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We present data on electroproduction of K* mesons off protons, Measurements were
made at data points with nominal (9%, W) values of (0.6, 2.67), (1.2, 2.67), (2.0, 2.67),
and (1.2, 2.15) in (GeV?, GeV). The virtual photoproduction cross section for K* + MM is
studied as a function of missing mass, x’, P,2, Q*, and W. The data show that the K*=°
cross section falls more rapidly than the K*A° cross section as @? increases.

This paper reports measurements made at the
Wilson Synchrotron Laboratory of the electropro-
duction of K* mesons from a proton target.

In what is now standard notation,! electropro-
duction is treated as photoproduction by a virtual
photon. The square of the proton’s mass — @2,
energy v, direction, and polarization € are
tagged by the scattered electron. The hadronic
cross section is a function of the virtual-photon
variables and the variables describing the pro-
duced hadron in the virtual-photon-proton center-
of-mass system, 6*, ¢, and (MM)2. The virtual
photoproduction cross section can also be written
in terms of the scaling variables x’ and P,% de-
fined in Bebek et al.2 We have analyzed the in-
clusive data in terms of the cross-section differ-
ential in (MM)? and of the invariant structure func-
tion
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Here o, is the total virtual photoproduction
cross section for the total energy W and @2 of the

reaction. The value of 0, was taken from a fit
to the Stanford Linear Accelerator Center-Mas-
sachusetts Institute of Technology measurements
of vW, made with the assumption og/0,=0.18.3

Two magnetic spectrometers were used to de-
tect the scattered electron and the electropro-
duced hadron. The combination of a Cherenkov
counter and a lead-acetate shower counter iden-
tified the electrons. Pions were identified by a
threshold gas Cherenkov counter when their mo-
mentum was greater than 1.8 GeV/c and by their
time of flight when their momentum was less
than that. Kaons were separated from protons
by their time of flight.

Data were taken at the points in the (@2, v) plane
shown in Fig. 1. Points 1, 3, and 7 comprise a
@* scan at fixed W; points 6 and 7 lie on the same
w line and give a test of scaling; points 3 and 6
give a W scan at fixed @2; and points 2, 4, and 5
give an angular scan with the hadron arm which
extends the aperture in P,. The acceptance of
the apparatus is such that at each datum point the
W distribution is approximately 0.6 GeV wide and
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FIG. 1. Q?%,v plane showing the points at which data
were taken,

the @2 distribution about 0.3 GeV? wide.

The data have been corrected for random coin-
cidences (= 5%), counter and spark-chamber dead
time (2%), absorption in the counters (~2%),
target-wall background (~5%), and decay in flight
(20 to 100%). The errors quoted are statistical;
there is in addition a systematic uncertainty
which is estimated to be less than 10%.

The (MM)? distributions for the K* at data
points 1 and 7 are shown in Fig. 2. The peak
around 0.8 GeV? is due to elastic pions which
failed to fire the Cherenkov counter and passed
through the timing cuts; it was used to estimate
the pion contamination in the A-Z° region. The
A peak is very prominent on both plots as is the
peak at 2.3 GeV?2 corresponding to the A (1520).
The Z is clearly present at point 1 and is absent
at point 7. The bump at 1.9 GeV? is probably due
to the Z°(1385) and/or the A(1405).

The A and Z° cross sections were obtained by
fitting the (MM)? distributions with a curve con-
structed by folding a Gaussian resolution function
with a radiative tail.#® Table I summarizes the
cross sections and the Z°%A ratio. Where they
overlap the data are in good agreement with mea-
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FIG. 2. (MM)? distributions for a detected K* at data
points 1 and 7.
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surements made at the Cambridge Electron Ac-
celerator (CEA).® The most striking feature of
the data is the low Z°/A ratio which always re-
mains less than 0.25 and is consistent with zero
at @2=2.0 GeV2 In photoproduction, Z°/A ratios
are typically between 0.5 and 1.7

Figure 3 shows the @2 dependence of the A and
Y cross sections for W ~2.65. Also shown are
photoproduction data® and lower @2 data from
CEA® and a recent DESY experiment.® Itis note-
worthy that the A cross section falls less rapidly
than 1/Q2. This is to be contrasted with the 7*n
cross section which falls as 1/@* in this region.

The dependence of the cross section on ¢'=¢
-t min Was determined by a fit of the ¢’ distribu-
tion with the form Ae®*'. The values of B in GeV "2

TABLE I, Summary of the fitted values of do/dQ* for A and Z° for bins with 0
=< §*<15° Uncertainties include statistical and fitting errors.

