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It is argued that if multimuon events observed in deep-inelastic muon scattering are
manifestations of associated charmed-meson production, then the latter may be respon-
sible for a sizable fraction of observed scaling violations at small values of the scaling
variable x.

During the past few years, systematic depar-
tures from scaling have been observed both in
muon and electron scattering experiments. ' '
With increasing q' (square of momentum trans-
fer), the nucleon structure function vW, rises at
small x and falls at large x (x =—q'/2Mv with M
the nucleon mass and v the energy of the virtual
photon). This pattern of scale violations has
been compared with theoretical predictions eith-
er phenomonological4 or derived from the quark
structure of the nucleon. '

The production characteristics of dimuons ( pN
—p pÃ) and trimuons ( pÃ- p, p, pÃ) observed in
150-GeV deep-inelastic muon-nucleus scattering
were described previously. ' It was shown that
85% of the observed dimuons were unaccounted
for by well-established mechanisms. The total
of eight kinematically fully reconstructed tri-
muons can be divided into five "quiet" (inelastic-
ity q&0.2) and three inelastic (q&0.2) events.
The main trimuon backgrounds are assumed to
be direct pair production (electromagnetic tri-
dents) and production of vector mesons, especial-
ly g because of its large (7%) pp, decay branch.
Their total contribution is crudely estimated to

be one trimuon (about 0.75 inelastic and 0.25
elastic events),

Since the experiment is biased towards detect-
ing events at large transverse momentum, an
obvious mechanism for producing the extra muons
is via associated production and decay of heavy
particles. Among many possible muon progeni-
tors, the charm-carrying D meson appears the
most likely candidate. The D-meson origin of
the muons has already been suggested by several
authors" along with brief analyses. The motiva-
tion of the present work is to study the relation
of multimuons and scaling violation assuming
charmed-meson origin of the multimuons. No
further evidence beyond that of earlier studies"
is presented as to the validity of the D-meson
origin hypothesis. In contrast with these earlier
studies, trimuons are included in the present
analysis, and detection efficiencies are treated
more realistically.

For any reasonable model of multimuon produc-
tion, the total detection efficiency of the experi-
ment is small. The sate of multimuon production
appears to be more sensitive to the model as-
sumed than is the shaje of various kinematical
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distributions. This is also true of the background.
For this reason a careful treatment of detection
efficiencies is essential. Since the scaling viola-
tion is most pronounced at small x, a cut of
0.015 &x&0.075 has been made. 80% of all di-
muons belong to this class as do two of three in-
elastic trimuons.

The basic model adopted for charmed-meson
production is that of Bletzacker and Nieh' (BN).
This choice of model is rather arbitrary and is
motivated mainly by the fact that BN can readily
serve as a way to parametrize D-meson produc-
tion. Because trimuons are of interest, the BN
formula is made to apply to DD pairs rather than
to single D production. This differs insignificant-
ly from BN except near threshold, while treating
the kinematics more accurately. The production
cross section is given by

d c
= (871 n'MEq ')E,t, (x, y)f(p),

E,h(x, y) =A[q'/(q'+ 4MD')] [(s —s,)/s]'

&e ""'[1+(1—y)'], (2)

where A is a normalization factor, M~= 1.86
GeV, s is the square of the invariant mass of the
virtual-photon-nucleon system, s, is the thresh-
old s for DD production, and x'—= (q'+4M~')/2Mv.
The inclusive DD momentum distribution is taken
to be

where y = v/E with E the incident energy, p is the
momentum of the DD pair, a is the fine-structure
constant, and M is the nucleon mass. The struc-
ture function E,q(x, y) is assumed to be

ergy loss, straggling, all relevant detail of tar-
get-detector geometry, magnetic fields, scan-
ning criteria, known uncertainties in momentum
reconstruction, and the x cut are included. Fig-
ure 1 presents a comparison of the calculated
pr distribution (of the nonleading muon) with
experiment. In Fig. 2 the z distribution is
shown where z ' =—p, /v ( p, = longitudinal momen-
tum of nonleading p). In both graphs the calcula-
tion is normalized to the data. With the excep-
tion of a few high-pr', high-z' events (they are
strongly correlated), agreement is satisfactory.

