VoLUME 48, NUMBER 5

PHYSICAL REVIEW LETTERS

1 FEBRUARY 1982

Dimuon Scaling Comparison at 44 and 62 GeV

D. Antreasyan, U. Becker, G. Bellettini, P. L. Braccini, J. G. Branson, J. D. Burger, F. Carbonara,
R. Carrara, R. Castaldi, V. Cavasinni, F. Cervelli, M. Chen, G. Chiefari, T. Del Prete, E. Drago,
R. D. Field, M. Fujisaki, M. F. Hodous, P. Laurelli, O. Leistam, D. Luckey, M. M. Massali,

T. Matsuda, L. Merola, M. Morganti, M. Napolitano, H. Newman, D. Novikoff,

J. A. Paradiso, L. Perasso, R. Rinzivillo, G. Sanguinetti, I. Schulz,

G. Sciacca, M. Steuer, K. Strauch, S. Sugimoto, Samuel C. C. Ting,

W. Toki, M. Valdata-Nappi, C. Vannini, F. Vannucci, and F. Visco
CERN, CH-1211 Geneva, Switzevland, and Laboratory for Nuclear Science, Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139, and Laboratoive de Physique des Pavticules, F-74019 Annecy-le -Vieux,
France, and Harvard University, Cambridge, Massachusetts 02138, and Particle Theory Group,
University of Flovida, Gainesville, Florida 32611, and Istituto di Fisica Spevimentale
dell’ Universita and Istituto di Fisica Nucleave, I-80138 Napoli, Italy, and Istituto di
Fisica dell’Universita and Istituto Nazionale di Fisica Nucleare, I-56100 Pisa, Italy
(Received 23 September 1981)

Measurements of pp—~u*u~ +X at Vs = 44 and 62 GeV are compared. The data are
taken under identical conditions utilizing clean proton-proton collisions from the CERN
intersecting storage rings and confirm scaling to 5%. The observed p*u” yield is a fac-
tor of 1.6+ 0.2 larger than estimated from a simple parton model but is consistent with
QCD. The p, dependence of the muon pairs dgrees well with expectations from QCD.

PACS numbers: 13.85.Qk, 12.35.Eq, 12.35.Ht

We have measured inclusive dimuon production
at the CERN intersecting storage rings at center-
of-mass energies of Vs =44 and 62 GeV with inte-
grated luminosities of 0.42x 10%® and 1.12x 10%®
cm”?, yielding 3184 and 13766 u*u" events, re-
spectively. The apparatus description, the pu
mass spectrum at 62 GeV, the production dynam-
ics of the muon pairs, and the analysis procedure
all have been reported.”? In this paper we dis-
cuss the following physics results:

(A) Scaling.—Here we present the comparison
of the new 44-GeV data with the 62-GeV measure-
ment for both the continuum and the J/¢,T reso-
nances. Using the same apparatus and the same
analysis ensures a clean comparison of the mass
spectra, as shown in Fig., 1(a). The systematic
differences between both measurements due to
luminosity and event selection are estimated to
be <5%. Describing the continuum with the scal-
ing variable 7=m?/s, the data were compared
with an Ansatz!

do/dm =A[(1 =V7)°/m¥ 7] +BY (m), (1)

where T () is the superposition of the three T
resonances® appearing as Gaussians of o(mn)=11%
resolution in our apparatus. For m >4.5 GeV,
the fit yields the following:

Vs (GeV) A (nb GeV? B (pb/GeV) x¥/DF
62 5.76+0.17 ©3.7T+0.6 16.3/26
44 5.47+0.34 0.7+0.4 16.7/18

The Ansatz’ fits well. The continuum contribu-

tion is shown as lines in Fig. 1(a). It is charac-
terized by the value of A, which is the same for
both energies within 5% or one standard devia-
tion, hence confirming scaling? between the two
measurements. The J/}) was measured over a
region of 0.1<X <0.3 in the Feynman variable,
X =p/p maxe We obtain B, do/dX(X) =0.2)= 41

+ 12 nb and 15+ 8 nb at Vs =62 GeV and Vs =44
GeV, respectively.

Scaling was also found in relative measure-
ments® at lower energies of Vs =18-27.4 GeV at
Fermi National Accelerator Laboratory. In gen-
eral, QCD does not predict scaling. According
to QCD, the cross section for producing muon
pairs expressed in m*d*o/dm dX|x-,, shown in
Fig. 1(b), is expected to decrease with increas-
ing energy v's, at large v 7, and to increase at
small v'7. Only in the region of 0.1<+v 7< 0,25,
QCD predicts very small deviations of < 3% from
exact scaling, as estimated by Field® for A =~ 100
MeV. This is in agreement with our data, as
shown in Fig. 1(b).

