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We have studied inclusive Es, A, and A photoproduction over the ranges 40 & E~ & 170 GeV
and forward produced mass 2 & M+ & 10 GeV. We observe equal A and A production rates and
spectra as expected in a diffractive process where the target proton remains unaltered. We show
that the fraction of hadronic events with a strange particle produced in events with forward mass
M~ agrees well with the same measurement in e e annihilation at a center-of-mass energy
E, = MF. The x = 2P/MF distributions of these three particles in the forward-mass rest frame are
compared with theoretical predictions.

PACS numbers: 13.60.Rj, 13.60.Hb, 13.60.Le

The inclusive production of ICs, A, and A in
photon-initiated reactions and in e+e annihilation
can be used to compare the dynamics of strange-
particle production in the two reactions. Any observed
differences may indicate variations in the structure of
the initial states or in the hadronization process in each
reaction. In this experiment we show that the fraction
of Ks, A, or A produced in diffractive photoproduc-
tion is very similar to that in e+e annihilation. This
comparison, which has never been possible before, is
made by comparison of our measured photoproduction
rates at a given forward mass, MF, with the existing
e+ e data at a center-of-mass energy E~ = Mt;.

Our measurement of y + p ICz (A, A ) + X+p««, ,

used the Fermilab tagged-photon spectrometer (TPS).
This detector consisted of a large-acceptance forward
spectrometer and a highly segmented recoil detector
with both tracking and dE/dx capabilities. ' In addi-

tion, a tagging system gave a good measurement of the
incident photon energy. The photon beam was gen-
erated by a 170-GeV electron beam impinging on a
0.2-radiation-length-thick Cu radiator. The photons
then interacted in a 1.5-m liquid-hydrogen target. The
error in the photon energy was —5%.

In this experiment the forward mass was calculated
as a missing mass with use of the measurements of the
recoil proton. A trigger processor was used to select
rapidly the events with single recoiling protons, was
able to calculate the produced forward mass, and al-

lowed us to record only events with a forward mass
greater than 2 GeV. The error in the forward mass
averaged 2.5%. In addition, the recoil detector deter-
mined not only that the recoil was a proton, but also
that it was not associated with other particles present
in the recoil detector. This allowed us to know wheth-
er the recoiling proton was the original target or
whether it resulted from a recoiling X' decay. The
latter protons would give rise to a calculated forw ard
(or missing) mass larger than the actual value.

The data presented in the report consist of a sample
in which there was only one charged particle in the
recoil detector, and it was identified as a proton.
Hence we are studying particle production via the pro-
cess generally described as "diffractive. "

We made a detailed study of how often the forward
mass was miscalculated because the proton was really a
byproduct of a X' decay where the associated pions
were not observed in the recoil detector. This study
was done with events in which the forward system of
particles was fully reconstructed by the spectrometer.
The conclusion was that the average fraction of the
herein-reported data with incorrectly determined mass
values was about 8%. The maximum fraction, which
occurred for 6 & Mt; ( 8 GeV, was 12 lo.

The numbers of Ks 7r+ 7r, A prr, and
A Pm + events were determined from the size of the
clear peak above background seen in the diparticle
mass spectra. The background was effectively reduced
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TABLE I. Number of events observed.

Mass Hadronic
(GeV) events &s- ~+~ ~-P~

371 198
388 683
368 202
209 248

8192 + 229 584+ 56 505 + 154
10 814 + 344 1399 + 115 1279 + 124
10309+337 1492+ 118 1509+ 132

5736+ 269 1032+ 97 923 + 111

t t t t

~ Ks
G 0 40& E: & 7GGeV

70 & L= & loQ Gr. V

e IOQ & F~ & l7QGeV

by cuts in the distance of closest approach ((1 cm)
between the charged tracks and by the requirement
that the Cherenkov counter within the spectrometer
identify the tracks as pions or protons in the appropri-
ate cases. While the background was reduced by a fac-
tor of 3 for lr s and 9 for A, A decays, the loss of signal
was no more than 15%. These factors were repro-
duced by our Monte Carlo program which included a
detector simulation. The number of events observed
is shown in Table I. The signal-to-background ratio
for A, A and for Es was 1 to 4.0 and 1 to 2.5, respec-
tively. These totals were corrected for decay branching
ratios, losses due to detector inefficiencies, and decays
outside the active region of the detector.

The photoproduction data were analyzed as a func-
tion of both the center-of-mass energy and the forward
mass. In Fig. 1 we show the number of Ez, A, A per
hadronic event as a function of the forward mass for
various incident photon energies. The data indicate
that the production of these particles does not depend
on the incident energy for a given forward mass, while
it does depend on the forward mass for a given photon
energy. Hence we conclude that the forward mass is
the more relevant variable in this problem. This is
similar to the behavior in hadronic spectra. 5

Hadronic reactions have not generally been analyzed
in terms of the forward mass, but in terms of the avail-
able energy (E„„,= E, —gM;„;„,I). We show, for
completeness, in Fig. 2, a comparison of Ez produc-
tion for various comparable photon and hadronic reac-
tions7 in terms of this variable. Our data points, be-
cause, we only triggered on MF & 2 GeV, have been
corrected for that part of the Ks and hadronic cross
section with MF ( 2 GeV. This leads to a reduction
in the fraction of Ks by the factor 0.70+0.07. The
similarity between photon-induced and pion-induced
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FIG. 1. Fraction of hadronic events with a Ks, A, or A in
the final state as a function of the forward mass for various
incident photon energies.
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FIG. 2. Fraction of hadronic events with a Es in the final
state as a function of the available energy (E,„„l
=E,„, —gM;„;,;,i). The comparison data are from Refs.
6—8. The errors on the data points of this experiment do not
include an overall normalization error of + 10% due to the
correction for low-mass events.
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reactions is clear, as is the discrepancy between these
and e+e annihilation when plotted in this variable.
A similar comparison in the case of A and A produc-
tion yields the same conclusions.

In Fig. 3 we compare our results on Kz, A, and A

production as a function of the forward mass M~ with
those in e+ e annihilation at the center-of-mass en-
ergy Ec ~ = MF. Thc +, A data arc avcragcd since they
are equal. The agreement between these two reactions
is striking. The only discrepancy is at high mass,
where the production in e+e annihilation may be
slightly larger than in photoproduction. Hence we are
led to the main conclusion of this study: The photon-
initiated diffractive production of strange particles in
mass sytems &2 GCV cannot be clearly distinguished
with present-day measurements from that of an e+ e
annihilation state with the same mass.

We have also measured the distribution in Feynman
xF = 2P/MF of the Kz, A, and A. The data for
xFda-/dxF were fitted by the form A (1 —xF) . The
values of o. which we obtained were o. = 1.8+ 0.4 for
Lq and 3.04+0.87 for A+A. These results are in
marginal agreement with predictions of photon frog-

FIG. 3. Fraction of hadronic events with a E„A, or A in
the final state as a function of the forward mass for this ex-
periment and as a function of E, for e e annihilation for
E, ( 14 GeV. The comparison data are from Ref. 8.

mentation models (n=1 for Kz, a =2 for A A) '
Finally, we have also observed, production.
The ratio of: to A production is 0.07+0.015. This
result is in good agreement with the same ratio in
e + e annihilation. "
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