as the B0

photoproduction in PbPb collisions at the LHC.
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