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This paper reports the results of an experiment measuring the parameters of various electroproduction reactions
for a range in the electroproduction variables 0.7 & Q' g4 GeV' and 2 g W' g 16 GeV'. This report is limited to
nondiffractive exclusive channels, with detailed results regarding the m8 final states, statistically limited results for
EA final states, and upper limits on the production of a number of event topologies containing a single unseen
neutral particle.

I. INTRODUCTION

A number of studies have been made of multi-
particle final states in deep-inelastic electron
scattering. ' As in almost all particle-physics
topics, the interpretations of the results of these
studies are limited by the range of the kinematic
variables available. This experiment makes use
of a large-aperture magnetic spectrometer with
limited particle-identification capability to study
a wide variety of multipartiele final states in
deep-inelastic electron scattering. The results
of this experiment extend the range in Q' (the
four-momentum transfer stIuared) and W' (the
invariant mass stIuared of the hadron final state}
of previous studies.

In this paper a simplified overview of the detec-
tor, the analysis, and the global features of the
data are presented. In addition, results are pre-
sented for certain exclusive nondiffractive final
states. These results include a detailed study
of the production of m& final states with compari-
sons to other data and models, and an approximate

determination of production cross sections for
KA and KA* final states. Upper-limit estimates
of the cross sections for a number of additional
exclusive channels are made.

II. APPARATUS DESCRIPTION

The following brief description of the apparatus
i.s intended as general orientation. Those inter-
ested in the details are referred to the compre-
hensive paper on this subject. '

In this experiment, an 11.5-6eV/c electron
beam was directed onto a 7.5-cm liquid-hydrogen
target. The beam-spot size at the target was
approximately 1 mm in diameter and its angular
divergence was+ 1 mrad. Great care was taken
to minimize the beam halo as measured by scin-
tillation counters surrounding the beam pipe imme-
diately upstream of the experiment. The average
beam intensity was 5 & 10' electrons per second,
with a duty factor of about 5%. The hydrogen
target itself was 2 cm in diameter and was posi-
tioned near the beam en(, ry point into a large
dipole magnet as indicated in Fig. 1. The mag-
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net, with a field volume of 244 cmx102 cm&
61 cm, was oriented so that the incident beam
entered through one yoke arid the unscattered
beam exited through the yoke at the other end.
The central field in the magnet was 8.5 ko and
a comprehensive field map was required to do
charged-particle event reconstruction with the
field nonuniformities of +20%.

The tracking of charged particles through this
vohxme was done with 34 planes of proportional
wire chambers. There were planes of three dif-
ferent orientations, vertical, horizontal, and 30
degrees to the vertical, which allowed the reso-
lution of spatial ambiguities. The wire spacing
was 1.5 mm with a total of 22 000 wires. A typical
momentum resolution of this system was 0.015
&p/p2. Each proportional wire had its own ampli-
fier and latch. A 20-fold parallel buffer system
allowed one to store, with zeros suppressed, the
data of an entire event in 1 msec.

The trigger consisted of two shower counters
made of alternating layers of scintillator and
lead. The position of these shower counters,
as indicated in Fig. 1, was such that they could
be reached only by electrons having undergone a
scatter correspondence to a Q' greater than some
Q' .,„. The pulse height required of the summed
output of the shower counters determined the
minimum energy of triggering electrons and thus
served as an aperture in v and hence an aperture
in%.

Along the open sides of the magnet and at the
downstream side opposite the shower counters,
layers of particle identification counters were
positioned. There were two layers of counters
measuring the time of flight separated by a layer
of water Cerenkov counters, For those charged
particles which reached the particle identification
layers (approximately 1/3 of the observed tracks},
a relatively unambiguous w, K, proton separation
could be obtained for momenta up to 0.5 GeV/c,
and the m/proton separation remained unambiguous
up to about 0.8 GeV/c .

All of the numbers used in this section of the
paper to characterize the performance of the
system are simple averages while the perfor-
mance parameters, in fact, depended on the
various position and angle parameters.

