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We focus on the problem of disentangling the single (SPS)danudble (DPS) parton scattering
modes in the production &/ pairs at the LHC conditions. Our analysis is based on comgari
the shapes of the differential cross sections and on stgdhigir behavior under imposing kine-
matical cuts. On the SPS side, we consider the leading-@rdef) contribution with radiative
corrections (taken into account in the framework of Kxdactorization approach) and the sub-
leading&(af) contribution from pseudo-diffractive gluon-gluon scaittg represented by one
gluon exchange and two gluon exchange mechanisms. We catime ¢onclusion that disentan-
gling the SPS and DPS modes is rather difficult on the basigiofughal correlations, while the
rapidity difference looks more promising, provided the gatance of the experimental detectors
has enough rapidity coverage.
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1. Introduction

In the last years, the production &f pairs has attracted a significant renewal attention in the
context of searches for double parton scattering procdé$es number of discussions has been
stimulated by the recent measurement [2] of the dodplg production cross section at the LHCb
experiment at CERN. Theoretical estimates based on bolimead [3, 4, 5] andk-factorization
[6] approaches show that the single (SPS) and double (DR®&)npscattering contributions are
comparable in size and, taken together, can perfectly ithesttre measured cross section.

To disentangle the SPS and DPS mechanisms one needs ty diederstand the production
kinematics. Naive expectations that the SPS mechanisnidshesult in the back-to-back event
configuration received no support from the later calcutaiolncluding the initial state radiation
effects ([5, 7]) washes out the original azimuthal corielad, thus making the SPS and DPS sam-
ples very similar to each other. One cannot exclude, howdvat the situation may change under
imposing certain cuts on th#/ (¢ transverse momenta. On the other hand, it has been suggested
[5, 8] that the DPS production is characterized by a muchelargpidity difference between the
two J/@ mesons. The goal of the present study is to carefully exathi@d/y pair production
properties in the different kinematical domains payingmtipn to the different contributing pro-
cesses.

2. Theoretical framework

2.1 SPScontributions
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Figure 2: Examples of Feynman diagrams rep-
resenting the production &f/ ¢ pairs in pseudo-
diffractive gluon-gluon scattering.
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Figure 1. Examples of Feynman diagrams repre-
senting the leading-order gluon-gluon fusion sub-

procesgyg — J/Wl/ Y.

At the leading orderg(ag), the SPS subprocesg+ g — J/ +J/y is represented by a
set of 31 "box" diagrams, with some examples displayed in Hig Our approach is based on
perturbative QCD, nonrelativistic bound state formalismg thek -factorization ansatz [9, 10, 11]
in the parton model. The calculation of this subprocesséstidal to that described in Ref. [7].
We have carefully checked that our present results are stemsiwith earlier calculations made in
the collinear limit [13, 14]. Using th&-factorization approach we go beyond the Leading-Order
approximations by including the initial state radiationregtions in the form of evolution of gluon
densities. Numerical results shown in the next section tmeen obtained using th&0 gluon
distribution from Ref. [15].
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In addition to the above, we also consider the pseudo-diffra gluon-gluon scattering sub-
processes of Fig. 2. Despite the latter are of formally higivder in as, they contribute to the
events with large rapidity difference betwe@py mesons and in that region can take over the
leading-order 'box’ subprocess. Our processes differ ftbmtrue diffraction in the sense that
there occurs color exchange, and so, the rapidity interedéen the twd /g 's may be filled up
with lighter hadrons (thus showing no gap in the overall baddensity). Among the variety of
higher-order contributions, the pseudo-diffractive sulgpsses are of our special interest as they
potentially can mimic the DPS mechanism having very sinklaematics. The evaluation of the
one-gluon exchange diagramg&i) +g(kz) — J/@(p1) +3/P(p2) + 9(ks) + g(ka) has also been
performed in theg-factorization approach.

