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The reaction 7 ~p—K°K ~p has been measured from 50 to 175 GeV/c. The production
characteristics of the 4, have been analyzed. We find spin and ¢ dependence similar to
lower energies, but the cross section falls rapidly with energy. In a Regge description of
7~ p—A3 p our data imply a rather small Pomeron-exchange component.

I. INTRODUCTION

In recent years several studies have been pub-
lished of A, production in the reaction
7~ p—K°K ~p at incident momenta up to about 20
GeV/e.!=3 Over the range studied the energy
dependence of the A, production cross section
do/dt and the A, density-matrix elements are con-
sistent with production of A4, dominantly via
natural-parity exchange. We report here our results
of a study of the reaction 7 “p—K°K ~p at beam
momenta of 50, 100, and 175 GeV/c. This was part
of an experiment on the Fermilab multiparticle
spectrometer involving triggers on several well-
defined final-state topologies. The trigger for this
reaction selected events with a neutral V (two
charged tracks intersecting downstream of the tar-
get), one charged track from the target, and at least
one recoil hit in the counters surrounding the target.
The apparatus, event reconstruction and selection,
and the event weighting will be discussed in Sec. II.

We have observed that the reaction
7~ p—K°K ~p is dominated by 4, production. We
have not found any other statistically significant in-
dications of structure in the K°K ~ mass spectrum.
The Gottfried-Jackson angular distributions in the
A, region are consistent with those found at lower
energies. These distributions and the density-matrix
elements are presented in Sec. III, as are the cross
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sections and a comparison with lower-energy re-
sults. Section IV is a summary of our conclusions.

II. APPARATUS AND ANALYSIS

A. Overview of apparatus

The Fermilab multiparticle spectrometer (MPS),
shown in Figs. 1 and 2, is located in the M6W beam
line. This beam line contained four gas Cerenkov
counters which allowed separation of #’s, K’s, and
p’s in the beam. The MPS itself is designed to
measure forward-going charged-particle systems.®’
We will describe here only those portions of the sys-
tem of particular importance to this trigger.

An incident-beam particle was defined by a coin-
cidence between the beam counters Sa and Sb, and
an anticoincidence with the halo veto Sc. The beam
rate was approximately 7X10°/sec. A beam in-
teraction was defined for this experiment as an in-
cident beam particle which failed to register in the
beam veto counter Sd, a 5.08-cm X 5.08-cm scintil-
lator (2.54 cm X 2.54 cm for 175-GeV/c data) lo-
cated 13.3 m downstream of the target and centered
on the beam spot. Such an interaction (pretrigger)
initiated the check of selective trigger conditions de-
tailed below.

The incident-beam direction was defined by seven
proportional-wire-chamber planes, four with 2-mm
wire spacing (two horizontal and two vertical) locat-
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FIG. 1. Multiparticle spectrometer, plan view. Sa, Sb, Sc, DEDX, and Sd are scintillation counters. V0, V1, V2,
and V'3 are lead-scintillator sandwich veto counters. BB, 4, B’, B, C, D, F', B, and T are proportional wire chambers.
E and F are sets of wire spark chambers. C1 and C2 are segmented gas Cerenkov counters. FV'1, FV'2, and FV'3 are
the forward y detectors discussed in the text.
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FIG. 2. Multiparticle spectrometer front end, side view, and diagram of trigger requirements.
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ed 19.7 m upstream of the target, and three with 1-
mm wire spacing (one each of horizontal, vertical,
and slant wires) 2.2 m upstream of the target. Tar-
get region detectors surrounding a 30.5-cm-long,
2.54-cm-diameter, liquid-hydrogen target detected
recoil charged particles and vetoed on the presence
of 9’s.. These consisted of a cylindrical proportional
wire chamber 3 around the target and a set of lead-
scintillator shower counters V0— V3 surrounding
the target except in the beam and forward direc-
tions. One of these, V' 1, was a segmented cylindri-
cal counter with 24 azimuthal sections around the
chamber. The target-region requirements of our
trigger were that (1) the B chamber must detect at
least one charged particle, and (2) none of the veto
counters, with the exception of segments of V1
directly behind S hits, may register a hit.

