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ABSTRACT 

We relate the cross section for the production of low-mass lepion (Drell-Yan) 

pairs at large transverse momentum to the inclusive prompt (real) photon 

spectrum. The later one is then evaluated at second order in the QCD coupling 

constant oc$ ; predictions are obtained using next-to-leading order quark/gluon 

densities. Finally, a quantitative comparison with the recent pair data of the 

UA1 Collaboration is successfully performed. Therefore the considered 

process is conjectured as an extremely useful probe of the proton structure at 

small values of x. 
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TNTRonnrnoN 

This note is concerned with the production of lepton (Drell-Yan) pairs of small mass M, 
but larpe transverse momentum pr- This kinematical region is of interest at the SppS and 
Tevatron colliders, and even more for SSC. When the rario M ^ P T 2 is small the Drell-Yan 
cross section can be connected to the production cross section for prompt photons [1]. In pp 
and pp collisions the later process is dominated by the Compton subprocess, qg -» qY. 
Therefore the measurement of low-mass lepton pairs at large pr (and high energies, p i « Vs) 
allows to study the low x behaviour of the quark and gluon distributions in the proton. 

Let us remark that the kinemadcal region under consideration is complementary to die 
one usually studied in great detail, namely large mass M and small or medium px [2] (the 
more standard Drell-Yan process), which is relevant for describing the production of weak 
bosons [3], 

CONNECTING LEPTON PAIRS TO PROMPT PHOTONS 

We recall that the differential cross section for the production of a real photon with 
rapidity y and transverse momentum pt in a hadronic collision with invariant energy Vs is 
given by [4], 

do _ 1 
dxjdxj 

„ 2 * „ 2 

s PT S S Pr 
A ( - j , —, y; x t ,x 2 ) f• ( z ) ln- j + B ( - , — , y ; x^Xj) 
. Pr A A Pr A (1) 

The first term in the brackets contains the contribution of the anomalous photon structure 
function : it originates from the emission of a real photon from one of the final state quarks or 
antiquaries (bremssL~ahlung diagrams). The argument in the logarithm reflects the total phase 
space available for the photon in the decay q'-> q'+ y, when the decaying quark is produced in 
a parton process 

a + b-»'qj+c (2) 

at an invariant subenergy VÎ. The variable z is interpreted as the fraction of momentum 
carried by the photon in the collinear configuration and is a known complicated function of the 
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externa] variables s,pT,y andof the fraction of momenta xi, X2 of the colliding partons a 
and b. The quantity %q(z) is the splitting function, associated to the vertex q -» q + y 
modified to take account of leading logarithm corrections (gluon bremsstrahlung). In the 
following we use the parametrization given by Owens [5] (fj/g(z) is ignored however). All 
allowed reactions of type (2) are taken into account (g+g -» q-tSJ g+q-> g-Hj, 'q4q'—»'q+qi 
and they are included in the term ACs/pr2, pr^A2, y ; xi, X2> together with the convolution 
with the relevant structure functions. Concerning term B in eq.(l), it contains all the other 
parts of the cross section up to second order in a s. 

In order to calculate the lepton-pair spectrum from the prompt photon spectrum, eq.(l), 
one has to include several modifications. Firstly, eq.(l) bas to be multiplied by the factor 

3 ; I M H M 2 A M2 ) ' (3) 

which takes into account the effect of the virtual photon propagator and the decay of the photon 
into two leptons of mass m/. Secondly, the logarithmic factor in eq.(l) is modified as the 
kinematics of the decay q -> q + Y* depends on the mass of the photon. A study of the 
simpler process, namely scalar particle -» q+q + Y* shows that, compared to the real photon 
case, the logarithmic factor becomes lnfs/CM^l-z))) with z = (p°+lpl)/V§ where p is the 4-
momentum of the virtual photon. The functions A, B and f^q(z) depend in general also on 
MtypT2. However, we assume that M 2/px 2 « 1 and consequently we take the same 
expressions as for the massless photon case. Neglecting the terms of order nv 2 /M 2 the pair 
cross section in the considered limit is written as, 

da a 1 

dM2dydp5- 3 i tM 2 sp^ 

(4) 

APPLYING ISOLATION CUTS 

In order to enhance the y/itv ratio the UA1 [6] and UA2 [7] collaborations are using 
isolation criteria to select single real photon candidates. Theoretically this isolation cut may be 
approximated by demanding that no quark (antiquark) is contained in a cone of half angle S/2 
around the photon. As a result we find, 

dx,dx? 

oî 
A(- 5 , -; ,y;x l .Xj)f (z)ln(. 

Pr A Vqv 

(l-z)M' 

„2 
s PT 

2)+B(—, - j . y j x , ^ ) 
Pr A 
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xisoi 
da 
dydft. = 

S P T J 

„2 
s Pï 

dx^Xj A(- j , —, y; x p x 2 ) fY,a(z)ln (-
. Pr A 

ï/q~ 

„2 
s PT 

- ) + B ( - , - , y ; x l , x 2 ) 
4 Pr A 

(5) 

In general the isoladon cut should also modify the term B in eq.(S). However its effect is 
small, since B does not contain "singular" contributions from the process q -» q + v. 
Equation (S), up to an overall nocmalization factor a/3icM2, holds true for the production of an 
isolated lepton pair provided M 2 « (l-z)s sin^Al. 

