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Abstract

In this proceeding we discuss different mechanisms of open-heavy flavor meson
production which contribute to inclusive and single diffractive cross-sections.
For the case of inclusive production we demonstrate that the three-Pomeron
fusion is significant for the D-meson production in the kinematics of small
transverse momenta pT , as well as in large-multiplicity events. Its inclusion
allows to improve significantly the description of experimental data. We also
analyzed the diffractive production and found that due to gap survival factors
it constitutes 0.5–2 per cent of the inclusive production. The expected de-
pendence on event multiplicity in this channel is significantly milder than for
inclusive case.

1 Introduction

Nowadays the production of heavy mesons play an important role in understanding the dy-
namics of strong interactions in nonperturbative regime, since in the limit of the infinitely
heavy quark mass it becomes possible to use certain perturbative techniques. Recently the
attention of theoretical and experimental studies focused on the dependence of the cross-
section on multiplicity of hadrons co-produced together with a heavy meson [1–5]. Since
lack of statistics presents the largest obstacle for measurement of rare high-multiplicity
processes, it is expected that analyzed multiplicity studies could benefit from enhanced
luminosity in Run 3 at LHC (HL-LHC mode) [6–8].

Due to Local Parton Hadron Duality the multiplicity of light hadrons is proportional
to the multiplicity of partons in collision, so the dependence on multiplicity allows us
to estimate the density of partons (mostly gluons) with different rapidities during a col-
lision. As was found recently by STAR and ALICE [1–4], for the production of J/ψ
and D-mesons the observed multiplicity dependence is faster than could be expected from
pomeron-pomeron fusion. Possibly this effect could be explained by sizable contribution of
multipomeron mechanisms (e.g. triple pomeron fusion). While theoretical estimates in the
heavy quark mass limit suggest that such corrections should be suppressed as higher twist
effects, due to increase of gluon density they might give sizable contribution, thus challeng-
ing all the evaluations in the kT - and collinear factorization approach. In the kinematics
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of very small values of x consideration based on partonic picture might be not reliable
at all, and it is more appropriate to use the frameworks with built-in saturation, like
e.g. the Color Glass Condensate approach and closely related color dipole picture [9–13].
In this approach the cross-sections of different processes might be expressed in terms of
the color singlet dipole scattering amplitude known from Deep Inelastic Scattering. This
framework gives successful description of the cross-sections of various lepton-hadron and
hadron-hadron processes. The generalization of the approach to high-multiplicity events
is straightforward and was discussed in [14–19]. For this reason in what follows we will
use this approach for study of heavy meson production in LHC kinematics.

This proceeding is structured as follows. In the following Section 2 we briefly summa-
rize the main results for the cross-sections of different production mechanisms (inclusive
and single-diffractive). In the Section 3 we discuss extension of the framework for de-
scription of high multiplicity events, and compare expected multiplicity dependence with
available experimental data. Finally, in Section 4 we draw conclusions.

2 Production of heavy hadrons

As we mentioned earlier, the color dipole framework allows to express the cross-sections
of various processes via forward dipole amplitudes, convoluted with the wave functions of
quarkonia or fragmentation functions of the open heavy flavor mesons. The exact structure
of the expressions depends on the process under consideration. The cross-section of heavy
flavor production might be written as [19–23]

dσpp→Q̄iQi+X (y,
√
s)

dy d2pT
=

∫
d2kTx1 g (x1, pT − kT )

∫ 1

0
dz

∫
d2r1

4π

∫
d2r2

4π
(1)

× ei(r1−r2)·kT Ψ†
Q̄Q

(r2, z, pT ) Ψ†
Q̄Q

(r1, z, pT )NM (x2(y); r1, r2) + (y → −y),

where the variables y and pT are the rapidity and transverse momenta of heavy quark,

