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Abstract

We have analyzed thz dependence of +the average transverse momentum
squared, <p§>, of dimuons produce& in p¥ and ¢ N interactions, on s, the
square of the center of mass energy. The presently available data indicate a
linear increase of <p§> with 8 in both reactions with the rate of increase
being approximately twice as large in the y N reaction. The value of <p§> at
8=0 which is interpreted as the intrinsic <k$> of the = and p constituents is
the same within errors for .both reactions. First order QCD consistently

predicts a lower <p%> at all s than observed in the data.
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A well known prediction of perturbative quantum chromodynamiecs (QCD) is

that the average transverse momentum squared, <p$>, of dimuongs produced in

hadronic collisions is given tec order o by the r’elationshi;p‘l"3
2 2 2 2
<pp> = <kT> + aS(Q )'f(T,XF,En Q" )es (1)

where a is the running coupling constant, M is the mass of the dimuon, s is
the center of mass energy squared, t = M2/s, and <k§> is the sum of the
jntrinsic *ransverse momentum squared of the constituents that take part in
the interaction. BEguation (1) implies that ‘<p§> should grow linearly with s
at a given 1 and Xpe A linear relaﬁionship has been reported4—6. The aim of
this paper is to extract quantitative information from presently existing data
on the s variation of <p$> in 7 ¥ and pN reactions and to compare the ohserved
data with the predictions of first-order QCD.

The perturbative expression for the differential cross section to first

order in ag for dimuon production can be writien asT:
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Here oy and 9 represent the contributions of +the order ag quark-antiquark
anninhilation and Compton scattering diagrams shown in Figs. 1b and ie,

respectively. The qi's and Gi's in Eq. (2) are the gquark and gluon

distribution functions, and the various kinematic variables are given by:



xTin = -u/(s+t—M2), X, = [—x1t-(1-x1)m2]/(x1s+u—m2)
. = M2-/3 Mo oY, w = W5 M, o,
£ = X X.9 £ = x t+(1-x 2 8= xu+ (1-x e
1727 i 1 ! 2 2 ’
M% = p% + % and a =12 w/[25 2n(Q2/A2)], with Q2 - in expression (2).

Equation {2) is useful only for large Pp since it has a singularity at Pp
= 0. Furthermore, it ignores the intrinsic transverse momentum, kT’ of the
constituents. Altarelli, Parisi and Petronzio1 have given the following

prescription which uses this intrinsie kT to regularize the Pp = 0 divergence:

do
d 2 P
dn dy dp,, dM dy dpp,
(3)
dg
DY ~
+ v £op) g5 gy

-

Here ET = Pp - k is the Drell-Yan cross section (see Fig. la) and f is

P IpY

the soft kT distribution. We have assumed the kT distribution to have a

Gaussian form with the normalization

2 1 2 2 2
f(PT) d Py = Ty d P exp[-pT/<kT>] = 1 (4)
'n(kT >

The structure functions used in this caleculation of <p$> are given by



x0.52—0-1 bs (l*x)2.?9+0.77 s

* up ~ Y
x4 = dg ,0-52-0.16s (1-5)3-79%0.775
x 8 = (0.26+0.185) (1-x)7-8%0. 183
X Gp = 3-06(1—x)5'0 )
x V=V, L4 (1-0)0-2
x§_ = 0.24 (1-x)°7
x 6= 2.0 (1-x)7"°
with 8 = En[(Q2/0.25)/£n(20/0.?5)]. The valence quark distributions are

I

normalized to obtain the proper number of valence quarks for 7's and protons.
We have assumed that the strange guark-antiquark pairs are suppfessed by a
factor of 2 compared to uu or dd pairs. The quark distribution functions for
the proton correspond to the CDHS result58 while the quark distribution
funetions for the pion correspond to the NA3 resultss’g. The Q2 dependence is
guite small over the range of interest. We have used a Q2 independent gluon
distribution for the proton corresponding to counting rules; the conclusions
arrived at here are not affected if the power index is varied in the rangs 5.0
* 1.0.

When we use the structure functions (5) in Eq. (3) and integrate over Py
we obtain the Q2 dependent Drell-Yan cross section which is known to be lower
than the experimental cross sections for dimuon production by «'s, p, or
antiprotons by factors in the range 1.6 to 2.6 (g compilation of ¥ factors =

(do/dey)data/(dc/dey)DY for various reactions is given in Refs. 10,11). At

.



the level of the accuracy of the data these K factors have been determined to
be dndependent of t and y. Theoretical Justifications of constant K factors
have been provided by several authors12 who have carried out a full O(as)
calculation and have confirmed the observed independence on K on 1t and y for
t < 0.5, In these calculations the largest part of correction +to the cross
section for t < 0.3, (i.e., for the range of the current experiments)'is found
to arise from the vertex correction diagram {Fig. 1d4). This diagram, however,
coniributes no pT other than the kT of the constituents to the dimuons. In

addition, more complete calculations to order a2

o which have been done by Ellis

et al.,13 indicate <that the X is only a alowly varying function of Pqp-
Therefore, we have used empirical K factors assumed to be independent of T,
Xp» and Py in fitting the dimuon P distributions at various energies.