IH. EVENT-RECONSTRUCTION SOFTWARE

A comprehensive description of the event-recon-
struction software requires great detail and is
dealt with elsewhere. The following brief descrip-
tion of the flow of the lower-level analysis is
intended to be helpful in obtaining an overview
of the results presented below.

A PDP-11/34 computer was used to read out
the hardware and to format the data. In addition,
this computer tested each event for the existence
of a track which could be an electron. If such
a track candidate was found, the event was written
on tape while lf no. Such track candidate was
found, the event was discarded.

All further analysis was done in a DEC KI10
computer. The first pass analysis consisted of
track-finding. This track-finding was done in the
vertical and horizontal planes separately assum-
ing a uniform magnetic field with road widths
large enough to compensate for the actual field
nonuniformities. Original track paths were de-
termined assuming that the center of the target
was a point on the track but the final procedure
by which all possible hits associated with a track
were found did not make this assumption. The
tracks found in the separate planes were then
correlated by using the hits in the planes tilted
at 30' to the vertical. A final list of the hits which
constituted each fully correlated track candidate
was then written on tape for later analysis. Events
without an identified electron or with no track
other than the electron were discarded at this
point.

The second pass analysis consisted of a geo-
metric fit to all tracks assuming a common ver-
tex. This global fit used tables which predict
the wires hit in each plane as a function of the
initial vertex position and the momentum of a
track, making use of a full map of the magnetic
field. An iterative procedure was followed where-
by hits which were not consistent with this overall
fit were discarded and the remaining hits refitted.
A final event description was obtained which in-
cluded the vertex coordinates, a list of track
parameters, and a full correlated error matrix.
These results were then written on tape for fur-
ther analysis.

For a series of topologies of interest, the next
step in the analysis consisted of a kinematic fit.
This kinematic fit made use of the energy-momen-
tum conservation constraints and the'error matrix
to get a best determination of final kinematic
variables as well as an estimate of the likelihood
that the event belonged in a particular category.
These fits were basically of two types: (1}four-
constraint fits where all particles are seen, and
(2} one-constraint fits where one particle, either
charged or neutral, is not seen. Once a partic-
ular hypothesis was selected, the degree of con-
sistency of this hypothesis with the available
counter information was also determined.

In order to obtain cross sections from the data,
it was necessary to determine the total number
of incident electrons and to determine the accep-
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tance of the detector. The number of electrons
was determined from the total number of counts
in a secondary emission quantameter positioned
in the unscattered electron beam. This count was
recorded on tape and carried along through the
analysis. Monte Carlo techniques were used to
obtain the acceptance. The effects taken into
account in these calculations included the geo-
metric acceptance, the proportional-chamber
efficiencies, the efficiencies of the various track-
finding and event-reconstruction algorithms, the
effects of the event-selection criteria, and the
effect of the substantial number of accidental
hits in thechambers on all of the above. A more
detailed description of these acceptance calcul-
ations is given elsewhere. '

IV. TOPOLOGICAL EVENT DISTRIBUTIONS

This paper is concerned with the class of events
for which there are four tracks with a net charge
of zero. Table I indicates how events are lost
as one.proceeds from the raw triggers down to
this sample of interest. For the 1 800000 events
with two or more tracks which satisfied the geo-
metric fit, Table II shows the distribution among
the possible observed topologies.

While the ultimate analysis of four-prong net-
charge-zero events was via a four-constraint
fit, an informative result was obtained in the
following way. The 100 000 events of this type
were subjected to a three-constraint fit, using the
conservation of the three components of momen-
tum. Such fit requires no assumptions regarding
the masses of any of the particles and, because
of the linearity of the equations, can be done
very simply and rapidly. Approximately 15000
of these events satisfied this fit with a X' of less
than 20 for three degrees of freedom.