INTEGRATED CROSS SECTIONS 

It is convenient to integrate the pair cross section with respect to the lepton pair mass. 
This gives appreciable rates at collider energies. Denoting the pair cross section for M 2

m j n £ 
M2£M2 r a» by 

da 
dydpV 

dM' 
da 

dMJdydp1J ' 

(6) 

one finds for the non-isolated cross section (m/ = 0), 

da 
dy3?J k=T^]^MAvH^éKz)+Bl 

(7) 

In the case one applies the same isolation cuts, there exists a very simple relation between die 
prompt photon and the low mass pair cross section, 

da 
YMSOL 2 Y.1SOL 

a , Hn.» da 
~ W 3 7 i ' " ï ^ "3yaPr" ' 

(8) 
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Without neglecting the lepton mass mj, the corresponding expressions become more 
complicated. They are used in the following numerical analysis. However, we note that 
eqs.(7) and (8) are sufficiently accurate for most practical purposes : for example at Vs = 
630 GeV, Mmin = 2m^ and Mm ax "2.5 GeV, eq.(8) overestimates the exact result by less 
than 6%. 

COMPARISON WITH DATA AND PREDICTIONS 

In Fig. 1 we present our results as a function of pr for the CERN collider energy, Vs = 
630 GeV, and the lepton pair mass in the range 2mji S M S 2.5 GeV. The pair rapidity is y=0. 
The dashed-dotted curve is the result for the full cross section (eq.4). The other two curves 
include an isolation cut, namely 6/2 = 55° (solid curve) and 8/2 = 20° (dashed curve), indicating 
the sensitivity on the choice of 8. One should note the following : (i) the isolation critérium 
reduces the cross section by an appreciable amount (by a factor two at pr=20 GeV/c), and (ii) 
the full cross section (dashed-dotted curve) does not extend down to very small values of pr, 
PT < 15 GeV/c. We remark in this connection that the theoretical cross sections are obtained by 
applying the principle of minimal sensitivity (PMS) [8], This procedure is described in detail in 
ref.[4]. From (ii) we conclude that perturbation theory does not give reliable results for the 
cross section, eq.(4), at small values of px, since the stability requirements of PMS cannot be 
specified in this kùiematical rgion. At smaller values of pr (PT < '5 GeV/c) the anomalous 
contribution, which is formally of 0(a s ), becomes large even exceeding the Born, term, and 
one is loosing the predictive power of the next-to-leading logarithmic calculation [4]. 
However, including isolation cuts the validity is extended considerably, since the cuts suppress 
the anomalous photon component Therefore in order to test quark/gluon distributions at very 
small x, via the dominance of the subprocesses qg -> qy, qq -» gy (including next-to-
leading order), the measurements of low-mass lepton pairs and of prompt photons should be 
performed using isolation criteria as described above. 

The UA1 Collaboration [9] recently presented data on isolated muon-pairs (2m^ £ M £ 
2.5 GeV ; Ay « 1.7) as a function of pr, shown in Fig.l. Although the (statistical) errors are 
large, there is good agreement between theory and data in magnitude and shape of the PT 
dependence. We also remark that for this mass range the relation between the pair and prompt 
photon cross sections is well approximated by (cf .eq.(8)), 

f.ISOL iJSOL 
do a do" 
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and indeed this prediction is verified experimentally [9]. Let us also stress that the prompt 
photon da» measured by UA1 [67 and UA2 [7] are in agreement with the QCD expectations 
[4,10]. 

It is worthwhile to point out that the theoretical predictions presented in Fig. 1 do 
include the next-to-leading order corrections of the partem evolution [10]. In detail, the analysis 
is based on a common description of the Deep Inelastic data as measured by EMC [11] and. 
prompt photon data, including measurements with fixed targets [13], The extracted gluon 
distribution in the proton is given by x G (x, Q 2 = 2 GeV 2 ) = (1-x) 4 - 2 , A M S - 200 MeV/c. 
However, starting with a softer gluon distribution, x G (x, Q 2 = 2 GeV 2 ) <* (1-x) 9 , as it seems 
to be required by the BCDMS [12] preliminary Deep Inelastic data, the theoretical predictions 
shown in Fig.l at SppS energies remain remarkable stable : for the explored XT range, XT < 
0.1, they differ by less than 15%. The stability of the predictions under changes of the input 
gluon distributions is mainly due to the fact that they cross in the x range probed by the UA1 
measurement Therefore the discussed set of data does not allow to draw definite conclusions 
on the shape of the gluon distribution [6]. 

At the Tevatron energy, Vs = 1.8 TeV, the same general features are predicted to hold, 
although the explored x range becomes smaller. For PT values less than 10 GeV/c the 
predictions become more sensitive to the input gluon : for the two examples quoted above a 
25% difference is expected. Compared to Fig.l the cross section is increased by a factor 1.5-2 
(by more than a factor 3) at or = 10 GeV/c (30 GeV/c). 

We have shown that the production of low mass lepton pairs at large PT, but small XT, is 
related to the one for prompt photons. The recent data [9] are nicely described in the framework 
of QCD perturbation theory. The importance of the requirement of isolation cuts is stressed, in 
order to extend the validity of the perturbative expansion to low values of pr, PT s 5-10 GeV/c, 
thereby probing, essentially by one dominant subprocess (Compton scattering), the proton 
structure at low values of x, x < 0.1. Since it becomes almost impossible experimentally to 
resolve prompt photons produced in hadronic collisions at extremely high energies [14], small 
mass lepton pairs offer a unique way for probing this itinematical region. 
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FTOHRF. CAPTION 

Fig. 1 : Comparison between theory and experiment for pp -» n + u-x : the cross section is for 
low mass pairs, M(n + u. - ) £ 2.5 GeV. The data for isolated pairs are from the UAl 
experiment [9] at Vs = 630 GeV, y=0 (averaged over the bin of width Ay = ± 1.7). 
The curves are : solid (dashed) for isolation cut 672 = 55° (20°); the dashed- dotted one 
is for the full cross section without cuts. 
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