Using Eq.(3), the structure functions given by (5), and the empirical K
factors, we have been able +to fit published dimuon transverse momenium
distributions for proton interactions at 400 GeV/c and 2050 GeV/e, for =
interactions from 125 CGeV/c to 280 GeV/c and for 5 interactions at 125 GeV/c.
While the agreement of the calculations with the proton data is gquite good at

a given s, a <k2

o> varying from 0.9 (GeV/c)2 at v = 23.4 GeV to 1.5 (GeV/c)2

at /s = 62 GeV, is required. similarly <k2> must vary from 0.9 (GeV/c)2 at vs

T
= 15.3 GeV to 1.2 (GeV/c)® at /& = 22.8 GeV for the v reaction. Thus we find
that QCD to order ag with a constant <k§> is unable to descrive the existing
Py data at different energies.

To make explicit the failure of first order QCD with constant <k§> to
explain the transverse momentum distributions of dimuon at different energies,
we have compared the observed second moments of thg Pp distributions of +the

data to the <p$> predicted by (3). Figure 2 shows the existing



measurementss’6’14’15 of <p$> for Y1 = 0.28 and x, > 0 at different values of

P
s for the n ¥ reaction. Figure 3 shows <p$> for the pX data5’16’17 for vYtT =
G.22. The pN data points from the CF3 experiment15 are for <y> ranging from
0.03 for 400 GeV/c to 0.40 for 200 GeV/c. To take into account the expected
dependence of <p%> on y we have used the QCD formalism described above to

correct the CF3 data to correspond to y > O. Linear fits of the form <p§> =

A+Bs are shown for both sets of data. The details of the fits are given below

in Table I.
TABLE 1
Fits of <p$> = A+B(1)s to existing dimuon data
Fit Reaction YT Intercept {(A) slops (B) x2/NDF
2 - a0
<Pp> n N 0.28 . 0.59 £ 0.05 (2.8 + 0.2)10 1.2
pN 0.22 0.52 + 0.1 (1.4 = 0.2)10"3 0.3

As shown in the figures and in Table I, the ==0 intercept is the same within
errors for the pN and 7 N data but the slope of the rise of <p§> with s is
approximately twice as large for the m N data as for the pN data.

Since within errors the intercepts <p$>S=O are the sgsame and since we

interpret <p§>s=0 to be equal to <k§> from Eq. {1), we have set <ki> =

0.59 (GeV/c)2 in the QCD calculations. The resulits of the calculation of <p§>

with this choice of <k$> are shown in Figs. 2 and 3 for two different values

of A(0.3 and 0.5 GeV/c). The predictions of QCD fall well below the data in



the case of both the pN and the 7 N reactions. However, the calculations do
show a steeper slope for x N than for p¥ in qualitative agreement with the
data.

In conclusion we have examined the behavior of <p§> as a function of s
for the high mass di-muons produced in pN and # N interactions. We find that
the data are consistent within errors with the same <p%> intercept at s=0 for
p and 7 , but that the rise of <p$> with 8 is approximately twice as fast for
the 7 N reaction as for +the pN reaction. We have interpreted the s=0
intercept as the sum of the <k;> of the constituents of the proton and pion
participating in the interaction and have used the obgerved intercept, <k§> =
0.59 GeV2/02, in the first-order QCD prescription of Altarelli et al., %o
calculate the expected behavior of <p§> with =. We find +that this O(as)
formalism of QCD to (with the agsumption of a PT independent K factor and Q2 =
M2) is unable to account for the observed energy dependence of <p§> with the

3

disagreement waorsening at%t larger s.
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Fig- 1.

Fig. 2.

Tig. 3.

Figure Captions

{(a) Drell-Yan Process.

(b)_o(us) QCD quark-antiquark annihilation process.

(e) O(GS) QCD Compton scatter process.

(d) Vertex correction to the Drell-Yan process with virtual gluon
exchangsa.

<p§> versus s for dimuons produced in w  nucleon interactions. The
s80lid curve is a linear fit to the data. The dotted and dashed curves
are the predictions of first order QCD using the Altarelli et al.,
prescription for different values of A.

<p$> versus s for dimuons produced in p-Nucleon interactions. The
solid curve 1is the Jlinear fit to the data. The dotted and dashed
curves are the predictions of first’order QCD using the Altarelli et

al., prescription for different values of A.
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