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Msasive lepton-pair production, the Drell-Yan process, should be a good source of independent con-
straints on the gluon density, free from the experimental and theoretical complications of photon iso-
lation that beset studies of prompt photon production. We provide predictions for the spin-averaged
and spin-dependent differential cross sections as a function of transverse momentum QT.

1 Introduction

Massive lepton-pair production, hl + h2 +

7* +X; ~“ + 1~,the Drell-Yan process, and
prompt real photon production, hl + h2 +

7 +X, are two of the most valuable probes
of short-distance behavior in hadron reac-
tions. They supply critical information on
parton momentum densities and opportuni-

ties for tests of perturbative quantum chro-
modynamics (QCD). Spin-averaged parton
momentum densities may be extracted from
spin-averaged nucleon-nucleon reactions, and

spin-dependent parton momentum densities
from spin-dependent nucleon-nucleon reac-
tions.

The Drell-Ysn process has tended to be

thought of primarily as a source of informa-
tion on quark densities. Indeed, the mass and
longitudinal momentum (or rapidity) depen-

dence of the cross section (integrated over
the transverse momentum QT of the pair)
provide essential constraints on the antiquark

momentum density, complementary to deep-
inelastic lepton scattering from which one

gains information of the sum of the quark and
antiquark densities. Prompt real photon pro-
duction, on the other hand, is a source of es-

sential information on the giuon momentum
density. At lowest order in perturbation the-

ory, the reaction is dominated at large values

of the transverse momentum ~ of the pro-
duced photon by the QCD “Compton” sub-
process, q + g + 7 + q. This dominance is
preserved at higher orders, indicating that

the experimental inclusive cross section dif-
ferential in ~ may be used to determine the
density of gluons in the initial hadrons.

In thk contribution, we summarize re-
cent workl $2, in which we demonstrate that
the QCD Compton subprocess, g+g + ~’ +q
zJso dominates the Drell-Yan cross section in

polarized and unpolarized proton-proton re-
actions for values of the transverse momen-
tum Q~ of the pair that are larger than
roughly half of the pair mass Q, QT >
Q/2. Dominance of the qg contribution in
the massive lepton-pair case is as strong if
not stronger than it is in the prompt pho-
ton case. Massive lepton-pair differential
cross sections are therefore an additional use-
ful source of constraints on the the spin-
averaged and spin-dependent gluon densities.
Although the cross section is smaller than
the prompt photon cross section, massive lep-

ton pair production is cleaner theoretically
since long-range fragmentation contributions

are absent as are the experimental and the-
oretical complications associated with isola-
tion of the real photon. As long QT is large, .
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3 Tevatron and LHC Cross Sections

To obtain numerical predictions for hadronic
cross sections, we choose an illustrative

SUGRA model with parameters mO = 100

GeV, Ao=300 GeV, tan @ = 4, and sign

P = +. Because the gluino, gaugino, and

squark masses all increase with parameter
Tialtz (but are insensitive to mo) j we WMY

m1i2 between 100 and 400 GeV. The result-
ing masses for ~~...d vary between 31...162,

63...317, 211...665, and 241...679 GeV; Z~2
are almost degenerate in mass with j$J4. The
mass mi: < 0 inside a polarization sum.

Our approach is general, and results cau be
obtained for any set of gaugino and gluino
masses. For our second model, we select

one3 with an intermediat~mass gluino as the
lightest SUSY particle (LSP), fixing mij =

30 GeV, and m~ = 450 GeV. We choose a

weak sector identical to the SUGRA case. In
our paper2, we also quote results for anomaly

mediated, gauge mediated, and gaugino me-
diated models.

We convolve LO and NLO partonic cross

sections with CTEQ5 parton densities in LO
and NLO (~) along with 1- and 2-loop ex-

pressions for a,, the corresponding values of

A, and five active quark flavors.
For the SUGRA case, we present total

hadronic cross sections in Fig. 1 as functions
of the gluino mass. The light gaugino chan-
nels should be observable at both colliders.
At the Tevatron, for 2 fb-l of integrated lu-
minosit y, 10 or more events could be pro-
duced in each of the lighter gaugino chan-

nels if m~ <450 GeV. The heavier Higgsino
channels are suppressed by about one order
of magnitude and might be observable only at
the LHC. As a rough estimate of uncertainty

associated with the choice of parton densities,
we note that the NLO cross section for x$
production is lower by 12% at the Tevatron
with the CTEQ5 set than for the CTEQ4 set,
and 470 lower at the LHC. The impact of the
NLO corrections can be seen more readily in

m; [G3VI
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Figure 1. Predicted total hadronic cross sections at
Run H of the Tevatron and at the LHC for all six ~x
channels in a typical SUGRA model as functions of
the gluino maw.

the ratio of NLO to LO cross sections com-

puted at a renormaEzaton scale set equal to
the average mass of the final state particles.
The NLO effects are moderate (of 0 (10%))
at the Tevatron, while at the LHC the NLO
contributions csa increase the cross sections
by as much as a factor of two. The second
initial-state channel, initiated by gluon quark
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scattering, plays a significant role at the en-
ergy of the LHC.

For the case of a gluino with mass 30

GeV, the total hadronic cross sections are
shown in Fig. 2 as fictions of m1)2. At the
Tevatron, for 2 fb-l of integrated luminosity,
100 or more events could be produced in each
of the lighter gaugino channels if m1j2 <400

GeV. In this case, NLO enhancement factors
lie in the ranges 1.3 to 1.4 at the Tevatron
and 2 to 4 at the LHC.

An important measure of the theoreti-

crd reliability is the variation of the hadronic

cross section with the renormalization md
factorization scales. At LO, these scales enter
only in the strong coupling constant and the

parton densities, while at NLO they appear
also explicitly in the hard cross section. The

scale dependence is reduced considerably af-
ter NLO effects are included. The Tevatron
(LHC) cross sections vary by +23(12)% at
LO, but only by +8(4.5)% in NLO when the
scale is varied by a factor of two around the

central scale.
For experimental searches, distributions

in transverse momentum are important since

cuts on @ help to enhance the signal. In
our long paper2, we show that NLO contri-
butions ca have a large impact on ~ spectra
at the LHC, owing to contributions from the
gq filtial state. At the Tevatron the NLO ~-

distribution is shifted moderately to lower ~
with respect to the LO expectation.
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