For these events the shower counter identified
the electron but it was necessary to make an
assumption as to which one of the two positively
charged particles was a proton and then further
to assume thIat the remaining positive and nega-
tive particles were both of the same mass. This
assumption is correct if all of the particles in the

TABLE I. Sample size at various selection levels.

Incident electrons
Raw triggers
Events written on tape
Electrons reconstructed
Geometric fits (two or more tracks)
Four-track, net-charge-zero events

5 x10~4

8 xlpv
3 x1p7
3 x].0'
2 x106
1 x1O'

event have been observed and if strangeness and
baryon number were conserved. One can then
solve for the mass of the unknown pair of part-
icles. In Fig. 2 the result of this calculation is
plotted. In those cases where there was ambi-
guity as to which of the two positive particles
was the proton, the selection was made so that
the mass of the unknown particles fell nearer
one of the known particle masses. In only 15/~
of the cases it is possible to obtain a distinct
real solution for the alternative selection of the
particle as proton.

The vertical scale has been changed as a func-
tion of mass so that the three distinct peaks which
vary in amplitude by more than two orders of
magnitude can be simultaneously discerned. The
largest peak corresponding to the pion contains
8800 events and is centered about 5 MeV below
the mass of the pion. This mass error is pro-
bably a result of uncorrected radiative effects
which are most important in the calculation of a
low mass such as that of the pion. The second
largest peak falls at the mass of the kaon to within
1 MeV and contains approximately 1200 events.
The smallest peak has 60 events and falls within
1 MeV of the mass of the proton. This peak corre-
sponds to the production of a proton-antiproton
pair. The pion and kaon mass peaks have a full
width at half maximum of about 30 MeV while
the width of the proton peak is somewhat less,
perhaps 20 MeV. This plot gives some feeling
for how effectively various four-constraint hypo-
theses are distinguished and some notion of the
upper limit on contaminations in them. This plot
also gives an indication of the raw number of
events of each kind present in our sample before

Prongs Net charge

TABLE H. Percent of events in each topology.

2

5
6
7

0.006

0.000

0.061

o.oo4

0.000

0.080

0.002

10.2

1.32

0.037

0.000

16.9

0.626

0.005

42.9

5.44

0.109

0.001

17.9

0.560

0.009

0.802

0.003

0.000

0.061

0.002
0.003

0.000
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FIG. 2. Mass distribution for x when the reaction is
assumed to be p„p px'g (note the indicated factors
by which the data of higher-mass peaks have been multi-
plied. )

any fiducial or background suppressing cuts are
made. While no acceptance correction has been
made the ratio of the peaks 140:20:1is an indica-
tion of the relative cross sections for states which
end in m, E, and P, respectively.

V. mh PRODUCTION

A. g b,++ event selection and corrections

We selected data runs taken under optimum
beam conditions, including about half of the to-
tal amount of data taken, for a study of the re-
action ep- e~ &". Events with four charged prongs
in the final state, two positive and two negative
(one being the scattered electron), were tested for
energy and momentum balance with the various
strangeness-conserving possibilities for the
particle identity assignments. A total of 4850
events fitted the four-constraint hypothesis eP
~eW 'ff p,

Several resonant channels contribute to the
7t'n p final state, the most prominent being p'P
and v &" (see Figs. 3-5). The v &" state dom-
inates the range of kinematic variables corres-
ponding to 1.35&M~,+'&1.65 GeV', but the yield
from other reactions in that range is not negli-
gible. The data for the present study were taken
from that range, but with a subtraction of the
contribution from other processes which we es-
timated using a Monte Carlo simulation.

