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ELASTIC AND INELASTIC g PRODUCTION BY MUONS

Stewart C. Loken
Lawrence2 Berkeley Laboratory
University of California
Berkeley, CA 94720

ABSTRACT

We present results on the elastic and inelastic production of , (3.17.
The elastic data are qualitative agreement with the predictions of photon-gluen
fusion but have a steeper dependence on Q2 than the model predicts. A QCD cal-
culation accounts well for the shape of the inelastic data in inclasticity, Q
and Ey, but fails to account for the absolute cross section, At 209 Ge\, the
cross-section for elastic ¥ production is 0,36:0.07nb; for inelastic, 0,28-
0.06nt.

RESUME

Nous présentont de nouvelles données sur la production &lastique 1t
indlastique de y(3.1). La distribution des . &lastique confirme en generdl les
predictions du modele de fusion photon-gluon mais apparait nlus pentue en Q
que 1'on attend de la modéle, Une calculation de QCD rend :ompte des distribu-
tions de . inélastique mais pas la section efficace, A 20¢ GeV, les sections
efficaces de production élastique at inélastique sont respectivement
0.36=0.07nb et 0,28:0,06nb.



A. Introduction

The Berkeley-Fermilab-Princeton Collaboration!) has used the Multimuon
spectrometer at Fermilab to study single and multimuon final states in high en-
ergy muon scattering. Data taken in early 1978 provided the first measurement
of the cross section for charm muoproduction and its role in scale noninvari-
ance of the nucleon structure function.2) The experiment also provided limits
on the mass of heavy neutral and doubly charged muons.3) The study of high

mass dimuon pairs has set a limit on the muoproduction of T.*)

The apparatus and analysis method have been described elsewhere.®) In this
paper we discuss the production of the ¢ (3.1) by muons. We describe recent
results on elastic y production in Section B, In Section C, we present new
results on the inelastic production of » (3.1). Section D summarizes the cross

sections for y production by muons.

B. Elastic ¢ Production

We present fits of our data to the predictirus of the photon-gluon fusion
model.5) In general, R=cL/cT can depend on Q2. Any Q? dependence in the angular
distribution, together with non-uniform angular acceptance of the spectrometer

can bias the interpretation of the overall Q2 distribution.

To study these effects we have made simultaneous fits to an angular func-
tion and a Q? dependence of the form (1+Q2/p2)=2. To allow for the possibility
of Q2 dependence of nuclear screening the fits were made with a screening fac-
tor included or ignored,”’)  The details of this analysis have been published

for elsewhere,?)

The QZ dependence of Coff (uFe»yX) is presented in Figure 1, Our insensi-
tivity to the exact form of R and to the possible nuclear shadowing results in
a propagator mass A between 1.9 and 2.6 GeV/c ., A mass A=m¢ is ruled out. A
fit to the Q2 projection indicates that the data fall faster than predicted by
the photon-gluon-fusion model (vGF).

To study in more detail the validity of the photon-gluon-fusion model, we
have performed simultaneous fits to the Q? and Ey dependence of the data, In
these fits we vary the effective charm quark mass m. defined by the propagator
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Figure 1. Q2 dependence of the effec-
tive cross section for the reaction
pFe~yX (energy of X-4.5 GeV). Sta-
tistical errors are shown, Typical Q2
resolution is 3.1 (0,6) (GeV/c)? at
Q%1.7 (1.2) (GeV/c)?. The data are
filled to (1+Q2/A2)-2 multiplied by an
angular function W. The best fits with
free A and fixed A=3.1 are shown, Also
exhibited is the prediction of yGF. At
high Q2, the vGF prediction and fixed
fit are displayed as a solid band with
the upper (lower) edge including (omit-
ting) the nuclear screening factor.
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Figure 2. Energy dependence of the
cross section for diffractive ¢ produc-
tion. 2a displays the data from this
experiment (open circles) corrected to
Q2=0, The solid circles are data from a
SLAC v photoproduction experiment. The
dashed and solid curves respectively
indicate yGF fits with the value n of
the exponent in xG(x) fixed (n=5) and
determined by the data (n=5.3:0.4),

The relative normalization of the two
experiments is allowed to vary within
the quoted systematic errors, 2b, ¢,
d, and e are the data from this experi-
ment bined in Q7 as indicated. The
dashed curve is the prediction of stan-
dard yGF. The solid line is the best
fit to the data giving m_=1,082,07 and
n=8.621,1.



mass (A=2m.), and the exponent n in the gluon distribution xG(x)}=(1-x)", These

fits are compared with predictions of the standard yGF mc=1.SGev/c2 and n=5,

Figure 2 b-e presents the results of these fits. Standard yGF is a good
fit to the data at low Q2 but fails to predict the cross section at high Q2.
The best fit to all data gives an effective mass m.=1,08:.07 with the exponent
of the gluon distribution n=8,6+1.1. Figure 2a we display the data extrapolat-
ed to Q2=0. Also shown are data from a low energy photoproduction experi-
ment.9) The standard yGF agrees well with the data from both experiments. Al-

lowing n to vary, the fit value is 5.3+0.4.

