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We have measured the differential cross section and polarization for the reaction r++P
-E +& for E laboratory angles between 3' and 17'. The reaction is dominated by a
large forward peak which shrinks rapidly and decreases slowly in size with increasing
energy. A break in this exponential occurs at t= 0.4 (G-eV/c)2 beyond which the cross
section falls much more slowly. The polarization is small for values of -t less than 0.3
beyond which it becomes large and positive and remains positive to the largest angles
measured. It is independent of energy within experimental errors.

The reaction m'+p -K++K' is of interest be-
cause according to present ideas it should be
dominated by the exchange of the strange counter-
parts of the p and A, trajectories. We report
here a measurement of dg/dt and polarization
from 3' to 1V' in the laboratory frame based on
40000 events which greatly increases the knowl-

edge of the reaction.
The apparatus is shown in Fig. 1. It consists

of wire spark chambers before and after a mag-
net to measure the K' momentum and angle. The
Cherenkov counter C is placed in anticoincidence
to reject m mesons. The solid-angle acceptance
of the experiment was defined by a counter just
upstream from the bending magnet. In addition a
set of wire chambers detected the proton from
the decay Z'-P+wo. From the K+ momentum
and angle the missing mass could be calculated.
An additional kinematic restriction cauld be ap-
plied by requiring a track in the kinematically al-
lowed region for a proton from the Z+ decay.
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FIG. l. A plan view of the experimental apparatus.

The spark chamber data was read out and calcu-
lated on line with an ASI-6020 computer.

During the experiment elastic m++P scattering
runs were interspersed with K++X' runs by re-
moving the Cherenkov anticoincidence require-
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ment. This provided a check of the normaliza-
tion and angular distribution by comparison with
existing elastic scattering data. The n' +p elas-
tic- scattering angular distributions measured in
this experiment were found to be in good agree-
ment with existing data. ' lf extrapolated to t =0
they agree with the absolute value calculated
from the total cross section' using the optical
point including a small real part in the scattering
amplitude.

Corrections were made for K decay, p contam-
ination in the beam, chamber efficiency, back-
ground, and secondary interactions of the parti-
cles in the target and spark chambers. For the
decay mode Z+-n'+n only a small fraction (5-
15%) of the m+ are within the kinematically al-
lowed proton cone of the Z'-P +w' decay mode.
A correction was made to account for this. We
also corrected for the fact that some of the m'

gamma rays from the Z'-P+m decay mode con-
vert in the target body and subsequently trigger
anticoincidence counters.

The polarization measurement depends on the
fact that the Z'-p+m' decay mode has a very
large value of the asymmetry parameter n. By
measuring the up-down asymmetry of the proton
relative to the production plane of the reaction
we determine the product nI' and thus the polar-
ization. A correction was made for background
under the Z' peak which was assumed to be un-

polarized. Also, a correction was made for con-
tamination from the Z'- w'+ n mode since a = 0
for this mode and m from thi. s decay occur with-
in the allowed proton cone. To check instrumen-
tal asymmetries we considered data with particle
tracks inside the proton cone but missing mass
outside of the Z+ mass region and also data with
a particle track outside the allowed proton cone
but missing mass inside the Z mass region. In
both cases a small (-5%) asymmetry was seen,
which was corrected. This is most probably at-
tributable to a small error in knowledge of the
incoming beam direction.

The polarization was obtained from the equa-
tion

aP = 2(U D)/(U+D), -
where U is the number of protons emitted at an-
gles above the production plane and D is the num-
ber of protons emitted below the plane. The pro-
duction plane was defined by the vector n xK. We
have used the value' e = -1.0 in plotting data.
More formally,

3 n ~ (n xK)
fn xKJ

where nz is a unit vector in the proton direction.
The data are given together with statistical er-

rors in Table I and shown graphically in Fig. 2.
In addition there is an error of +5% in da/dt
largely due to uncertainty in the background sub-
traction. Previous data have been taken in bub-
ble chambers with much lower statistics at 3.23,'
5.4, ' and 8 GeV/c. ' Our data are in reasonable
agreement with the 5.4- and 8-GeV/c data. They
disagree with the 3.23-GeV/c data.