The Monte Carlo calculation also had to account
for several other data corrections. The geomet-
rical aperture for triggering on the electron and
seeing all four final-state tracks in a sufficient
number of proportional chambers depended on
angles, momenta, and charges. It averaged
about 60/0 per hadron track. The chamber effi-
ciency was around 90% per track for particles
within the geometrical aperture. At the beam
intensities chosen for most of the data runs, ran-
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FIG. 3. Distribution in 7t'x effective mass for the
events used in the 7t d analysis.
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FIG. 4. Distribution in pm' effective mass for the
events used in the mb, analysis.

dom uncorrelated background tracks occasionally
confused otherwise good event data causing losses
in track reconstruction or kinematic fitting. Radi-
ation by the incident or scattered electron caused
about 5% of the events to fail the test for momen-
tum conservation. The Monte Carlo calculation
also took care of the reduction of electroproduc-
tion cross sections to virtual photon cross sec-
tions.

The calculation to accomplish all these correc-
tions' proceeded as follows. We wrote three
event-simulation routines, corresponding to the
m &", p'p, and uncorrelated v'm p (phase space)
hadronic final states. Each was adjusted to mimic
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derived cross sections and iterated the procedure.
We verified that the effects caused by changes
in the model within the range of model uncertainty
were generally small compared with the statis-
tical counting errors in the data.
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FIG. 5. Distribution in pm effective mass for the
events used in the 7IQ analysis.

as closely as possible what is known about the
dependence of the yield on the various kinematic
variables. In each case events were checked to
determine if all final-state particles fell within
the required geometrical aperture and if they
did the events were accumulated in the same bins
of M~. .. W', Q', and angles as were used for
the real data. We then performed an overall fit
of the binned distributions to the form

Real data= a, (w D" simulation)+ a, (pop simulation)

+ a, (phase-space simulation),

adjusting the three parameters a„a„and a,
for the best overall agreement for all of the bins.
This then yielded an estimate of the fraction con-
tributed to each bin by the ~ &"process. For the
bins in the & mass peak, 1.35&M~, , '&1.65 GeV',
the fraction was typically 60%%uz. In addition, for
Monte Carlo-generated m& events, the particles
produced were propagated through the apparatus,
simulating the effects of radiation, scattering,
energy loss, nonuniform magnetic field, chamber
inefficiency, and the physical boundaries of the
detectors. Uncorrelated background hits and
tracks were added from a sample of data taken
from eventswhichwere triggered at random times
during the beam spill and final pseudo raw events
were recorded. By subjecting these pseudoevents
to the full standard analysis, a good measure
of the acceptance probability for m~ events
was obtained. The measured cross sections
for m& production were then obtained from
the observed total rate in each such bin, the Monte
Carlo-estimated w& fractional contribution for
that bin, and the acceptance probability for w~

events generated in that bin.
Since the ws measured cross sections derived

by this procedure depend on the assumptions made
in the Monte Carlo models, we adjusted the m&

model used in the simulation to agree with the

In Figs. 6-9 we show the measured cross sec-
tions' for the virtual-photon reaction y„p- p ~"
as a function of W, Q', and 0,.or t, along with
data from real photoproduction' and from elec-
troproduction at lower IIt'.' There are no sur-
prises. In each case our new results join on well
with the older data where they overlap, or con-
tinue previously established trends. The W de-
pendence (Fig. 6) shows a maximum near thresh-
old, shifted perhaps to a slightly higher energy
than in the lower-Q' data, then a falloff consistent
with (W' —M~') ' at higher energies. Although
one might expect s-channel resonances to con-
tribute to the cross section at low energies, there
is no evidence for structure in either the W de-
pendence or in the m production-angle distri-
butions (Fig. 8).

The decrease in the cross section with increas-
ing Q' can be fit to a vector-meson-dominance
form

at all but the lowest W. The fits are indicated
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by the curves in Fig. 7, and the best-fit mass
parameters are given in Table III. In each case
m is roughly compatible with the p' mass (m, '
= 0.60 GeV'), although tending to increase with W.

