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1. Introduction

It was recently argued that the cross section forcc̄cc̄ production at LHC energies may be very
large due to mechanism of double-parton scattering (DPS), which is a completely new situation [3,
4]. The double scattering effects were studied in several other processes such as four jet production,
production ofW+W− pairs or production of four charged leptons, however, in allthe cases the DPS
contributions have been found to be much smaller than the conventional single-parton scattering
(SPS) mechanisms.

In the meanwhile the LHCb collaboration measured the cross section for the production of
DD meson-meson pairs at

√
s= 7 TeV which is surprisingly large, including interesting correlation

distributions [2]. So far the double open charm production have been studied differentially only
within thek⊥-factorization approach using unintegrated gluon distributions [5], where several ob-
servables useful to identify the DPS effects in the case of double open charm production have been
carefully discussed.

Separately the production of double hidden charm was studied e.g. in Ref. [6] for thepp→
J/ψJ/ψX process. There the SPS single-J/ψ and DPS double-J/ψ contributions are comparable.
Furthermore, the DPS contribution exceeds the SPS contribution for large rapidity distance between
the twoJ/ψ ’s. This is similar to the case ofcc̄cc̄ production [5].

In order to draw definite conclusions about the DPS effects indouble-D meson production it
is necessary to carefully estimate contribution tocc̄cc̄ final state from the standard mechanism of
single-parton scattering. The latter mechanism constitutes higher-order correction to conventional
SPS singlecc̄ production and one may expect suppression in comparison to the DPS contribution,
however, it should be accurately calculated in order to reduce uncertainty of the DPS theoretcal
model. So far the SPS contribution was calculated only in high-energy approximation [7], which
is relevant for large rapidity separation between producedmesons. Since, in the LHCb experiment
the condition of large rapidity distances is not always fulfilled, it seems to be essential to perform
exact calculations.

1.1 Charm-anticharm correlations at the LHCb

In order to calculate correlation observables forDD pair production, measured recently in the
LHCb experiment [2], we follow here, similar as in the singlemeson production, the fragmentation
function technique for hadronization process:

dσ(pp→ DDX)

dy1dy2d2pD
1td

2pD
2t

≈
∫

Dc→D(z1)

z1
· Dc̄→D(z2)

z2
· dσ(pp→ cc̄X)

dy1dy2d2pc
1td

2pc̄
2t

dz1dz2 , (1.1)

where:pc
1t =

pD
1,t

z1
, pc̄

2,t =
pD̄

2t
z2

and meson longitudinal fractionsz1,z2 ∈ (0,1). The multidimensional
distribution forc quark and ¯c antiquark is convoluted with respective fragmentation functions si-
multaneously. As the result of the hadronization one obtains corresponding two-meson multidi-
mensional distribution. In the last step experimental kinematical cuts on the distributions can be
imposed. Then the resulting distributions can be compared with experimental ones.

The LHCb collaboration presented distribution in theD0D
0

invariant massM
D0D

0. In the left
panel of Fig. 1 we show the corresponding theoretical resultfor different UGDFs. Both, the KMR
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Figure 1: Invariant mass distribution of theD0D̄0 system (left) and distribution in relative azimuthal angle
betweenD0 andD

0
(right) for different UGDFs.

and KMS UGDFs provide the right shape of the distribution. The dip at small invariant masses is
due to specific LHCb cuts on kinematical variables.

The LHCb detector has almost full coverage in azimuthal angle. In the right panel of Fig. 1
we show distribution in azimuthal angle between theD0 andD

0
mesonsϕ

D0D
0. Both, the KMR

and KMS UGDFs give the enhancement of the cross section atφDD̄ ∼ 0. This is due to the fact
that these approaches include effectively gluon splittingcontribution, not included in the case of
the Jung UGDFs. However, still one can observe some small missing strength at small angles. It
may suggest that within the KMR and KMS models the gluon splitting contribution is not fully
included.

