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We discuss diffractive production of open charm and bottom mesons at the LHC. The differential

cross sections for single- and central-diffractive mechanisms forcc̄ andbb̄ pairs are calculated in

the framework of the Ingelman-Schlein model corrected for absorption effects to include Regge

factorization breaking. In this approach one assumes that the pomeron has a well defined partonic

structure, and that the hard process takes place in a pomeron-proton or proton-pomeron (single

diffraction) or pomeron- pomeron (central diffraction) processes. Here, only the LO gluon-gluon

fusion partonic subprocess is taken into consideration, which is calculated within simple collinear

approximation. Both pomeron flux factors as well as parton distributions in the pomeron are

taken from the H1 Collaboration analysis of diffractive structure function and diffractive dijets

at HERA. The sub-leading corrections from reggeon type exchanges are explicitly calculated

and also taken into consideration. Several quark-level differential distributions are shown. The

hadronization of charm and bottom quarks is taken into account by means of fragmentation func-

tion technique. Predictions for single- and central-diffractive production in the case of inclusive

D andB mesons, as well asDD̄ correlations are presented, including detector acceptance of the

ATLAS, CMS and LHCb Collaborations. The experimental aspects of possible standard and

dedicated measurements are carefully discussed.
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1. Introduction

In this presentation we discuss diffractive processes (single and central) production of heavy
quarks in the framework of Ingelman-Schlein model corrected for absorption. The formalism and
more details has been shown and discussed elsewhere [2]. Such a model was used in the estimation
of several diffractive processes [3, 4, 5, 6]. The absorption corrections are necessary to under-
stand a huge Regge-factorization breaking observed in single and central production at Tevatron.
We mention also the QCD mechanism of diffractive dissociation of gluons into heavy quark pairs.
However, the associated formalism and our results were discussed elsewhere [1]. We discuss pre-
dictions for single- and central-diffractive production in the case of inclusive production ofD and
B mesons. AlsoDD̄ correlations are presented, including detector acceptance of the ATLAS, CMS
and LHCb Collaborations.

2. A sketch of formalism

The mechanisms of the diffractive production of heavy quarks (cc̄) discussed here are shown
in Fig.1.
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Figure 1: The mechanism of single-diffractive production ofcc̄ (panel a) and b) ) and mechanism of central-
diffractive production of heavy quarks (panel c) )

In the following we apply the Ingelman and Schlein approach.In this approach one assumes
that the Pomeron has a well defined partonic structure, and that the hard process takes place in a
Pomeron–proton or proton–Pomeron (single diffraction) orPomeron–Pomeron (central diffraction)
processes. In this approach corresponding differential cross sections can be written as
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for single-diffractive and central-diffractive production, respectively.
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The ’diffractive’ quark distribution of flavourf can be obtained by a convolution of the flux of
PomeronsfIP(xIP) and the parton distribution in the Pomeronqf/IP(β ,µ2):

qD
f (x,µ2) =

∫

dxIPdβ δ (x−xIPβ )qf/IP(β ,µ2) fIP(xIP) =
∫ 1

x

dxIP

xIP
fIP(xIP)qf/IP(

x
xIP

,µ2) .

(2.3)

The flux of PomeronsfIP(xIP) enters in the form integrated over four–momentum transfer

fIP(xIP) =

∫ tmax

tmin

dt f(xIP, t) , (2.4)

with tmin, tmax being kinematic boundaries.
Both pomeron flux factorsfIP(xIP, t) as well as quark/antiquark distributions in the pomeron

were taken from the H1 collaboration analysis of diffractive structure function and diffractive dijets
at HERA [6]. The factorization scale for diffractive partondistributions is taken asµ2 = ŝ.

In Ref.[1] we discussed in detail mechanism of diffractive dissociation of gluons into heavy
quark pairs presented in Fig.2. There we presented relevantamplitudes, calculated relevant differ-
ential cross sections and compared to the Ingelman-Schleinmodel discussed here.
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Figure 2: Diffractive dissociation of gluons into heavy quark pairs.

3. Heavy quark hadronization effects

The transition from quarks and gluons to hadrons, called hadronization or parton fragmenta-
tion, can be so far only approached through phenomenological models. In principle, in the case
of many-particle final states the Lund string model [7] and the cluster fragmentation model [8] are
usually used, giving description of the hadronization of the parton system as a whole. However,
the hadronization of heavy quarks is usually done with the help of fragmentation functions (FFs)
extracted frome+e− experiments (see e.g. Refs. [9, 10, 11]).

Especially in the case of diffractive production, where oneor both protons remain intact, the
applicability of the compound hadronization models (implemented in Monte Carlo generators and
dedicated to non-diffractive processes) is still an open question. In our calculation we follow the
fragmentation function technique which seems to be sufficient to illustrate the generic situation.
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This scheme has been recently successfully used for description of inclusive non-diffractive open
charm and bottom data at the LHC [10, 11]. In the context of diffractive production studies, the
uncertainties coming from the process of parton fragmentation seem to be less important than
those related to the parton-level diffractive calculation(e.g. uncertainties of diffractive PDFs or
gap survival probability).

According to the fragmentation function formalism the differential distributions of open charm
and bottom hadronsh= D,B, e.g. for single-diffractive production, are obtained through a convo-
lution of differential distributions of heavy quarks/antiquarks andQ→ h fragmentation functions:

dσ(pp→ hh̄ pX)
dyhd2pt,h

≈
∫ 1

0

dz
z2 DQ→h(z)

dσ(pp→ QQ pX)
dyQd2pt,Q

∣

∣

∣

∣

∣ yQ=yh
pt,Q=pt,h/z

, (3.1)

wherept,Q =
pt,h

z andz is the fraction of longitudinal momentum of heavy quarkQcarried by hadron
h. Since the rapidity spectra are usually flat, or slowly varying, the approximation assuming thatyQ

is unchanged in the fragmentation process, i.e.yh = yQ, is commonly applied. The fragmentation
functions for heavy quarks are peaked at largez (see Fig. 3) so the problematic small-pt region is
suppressed.