The momenta and directions of the forward-
going charged particles were obtained from a sys-
tem of proportional wire chambers (PWC’s) and
wire spark chambers and a large-aperture supercon-
ducting magnet. The magnet was operated at a cen-
tral field strength of 17.8 kG and had an effective
length of 1.4 m, imparting a transverse momentum
of 0.75 GeV/c. There were three groups of PWC
planes upstream of the magnet. The group near the
target had six planes with 1-mm wire spacing, three
of which, Ax, Ay, and Au, were used in the multipli-
city trigger. The other two groups, near the mag-
net, had a total of five planes, all with 2-mm spac-
ing, four (Bx, By, Cx, and Cy) being used in the
trigger. The downstream system consisted of seven
PWC planes (D and F’ stations) and two sets, twelve
planes each (four x planes, four y planes, and four
slant planes at 5.7°) of wire spark chambers (E and
F stations). Only two of the downstream PWC
planes were used in the trigger (Dx and Dy).

The trigger was designed to select events with a
single ¥ and one charged track from the main in-
teraction vertex by detecting a change in charged-
particle multiplicity from one (near the target) to
three (near the magnet). In order to do this the
number of hits in each of the trigger planes was
counted. The requirement near the target was that
there be either zero or one hit in each of the three 4
chambers. For much of the data the multiplicity
increase requirement was that there be exactly three
hits in three of the six B, C, and D planes and that
one of the two D planes have less than four hits. It
was found during the run that this allowed too
many spurious triggers which had to be rejected by
the event-reconstruction programs. Thus for the
balance of the data a stricter requirement was im-

posed, i.e., that there must be three hits in at least
five of the six BCD planes. A helium-filled bag was
positioned between the 4 and B stations to reduce
downstream interactions which could produce a
false trigger. These trigger requirements are sum-
marized in Fig. 2. The trigger rate was about 6/sec
and 3/sec at 100 and 175 GeV/c, respectively.

It was also observed during the early running that
events with missing neutrals were even more bother-
some than expected. In order to identify and elim-
inate this background a set of counters was added
for the remainder of the data run. These consisted
of the Caltech-LBL photon detector,® the E260
electron-calorimeter modules,” and a set of 20 large
scintillator paddles behind a lead wall. Taken to-
gether they covered most of the forward direction.
Unlike the target region y-ray detectors VO—V3,
these were not used in a veto mode, but hits were
recorded for use in subsequent analysis.

B. Event reconstruction

The track-finding and event-reconstruction pro-
gram used on these data, E110 TEARS, has many of
its essential features described in two theses.®’
Event reconstruction began with the chambers
downstream of the magnet by doing a track search
independently in the x (11 planes) and y (12 planes)
views. The x and y track images were then matched
by use of the 5.7° stereo (eight planes) views. The
overall efficiency for a spark chamber to have a
spark on a given track was, typically, 97%. The
corresponding number for a PWC was 95%. Our
minimal requirement for a downstream track seg-
ment was 15 hits. We have found that these com-
bined to give a downstream track-finding efficiency
of 99.5%. Our major sources of track loss were
physical effects such as charged-particle decay,
multiple scattering, and secondary interactions in
the spectrometer material. Once the downstream
track images had been found, we attempted to link
each of them through the magnetic field to the hit
patterns in the upstream chambers. This was done
twice for each track: first, using just the chambers
(B’, B, and C) downstream of the strange-particle
decay region for V-track candidates, and second,
also using the 4 chambers for main vertex track
candidates.

Reconstruction of ¥'’s was accomplished by loop-
ing over all oppositely charged pairs of V-track can-
didates and attempting a vertex fit. The momen-
tum vector of each V candidate with an acceptable
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X? and vertex within an enlarged decay volume was
used to compute the momentum vector of the
parent neutral particle. Event candidates were then
formed by a vertex fit using all combinations of
neutral trajectory and remaining vertex-track candi-
dates that satisfy the trigger. In the case of multi-
ple event interpretations, the one with the lowest
vertex X* was chosen.