(B) Deviations from Drell-Yan.—The measured
cross sections in the continuum regions 5<m <8
GeV and m > 12,5 GeV can be compared with the
simple Drell-Yan Ansatz*:

mid3c
dmdX |x=0
zg;:_r%[g[%w)][%(x) +d, )+ Z 7x)], (@)
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FIG. 1. (a) Differential mass spectra of measured
muon pairs compared to the continuum part of the fit
Eq. (1) for 62 and 44 GeV. (b) Scaling comparison of
the 44- and 62-GeV data. The dashed line is the Drell-
Yan prediction Eq. (2) with structure functions from
inelastic neutrino scattering. The solid line is our fit
to the sea distribution in Eq. (2); see text. Resonance
regions are omitted.

where x,=x,=x +V7. We use the valence proton
structure functions from inelastic neutrino scat-
tering® " u, (v) =2.13Vx (1 - x)*-%, d,(x) = 1.26V % (1
-x)%8 and #(x) =0.27(1 - x)®!, Equation (2) as-
sumes s (x) =5 () =1[# () + d(x)] and negligible con-
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FIG. 2. (a) p r dependence at Vs = 62 GeV in compar-
ison with first-order QCD contributions and intrinsic
quark motion reproducing the shape. (b) (pp at con-
stant V7= 0.2 as function of Vs. The line is in accord-
ance with QCD expectations.

tributions from ¢ and b quarks.

We have no uncertainty from nuclear target
corrections; however, event selection and lumi-
nosity introduce a 10% overall uncertainty into
the absolute cross sections. Therefore, compar-
ing our cross sections in Fig. 1(b) with the Drell-
Yan estimates of Eq. (2) which are shown as a
dashed line, we determine®

_measured cross section

=1,6+0.2.
Drell-Yan prediction 1.6+ 0
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This is different from the values K ~ 2,2-2.4 ob-
tained in Ref. 6; however, our experiment is car-
ried out at much higher c.m. energies and to high-
er m,,° values.

Alternatively we can determine the sea-quark
structure function by fitting the 44- and 62-GeV
data in the continuum region with Eq. (2) using
u,(x) and d,(x) as mentioned, and i (x) =d(x)=A(1
—-x)°. We obtain #(x) = (0.42+ 0.05) (1 —x )83 1.0)
with x%/DF =6/17 which is to be compared to i (v)
=0.27(1 - x)(®1%°7 from inelastic scattering.®’
The shape is in accordance with neutrino meas-
urements’; the ratio of A is the measured K fac-
tor.

At present the precise theoretical value of the
K factor is unknown. Adding the order-a ; QCD
corrections to the leading result gives K ~ 1.7
(i.e., 1.0+ 0.7+...). A precise prediction cannot
be made until one is assured that the order-o S
term is small or until one can sum the large con-
tributions to the series.

(C) The pr distribution.—The order-a ; QCD
contributions also manifest themselves by broad-
ening the transverse momentum distribution of
the muon pairs. Figure 2(a) compares do/dp >
measured at 62 GeV (5<m <8 GeV) with two QCD
contributions, both of which are expected to pro-
duce high-p; muon pairs. The first is the gluon
emission®® from ¢g annihilation into virtual pho-
tons, shown as a dashed line in Fig. 2(a). The
second is the Compton term where a quark scat-
ters from another quark before emitting a virtual
photon.>® This contribution is shown as a dash-
dotted line in Fig. 2(a). The intrinsic quark mo-
tion will spread out the p, distributions. There-
fore, both contributions were convoluted with a
Gaussian of 0=480 MeV, which includes addition-
al perturbative and nonperturbative contributions.?
The result is shown by the solid line and describes
the data well.

(D) The vise of {pp).—Figure 2(b) shows {(p
from our data and those of Yoh et al.® as a func-
tion of V's for a constant v 7=0.2. It shows good
agreement with QCD predictions of a linear rise
of {p) with Vs,

We conclude that hadronic production of nonres-
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onant muon pairs at high energies is explained
well within the framework of quantum chromody-
namics. In particular, the data clearly indicate
the presence of the QCD order-a, terms that in-
volve gluon interactions. These terms cause the
absolute rate to be larger than that predicted by
the simple parton (Drell-Yan) model and mani-
fest themselves directly in the dynamics of the
muon-pair transverse momentum. The experi-
mentally measured large average p, and its lin-
ear rise with Vs at fixed v 7 are strong evidence
for QCD.
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