2. Double charm production and meson-meson correlations

Production ofcc̄cc̄ four-parton final state is particularly interesting especially in the context
of experiments being carried out at the LHC and has been recently carefully discussed [3, 5].
The double-parton scattering formalism in the simplest form assumes two independent standard
single-parton scatterings. Then in a simple probabilisticpicture, in the so-called factorized Ansatz,
the differential cross section for the DPS production ofcc̄cc̄ system within thek⊥-factorization
approach can be written as:

dσDPS(pp→ cc̄cc̄X)

dy1dy2d2p1,td2p2,tdy3dy4d2p3,td2p4,t
=

1
2σe f f

· dσSPS(pp→ cc̄X1)

dy1dy2d2p1,td2p2,t
· dσSPS(pp→ cc̄X2)

dy3dy4d2p3,td2p4,t
. (2.1)

When integrating over kinematical variables one obtains

σDPS(pp→ cc̄cc̄X) =
1

2σe f f
σSPS(pp→ cc̄X1) ·σSPS(pp→ cc̄X2). (2.2)

These formulae assume that the two partonic subprocesses are not correlated one with each other.
The parameterσe f f in the denominator of above formulae from a phenomenological point of view
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is a non-perturbative quantity related to the transverse size of the hadrons and has the dimension
of a cross section. The dependence ofσe f f on the total energy at fixed scales is rather small and
it is believed, that the value should be equal to the total non-diffractive cross section, if the hard-
scatterings are really uncorrelated. More details of the theoretical framework for DPS mechanism
applied here can be found in Ref. [5].

In turn, the elementary cross section for the SPS mechanism of doublecc̄ production has the
following generic form:

dσ̂ =
1
2ŝ

|Mgg→cc̄cc̄|2 d4PS. (2.3)

where

d4PS=
d3p1

E1(2π)3

d3p2

E2(2π)3

d3p3

E3(2π)3

d3p4

E4(2π)3 δ 4 (p1 + p2 + p3+ p4) (2.4)

is the 4-particle Lorentz invariant phase space andp1, p2, p3, p4 are four-momenta of final charm
quarks and antiquarks.

Neglecting small electroweak corrections and taking into account alsoqq̄ annihilation terms,
the hadronic cross section takes the following form:

dσ =

∫
dx1dx2[g(x1,µ2

F )g(x2,µ2
F ) dσgg→cc̄cc̄

+ Σ f qf (x1,µ2
F)q̄f (x2,µ2

F ) dσqq̄→cc̄cc̄] . (2.5)

The matrix elements for single-parton scattering were calculated using color-connected helic-
ity amplitudes. They allow for an explicit exact sum over colors, while the sum over helicities can
be done by using Monte Carlo methods. The color-connected amplitudes were calculated follow-
ing a recursive numerical Dyson-Schwinger approach. More details about the SPS calculation and
useful references can be found in Ref. [18].

In Fig. 2 we show azimuthal angle correlation (left panel) and distributions in relative rapidity
distance between twoD0 mesons (right panel) with kinematical cuts (rapidities andtransverse
momenta) corresponding to the LHCb experiment. The shapes of the distributions are rather well
reproduced.
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Figure 2: Azimuthal angle correlation betweenD0D0 (left) and distribution in rapidity difference between
two D0 mesons (right) for DPS and SPS contributions.
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Other distributions in meson transverse momentum and two-meson invariant mass are shown
in Fig. 3. The shape in the transverse momentum is almost correct but some cross section is still
lacking. Two-meson invariant mass distribution is shown inthe right panel. One can see some
lacking strength particularly at large invariant masses.

In the figures shown here the SPS component (dash-dotted line) is compared to the DPS com-
ponent (dashed line). The dominance of the DPS mechanism in description of the LHCb double
charm data is clearly confirmed. The DPS mechanism provides almost fully qualitative explana-
tion of the measured distribution, however some strength isstill missing. This can be due to 3→
4 parton splitting processes discussed recently e.g. in Ref. [19]. This will be a subject of separate
studies.
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Figure 3: Distributions in meson transverse momentum when both mesons are measured within the LHCb
acceptance (left) and corresponding distribution in mesoninvariant mass (right) for DPS and SPS contribu-
tions.
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