At the higher energies the forward peaking of
the m angular distribution becomes more and
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FIG. 9. The differential cross section for &„P
as a function of t, the invariant four-momentum trans-
fer squared from virtual photon to m . Our data are
compared with photoproduction data from Refs. 6 and 4
and eldctroproduction data from Ref. 9. In our case
-p actually refers to -(t-t~), where t~ ~-0.6 Q2/W2.
In the other experiments -t starts at zero.
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more pronounced, so we have plotted it against
t, the squared momentum transfer from the vir-
tual photon. to the w (Fig. 9). The shape is simi-
lar to that found in lower Q' electroproduction
at energies below ~ = '7 GeV'. There seems to
be a mismatch between photoproduction and elec-
troproduction below W = V GeV, perhaps related
to the difficulty in comparing data over the same
W range.

We examine the decay of the &" in terms of
polar and azimuthal angles defined in the Gottfried-
Jackson frame '" (Figs. 10 and 11). The decay

TABLE III. Fits of the Q dependence of pp
to the vector-meson-dominance form 0(@2)=0(0)/(1
+ Q~/m2)2.I, i, b b Ail, ii

I 0 -I I 0 -I I 0 -I

COS ep -(c.m. s. )

FIG. 8. The cross section for p„p W4 differential
in the solid angle of the n in the mb, center-of-mass
frame, plotted against the cosine of the angle between
the E and the virtual photon in the x4 frame. The data
of this experiment are compared with the photoproduc-
tion data of Ref. 6 (divided by 30).

1.8-2.3
2.3-2.8
2.8M.O

4-5
5-7
7-11

~(o) (I b)

45 +5
47 +6
19 +2
10 +2
4 +1
1-.5 + 0.5

m2 {GeV )

0.46 + 0.03
0.57 + 0.03
0.81 + 0.05
0.69 + 0.08
0.66 + 0.10
1.00 + 0,23
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0
0.75

is nearly isotropic at all energies, but shows a
weak tendency to favor 9o~ = 90' over 0' and 180 .
From these distributions we derive the density
matrix elements (Figs. 12 and 13) as defined
by Wacker et al. The results agree with those
found in photoproduction " and in electroproduc-
tion at lower Q'7 The dominant matrix element
r„' is compatible at threshold with the value 0.375
implied by the Born-contact-term amplitude (one-
pion exchange wouM give r,~ = 0)."

/he electric Born model for the process yp- m &+', based on the usual three lowest-order
diagrams plus the four-particle contact diagram
and including absorptive corrections and several
s-channel resonances, has been successful in
fitting photoproduction data." One expects the
virtual hadronic components of the photon to be
responsible for the photon absorption, so that
when the model is extended off the photon ma. ss
shell, the Q dependence should be dominated by
the vector-meson-propagator factor (1+@'/m') '
with m -m p. This was found' to fit electropro-

0
L
T

450

FIG. 11. The measured cross section for p„p —7t 4
followed by 4'+ —p 7t', differential in the azimuthal angle
Q between the plane containing the incident and final pro-
ton momenta and the plane containing the virtual photon
and the m" momenta, plotted against Q. Since the 6 de-
cay distribution must have the form a+ b cosQ+. c cos 2~tl

(Ref. 10), we sum the data for the four quadrants of $
appropriately and plot only for the interval 0 to 90 .

duction data at(Q')-0. 5 GeV', and although we
have not made a detailed numerical comparison
with the model, our distributions in W, t, and
& decay angles follow the same shapes established
at lower Q', and our Q' dependence is compatible
with the vector-meson-dominance prediction. We
therefore conclude that the electric Born-.model
continues to be an adequate description of 7T &"
production up to Q'-4 GeV'.

