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1. Introduction

The Drell-Yan dilepton production is one of representaéixamples for which QCD collinear
perturbative calculation can be performed order-by-ardierthe 0-th order collinear approxima-
tion (quark-antiquark annihilation) the transverse motuemof the dilepton pair (sum of transverse
momenta of opposite sign charged leptons) is zero due to mipmmeconservation. The Oth-order
result is usually not included in calculating the distribatin dilepton transverse momentum. The
lowest nonzero contributions are 1-st order quark-antijaanihilation and QCD Compton. Due
to inter-quark interactions the quarks/antiquarks, dtunstits of hadrons, are not at rest and posses
nonzero transverse momenta. This effect causes that thei@ker process contributes to the finite
transverse momenta of the lepton pair. Furthermore theséomis of gluons before thgg — |1~
hard process causes an eXdfamearing which, via momentum conservation, leads to firates-
verse momenta of the dilepton pair (see Fig.1). The effeattefnal motion as well as emission
from the ladders can be easily included in the formalism ofébinski unintegrated parton distri-
butions [1]. We include both 0-th order and 1-st order cdmitions. We concentrate on the distri-
butions in dilepton transverse momentum.This observabéxiremely sensitive in the 0-th order
to the initial transverse momenta of partons. Until now th@sverse momentum of Drell-Yan pair
was calculated within next-to-leading order perturba@@D [2] as well as in the resummation
formalism in the impact parameter space [3]. Here | presemiesselected results obtained within
k;-factorisation method [4]. More details can be found in ougioal paper [4].

2. 0-th order Drell-Yan cross section

Figure 1. The diagram for the 0-th order Drell-Yan dilepton produntigith emissions from the ladders.

The differential cross section for the 0-th order contribatcan be written as:
/delt d2K2t 1
dyldyzd2 pltd2 P2t Z T 1677 (X1%08)?

&% (Rut+Rop — Pre — P2e) [fo (X0, kEy) e (%2, K3,) M (g — 1517) 2
+g (xa, kEy) fo (2, K3,) M (g — 1417)[2],

(2.1)
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Figure 2: The subprocess diagrams for the 1-st order Drell-Yan dilegrodution with initial emissions
from the ladders.

where fi(xq, Kft) are unintegrated quark/antiquark distributions.
The longitudinal momentum fractions are evaluated in teaihfinal lepton rapidities and
transverse momenta:

my myq

X1 = \/é equl) + \/é equZ) )
LY YO

X2 = \/§ exq yl) + \/g exq YZ)7

wherem = /p2 + ¥ is a so-called transverse mass.
Formally, if the following replacements

fi(xq, Klz,t) — X105 (Xl)é(Kit) )

fi(x2>K22,t) — X2Pj (X2)5(K22,t) .

are done one recovers standard text book Drell-Yan formulae

3. 1-st order Drell-Yan cross section

In the first order inas there are two types of diagrams: QCD Compton and quark-aatiq
annihilation. A typical diagrams for corresponding suly@sses are shown in Fig.2. For example
the multidifferential cross section for the QCD Compton cenwritten in terms of unintegrated

quark/antiquark and gluon distributions as:

/delt d Kot 1

dY1dy2d2p1td2 P2t Z T 1672(X1X28)2

0% (Rut + Kap — Pre — Pau) [fg(xa,k5y) fo, (%2, kZ) [M(gg— y*q)[2
+fo, (X1, kFy) fo(Xe, KZ) IM(ag— y*q)[?].

(3.1)
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Figure 3: Distributions in azimuthal angle between electron andtpamsifor W = 38.8 GeV (E772 experi-
ment).

4. Results

Let us start with azimuthal angle correlations between ainty leptons. In Fig.3 we show
examples for the E772 experiment at Fermilab and diffrei$ cm lepton transverse momenta.
The cuts not only lower the cross section but also modify ttege of azimuthal correlations.

Very interesting observable, which is singular in collinepproximation in leading-order, is
the distribution in the transverse momentum of the dilegiain (p;.). In Fig.4 we show such a
dependence on the incident center-of-mass energy for tifereit bins in photon virtuality. In
general, the bigger energy the broader the distributiop in'.

