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We discuss production of two pairs of in proton-proton collisions at the LHC. Both double-
parton scattering (DPS) and single-parton scattering \883ributions are included in the anal-
ysis. Each step of DPS is calculated withinfactorization approach. The conditions how to
identify the DPS contribution are presented. The discussechanism leads to the production
of pairs of mesons: each containingjuarks or each containingantiquarks. We discuss cor-
responding production rates and some differential distidgims for (D°D° + D°DP) production.
Within large theoretical uncertainties the predicted DRE3g section is fairly similar to the cross
section measured recently by the LHCb collaboration. Thst tescription is obtained with the
Kimber-Martin-Ryskin (KMR) unintegrated gluon distritboh. The contribution of SPS, cal-
culated in the high-energy approximation, turned out todibar small. Finally, we emphasize
significant contribution of DPS mechanism to inclusive chetl meson spectra measured recently
by ALICE, ATLAS and LHCb.
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1. Introduction

There is recently growing interest in studying double-pagcattering (DPS) effects (see e.g.
[1] and references therein). Recently we have shown thairtbduction ofccecis an ideal place to
study DPS effects [2]. Here, the quark mass is small enoughdore that the cross section for DPS
is very large, and large enough to treat the problem withi€pQThe calculation performed in
Ref. [2] was done in the leading-order (LO) collinear appmation. Recently [3] we have shown
that this is not sufficient when comparing the results of thkuation with real experimental
data. In the meantime the LHCb collaboration presented mg@eranental data for simultaneous
production of two charmed mesons [4]. In spite of limitedegtance they have observed large
percentage of events with two mesons, both containiggark.

In our recent analysis [3] we have argued that the LHCb datwighe a footprint of double
parton scattering. In addition, we have also estimatd production via single-parton scatter-
ing (SPS) within a high-energy approximation [5]. This aygmh seems to be an efficient tool
especially when the distance in rapidity betweemr/andccis large.

Another piece of evidence for the DPS effects is that theseabe leads to a missing contri-
bution to inclusive charmed meson production, as noted in[Be The measured inclusive cross
sections include events where t#o(or two 5) mesons are produced, therefore corresponding
theoretical predictions should also be corrected for th& Bffects.

In Ref. [7] the authors estimated DPS contribution basedhenexperimental inclusiv®
meson spectra measured at LHC. In their approach fragnmmtats included only in terms of
the branching fractions for the transitian— D. In our approach we include full kinematics of
hadronization process.

2. Sketch of the formalism

Two possible mechanisms of the production of megairs are shown in Fig.1.

Figure1: SPS (left) and DPS (right) mechanismg o) (cc) production.
The cross section for differential distribution in a simg@uble-parton scattering in leading-
order collinear approximation can be written as

do B 1 do do
dy1dy,d?pyidysdysd2py  20ett dyrdyod2py  dysdysad2py

2.1)
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which by construction reproduces the formula for integtatess section [2]. This cross section is
formally differential in 8 dimensions but can be easily regldito 7 dimensions noting that physics
of unpolarized scattering cannot depend on azimuthal aofgilee pair or on azimuthal angle of
one of the produced () quark (antiquark). This can be easily generalized by uficly QCD
evolution effects [2].

In the k;-factorization approach the differential cross sectiand®S production ofccc sys-
tem, assuming factorization of the DPS model, can be wraten

daPPS(pp — ccecX) _
dy1dy2d2py1d?pp 1 dysdysd?pad?pay
1 doSPY{pp—ctX) doSPYpp— cCX)
20etr dyidyo02pyd2ppe  dysdysd?psrd?pay
These formulae assume that the two parton subprocesses amgnelated one with each other. The

parameterog in the denominator of above formulae can be understood imipact parameter
space as:

(2.2)

-1

Ocff = [/dzb (T(B))z} ; (2.3)
where the overlap function
T(B) = / f(by) f (b1 — b) d%by, (2.4)

In the presented here analysis cross section for each stgicidated in theg-factorization ap-
proach:

| My g —ccl?

doSPSpp— ccX1) 1 /delt 2k
dy1dy.d?p; d2py¢ 167282 T

X

52 (th +kat — Pt — 52t) T (%1, K, 1%).F (%o, K5, U?),

doSPYpp — ctXe) 1 / kg d2ky

= | Mgt —oe]?
JysdyaPpoidPpa; 1628 ) 1w Mee—e

x 82 (Ka+Kat — o — P ) 7 (%3, K, ) 7 (0, K 12). - (2.5)

The matrix elements fay*g* — cc (off-shell gluons) are calculated including transversenmanta
of initial gluons [10, 11, 12]. The unintegratekldependent) gluon distributions (UGDFs) in the
proton are taken from the literature [13, 14, 15].

How the single scattering contribution is calculated islaixgd in Ref.[6]. In this approach
a high-energy approximation is used, and the calculatimulgshbe reliable for larger rapidity
distance between twax or two cc quarks. A full calculation of the single scattering contitibn is
in progress [8].

3. Reaults

In Fig. 2 we compare cross sections for the singlgoair production as well as for single-
parton and double-parton scattericapc production as a function of proton-proton center-of-mass
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energy. At low energies the conventional singéepair production cross section is much larger.
The cross section for SPS productioncotc system is more than two orders of magnitude smaller
than that forcc production. For reference we also show the parametrizatiguoton-proton total
cross section as a function of center-of-mass energy. Atenignergies the DPS contribution of
ccce quickly approaches that for singbe production as well as the total cross section.
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Figure 2: Total LO cross section for singlec pair and SPS and DP&cc production as a function of
center-of-mass energy.