x1,2 ≈ e±y
√

(m2
M + 〈p2

⊥M )/s, z is the light-cone fraction of the quark in the dipole, and

(r1, r2) are the transverse sizes of a dipole in the amplitude and its conjugate. The
notation ΨQ̄Q(r, z) stands for the light-cone wave function of the Q̄Q pair of transverse size
r and the light-cone fraction of the quark z. The expression (1) includes a nonperturbative
object NM which encodes interactions of a dipole with the target. The structure of this
object depends on the quantum numbers of the dipole and production mechanism. While
in general it is expected that NM should be a linear superposition of forward dipole
amplitudes N(x, r, b), the nonlinear dynamics might give rise to the so-called quadrupole
contributions, which manifest themselves as quadratic (bilinear) terms in the relation
between inclusive production cross-sections and dipole amplitudes [24]. Following the
BFKL terminology, we will refer to the latter contributions as three-pomeron terms. For
the case of inclusive and single diffractive production the explicit expressions for NM might
be found in [20–23]. The three-pomeron contributions in general are not positively defined
and cannot be interpreted probabilistically. In what follows we will use for their evaluation
the CGC parametrization of the singlet color singlet dipole amplitude available from [25].

In the Figure 1 we have shown our results for the inclusive and single diffractive produc-
tion in the central kinematics. The inclusion of three-pomeron terms clearly improves the
description of the inclusive production cross-section. The single diffractive cross-section
is suppressed stronger than inclusive one at large pT since its dominant contribution is
formally a higher twist effect. We found that description of B-mesons and non prompt
J/ψ meson production in dipole approach has the same level of agreement with data
(see [21–23] for details), so we may use this approach for studies of multiplicity.
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Figure 1: The D+-meson production cross-section as a function of transverse
momentum pT . Left and right plots correspond to inclusive and single diffractive
production at central rapidities respectively. As explained in the text, the three-
pomeron contribution in left-hand side is not positively defined due to interference
diagrams, so its inclusion decreases the overall result. The experimental data are
from [26,27].

3 Multiplicity dependence

The events with enhanced multiplicity are very rare, for this reason their study requires
outstanding luminosity. In the literature the results for multiplicity dependence are con-
ventionally given for the self-normalized double ratio

dNM/dy

〈dNM/dy〉
=

dσM (y, η,
√
s, n) /dy

dσM (y, η,
√
s, 〈n〉 = 1) /dy

/
dσch

(
η,
√
s, Q2, n

)
/dη

dσch (η,
√
s, Q2, 〈n〉 = 1) /dη

, (2)

where n = Nch/〈Nch〉 is the relative enhancement of multiplicity, the variables y and η
stand for the pseudorapidities of heavy meson and charged particles respectively. The
numerator and denominator of (2) correspond to relative multiplicity dependence of the
heavy meson (M) underproduction and that of the inclusive channel.

As is known from the literature [14–18], in high-multiplicity events the saturation scale
Q2

s increases as

Q2
s (x, b; n) ≈ nQ2 (x, b) . (3)

For studies of the multiplicity dependence it is important to mention that the modification
of the dipole amplitude like (3) should be applied only if the multiplicity enhancement is
measured in the rapidity interval between a heavy dipole and the target (otherwise the
dominant contribution would come from configurations with n = 1). In case of single
diffractive production, as well as inclusive production with rapidity-separated η- and y-
bins it is clear that only some of the amplitudes will be modified by additional constraints
of elevated multiplicity. On the other hand. the widely used setup with overlapping bins
in η and y would get sizable contribution from the configurations in which the enhanced
multiplicity is shared by all the reggeized gluons which participate in the process. Techni-
cally this would lead to modification of both gluon density and dipole amplitude in (1). In
the Figure 2 we show our expectations for the multiplicity dependence of the inclusive and
single diffractive data. We can see that the model provides quite reasonable description for
the inclusive production. For the single diffractive production the predicted dependence
on multiplicity is milder than for inclusive production due to specifics of this process (in
pomeron language, it has only one cut pomeron which contributes).
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Figure 2: Results for the multiplicity dependence of inclusive and single diffrac-
tive production of D-mesons in LHC kinematics. For inclusive production we
take into account both prompt and nonprompt mechanisms. The experimental
data are for the multiplicity dependence of inclusive production from ALICE [1],
and it is assumed that all particles are collected at central rapidities in rapidity
window |y|, |η| . 1.

4 Conclusions

In this proceeding we presented the results for the multiplicity dependence of inclusive
and single diffractive D-meson production. We found that in case of inclusive production
inclusion of the three-pomeron contribution improves description of the inclusive data at
small-pT , as well as helps to describe the observed data on multiplicity dependence. For
single diffractive production we expect milder dependence on multiplicity, since only one
pomeron in the cross-section is cut and may contribute to yields of charged particles. This
result illustrates that the expected multiplicity dependence is related to the production
mechanism of heavy quarks rather than final state interactions which lead to its hadroniza-
tion (fragmentation) into D-mesons. The predictions for the B-mesons and nonprompt
J/ψ mesons have qualitatively similar dependence on multiplicity and pT and might be
found in [21–23].

