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Kinematical correlations in azimuthal angrlJ%oBO, invariant massMDoBo and rapidity differ-
enceYy oo distributions are calculated. We also discuss productfowvo pairs of cc within

the formalism of double-parton scattering (DPS). We compasults of calculations of single-
parton scattering (SPS) and double-parton scattering (PSroduction ofccec and forD® — DO
meson-meson correlations. We compare our predictionsdiaiolé charm production with recent
results of the LHCb collaboration for azimuthal anglgpo distribution, dimeson invariant mass
Mpopo and rapidity distance between mesdpsyo. The obtained results clearly demonstrate the
dominance of DPS in the production of events with doublemhar
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1. Introduction

It was recently argued that the cross sectioncfmc production at LHC energies may be very
large due to mechanism of double-parton scattering (DPISEws a completely new situation [3,
4]. The double scattering effects were studied in sevehargirocesses such as four jet production,
production ofV "W~ pairs or production of four charged leptons, however, ittedicases the DPS
contributions have been found to be much smaller than theecional single-parton scattering
(SPS) mechanisms.

In the meanwhile the LHCb collaboration measured the cressam for the production of
DD meson-meson pairs gfs= 7 TeV which is surprisingly large, including interestingrelation
distributions [2]. So far the double open charm productiemehbeen studied differentially only
within the k -factorization approach using unintegrated gluon distidms [5], where several ob-
servables useful to identify the DPS effects in the case obldoopen charm production have been
carefully discussed.

Separately the production of double hidden charm was stuglig. in Ref. [6] for thepp —
J/Wd/ WX process. There the SPS sindléy and DPS doubld/y contributions are comparable.
Furthermore, the DPS contribution exceeds the SPS cotitribior large rapidity distance between
the twoJ/y’s. This is similar to the case @fcc production [5].

In order to draw definite conclusions about the DPS effectioimbleD meson production it
is necessary to carefully estimate contributiorctoc final state from the standard mechanism of
single-parton scattering. The latter mechanism conssthtgher-order correction to conventional
SPS singlecc production and one may expect suppression in comparisdretbPS contribution,
however, it should be accurately calculated in order to ceduncertainty of the DPS theoretcal
model. So far the SPS contribution was calculated only it‘@gergy approximation [7], which
is relevant for large rapidity separation between produnedons. Since, in the LHCb experiment
the condition of large rapidity distances is not always field, it seems to be essential to perform
exact calculations.

1.1 Charm-anticharm correlations at the LHCb

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

do(pp— DDX) N/DC_,D(zl) D: 5(z2) do(pp— ccX) dzdz (L.1)

dyydy,d?pR2pd z  zn dydy.d®p5d?p5

where: p§, = pziit p‘{t = % and meson longitudinal fractiors, z; € (0,1). The multidimensional
distribution forc quark andc antiquark is convoluted with respective fragmentationcfioms si-
multaneously. As the result of the hadronization one obtaimrresponding two-meson multidi-
mensional distribution. In the last step experimental kiaical cuts on the distributions can be
imposed. Then the resulting distributions can be compartddexperimental ones.

The LHCDb collaboration presented distribution in D’ invariant mas 0. In the left
panel of Fig. 1 we show the corresponding theoretical résullifferent UGDFs. Both, the KMR
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Figure 1: Invariant mass distribution of the°DP system (left) and distribution in relative azimuthal angle
betweerD® andD° (right) for different UGDFs.

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

The LHCb detector has almost full coverage in azimuthal engt the right panel of Fig. 1
we show distribution in azimuthal angle between BfeandD° mesonsrpDoﬁo. Both, the KMR
and KMS UGDFs give the enhancement of the cross sectigpmt- 0. This is due to the fact
that these approaches include effectively gluon splitdagtribution, not included in the case of
the Jung UGDFs. However, still one can observe some smatimgistrength at small angles. It
may suggest that within the KMR and KMS models the gluon wpdjtcontribution is not fully
included.

2. Double charm production and meson-meson correlations

Production ofccce four-parton final state is particularly interesting esp#giin the context
of experiments being carried out at the LHC and has been ttgcearefully discussed [3, 5].
The double-parton scattering formalism in the simplesmfassumes two independent standard
single-parton scatterings. Then in a simple probabilisitture, in the so-called factorized Ansatz,
the differential cross section for the DPS productioncedc system within thek, -factorization
approach can be written as:

daPPS(pp — cceeX) B
dy1dy-d2py (d2pydysdysd2psd2pa;
1  doSPYpp—ccX) doSPYpp— ccX)

: . ) 2.1
20etr  dyidy,d?pyd?pp;  dysdyad?ps d?pag @D

When integrating over kinematical variables one obtains
aPPS(pp— ccacX) = 0PI pp— ccXy) - 0SPpp— cCXe). (2.2)

201t

These formulae assume that the two partonic subprocessestacorrelated one with each other.
The parameteoe ¢ in the denominator of above formulae from a phenomenolbgicent of view
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is a non-perturbative quantity related to the transverae af the hadrons and has the dimension
of a cross section. The dependenceaogfs on the total energy at fixed scales is rather small and
it is believed, that the value should be equal to the totatdifiractive cross section, if the hard-
scatterings are really uncorrelated. More details of tieetitical framework for DPS mechanism
applied here can be found in Ref. [5].

In turn, the elementary cross section for the SPS mechanistouble cc production has the

following generic form:
46 — 2is gy d*PS 2.3)

where

dc*pr d®p; dps dipy
E1(27T)3 E2(27T)3 E3(2Tl’)3 E4(2T[)
is the 4-particle Lorentz invariant phase space pna,, ps, ps are four-momenta of final charm

quarks and antiquarks.
Neglecting small electroweak corrections and taking irmtcoant alsayq annihilation terms,

the hadronic cross section takes the following form:

d*PS= =84 (p1+ P2+ P+ Pa) (2.4)

do = [ dadelg(, k)30 HE) A0y ccoc
+ Zt 0 (X0, HE )Gt (X, M) dOgq—cec] - (2.5)

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

In Fig. 2 we show azimuthal angle correlation (left panel] distributions in relative rapidity
distance between twbB° mesons (right panel) with kinematical cuts (rapidities arashsverse
momenta) corresponding to the LHCb experiment. The shafptbe alistributions are rather well
reproduced.
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Figure 2: Azimuthal angle correlation betwe®?DP (left) and distribution in rapidity difference between
two D° mesons (right) for DPS and SPS contributions.
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Other distributions in meson transverse momentum and teseminvariant mass are shown
in Fig. 3. The shape in the transverse momentum is almostatdout some cross section is still
lacking. Two-meson invariant mass distribution is showrthia right panel. One can see some
lacking strength particularly at large invariant masses.

In the figures shown here the SPS component (dash-dottgddioempared to the DPS com-
ponent (dashed line). The dominance of the DPS mechanisrasicrigtion of the LHCb double
charm data is clearly confirmed. The DPS mechanism provithessa fully qualitative explana-
tion of the measured distribution, however some strengstillamissing. This can be due to-3
4 parton splitting processes discussed recently e.g. in[R&f This will be a subject of separate
studies.
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Figure 3: Distributions in meson transverse momentum when both ngeammeasured within the LHCb
acceptance (left) and corresponding distribution in meseariant mass (right) for DPS and SPS contribu-
tions.
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