C. Event selection

Since a multiplicity-counting trigger is subject to
being fooled by a variety of electronic as well as
physical background effects, a series of cuts was
necessary to go from the initial trigger sample to
the final data sample. These are summarized in
Table 1.

The first three cuts in the table were performed
on the data following event reconstruction and el-
iminated false triggers (due primarily to noise in the
chambers) where we were unable to reconstruct an
event of the proper form: one negatively charged
track from the primary vertex, and one neutral V
decaying downstream. Those events whose ob-
served energy was within a rather broad window of
the beam energy (+25 GeV at 100 and 175 GeV/c,
+12.5 GeV at 50 GeV/c) were written onto a sum-
mary tape where only the essential event informa-
tion was preserved, such as particle trajectories and
momenta. The rest of the cuts were performed on
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this summary tape.

We insisted that the incident particle be tagged as
a 7 by the beam Cerenkov counters. We have stud-
ied the response of these counters® and found that
the efficiencies for properly tagging an incident 7 at
50, 100, and 175 GeV/c are 99%, 99%, and 96%,
respectively. On the other hand, the probabilities of
tagging either a K or a p as a 7 are 0.02%, 0.14%,
and 0.56% at the three momenta. The beam veto
cut is for an instrumental effect. The event, as
reconstructed, would have hit the beam veto
counter and could not have satisfied the trigger, but
appears because of counter inefficiency or spark-
chamber memory time. These events were rejected
in order to have a well-defined geometrical accep-
tance.

In Fig. 3 we show the distribution along the beam
axis of the main vertex of events at 100 GeV/c sur-
viving the above cuts.” It is clear that a large por-
tion of our data is from the material near the first
set of PWC’s. This is because diffractive (three-
track) events occurring in this material would have
their tracks unresolved at the first chambers and so
satisfy the trigger requirements if a § ray had been
produced in the target to fire the B chamber. We
have insisted the main vertex lie between the limits
shown. It has been found that this, when combined
with the other cuts to be discussed, leaves no ob-
servable contamination in the final data sample
from events in the downstream peak. We have also
insisted that the decay vertex be between the 4 and

TABLE I. The number of events surviving the various cuts for each setting of the beam

momentum.
50 GeV/c 100 GeV/c 175 GeV/c
Total triggers (no cuts) 17343 161345 149 861
Reconstruct one prong 2436 39823 57534
and one neutral V
Chamber hits satisfy 2364 39148 54938
trigger logic
Main vertex track negative 2355 38967 54289
Energy (loose) (see text) 1526 17775 13602
Incident particle 1244 14067 10932
tagged as pion
All tracks miss Sd 1239 13867 10538
Main vertex:
—0.85<Zyx<—0.1m 622 6968 3827
Decay vertex:
0.35<Z,e<2.75 m 540 6039 3123
Mass of V consistent with K°:
0.4 <m,, <0.6 GeV/c? 521 5794 2625
Energy (tight) (see text) 218 1589 1644
Geometrical acceptance 133 1332 1527
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FIG. 3. Primary vertex distribution in beam direc-
tion, 100-GeV/c data.

B stations.

The mass spectrum of the neutral decays at 100
GeV/c is shown in Fig. 4 for events which survive
the fiducial volume cuts. We have assumed the out-
going particles are pions. We have imposed a cut
about the mass of the K° of +100 MeV. This cut is
not strong discrimination against A’s or A’s, since
at these secondary-particle energies the apparent
effective-mass distribution of misidentified strange
baryons is spread across the K° mass in a range not
much wider than our cut. Thus we are cutting
events with severe reconstruction difficulties. How-
ever, in the decay of an energetic A (or A) the out-
going p (or p) carries most of the momentum, so
that if one were to misinterpret it as a K° and calcu-
late the polar angle 8¢ of the apparent K° decay,
one would obtain a cos@x close to —1 (+1 for a A).
That we see no such concentration of events is
shown by Fig. 5, the distribution of cosfy for
events at 100 GeV/c which pass all our cuts.