C. Inelastic ¢ Production

We define inelastic events by the energy measured in the hadron calorime-
ter (E(X)>4.5 GeV). For the purposes of this analysis we consider three re-

gions of inelasticity Z=Ey/Ey. (Figure 3).

The region 0.9<Z<1,0 corresponds to small values of calorimeter energy.
Because of radiative corrections, energy loss fluctuations, and calorimeter
resolution, there is a large contribution from e=lastic events. In addition,
the modeling of acceptance and analysis efficiency in this region is subject to
significant systematic uncertainties, We exclude this region from the

analysis,

In addition to inelastic y production, we expect to see contributions from
elastic production of y' and x states through their decays to ¥. Because of
the small mass separations, these states will populate the region 0.7<Z<0.9.
The expected ¢' contribution is shown in Figure 3; states with smaller mass
splitting from the y would be shifted to higher values of Z,

The region Z<0.7 contains only inelastic events. The inelastic process
has been studied by Berger and Jones!0) using a two gluon model. The results
of their calculation are compared with our data in Figure 3., It should be not-

ed that the model does not include the w' cascades,

The Qz—dependence of cefg(uFe+yX) is shown in Figure 4. The data from the
two regions of Z aTre consistent, The propagator masses of 2,6:0.2, and
3.120.4 are larger than that observed for elastic ¢ production. This

result contradicts that of the European Muon Collaboration (EMC).
' 4
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Figure 3, Dependence of the effective
cross section for y production on
inelasticity Z. 3a compares the data
from this experiment with those of the
European Muon Collaboration (EMC) and
with the prediction of the two gluon
model, The triangles indicate the ex-
pected event population from elastic
events in which the y' decays to the y.
3b compares the differential cross sec-
tion (do/dzdp?) with the prediction of
the two gluon model. For 2<Q.7 sta-
tistical errors are shown. For
0.7+2<0,9, estimated systematic errors
have been added in quadrature with the
statistical errors whose magnitude is
indicated by the cross-hatches.
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Figure 4. Q2 dependence of the effec-
tive cross section for the reaction
uFe+yX (Energy of X>4.5 Ge\), Sta-
tistical errors are shown, The upper

portion compares data from this experi-
ment in the two regions of inelastici-
ty. The data are fitted to
(1+Q2/42)72, In the lower portion,
data with 2<0.9 are fit to the same
form with 4=3.0#0.2. The open squarcs
are the results of the EMC for all
1<1,0,



Figure 5 displays the cross section as a function of photon energy. The data
are in good agreement with the shape predicted by Berger and Jones although
their model fails to predict the magnitude of the cross section The data are
also consistent with the shape of. the elastic data., The preliminary EMC data
showed a very steep energy dependence which is inconsistent with the present

result,

D. Muon Cross-sections

From the data described above, we have determined the cross section for

production by 215 GeV muons.

Gelastic (uN+¢X) = 0.36 nb = 0.07
cinelastic (uN->¢X) = 0,28 nb 0,05
%eotal (eN+~pX) = 0.64 nb % 0,13

The errors are dominated by systematic uncertainties at the 20% level., In

the final error analysis, we expect the error on the total cross section to be

significantly smaller.
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Figure 5. Energy dependence of the effective cross section for inelastic ¢
production, 5b and ¢ present data with statistical errors for IZ<0.7 and
0.7<2<0.9 respectively. 5a presents the combined data Z<0.8. The dashed curve
is a fit to the elastic data, normalized independently for each region of
inelasticity. The sclid curve is the rrediction of Berger and Jones, normal-
ized for each region. The EMC results (open squares) have been multiplied by a
factor 0.73 to account for the fact that the EMC includes all Z whereas this

experiment has restricted the data to Z<0.9.
of the EMC data with Z<0,9.

The factor 0.73 is the fraction
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