The two gluon exchange mechanigmg—J/(+J/ has been previously considered in Ref.
[16], where it was reduced to the production bhfy pairs in photon-photon collisions [17] by
recalculating the appropriate color factor. We basicailjofv the same way in our present analysis,
but use an updated gluon density [18]. The correspondindituti@ can be cast into the impact-
factor representation [17]:

Pk (O, —Vas: K,0) 7 (9y,— V), —K,—0Q)

A9, Gr, — ViV ;s,t):is/ ey
B (K +0/2)% + d][(k —a/2)% + d]
and the cross section reads
do(gg—VV;s)
dt 64 2 Z ‘A gMg/\z_’VAsv)wSt) . (2.2)

The subscripts\; denote the gluons’ and vector meson helicities, @mslthe transverse mo-
mentum transfert ~ —g?. The color structure of the reaction is described by theofact; =
(N2—4)2 /[16N2(N2—1)], whereN, = 3. The amplitude remains always finite as the impact factors
# vanish wherk — £q/2. At smallt, within the diffraction cone, the cross section is domidate
by thes-channel helicity conserving amplitude. Then, the expfmim of the impact factor is

7 (g —VeiK,G) = S ﬂ/4na3/"u z k q dzd?k, (2.3)

wherey(z k) is the light-cone wave function of the vector meson aisthe light-cone momentum
fraction carried by the heavy quark. Neglecting the inidmaotion of the quarks we sei(z k) =
C 5(z— 3) 8 (k), where the normalizing consta@tis adjusted to thd /¢ leptonic width and is
related to the radial wave function at the originGfs= 12r°/(NZm,)|2(0)|2. Within the above
approximation, we have

_@ 1 B 4
|(zk.q) = 2 lk2+mg /4 g24+mi )

(2.4)

The cross section of the two-gluon exchange contributiocalsulated in the collinear ap-
proximation with MSTW2008(NLO) gluon distribution funota [18] and the factorization scale
= ¢, wherem is theJ/ transverse mass.
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2.2 DPScontributions

Under the hypothesis of having two independent hard partenbprocesseé andB in a
single pp collision, and under further assumption that the longitatiand transverse components
of generalized parton distributions factorize from eadteatthe inclusive DPS cross section reads

A B . 1
A8, = g%ﬁsps oot = | / d?b(T(b))%] . (2.5)
whereT (b) = [ f(by) f(b1—b)d?b; is the overlap function that characterizes the transverse a
occupied by the interacting partons, ah) is supposed to be a universal function of the impact
parameteib for all kinds of partons with its normalization fixed gsf (b) f(b1—b)d?b; d?b =

[ T(b)d?b = 1. The inclusive SPS cross sectioo§.sand oE,sfor the individual partonic subro-
cessed andB can be calculated in a usual way using the single partorilisisn functions. The
symmetry factomm equals to 1 for identical subprocesses and 2 for the diffiesimes. We restrict
ourselves to this simple form (2.5) regarding it as the fistineate for the DPS contribution. The
CDF [20] and DO [21] measurements giges ~ 15 mb, that constitutes roughly 20% of the total
(elastic + inelasticpp cross section at the Tevatron energy.

For the inclusive SPS cross sectiaééfg we take into account both the direct changelg —
J/Y+g and the production oP-wavesg+g— Xc; followed by radiative transitiongc;—J/W+y.
The calculation of the relevant Feynman diagrams is donéarktfactorization approach. The
computational technique and the parameter setting ara@iegal in every detail in Ref. [12].

3. Resultsand discussion
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Figure 3: Fraction of the production cross sec- § 01
tion left after imposing cuts on thé/y trans- s
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verse momentum. Dashed curve, SPS mode un-

der requiring that ond/y meson har > pr min; L;‘/A = /2 3!/4‘ : ~
dash-dotted curve, the square of the dashed curve; Ay