Acknowldgements

We thank our colleagues at UTFSM university for encouraging discussions. This research
was partially supported by Proyecto ANID PIA/APOYO AFB180002 (Chile) and Fonde-
cyt (Chile) grant 1180232.

References

[1] J. Adam et al., [ALICE Collaboration], JHEP 1509, 148 (2015).

[2] B. Trzeciak [STAR Collaboration], J. Phys. Conf. Ser. 668, no. 1, 012093 (2016).

4



SciPost Physics Submission

[3] R. Ma [STAR Collaboration], Nucl. Part. Phys. Proc. 276-278, 261 (2016).

[4] B. Abelev et al., [ALICE Collaboration], Phys. Lett. B 712 (2012), 165.

[5] S. Acharya et al., [ALICE], Phys. Lett. B 810 (2020), 135758.

[6] A. Liss et al., [ATLAS Collaboration], arXiv:1307.7292 [hep-ex].

[7] Apollinari G. et al., High-Luminosity Large Hadron Collider (HL-LHC): Technical
Design Report V. 0.1. CERN Yellow Reports: Monographs. Geneva: CERN, 2017.
URL https://cds.cern.ch/record/2284929.

[8] P La Rocca and F Riggi. Journal of Physics: Conference Series 515.1 (2014), p.
012012. URL: http://stacks.iop.org/1742-6596/515/i=1/a=012012.

[9] L. V. Gribov, E. M. Levin and M. G. Ryskin, Phys. Rep. 100 (1983) 1.

[10] L. D. McLerran and R. Venugopalan, Phys. Rev. D 49, 2233 (1994); Phys. Rev. D
49, 3352 (1994); Phys. Rev. D 50, 2225 (1994).

[11] A. H. Mueller et al., Phys. B268 (1986) 427.

[12] L. McLerran and R. Venugopalan, Phys. Rev. D49 (1994) 3352; D50 (1994) 2225;
D59 (1999) 094002.

[13] K. J. Golec-Biernat et al., Phys. Rev. D 60, 114023 (1999).

[14] D. Kharzeev et al., Phys. Lett. B 507 (2001) 121; Phys. Lett. B 523 (2001) 79; Phys.
Rev. C 71 (2005) 054903; J. Phys. G 35 (2008) no.5, 054001.38.

[15] A. Dumitru et al., Phys. Rev. C 85 (2012) 044920.

[16] Y. V. Kovchegov, Nucl. Phys. A 692, 557 (2001).

[17] E. Levin and A. H. Rezaeian, Phys. Rev. D 82 (2010) 014022.

[18] T. Lappi, Eur. Phys. J. C 71, 1699 (2011).

[19] Y. Q. Ma et al., Phys. Rev. D 98, no. 7, 074025 (2018).

[20] V. P. Goncalves et al., Phys. Rev. D 96, no. 1, 014010 (2017).

[21] I. Schmidt and M. Siddikov, Phys. Rev. D 101 (2020) no.9, 094020.

[22] M. Siddikov and I. Schmidt, Phys. Rev. D 102 (2020) no.7, 076020.

[23] M. Siddikov, E. Levin and I. Schmidt, Eur. Phys. J. C 80 (2020), 560.

[24] Yuri V. Kovchegov, Kirill Tuchin, Phys. Rev. D 74 (2006) 054014.

[25] A. H. Rezaeian and I. Schmidt, Phys. Rev. D 88 (2013) 074016.

[26] S. Acharya et al., [ALICE Collaboration], Eur. Phys. J. C 77, no. 8, 550 (2017);
Eur. Phys. J. C 79 (2019) no.5, 388.

[27] R. Aaij et al., [LHCb Collaboration], Nucl. Phys. B 871, 1 (2013).

5

https://cds.cern.ch/record/2284929
http://stacks.iop.org/1742-6596/515/i=1/a=012012

	Introduction
	Production of heavy hadrons
	Multiplicity dependence
	Conclusions
	References

