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anomalous interaction radius.®®” For example,

at 200 MeV /c the interaction radius deduced from
analysis of the elastic channel is ~3 fm. There

is therefore rough agreement between the interac-
tion radius determined in these different ways.

In fact the pp elastic angular distribution is
known to “antishrink” with increasing energy.®
This antishrinkage pattern is observed at the low-
est momentum for which pp elastic scattering has
been measured.®*® The data presented here sug-
gest that the radius of interaction in the annihila-
tion also decreases with increasing energy.

One possible explanation of the presence of
high partial waves in the absorption at these very
low energies would be provided by direct-channel
resonance dominance of the absorption process,
provided high-spin resonances coupled strongly
to the pp system. Such a possibility would only
be consistent with the experimental data if there
were a number of nearly degenerate states.
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"In Ref. 3 the elastic data at 200 MeV/c were fitted
by the form do/dt ~ Ae™® with the resulting value b =60
+£15 (GeV/c)?. In the diffraction model b =R?/4, where
R is the interaction radius, which implies R ~3 fm.

8See for a recent compilation of 5p data V. Barger
and D. Cline, Nucl. Phys. B23, 227 (1970). In the ab-
sorption model antishrinkage is “explained” by a ra-
dius of interaction that decreases with increasing ener-
by. At high energies the radius of interaction deduced
from the elastic scattering is approximately 1 fm.
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We have measured the differential cross section for the reaction 7% —K*s*at 3, 5,
and 7 GeV/c from 0° to ~3.5° in the laboratory. The cross section at 5 and 7 GeV/c con-
tinues to 0° with an exponential ¢ dependence consistent with data at larger angles. How-
ever, the 3-GeV/c data exhibit a change in slope near |#/~0.1 (GeV/c)2. We have also
measured the differential cross section for 7% —K*y*(1385) at 5 GeV/c in the same an-
gular range. These data indicate a dip at 0° as would be expected if the cross section
were dominated by the helicity-flip amplitudes.

Previous experiments! ™ have reported mea-
surements of the differential cross section for
the hypercharge exchange reactions

Ttp-K'T* (1)
and
T'p ~ K Y*(1385) (2)

for incident pion momenta from 3.0 to 14.0 GeV/

74

¢ in the laboratory. These reactions are of in-
terest because, in the language of Regge-pole
theory, they involve the ¢{-channel exchange of
quantum numbers corresponding to mesons lying
on the trajectories of K*(892) and K**(1420).

The structure of the differential cross section
near the forward direction allows a determina-
tion of the relative size of the helicity amplitudes.
A dip in the forward cross section is expected
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FIG. 1. A plan view of the experimental apparatus.

if the helicity-flip amplitudes dominate. Such
structure, as we know from the 7N charge-ex-
change data,® would not be expected to appear
except for [t/<0.15 (GeV/c)®. The experiment
described here measured the differential cross
section from 0° to ~3.5° for Reactions (1) and
(2) in order to examine the role of the helicity-
flip amplitude. It is expected that such a mea-
surement should be a valuable constraint on cur-
rent scattering theories which require varying
amounts of helicity flip as compared to nonflip
in order to fit the measured structure at larger
t.

The apparatus is pictured schematically in
Fig. 1. The momentum-analyzed beam from the
zero gradient synchrotron (ZGS) struck a 24-in.
long liquid-hydrogen target. Wire spark cham-
bers with magnetostrictive readouts in the beam
and the spectrometer measured the beam par-
ticle direction and the trajectory of the scattered
particle through the spectrometer. The particle
momenta were determined from their bend angle
through the “analyzing” magnet. The purpose
of the “steering” magnet is related primarily to
a companion experiment in which data were ac-
cumulated on double—charge-exchange reactions.
A kaon was identified in the spectrometer by a
count in the threshold gas Cherenkov counter C1
and no count in C2 or C4 which were set to count
pions. Similarly, a beam pion was identified by
two threshold gas Cherenkov counters set to
count pions. CPI 1, which was upstream of the
apparatus in the beam transport system, is not
pictured. The trigger was created by a pion in
the incident beam followed by a kaon scattered
into the spectrometer.