Our final cut was aimed at events in which an ad-
ditional neutral particle was produced and not ob-
served. Events with our topology could produce
one or more neutrals, mainly 7%s, which would be
undetected by our veto counters if they were strong-
ly forward. In addition, conservation of strangeness
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FIG. 4. Effective mass of V for events which pass
fiducial volume.

and baryon number requires the production of an
additional neutral for most background events
which could mimic our topology with particles of
different identity. Thus we have cut our events on
total visible energy E;; in charged tracks as close to
the beam energy as the spectrometer resolution al-
lows. The energy ranges for 50, 100, and 175
GeV/c are, respectively, 48 <E <52 GeV, 96
<E.s <104 GeV, and 161 <E; <185 GeV. Our
E; distribution for the 100-GeV/c data is shown
in Fig. 6.

D. Event weighting and background subtraction

The data in this experiment have been weighted
event by event to reflect spectrometer efficiency and
acceptance and losses from various physical pro-
cesses and cuts. We further weight each event by
the probability that a K° of the observed momen-
tum will actually decay within our decay fiducial
volume, and by the probability that such an event
would be lost through secondary interaction or de-
cay of any of the outgoing particles. We also
weight for attenuation of the beam from the begin-
ning of the target to the observed interaction point.
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FIG. 5. cosf for 7w~ from K° decay in K° rest sys-
tem, 100-GeV/c data.
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FIG. 6. Total charged-particle energy of events pass-
ing fiducial volume and K° mass cuts, 100-GeV/c data.

There were three cuts which gave a weight to
each event that was a function only of beam
momentum. These were the target cut, the K 0 mass
cut, and the beam Cerenkov tagging. Their effects
are summarized in Table II.

The requirement in our trigger of the recoil pro-
ton being detected introduced an inefficiency which
was dependent on the momentum transferred to the
proton. We have studied this inefficiency by a
separate trigger, run simultaneously with the
K°K ~p trigger, which was quite similar except that
no recoil was required. The weights we have found
for our B-chamber efficiency in various ranges of
p,? are listed in Table III. In the lowest p,* ranges
the trigger was satisfied not by the recoil proton,
but by 6 rays. However, we have used such sal-
vaged events because the 8-ray rate was readily and
accurately determined. The combined effect of all
the above weights, which include everything except
geometrical acceptance and reconstruction efficien-
cy, is shown in Fig. 7. The high-weight tail of the
distribution is due primarily to the very-low-p,?
events.

The geometrical acceptance and reconstruction
efficiency were investigated in two ways. Both em-
ployed Monte Carlo techniques. In each a set of
events was generated and the tracks propagated
through the spectrometer. The tracks were checked
for whether they would clear the geometrical accep-
tance. Chamber hits were then generated on the
tracks, taking into account the efficiency’ of each
chamber and its measured noise rate for extra hits,
and the resultant hit pattern checked for whether
the trigger requirements were satisfied. Finally the
reconstruction criteria were checked to determine
whether the generated event could have been recon-
structed.

The first set of events was created from the final
data sample. Each event of this sample was used as
a starting point and varied in such a way as to keep
the dynamical variables of the event unchanged
(M oy, t, c0sOy, and ¢y, Where Mo, _ is the ef-
fective mass of the kaon pair, ¢ is the four-
momentum transfer to the proton, and 855 and ¢g;
are angles of the K~ in the Gottfried-Jackson refer-
ence frame). The production point in the target was

TABLE II. Beam-momentum-dependent weights.