W @y (CL do(N)/d* do (2% /dsx
Point (GeV) (GeV?) (&) (deg) (ub/sT) (b/sT) =0/A
1 2.67 0.62 0.86 7.77 0.267+0,26 0.035+0,015 0.13+0,07
2—4 2.66 1.20 0.86 8.42 0.169+0,012 0.038+0.008 0.23+0.06
7 2.66 2.00 0.82 7.45 0.137+0,013 0.006+0.006 0.04%0,05
6 2.20 1.18 0.94 7.44 0.272+£0.019 0.035+0.012 0.13%+0.,05
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"' FIG. 3. Q% dependence for the K*A and K*Z cross
sections. Also shown are photoproduction measure-
ments (Ref. 8), measurements from a recent DESY ex-
periment (Ref. 9), and measurements from CEA (Ref.
6). These latter measurements were all made at lower
W =2.,2 GeV and have been extrapolated to W=2.66 GeV
by (W—M,H~1,

at data points 1, 2-4, 6, and 7 were, respectively,
6.5+4.3, 6.8+1.9, 6.2+2.6, and 8.6+ 1.2.
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FIG. 4. Invariant structure function for kaons at data
points 1, 2—4, 6, and 7.

TABLE II. Summary of the fitted cross sections for
K*A(1520) virtual photoproduction for bins with 0< 6 *
<15° Uncertainties are statistical and fitting errors.

(w) @ 0% - dojaQx

Point (GeV) (GeV?) () (deg) (4b/sr)
1 2.71 0.61  0.86  6.65 0.127+0.016
2—4 2.70 1.18  0.85  7.96 0.081+0,013
6 2.32 1,14 0,92 12.18  0.094%0.031
7 2.74 1.94 0.80 8,76 0.067+0.018

A similar procedure, with the addition of a lin-
ear background, was used to obtain cross sec-
tions for the A(1520). The results are summa-
rized in Table II.

Figure 4 shows the invariant structure function
for P,2<0.05 GeV? for four values of W and Q2.
The data do not display a strong @* dependence
and are inconclusive as to the W dependence. Fig-
ure 5 shows the ratio of the invariant structure
functions for the K* and the 7* at four values of
W and @2. The most striking feature is the in-
crease in the ratio as a function of @2 for the
largest ¥’ points. This is due primarily to the
decrease in the pion structure function in this
region.21°
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FIG. 5. Ratio of the invariant structure function for
K* and m*, For the 7* data, 0<P,%2<0.02 GeV?; for the
K* data, 0<P,2<0,05 GeV.
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Production of Large-Transverse-Momentum Gamma Rays in pp Collisions from 50 to 400 GeV
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We have measured dzox, /dkdS for the reaction p +p -7 +anything at incident proton en-
ergies from 50 to 400 GeV. The experiment was performed in the National Accelerator
Laboratory internal target area, using a lead-glass total-absorption counter, The cross
sections show a deviation from simple exponential behavior in p; for incident proton en-
ergies above 50 GeV and p; greater than about 1 GeV/c. We present preliminary results

on the energy dependence of this effect.

The behavior of cross sections for processes
occurring with large transverse momentum is
currently of considerable interest. In particular,
measurements of inclusive pion production at the
CERN intersecting storage rings (ISR)' "% have
exhibited at large p; a strong enhancement over
the simple exponential falloff found at small p;
(<1 GeV/c). We have studied the process p +p
-~y +anything in the range of p;, from about 0.2
to 3 GeV/c for incident proton energies from 50
to 400 GeV. Using the method of Sternheimer*
and assuming all the observed photons come from
7° decay, the invariant 7° cross sections can be
derived from these measurements.

The experiment was carried out in the C,
straight section of the National Accelerator Lab-
oratory (NAL) main ring, using the circulating
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proton beam incident on a thin internal target.
Thus, data could be taken over the range of pro-
ton energies available during the accelerator cy-
cle. Figure 1 shows the layout of the apparatus
in the internal target area and a schematic of the
detection system. The target was either a hydro=
gen gas jet>® or 7-um carbon fibers on a rotat-
ing wheel. For the data presented here, the ap-
paratus was set at a lab angle of 100 mrad with
respect to the beam direction. Permanent mag-
nets were used to sweep away low-momentum
charged particles. A lead collimator prevented
the apparatus from detecting both photons from
the decay of 7”s with transverse momenta in the
range studied.

The detection system consisted of a veto count-
er (No. 1), a removable lead converter (1.1 radi-