In Ref. [2] we have proposed several correlation distridmgito be studied in order to identify
the DPS effects. Here in Fig. 3 we show only distributionsaipidity difference of quarks/antiquarks
Yait = Yc — Ye from the same scattering;C, or c3c4) and from different scatteringg;(C4 or csC;

Or €1C3 Or CC4) for various UGDFs. The shapes of distributions in the figaneealmost identical as
that obtained in LO collinear approach in Ref. [2]. One caadly see that the double-scattering
effects dominate in the region of large rapidity distanddss is a potential place to identify them.
As discussed in Ref.[3] this is not very easy option with thisteng detectors. Further studies are
needed.
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Figure 3: Distribution in rapidity distance between quarks/antidgsdy;; from the samedc; or czc4) and
from different scatteringsc{C4 Or c3C, Or €1C3 Or C>C4), calculated with different UGDFs.
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In Fig. 4 we present distribution in transverse momentumnef of theD® mesons, provided
that both are measured within the LHCb experiment cover@pe.theoretical distributions have
shapes in rough agreement with the experimental data. Tdpestof the distributions are almost
identical for different UGDFs used in the calculations t(leénel) and are almost independent of
the choice of scales in the case of the KMR model (right panel)
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Figure 4: Transverse momentum distribution BP? mesons from thé@°DP pair contained in the LHCb
kinematical region. The left panel shows dependence on UGBRile the right panel illustrates depen-
dence of the result for the KMR UGDF on the factorizationfrenalization scales. The MSTWO08 collinear
distribution was used to generate KMR UGDF.

In Fig. 5 we show distribution in th®°D? invariant massVpopo for both D%s measured in
the kinematical region covered by the LHCb experiment. Hleeeshapes of the distributions have
the same behavior for various UGDFs and are insensitive dogds of scales as in the previous
figure. The characteristic minimum at small invariant masse consequnce of experimental cuts
(see Ref. [6]) and is rather well reproduced. Our approaithdalarge dimeson invariant masses.
The largeMpopo invariant masses are probably correlated to large sgc@/gsand/orug/ 4 Ifthese
can be related to the effects of factorization violatiorcdssed in [9] requires dedicated studies.
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Figure 5: Mpopo invariant mass distribution fob°D° contained in the LHCb kinematical region. The
left panel shows dependence on UGDFs, while the right pdinstriates dependence of the result on the
factorization/renormalization scales for KMR UGDF.
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Finally in Fig. 6 we show distribution in azimuthal anghgopo between bottD®s. While the
theoretical DPS contribution is independent of the retaizimuthal angle, there is a small depen-
dence on azimuthal angle in experimental distribution.sTrhay show that there is some missing
mechanism which gives contributions both at small and |&ge However, this discrepancy may
be also an inherent property of the DPS factorized model lwwbimes not allow for azimuthal
correlations between particles produced in different Isaadterings. We wish to emphasize in this
context that the angular azimuthal correlation patterdDid°, discussed in Ref. [6], and f@°D°
(D°DY), discussed here, are quite different. The distributionT®D° (D°DP) is much more flat
compared to th®°D° one which shows a pronounced maximunpgs;, = 180 and o0 = 0°.
This qualitative difference is in our opinion a model indegent proof of the dominance of DPS
effects in the production dd°DP° (DODO).
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Figure 6: Distribution in azimuthal angléypopo between botD%s. The left panel shows dependence on
UGDFs, while the right panel illustrates dependence of #wilt for the KMR UGDF on the factoriza-
tion/renormalization scales.

4. Conclusions

In this presentation we have discussed productiorcst in the double-parton scattering
(DPS) and single-parton scattering (SPS) ingge— cccc subprocess. The double-parton scatter-
ing is calculated in the factorized Ansatz with each steputated in thek -factorization approach,
i.e. including effectively higher-order QCD corrections.

The distribution in rapidity difference between quarksiumarks from the same and different
scatterings turned out to have similar shape as in the LOneall approach. The same is true
for invariant masses of pairs of quark-quark, antiquartkgaiark and quark-antiquark, etc. The
distribution in transverse momentum of the pair from the eaeattering turned out to be similar
to that for the pairs originating from different scattesng

The total rates of the meson pair production depend on thaagrated gluon distributions.
The best agreement with the LHCb result has been obtaingdddtimber-Martin-Ryskin UGDF.
This approach, as discussed already in the literaturegtefbdy includes higher-order QCD correc-
tions.

As an example we have also calculated several differeristilalitions forD°DP pair produc-
tion. We have reproduced the main trends of the LHCb datadosterse momentum distribution
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of D? (D%) mesons and®®DP invariant mass distribution. The distribution in azimuthagle be-
tween bottD%s suggests that some mechanisms may be still missing. figkegarton scattering
contribution, calculated in the high energy approximatitumned out to be rather small. This is
being checked in exact-2 4 parton model calculations.

The DPS mechanism afccc production gives a new significant contribution to inclesiv
charmed meson spectra [3]. For instance the descriptioheofriclusive ATLAS, ALICE and
LHCb data is very difficult in terms of the conventional S contribution [?].

Summarizing, the present study afcc reaction in thek-factorization approach has shown
that this reaction is one of the best places for testing @sphlton scattering effects.
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