Cut 50 GeV/c 100 GeV/c 175 GeV/c
Target 1.000 1.002 1.022
K mass 1.016 1.036 1.09
Beam Cerenkov tag  1.006 1.004 1.03
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TABLE III. Weights for recoil-detection efficiency.

p.? range [(GeV/c)}] weight

p>0.14 1.014
0.14>p,*>0.08 1.086
0.08>p,*>>0.06 1.104
0.06> p,>>0.04 1.215
0.04> p,>>0.02 2.012
0.02> p,*>0.00 3.106

varied as was the rotation of the event about the
beam. The decay time of the K° was varied, within
the restriction that it must decay inside our fiducial
volume, and its decay parameters were picked
(cosfk,dk). The acceptance, trigger, and recon-
struction weight for an event was then simply cal-
culated from the fraction of events generated from
it which passed the tests of acceptability.

The second set of Monte Carlo events was used
only to investigate regions of insensitivity of our ap-
paratus, not for event weighting. It was generated
by picking a mass in the 4, region, where the bulk
of our events lie, from a Breit-Wigner distribution,
and a ¢ with an exponential distribution consistent
with observations at lower energy. However, the
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FIG. 7. Distribution of event weights for all effects

except acceptance and reconstruction efficiency, 100-
GeV/c data.

Gottfried-Jackson angles were generated to uni-
formly populate the angular space. We have found
no holes in the response of the experiment beyond
the capability of the weighting procedures to ade-
quately compensate. The most prominent nonuni-
formity is a dip at ¢ gy =0 reflecting the presence of
the beam veto.

Even when the visible-energy cut is applied to the
data there remains a significant background from
events with missing neutrals as may be seen from
Fig. 6. In order to handle this background the for-
ward neutral-particle detectors were added for the
second data run of the experiment (175 GeV/c).
Hits in these counters were recorded and compared
during analysis with charged-particle trajectories.
Events which had a hit in these counters away from
the charged particles were tagged as y-background
events. Sections of this system were rendered inef-
fective by the presence of the charged tracks, and
good events could undergo a far-downstream secon-
dary interaction which would produce a separated
hit. Thus, account had to be taken of both detector
inefficiency and spurious tagging. Figure 8 shows
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FIG. 8. (a) Total charged-particle energy, 175-GeV/c
data. (b) Total charged-particle energy for tagged back-
ground events. (c) Total charged-particle energy with
background events subtracted.
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(a) the observed-energy distribution of events prior
to the E, cut, (b) the energy distribution of the
subset of (a) which has a tag for a y present, and (c)
the energy distribution which results from the sub-
traction of (b) from (a) with adjustments for counter
efficiencies.

At our other two beam momenta, where this tag-
ging was unavailable, we were forced to rely on oth-
er techniques to estimate the background. This was
done by assuming that, except for simple energy
scaling, the shape of the background in the distribu-
tions of dynamic variables with which we are deal-
ing does not vary significantly from the tagged
sample. The relative amounts of background were
determined from the observed energy distributions.
The tagged 175-GeV/c background events were
then scaled and weighted accordingly and used to
generate background curves for the dynamic vari-
able distributions at 50 and 100 GeV/c.

III. DISTRIBUTIONS
A. K°K — mass distributions

We have analyzed the K°K~ system, with the
above-described cuts and corrections, for produc-
tion properties and resonant modes. We are insensi-
tive to either K? decays or neutral decays of the K?,
so that all data are multiplied by 2.92 to compen-
sate for these effects. The mass spectrum of our
K°K ~ pairs is shown in Fig. 9 for each of our mo-
menta. The only structure evident is the 4,. Ob-
servation of the g(1700) has been reported in this
spectrum?; however our statistics are such that we
can make no statement about its presence at the lev-
el reported.

The total observed cross sections for
7 ~p—KC°K ~p are given in Table IV. Also listed is
the cross section within the mass cut 1.22 to 1.42
GeV/c2 Both these are corrected for missing neu-
trals. We have fit a D-wave Breit-Wigner reso-
nance, using the mass and width from the Particle

=
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FIG. 9. Effective mass of K°%K~. (a) 175-GeV/c
data. (b) 100-GeV/c data. (c) 50-GeV/c data.