Using PCAC (partial conservation of axial--
vector current), attempts have been made" to
extract the nucleon axial-vector form factor
from the m &" electroproduction data. Since
this determination depends mainly on the low-
Q' behavior of the cross section near the W
threshold, our data cannot be used to improve
significantly the earlier results.
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C. m+60 results

The only other m& production reaction resulting
in an all charged final state is y„p-m'&', followed
by &'-pw (one third of the n' decays). This
mode shows up as a small peak at 1.2 GeV in the
v p mass distribution (Fig. 5) along with peaks
corresponding to the m p decay of higher-mass
N and & states. Since the background under the

peak is rather large, we did not try to sepa-
rate a ~'&' signal and study distributions in W,
Qa, t, etc. , as in the case of m &". We can
nevertheless draw conclusions from the obser-
vation that the ratio v'&'(-pw )jv &" remains
small throughout our kinematic range. This
ratio mould be -', for production through a T
= —,

' s-channel resonance decaying into ~&, & for
production through a T =& resonance, and -',

for production via one-pion exchange or the
contact diagram. In the naive qua, rk=parton
model, if one assumes that the w' or 7t is made
up of a struck u or d quark from the nucleon to-
gether mith a d or I member of a pair created

from the vacuum, one expects —,
' for the measured

v'& (-pm )/v &" ratio. Our data, as well as the
data at lower Qa, are consistent only with the
one-pion exchange (or contact diagram) and with
the & =-', s-channel resonance mechanisms, and
show no evidence for parton behavior. This sup-
ports the interpretation of the m &"data terms
of the electric Born model.

VI. II" A~(1520) FINAL STATES

The events found in the kaon peak in Fig. 2
were subjected to a four-constraint fit to the
hypothesis ep - epK'K ." When the invariant
masses of the various pairs of particles were
plotted for those events satisfying this fit, two
peaks were observed. As shown in Fig. 14, there
is a peak in the E'K mass spectrum mhich when
fit by a Gaussian plus phase-space background
has a mass of 1.021 GeV mith a o of 0.011 GeV.
This corresponds very well to the Q with the width
determined by the experimental resolution. In

the E P mass spectrum, as shown in Fig. 15, there
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is a peak which has a mass of 1.518 and a o of
0.011 as determined by a fit to a Gaussian-plus-
phase-space background. This corresponds to
the A*(1520) with the width again determined by
experimental resolution.

The 6 will be considered in another paper and
is regarded here as a potential contaminant to
the K A*(1520) data. This contaminant was re-
moved by requiring that the E'K invariant mass
of events used be greater than 1.100 GeV.

The data were divided into two bins in Q' for
all W' and two bins in W' for all Q'. The photo-
production cross section was obtained by weighting
each event by the flux factor corresponding to
that event. The area of the Gaussian for a fit to
Gaussian plus background was regarded as the
value of the experimental observation. The ac-
ceptance of the system was determined as above
by a comprehensive Monte Carlo calculation.
Included in the calculation were the various
applied cuts. The results are presented in Table
IV.

VII. E+A FINAL STATES

The reaction ep- eK'A followed by the weak de-
cay ~ - n' p is visible in the detector. The decay

vertex is typically separated from the interaction
vertex by a distance of more than 10 cm. Such
displacements do not significantly affect the ac-
ceptance of the hardware. However, the track-
finding software developed for this apparatus made
use of the known target position as a point of ori-
gin for all tracks. While the target constraints
were relatively loose and so events of this type
were often reconstructed, the acceptance of the
total system was drastically reduced for these
events.

In Fig. 16 the invariant mass of the 7t™pcombi-
nation for events which satisfied a four-constraint
fit to the hypothesis eP —e~ pE' is shown. The
sharpness and height above background of the
A p'eak gives clear evidence that we have extracted
such a signal. The acceptance was calculated
via a Monte Carlo simulation which took into
account the geometry, the detector efficiencies,
and the reconstruction and cut requirements.
The effect of the improper track-finding algorithm
was taken into account by generating events in-
cluding proper decay vertices and then attempting
to reconstruct them with the standard "vertex
at the target" track-finding algorithm. While
the efficiency depended on W' and Q' and on the
details of the decay distribution, the efficiency
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TABLE IV. &„p-K'~ (1520) total cross section.

y„p ~pK+K
(W2)= 7.03 GeV2

Q' (GeV') ~ (~)
(Q') =2.04 GeV2

g 2 (GeV2) o (nb)