solid curve, SPS mode with botly¢/’s having

pr>prmin; dotted curve, DPS mode with both Figure 4. Azimuthal angle difference after im-
J/’s having pr > Pt min. posing cuts on thé/y transverse momenta.
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We start with discussing the role of kinematic restricti@mstheJ/{ transverse momentum.
Shown in Fig. 3 are the fractions of SPS events surviving &ft@osing cuts orpr (¢). Dashed
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line corresponds to requiringr (¢/)> pr min for only one (arbitrarily chosen)/¢ meson with no
restrictions on the other. Were the t@gy’s produced independently, the probability of having
pr (§)> pr min for the bothd /y’s simultaneously could be obtained by just squaring thgleisut
probability (dash-dotted curve in Fig. 3). On the contramythe naive the back-to-back kinematics,
a cut applied to any of the twd/ ('s would automatically mean the same restriction on therpthe
thus making no effect on the overall probability (dashed/eur The DPS production mode with
cuts applied to botld /¢ mesons is represented by the dotted curve in Fig. 3. As oneeamrthis
curve is rather close to that modeling the idealized inddpahSPS production.

The explicit calculation (solid curve) lies between the tidealistic extreme cases related to
the fully independent (dash-dotted curve) and fully bazl#éck correlated (dashed curve) produc-
tion of J/ pairs. In the regiorpr min < 4 GeV the solid and dash-dotted curves almost coincide,
thus showing that the twad/(’s are nearly idependent. With stronger cutsmr{y), the curves
diverge showing that the production &f(’'s becomes correlated.

Another illustration of this property is given by the azirhat angle differencelo(yy)/dA¢
exhibited in Fig. 4. The distribution looks flat for the unirested phase space, but tends to con-
centrate around¢ ~ rmwhen the cuts omr () become tighter. In principle, one could get rid of
the SPS contribution by imposing cuts like (@) > 6 GeV,A¢ < 11/4, but the DPS cross section
would then fall from tens of nanobarns to few picobarns mgkire measurements hardly feasible
in practice.
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Figure 5: Distribution over the rapidity differ-
ence betweed/y mesons. Dotted curve, SPS
'box’ contribution; dashed curve, one-gluon ex-
: change contribution multiplied by 1000; solid
i curve, two-gluon exchange contribution multi-
L e plied by 25; dash-dotted curve, DPS production.
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Now we turn to rapidity correlations explained in Fig. 5. lretcase of independent production
(the DPS mode), the distribution ovAy is rather flat (dash-dotted curve in Fig. 5), while in the
case of SPS’box’ contribution (dotted curve in Fig. 5) ité;icentrated arounfly ~ 0 and does not
extend beyond the intervly| < 2. In Fig. 5 we also show pseudo-diffractive contributioreni
the one- and two-gluon exchange processes of Fig. 2. As iewascted, these processes lead to
relatively largeAy and even show maximaaAy ~ +2. corresponding td/ mesons moving in the
directions of the initial gluons. At the same time, the abs®kize of the pseudo-diffractive cross
sections is found to be remarkably small. The reasons takiedit for this smallness are: the
presence of two extra powers @f; the large typical rapidity difference making the invatiamass
of the final state relatively large; and, what is most impaiitéhe color factors. Namely, the square
of the color amplitude of the first diagram in the first row ofFIL gives[%éab]2 = 32/9. Similarly,
for the diagrams in the second row we have@ &nd 9. For comparison, the color amplitude of
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the first diagram in Fig. 2 yields after squarifigd®®3d®¥)? = 1.2 ~ 0.1. Note that all the
considered contributions are of the same ordé¥dn

4. Conclusions

We have considered the productionJfy pairs at the LHC energies via SPS and DPS pro-
cesses taking into account several possible contributibgrecesses. We find it rather difficult to
disentangle the SPS and DPS modes on the basis of azimuttraheverse momentum correla-
tions: the difference becomes only visible at sufficientiyhhpr, where the production rates are,
indeed, very small. Selecting large rapidity differencer@g looks more promising. The lead-
ing order SPS contribution is localized inside the inteiMaf| < 2 (and continues to fall down
steeply with increasingAy|), while the higher order contributions extending beyonesthlimits
are heavily suppressed by the color algebra and do not tatlessiignificant background for the
DPS production.

Attendance to this conference was supported by RFBR graf21&1060.
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