The effect of broadening is summarized in Fig.5 where is sinsvage value of the lepton-pair
transverse momentum. The difference between differertt ipipphoton virtuality is due to QCD
evolution effect (we use photon virtuali@? as a factorization scale in the Kwiéski unintegrated
parton distributions). Similar effects were already dissrd for dijet [5] and photon-jet correlations
[6].

Finally we wish to confront our calculation with existingtddor the Drell-Yan dilepton pro-
duction. In Fig.6 we show our results with different valuésh® parametebg in the Kwieciiski
UPDFs [1]. The dominant effect is probably the internal motbf nucleon constituents. This
effect is often neglected in the standard QCD calculatiofis. get quite good description of the

1in collinear approach the distribution would be delta fimein transverse momentum of the pair.
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Figure 4. Distribution in p, for different beam energies specified in the figure and for tifterent

windows inQ?.
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Figure5: Average value ofy, as a function of center-of-mass energy for two differentomiws ofQ?.
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Figure 6: Distribution in p;, for zeroth-order Drell-Yan in proton-proton collisionsrfd/ = 62 GeV. Dif-
ferent curves correspond to different values oftth@arameter in the Kwietiski UPDFs. The experimental
data of the R209 collaboration are taken from [7].

R209 collaboration data already in the zeroth-order vogh= 1 - 2 GeV-1. It seems therefore
indespensible to include higher-orders in dactorization approach.

Let us now discuss contribution of processes of one orddrdrnithan in the previous section,
with hard subprocesses shown in Fig.2 (these diagrams bawe inserted between two partonic
ladders). In Fig.7 we show corresponding transverse mamewlistribution of the dilepton pair
for RHIC energy,/s= 200 GeV. For comparison we show also zeroth-order cortiahuiscussed
above. The zeroth-order contribution dominates at smefidverse momenta, while the first-order
contribution at transverse momenta larger than about 5 GeV.

In Fig.8 we show two-dimensional distributions ip(( jet), px(e*e™)) for Compton contri-
butions for,/s=200 GeV. We see broad distributions of the strength aloagahalp;; = px with
a smearing of the order of a few GeV. This smearing is a coreampiof the convolution of two
unintegrated parton distributions embodied in Eq.(3.2).

5. Conclusions

We have calculated both zeroth- and first-order contrimgito dilepton production in the
formalism with transverse momenta of initial partons takei® account. In these calculations
we have used Kwiefiski unintegrated parton distributions which include bsittearing in parton
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Figure7: Distribution in p;. for the RHIC energy W = 200 GeV. We show separately zerotkeofdiashed
line) and first-order Compton (dotted line) contributions.
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Figure 8: Two-dimensional distributions i (jet) and p;(e"e™) for the first-ordergg and qg Compton
contributions for W = 200 GeV an@? € (4.5,5.5) GeV.
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momentum due to nonperturbative effects in hadrons befahsion as well as extra smearing due
to QCD evolution effects in the collision process as encadéige Kwieciski evolution equations.

We have calculated correlations in azimuthal angle betviedh charged leptons as well as
correlations in the two-dimensional space of transversmeamum of the positron and transverse
momentum of the electron. Both effect of the internal motionl effect of subsequent emissions
from the ladder lead to deviations from the delta functiomdlative azimuthal angle centered at
@ = mt(collinear case) and deviations fropp(electron) =p;(positron) condition. The shape of the
distribution in transverse momentum of the pair dependk batincident energy and virtuality of
the time-like photon.

We predict larger smearing in transverse momentum of theptbh pair for larger dilepton
masses. The existing experimental datg/at= 62 GeV can be well explained by the zeroth-order
component by adjusting the parameter responsible for rmtumpative effects of internal motion
of partons in hadrons. We have also calculated dileptorst@nse momentum distribution in the
first order for the matrix element. Inclusion of initial trererse momenta removes singularity at
P+~ = 0. The first-order contribution dominates only at largansverse momenta of the pair and
is smaller than the zeroth-order contribution at low traase momenta. We have also discussed
analogous decorrelations on thg((jet), p:(I717)) plane. The initial transverse momenta lead to
sizeable deviations from the collinear conditipytjet) = p(1717).
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