The experiment was connected on-line to an
EMR 6050 computer. All of the spark-chamber

data as well as the status of hodoscope counters
and pulse height in C1 were recorded on mag-
netic tape for later analysis. In addition, the
data rate was such that all events were analyzed
and histogrammed while the data were accumu-
lated.

Because the acceptance of the spectrometer
includes 0°, the beam also passes through the
apparatus. The Cherenkov-counter requirement
in the trigger was changed under computer con-
trol so that the beam was allowed to trigger the
system during every tenth ZGS pulse. Analysis
of these events provided us with a valuable check
of the magnetic fields in the magnets as well as
a check of the apparatus survey. Knowing the
beam trajectory through the spectrometer allows
a precise determination of the kaon production
angle in the spectrometer and facilitates the cal-
culation of the apparatus geometrical efficiency.
Direct measurements of the momentum and angu-
lar resolution of the overall apparatus, including
the beam, were also made possible. For ex-
ample, at 3.0 GeV/c it was determined that the
angular resolution was +3.25 mrad, the momen-
tum resolution was +0.75% and the missing-mass
resolution in the region of the Z* was +40 MeV.

Figure 2 shows the missing-mass—squared dis-
tribution at 5.0 GeV/c. Events in the £ mass
peak were binned according to the four-momen-
tum transfer lt. Corrections were then applied
for K and 7 decay, u contamination of the beam,
nuclear absorption, spark-chamber efficiency,
target-empty background, and for the geometri-
cal detection efficiency. The geometrical accep-
tance of the apparatus was determined to a statis-
tical accuracy of <+0.25% for a At bin of 0.005
(GeV/c)? using the Monte Carlo technique. In
addition to faithfully reproducing all cuts im-
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FIG. 2. Spectrum of missing-mass squared. The
proton peak is due to inefficiency in vetoing beam pions
and represents an overall inefficiency of ~10-%, The
dotted line is a best fit to the Y* region as described
in the text.

posed by the on-line program, the Monte Carlo
program included effects due to multiple Cou-
lomb scattering, beam-spot size (+0.28 in. hori-
zontally, +0.22 in. vertically), beam angular
divergence (+5.3 mrad vertically, +3.4 mrad
horizontally), and beam-momentum resolution.
The angular divergence and momentum resolu-
tion of the beam are measured directly as dis-
cussed above and the measured distributions are
used in the Monte Carlo calculation.

The data are presented in Table I. The errors
indicated are statistical only; we estimate the
systematic uncertainty of these results to be

<+10%. In Fig. 3 we compare the 7°p =K*Z*
results of the present experiment with the data
of Ref. 1. The straight lines are best fits of

the form A exp{B(t-t.;)}. At 5.0 and 7.0 GeV/c
the differential cross section continues to 0° with
a slope consistent with the previous data. How-
ever, at 3.0 GeV/c the cross section falls more
rapidly from If ./ to #/=0.1 than at larger an-
gles. At all energies we have included data from
both experiments in the exponential fits. For

the purpose of these fits the 3.0-GeV/c data
were separated into two regions divided by I£]

Table I. do/dt in ub (GeV/c)™? for Reactions (1) and (2), and best fits to Eq. (3).

+ + +
mp 2K g

3.0 GeV/c 5.0 GeV/c

[t ] do/dt |t do/at
L0291 685+34 .0246 405£17
.0331 672+40 .0446 312+18
.0381 619+33 . 0646 305420
20441 543+38 .0846 220+20
L0511 48632 .1046 183+18

.1246 170+18

4,83 GeV/c m p-+rn

(Ref. 7)
A . =21.4 + 1.5 A _ = 20.3 + 0.3
nf nf
Ag =192 + 20 A, =0.0 + 35.0
B = 12.0 + 0.6 B = 9,4 £ 0.8

*

of/gnf = 1.8 = 0.5 Of/gnf = 0.00+0.08

+ +_*
mp * KY
7.0 GeV/c 5.0 GeV/c
It} dg/dt It] dg/dt
.030 229 12 .0365 7.9£5,5
.070 153 11 .0515 10.7+6.4
;110 112 10 |[.072 28.8+6.6
.150 67 48 .099 27.0+6,5
.132 24.7+5,7
A . =16.4 = 0.4 A _ = 3,03 % 0.75
nf nf
_ + 20.0 _
Ag =40.0 _ "0 |A. = 35.67 & 5.33
B = 10.3 + 1.1 B =6.4+ 1.0
+0.19
= 0.1 =4,8 £ 2.
of/onf 5_0‘15 cf/Onf 4,8 2.8