1.07
2.25

63+22
23+ 7

5.25
8.23

129 + 32
30+ 7

20-
V)

4J

l0-

0
0.0

I

0.4
1'

O.S 1.2

MK+ Kiev)

1.6 2.0 24

for all W' divided into two Q' bins. The indicated
errors are only the statistical errors. There
are in addition uncertainties of the order of 25%%ug

in overall normalization and systematic errors
associated with acceptance calculations which
could be as large as 50/q. The most serious pro-
blem is the decrease in acceptance by nearly
an order of magnitude as one goes frora small

to large W'.

VIII. ep ~ epm+n m AND OTHER ONE-CONSTRAINT
FINAL STATES

FIG. 14. Distribution inK'E effective mass for
events which fit the hypothesis ep epK"E .

relative to events in which the tracks do all come
from the target is 30-40'%%up. An acceptable cross-
section measurement was obtained using this
standard version of track-finding and reconstruc-
tion and the Monte Carlo calculations of the
acceptance including these algorithms.

The virtual-photoproduction cross sections
for the K'A channel were calculated again by
weighting each event by the corresponding vir-
tual-photon flux. In Table V these cross sections
are given for all Q' divided into two g ' bins and

Events containing four charged tracks with
a net charge of zero which do not satisfy the
energy and momentum conservation equations
are candidates for reactions involving a single
missing neutral such as ep -epm+m w' or ep-
—en~'r'm . The fit for these states has only one
constraint and thus the sample is very weakly
defined. However, in the case where there is a
resonance in the final state there is an additional
constraint and analysis has been attempted.

The procedure was as follows. Events which
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FIG. 15. Distribution in K p effective mass for
events which fit the hypothesis ep epK'K .
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FIG. 16. Distribution in ~ p effective mass for events
which fit the hypothesis ep epg K'.
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TABLE V. p„p —E'A total cross section. TABLE VI. One-constraint cross sections.

&W2&=7.8 GeV2
q2 (GeV2) ~ (&)

&q'&=2.4 GeV'
%2 (GeV2) 0. (nb)

Final state Cross section (pb)

1,0.
2.6

124 + 22
51+ 9

3,6
8.0

68+ 10
106+ 26

MP

np
p 7t'p

po~oP

p'7t'p

0.55 + 0.28
0.36 + 0.33
0.20 + 0.30
0.28 + 0.30
0.25 + 0.28

satisfied the one-constraint fit to ep -ep7T'n m'

were binned according to the invariant mass of
various appropriate combinations of final-state
particles such as m'w r' or m'm, etc. This in-
variant-mass distribution was then fit for a
Gaussian resonance shape with a particular mass
plus background. The size of the Gaussian con-
tribution was thus a measure of the magnitude
of the signal for the particular resonance in the
data. In each case where this search for the sig-
nal was done a study of the dependence of this
signal on the variables Q' and 8 was made.
Table VI constitutes a summary of the results
of this search.

With the exception of the P~ final state none
of these final states was found to be present with
our measurement sensitivity. The details of the
P~ final state are discussed elsewhere. ' In addi-
tion, the signals for other final states were not
found to become significant for any of the cuts
in Q' and/or W' that were applied.

A similar procedure was followed looking for
& final states and looking for resonance-containing
final states within the n~'m'w and pm'w'71 m n' sub-

sets of the data. In all cases for all Q' and W'

cuts, signals were not observed for cross sections
down to the 0.2-0.3 p,b level that our sensitivity
allowed.

IX. CONCLUSIONS

The results for the electroproduced m& final
states contain no surprises. The measurements
made here are in good agreement with previous
measurements in regions of kinematic overlap.
The electric Born model continues to give a
satisfactory description of the experimental re-
suits with this extension in Q'. The most note-
worthy aspect of the results aside from the m&

is that the nondiffractive electroproduction cross
sections are quite small (&1 p, b) for each of the
exclusive channels studied.
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