In both Figs. 1 and 2 the choice of parameters
is a = 1, b = 0.25. Neither distribution is very
sensitive to this choice, although small b values
are favored by the observed pr' distribution. "
Preliminary data from a higher-energy experi-
ment" also support small b by comparing the
ratio of dimuons produced at each energy with
calculation. This ratio is fairly sensitive to the
choice of b (it increases by a factor of 2 from b
= 0.25 to b = 3) and also favors slightly the lower
values of a. The calculation predicts a 2 p/3 p,

ratio of 25 which is quite insensitive to the pa-
rameters and is well above the observed ratio
of 10+6.

By using the observed dimuon rate to normal-
ize BN predictions, an estimate is made of the
increment in the structure function, vR', . The x
cut isolates the small-x region where scaling
violation is most prominent. The average q' of

IO

f(p) =Ne "exp( bpr'), — (3)

where N is a normalization factor, z -=p, /v with
the longitudinal and pr the transverse DD mo-
mentum (as noted above, in BN z and pr refer to
a single D). The parameters a, b are fixed in BN:
a = 3 and b = (M~'+0. 03q') '. In this work the
weak q2 dependence of b is removed and a and b

are left free. The invariant mass of the DD sys-
tem is chosen from a theoretical distribution of
associated production. " The decay of DD is as-
sumed to be isotropic in the DD rest frame. To
study trimuon production the correlation between
the two D's is kept. The D is assumed to decay"
into K*p,v with a 10% branching ratio.

Characteristics of muon production according
to the above model are calculated by a Monte
Carlo procedure and the muons are then traced
through the apparatus. Multiple scattering, en-
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FIG. 1. Transverse-momentum distribution for the
produced muon with respect to the virtual-photon direc-
tion. The solid curve is the prediction of an associated-
charm-production model.
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FIG. 2. Distribution of fractional longitudinal mo-
mentum, z'. The solid curve is the prediction of an
associated —charmed-meson-production model.

FIG. 3. Average increment in the structure function
v8& (0.015&&&0.075) due to associated charm produc-
tion. The observed scaling violation is shown as a
heavy horizontal line. The sensitivity of the parame-
ters used in the model to predict the increment is
shown. Small values of a and b appear favored by the
analysis.

the sample is 7.5 (GeV/c)'. ln Fig. 3 the con-
tribution to the scaling violation" is plotted as a
function of a for values of b= 0.25 and b = 3. If
multimuons are indeed manifestations of charm,
one must then conclude that associated charm
production is likely a sizable component' of the
scaling violation at small x.

Other variants of the model are possible, "be-
sides those illustrated in Fig. 3. The present
analysis concerns only the dominant member of
a set of related process, e.g. , D decays to differ-
ent final states such as Kpv, n&Ep, v, etc. , and
associated charmed-meson-baryon production.
Based on simple total-cross-section estimates,
production of charged or neutral heavy leptons
and associated bottom quantum number carriers
are not expected to contribute significantly to the
multimuon sample of the present experiment.
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We have studied correlations between two ~ 's produced at the CERN intersecting stor-
age rings, utilizing detectors with large azimuthal acceptance. We find that the previ-
ously observed enhancement of two 7lo's produced at azimuthal difference near 180 can
be made to vanish when certain kinematic effects are removed. However, we observe
aligned configurations above 8 GeV of transverse energy unexplained by such kinematic
effects,

Most studies' of correlations between two par-
ticles of high transverse momentum have been
limited to nearly coplanar configurations (azi-
muthal-angle difference hp-0', 4p-180 ). In
this experiment, we have measured the distribu-
tions of neutral pion pairs over nearly the full
angular range of the azimuthal difference. These
measurements enable us to remove certain kine-
matic effects in the analysis of particles emitted
in opposite directions at the CERN intersecting
storage rings (ISR). We find that the excess in
"back-to-back" &' pair production previously ob-

served can be made to vaish when these kinemat-
ic effects are removed, reappearing only when
one of the v"s exceeds 4 GeV/c in transverse
momentum.

The data for this study were derived primarily
from the ISR runs with c.m. energy +s =52 GeV.
The integrated luminosity was -3& ].0" cm '.
Our apparatus (cf. Kourkoumelis' and Cobb' for
a more detailed description) consists of four
lead-liquid-argon calorimeters placed adjacently
around the intersection region, each covering
the polar-angle region 90'+ 45' and each having
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