20¢ and o are the integrated cross sections as described in the text.
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FIG. 3. Differential cross section for the reaction
h—K*s*,

=0.1. We have found no quantitative explanation
of the structure in the 3.0-GeV/c cross section.
However, at 3.0 GeV/c the total center-of-mass
energy is 2.56 GeV. This is quite near the mass
of several states [e.g., A(2420), A(2850)] which
may decay into ZK. It is therefore possible that
the structure is due to the proximity of these
s-channel poles.

In addition to the procedure described above
for the analysis of the K*Z" final state it was
necessary to separate the Y* from a nonresonant
background. The data were divided into five
angular bins of 0.7°. For each bin the mass dis-
tribution was fitted by a resonant contribution
plus a flat noninterfering background. There
were only three parameters to be determined:
the amplitude of the resonant contribution (as-
sumed to be Gaussian) and the amplitude and
slope of the background. The mass resolution
and calibration of the spectrometer were deter-
mined directly from the ¥ data and the position
and width of the Y*(1385) were fixed at their
known values. The data for 7*p —K*Y* are com-
pared to the results of Ref. 3 in Fig. 4.

In sharp contrast to the K*Z"* data, the K'Y*
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FIG. 4. Differential cross section at 5.0 GeV/c for
the reaction % —K*Y*,

cross section shows a dip in the forward direc-
tion. This is not completely surprising since a
t-channel SU(3) analysis® relates K*Y* produc-
tion to m°A**(1238), n°A**, and K°A™ production.
Each of these cross sections is known to show
a turnover in the forward direction.® It is per-
haps more difficult to reconcile this dip with
the K*Z* data which do not show a dip although
the same trajectories contribute. The answer
may lie in the complexities introduced by the
two different octet couplings (f/d ratio) at the
K*NZ vertex as compared to only one at the
K*NY* vertex. Quantitative comparisons are
made difficult by the added complexity of the

Y* case because there are three helicity-flip
amplitudes as compared to only one for Z* pro-
duction.

The p-photon analogy of Stodolsky and Sakurai®
in 7A production in mp collisions suggests that
the pNA vertex is dominated by the magnetic-
dipole (M1) transition. The observed density-
matrix elements of the A-decay angular distri-
bution support this hypothesis. Furthermore,
the values for the density-matrix elements for
7*p —1°A™ are consistent with the correspond-
ing elements for the 7A case. SU(3) then sug-
gests that similar behavior might be expected
at the K*NY* and K**NY* vertices. For the
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M1 transition the virtual p (K*) helicity state is
restricted to +1. In the forward direction, con-
servation of angular momentum at the nmp (7KK*)
vertex requires the differential cross section

for pure M1 amplitudes to vanish. We might
therefore expect the differential cross section
for Reaction (2) to behave as It’'|A exp(-B [¢']),
where t'=¢-f,;,. In order to get'a quantitative
estimate of the ratio of helicity flip to nonflip
allowed by our data we have made a least-squares
fit to the differential cross sections for Reac-
tions (1) and (2) by the form

g " [l ggladfes, )

where M is the nucleon mass. The results of
the best fits are presented in Table I. To under-
stand better the significance of the fitted ampli-
tudes we integrated the flip and nonflip contribu-
tions to the cross section over the interval I ;,!
<t<0.4 (GeV/c)? using Eq. (3). The ratios of
these contributions are de...ted o¢/o,; and are
also shown in Table I. For the K*Z* data this
ratio is consistent with zero with an upper limit
of 8% at 5.0 GeV/c and 34% at 7.0 GeV/c. In
contrast the o/0,; ratio for the K*Y* channel
is 4.8 +2.8. Thus the K'Z" reaction is strongly
dominated by the nonflip amplitude while the
K*Y* reaction is dominated by the flip ampli-
tudes. For comparison the data’ for the charge-
exchange reaction have been similarly fitted and
yield a ratio for o/o,; of 1.8+0.5.
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