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Measurements are reported for the process e+ p—e+ p+ %% at @%=0.3, 0.6, and 1.2
GeV? and for 0.875 <mx2S1.875 GeV?. Protons are produced predominantly backward in
the center-of-mass frame, with average transverse momenta increasing with @2.

To supplement the recent data on deep-inelastic
electron scattering' we have measured the dis-
tribution of recoil protons from the forward elec-
troproduction of high-mass meson states. Elec-
trons from the external beam of the Cornell
synchrotron, inelastically scattered from protons
at angles and energies corresponding to four-
momentum transfer @*=0.3, 0.6, and 1.2 GeV?
and final-state hadron effective mass W =3.0 GeV,
were detected in a focussing magnetic spectrom-
eter system.? In coincidence, protons emitted
between about 45° and 80° laboratory angle were
detected in a spark-chamber array behind a
large-aperture bending magnet. Protons were
identified by momentum and time of flight. Mo-
menta above 230 MeV/c were detected. Data
were corrected for detection efficiencies, geo-
metric acceptance,® random coincidences, and
target wall background. Radiative effects have
been estimated? and are small, but no correction
has been made to the data.

For each electron-proton event we compute the
missing mass m, in the reaction e+p-—-e+p +x°
and the four-momentum transfer ¢ (the square of
the difference between the initial and final proton
four-momenta). In terms of the virtual-photon
reaction, y(virtual)+p-p+x° @7 is the spacelike
photon mass squared, W (or s'?) is the total
center-of-mass energy, m, is the effective mass
of the missing mesonic state, and ¢ is the famil-

iar momentum transfer variable.

The spectrum of missing masses below m 2
=0.8 GeV? is dominated by the radiated photon
peak at m,%=0, and by the p° and w peak® at m ?
~0.6 GeV®, The geometric aperture of the de-
tection system imposes an upper limit near m ?
=2.0 GeV®, Figure 1 shows the @*, m ® and ¢
dependence of the virtual-photon differential
cross section® do/dm *dtdy in the range 0.875
<m ,2<1.875 GeV®, The spectrum is flat in m 2
over the range displayed, with no evidence (even
with finer m,” bins) for production of ¢, 4,, etc.
The ¢ distributions are rather gradual, fitting a
form e®¢ with B essentially independent of m 2
and decreasing somewhat with @: B=2.6+0.2,
2.2:0.2, and 1.8+0.2 GeV~2 at @*=0.3, 0.6, and
1.2 GeV?, respectively (averaged over m,%). The
@* dependence is more striking when compared
with the value B~ 4.0 GeV 2 obtained at the same
W and m,? in photoproduction.” It has been sug-
gested® that a decrease in B with increasing @®
would be evidence for “shrinking” of the photon
as it makes the transition from a vector-meson-
dominant real photon to a pointlike deep inelastic
photon.

To study the @ dependence of the cross section,
we integrate over ¢ (assuming no ¢ variation),
integrate over ¢ {from the kinematic limit tmin
=~ - [(@+m,?)/2v]?, assuming the best exponential
fit}, and average over m,? to get do/dm., 2. We
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FIG. 1. Plots of do/dm,,2 dt do for the reaction y(vir-
tual) + p— p + anything, as a function of m,? and ¢ for
three values of @*. The units along the axes are the
same for the three plots: m,? and —¢ in GeV?, cross
sections in #b/GeV* (logarithmic scale).

plot the integral in Fig. 2 as a function of @
For comparison we have included data at @*=0
from photoproduction” at the same W and two
values of m,2. Since there is an apparent m,”
dependence in the photoproduction cross section
that is not seen in the electroproduction data, it
is difficult to make general statements about the
Q® dependence. However, it seems clear that

do/dm ? is closer to the gradual @* dependence of
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FIG. 2. The average do/dm,’ over the range 0.875
<m,?<1.875 GeV?, as a function of @?. The points at
@%=0 are taken from photoproduction (Ref. 7). The
curves are the total y(virtual) +p cross section (solid)
and the function (Q®+ m,?) "2exp(Btpiy) (dashed), both
renormalized to pass through the measured do/dm,? at
Q%=0.3 GeV?,

the total y(virtual) +p cross section® (solid curve)
than to the prediction of naive p dominance (dashed
curve),

The spectra in m,” and ¢ can be transformed
into distributions in the proton momentum com-
ponents in the center of mass, p; (along the vir-
tual photon direction) and p, (transverse). The
resulting invariant cross sections 2Edo/dp
xdpp2dg are flat in p,; and approximate the form
aexp(-bpp?), witha=T2+4, 41+2, and 202
ub/GeVZand 5=3.2+0,2, 2.7+0,2, and 2.4+0,2
GeV~? for €*=0.3, 0.6, and 1.2 GeV?, respective-
ly. At @*=1.15 GeV?, W=2.63 GeV there are
corresponding data for the forward hemisphere.®
The p,=0 cross sections are plotted against x
=po/Pmax and compared in Fig. 3. It is clear
that protons are emitted predominantly in the
backward hemisphere in the center of mass of
the virtual-photon—-proton collision, in contrast
to some parton-model predictions,'® If the in-
variant cross section is actually flat throughout
the backward hemisphere, as it appears to be in
Fig. 3, then the corresponding m,” distribution
at t=¢;, is also flat out to the kinematic limit
at m,2=(W-M,)? If we assume that B is also
constant, it is then possible to extend our mea-
sured values of do/dm ? (Fig. 2) and arrive at a
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FIG. 3. The cross section 2E do/dp; dps* at pp=0, @’
=1.2 GeV?, and W=2.63 (DESY) or 3.0 (Cornell), plot-
ted against x =p;/Prmax-

rough estimate of the total cross section for
y(virtual) + p-p + x, for all m,?>>0.8 GeV® The
result is typically 40% of the total y (virtual)
+p cross section. The remaining 60% is pre-
sumably accounted for'' by meson states below
m,>=0.8 GeV? and by neutron final states.
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Hhe assumption has been made throughout this paper
that there is no dependence of the cross sections on ¢.
The detection aperture in ¢ is not large enough to check
this. In principle, since the virtual photon is polarized,
it may be that the detected ¢ range is not representative
of the average over ¢.
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