Data Group tables,'® plus a linear background to
the data within the mass range 1.11 <mgg < 1.52
GeV/c?, finding the cross sections for 4, produc-
tion times the branching ratio for 45 —K°K~
which appear in Table IV. We have plotted the
7 p—A;p—K°K p cross sections as a function
of laboratory beam momentum in Fig. 10. The er-
rors shown are statistical. In addition we estimate
systematic uncertainties of 6%, 13%, and 18% at
50, 100, and 175 GeV/c, due primarily to estimat-
ing background levels.

A falloff of the 4, production cross section with
increasing momentum of py,, ~%* has been reported
previously.!! However these data indicate a steeper
momentum dependence. If we fit all the points in
Fig. 10 to py,, ", we obtain n =0.61+0.05. Using

TABLE 1V. Properties of 7 “p—K°K ~p. The first line is the total cross section observed in this experiment. The
second is the raw cross section within the mass cuts. The third (product of production cross section and branching ra-
tio) and fourth (slope parameter) are obtained from the fits described in the text. All have been corrected for missing-

neutral-particle background.

50 GeV/c 100 GeV/c 175 GeV/c
olr~p—K°K~p) (ub) 3.02+0.36 1.82+0.07 1.75+0.10
0(1.22 <mgg < 1.42 GeV/c?) (ub) 1.67+0.20 0.90+0.08 0.6340.07
0(A4,)B(47 —K°K ™) (ub) 2.18+0.39 1.21+0.11 0.65+0.14
b [(GeV/c)2] (A4, region) 7.5+0.6 8.0+0.5 7.0+0.8
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only our own points we find n=0.94+0.22. We
have fit the data of Fig. 10 to the Regge form (aver-
aged over four-momentum transfer) (s /s4)?*~2, ob-
taining @ =0.69+0.03. Theoretically one expects a
mixture of Pomeron and f exchange to dominate.
Our data indicate that the Pomeron component is
even smaller than anticipated in previous predic-
tions of the cross section.!> We have run several
checks for instrumental effects which might effect
the energy dependence of the data. The 50-GeV/c
data spanned both data runs, and the two parts of
the data are in good agreement. We have also run a
rudimentary analysis on the data from our
7 p—mta " p (diffractive) trigger at 100 and
175 GeV/c. This check was chosen because the re-
action has been well studied!! and the trigger was
very similar to that for K°K ~p. The results show
our diffractive cross section to be in agreeement
with the measurements from other experiments.

B. t distributions

We have calculated do/dt’ as a function of ¢’
(=t —ty;,) for the set of events in the 4, mass re-
gion, from 1.22 to 1.42 GeV/c?. The data have
been corrected for both missing-neutral and non-
resonant backgrounds, and are shown in Fig. 11.
The errors shown are statistical. We have fit these
data to the form do/dt'=A |t'| e, and find the
values for b listed in Table IV. This form was used
because it has been found to fit the data reasonably
well at low energies, where it gives evidence of
helicity-flip dominance. However, the evidence for
a downturn of the cross section as ¢’ goes to 0 is not
prominent. Indeed at 175 GeV it appears to only be
a leveling. At the other two energies there is a
marked depletion of events in the lowest bin, but
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FIG. 11. do/dt’ for K°K~ in A, mass region.
Curves are fits to 4 |t'|e®. (a) 175-GeV/c data. (b)
100-GeV/c data. (c) 50-GeV/c data.

O

the other small-z’ bins do not turn markedly.
Nonetheless, this form gives a fit with reasonable
X?. Figure 12 is a plot of the parameter b as a func-
tion of laboratory momentum. The line is a fit to
the form b =c;+4c,Ins for which we obtain
¢1=7.8+0.7 and ¢, =—0.06+.16.

There is not complete consistency between au-
thors in the form used to fit do/dt’. We have also
fit the data to a simple exponential e#*" and find at
all three momenta that S is consistent with 4.0.