In all the following numerical calculations the standard Peterson model of fragmentation func-
tion [12] is applied. The default set of the parameters for these functions isεc = 0.05 for charm and
εb = 0.004 for bottom quarks. This values were extracted by H1 [13],ALEPH [14] and OPAL [15]
analyses. In our calculation, to make the shapes of the Peterson functions closer to those from the
FONLL approach, the parameters are fixed toεc = 0.02 andεb = 0.001 (see Fig. 3). In the follow-
ing numerical predictions of the cross sections forD0 andB± mesons the fragmentation functions
are normalized to the branching fractions from Refs. [18, 19, 20], i.e. BR(c → D0) = 0.565 and
BR(b→ B±) = 0.4.
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Figure 3: Different models of the fragmentation functions for charm (left) and bottom (right) quarks. The
default functions from the FONLL framework are compared to the Peterson functions with differentε pa-
rameters.
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Table 1: Integrated cross sections for diffractive production of open charm and bottom mesons in different
modes for ATLAS, LHCb and CMS experiments at

√
s= 14 TeV.

Acceptance Mode
Integrated cross sections, [nb]

single-diffractive central-diffractive
non-diffractive

EXP data

ATLAS, |y|< 2.5
D0+D0 3461.88 (IR: 25%) 68.45 (IR: 10%) −

p⊥ > 3.5 GeV

LHCb, 2< y< 4.5
D0+D0 42663.7 (IR: 29%) 766.5 (IR: 14%) 1488000±182000

p⊥ < 8 GeV

CMS, |y|< 2.4
(B++B−)/2 630.0 (IR: 24%) 11.74 (IR: 9%) 28100±2400±2000

p⊥ > 5 GeV

LHCb, 2< y< 4.5
B++B− 731.69 (IR: 26%) 11.85 (IR: 10%) 41400±1500±3100

p⊥ < 40 GeV

LHCb, 2< y< 4
D0D0 220.47 (IR: 27%) 3.68 (IR: 11%) 6230±120±230

3< p⊥ < 12 GeV

4. Numerical Results

4.1 Cross sections for D0 and B± mesons production

In Table 1 we present numerical predictions of the integrated cross sections for the single- and
central-diffractive production ofD0 andB± mesons, including relevant experimental acceptance of
the ATLAS, LHCb and CMS detectors.
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Figure 4: Transverse momentum distribution ofD0 meson within the ATLAS (left) and the LHCb (right)
acceptance for single-diffractive production at

√
s= 14 TeV. Components of the Pomeron-gluon (and gluon-

Pomeron) (long-dashed line) and the Reggeon-gluon (and gluon-Reggeon) (short-dashed line) mechanisms
are shown separately.

Figures 4 and 5 show transverse momentum distributions ofD0 meson at
√

s= 14 TeV within
the ATLAS (left panels) and the LHCb (right panels) acceptance for single- and central-diffractive
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production respectively. The contributions of the Pomeron- (long-dashed lines) and Reggeon-
exchange (short-dashed lines) mechanisms are shown separately. These both contributions have
similar shapes of the distributions and differ only in normalization. Therefore, considering this
reaction one should not expect any possibility to extract and to test the Reggeon component within
the special cuts in transverse momentum. The similar distributions with identical conclusions but
for B± meson within the CMS (left panels) and the LHCb (right panels) acceptance are presented
in Figs. 6 and 7.
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Figure 5: Transverse momentum distribution ofD0 meson within the ATLAS (left) and the LHCb (right)
acceptance for central-diffractive production at

√
s= 14 TeV. Components of the Pomeron-Pomeron (long-

dashed line) and the Reggeon-Reggeon (short-dashed line) mechanisms are shown separately.
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Figure 6: Transverse momentum distribution ofB± meson within the CMS (left) and the LHCb (right)
acceptance for single-diffractive production at

√
s= 14 TeV. Components of the Pomeron-gluon (and gluon-

Pomeron) (long-dashed line) and the Reggeon-gluon (and gluon-Reggeon) (short-dashed line) mechanisms
are shown separately.

5. Conclusions

We have calculated numerical predictions of the integratedcross sections for the single- and
central-diffractive production ofD0 andB± mesons, including relevant experimental acceptance
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Figure 7: Transverse momentum distribution ofB± meson within the CMS (left) and the LHCb (right)
acceptance for central-diffractive production at

√
s= 14 TeV. Components of the Pomeron-Pomeron (long-

dashed line) and the Reggeon-Reggeon (short-dashed line) mechanisms are shown separately.

of the ATLAS, LHCb and CMS detectors. The kinematical cuts are taken to be identical to those
which have been already used in the standard non-diffractive measurements of open charm and bot-
tom production rates at the LHC. The corresponding experimental cross sections for non-diffractive
processes are shown for reference. In the case of inclusive production of singleD or B meson the
ratio of the diffractive integrated cross sections to the non-diffractive one is of about∼ 2% for
single- and only about∼ 0.05% for central-diffractive mechanism. This ratio is only slightly big-
ger for D0D0 pair production, becoming∼ 4% and 0.06%, respectively. In addition, the relative
contribution of the Reggeon-exchange mechanisms to the overall diffractive production cross sec-
tions is also shown. This relativeIR

IP+IR contribution is of about∼ 25% for single- and∼ 10%
for central-diffractive processes for both, charm and bottom flavoured mesons. The ratio does not
really change for different measurement modes and different experimental acceptance.
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