.. . S B e et . —
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12 o this experiment ]
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S
s L ~
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= 8 IL §§ } 2 ,} < 4
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FIG. 12. do/dt’' exponential parameter b as function
of pi. The line is a fit to b =c, +c,Ins.
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FIG. 13. cosfg; for events in the A, region, non-
resonant background subtracted. Curves are fits
described in the text.

C. Decay-angular distributions
and density-matrix elements

Figures 13 and 14 are the distributions in the
Gottfried-Jackson angles, cosfg; and ¢y, respec-
tively, of the 4,-region events. The same mass cuts
and background corrections have been applied as

|

(ub)

de
d¢

o
-160 -120 -80 40 O 40 80 120 160
$y (deg)

FIG. 14. ¢g; for events in A4, region, nonresonant
background subtracted. (a) 175-GeV/c data. (b) 100-
GeV/c data. (c) 50-GeV/c data. Curves are fits
described in the text.

for the do /dt’ plots.

When an 4, meson with JP=2% is formed and
then decays into two JP=0"" mesons, it has the fol-
lowing normalized angular distribution'® in terms
of the density-matrix elements in the Gottfried-
Jackson reference frame:

1(6,6)= %65;[ 3p0,0(c08%0 — +)*+4(py | —py, 10826 )sin®6 c0s’0+(p2, 2 +pz, _yc0s4d )sin*0

—4V6 Re(p; o) cos?6 — % )sin@ cos6 cosp+2V'6 Re(pz,o)(cosze — %)sinze cos2¢

—4(Re(p,,1)cosp —Relp, _1)cos3¢ )sin®8 cosf] .

In view of the statistics of our data, we have attempted to fit only the integrated distributions:

1(0)= 1%[(3[)0’0.—4[)1’1 +p2’2)COS46 +2( —p0’0+2p1,1—p2’2)00520 +(%po’o+p2’2)]

and

1
I(¢)= E‘[(Po,o+2p1,1+2p2,2)-—(2p1,_1+-32-\/8 Rel(p,0))c0s2¢ +2p, _scosdd],
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TABLE V. A4, density-matrix elements.

Matrix elements 50 GeV/c 100 GeV/c 175 GeV/c
Poo 0.00+0.06 0.00+0.10 0.00+0.10
P11 0.47+0.05 0.46+0.04 0.49+0.07
P22 0.01+0.02 0.03+0.02 0.00+0.03
pr—1+3V 6p20 0.33+0.14 0.50+0.03 0.49+0.08
Pr—2 0.00+0.08 —0.05+0.05 —0.08+0.07

with the constraints (unitarity) that pgo+2p;
+2py,=1and |p; ;| <py,1. In doing this fit we
have attempted to remove the nonresonant back-
ground by taking the distributions in cosfg; and
¢y from events outside the A, region and subtract-
ing in proportion to the amount of background our
fit to the mass spectrum indicated was present. The
results are presented in Table V.

Previous experiments on A4, production have
found that, except possibly at very low momentum
transfer, both p; ; and p, _, are consistent with 0.5
filling the entire unitary bound, and that all the oth-
er matrix elements are consistent with 0. We do not
have enough events to test the very-low-t region
separately, however we find that this condition per-
sists even to our highest energy. Thus it would
seem that the 4, production is mediated entirely by
natural-parity exchange.

IV. CONCLUSIONS

We have measured the 7 ~p—K°K ~p reaction
with emphasis on the 4, mass region, across the
incident-pion momentum range 50 to 175 GeV/c.
We find the 4, production cross section falls as

Pb %, indicating that the Pomeron-exchange

contribution is very small. We have been able to fit
our data in do/dt’ to the exponential form
A|t'|e® obtaining b=7.5+0.6, 8.0+0.5, and
7.0+0.8 (GeV/c)~% at 50, 100, and 175 GeV/c,
respectively, in good agreement with previous re-
sults. Our angular-distribution analysis indicates
that only the density-matrix elements p; ; and p; _;
are appreciable, being %, and all others are con-
sistent with zero, indicating natural-parity-exchange
dominance.
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