There are several rather prominent features
of the cross-section data. The forward peak
shrinks rapidly going from e"' to e"' between
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pIG. 2. (a) Polarization of the ~+ assuming =-&.
Sign convention is given in text. (b) Differential cross
sections for the reaction &++P—&++X+. In addition
to the statistical errors shown there is a +5% system-
atic error due to background uncertainty.
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Table I. do/4' in pb{GeV/c) 2 for m++P Z++&+ and the best as~~ fits to the forward peak.
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3.0 and 7.0 GeV/c. Extrapolating the data to
t;„gives a rather slow decrease of ~do/dt ~,

with energy. There is no evidence of a turnover
at small t which would indicate a large spin-flip
contribution. Only at the lower energies do our
data extend to low enough t that one might expect
to see such an effect, however, and then only if
the effect is large. A good fit to all the data in
the forward peak is obtained with (do/dt) [gb(GeV/
c) ']=1VOOs' ', where a =O. V +1.'lt. It should
be noted that the lower energy points might be af-
fected by resonances although there is no evi-
dence of such irregularities in the data.

At -t =0.4 (GeV/c)' the cross section has a
rather remarkable change in slope. There is
only a hint of a secondary peak if one is there at
all. A more accurate description would be a flat
section trailing off to smaller values at larger
angles. To the extent that we have measured it
the cross section in this region falls gradually
with increasing s and increasing -t. There are
no signs of resonance effects.

The forward-peak shrinkage and very slow de-
crease of (do/dt), . with energy are difficult to
reconcile with a simple Regge analysis using the
strange vector and tensor trajectories associated

with the p and A,. Both of these effects may be
illusory however since interpretation of the for-
ward peak at these energies depends strongly on
what causes the behavior at large -t and how this
amplitude interferes with that causing the for-
ward peak. For example, if we extrayolate the
measured differential cross section in the large-
(-t) region into the forward-peak region and sub-
tract if from the measured forward-peak cross
section ignoring interference terms, the result-
ing forward peak has a slope of e"' at aQ ener-
gies. The interference may or may not be small
enough to be ignored. Even the idea of consider=
ing amplitudes from two different causes may or
may not be sensible. What is clear is that an in-
terpretation of forward-peak behavior which does
not also contain an explanation of the large-(-t)
region is probably meaningless at these energies
although it might be viable at higher energies.

The polarization is consistent with 0 at all en-
ergies for -t &0.3, although a small negative po-
larization as large as -0.2 is not ruled out. Be-
tween -t = 0.3 and 0.5 the polarization shows a
dramatic change to a large positive value of
about 0.7 at all energies. This is just the t re-
gion in which the forward peak dies out. Beyond
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-t =0.5 the polarization at all energies and t val-
ues measured is consistent with O. V. Both polar-
ization and angular distribution therefore point to
some general nonresonant mechanism with siz-
able Qip and nonflip terms as the dominant mech-
anism in this large-t region.
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The polarization parameter in K"-p elastic scattering has been measured at 3.75 and
4.40 GeV/c in the range of squared momentum transfer 0.2( t ( 1.0 (Ge—V/c)'. The data
are compared with the predictions of recent Hegge-pole models.

We report here the final results of measure-
ments of the polarization P(t) in E'-P elastic
scattering at 3.75 and 4.40 GeV/c for squared
momentum transfers in the interval 0.~ -t~ 1.0
(GeV/c)'. Earlier results on polarization in K'-P
elastic scattering above 1 GeV/c have been ob-
tained at 1.22 and 2.48 GeV/c ' and at 14 GeV/c. '

The data were obtained in a polarized-target
experiment set up to measure polarization in
z'-p, X'-p, and p-p elastic scattering in the
momentum region between 2.5 and 5.0 GeV/c.
Preliminary results on polarization in n'-p and

p-p scatterings have already been reported. "
The measurements were carried out in an un-

separated 0' secondary beam in the external pro-
ton beam area of the zero-gradient synchrotron
at Argonne National Laboratory. The beam had
a momentum acceptance of a3.5 /o and an intensity
of about 10' particles per pulse. For momenta
around 4 GeV/c, it contained pions and protons
in the ratio 1:2 and about 1% positive kaons. Two
gas threshold Cherenkov counters in the beam
were used to veto positrons and to identify pions,
and a gas differential Cherenkov counter, ' placed
about three meters upstream of the polarized
target, selected kaons. The Jf'-p polarization
data were taken simultaneously with r'-P and
p-p data. Particles identified as kaons had a

pion and proton contamination of less than 1%.
Information about incoming beam particles was

obtained from scintillation-counter hodoscopes
placed in the beam upstream of the polarized
target. Other arrays of counters detected parti-
cles scattered in the vertical plane. Whenever a
beam particle and two particles coming from the
target (one above and one below the beam line)
were detected in coincidence, the information on
which counters had been triggered was sent to an
on-line computer which computed the azimuthal
and polar angles of the two outgoing particles.
The information was also written on magnetic
tape to permit a more detailed off-line analysis.
Events from elastic scattering by the free pro-
tons of the target were selected on the basis of
coplanarity and angular correlation in the scat-
tering plane.

The free protons contained in the lanthanum
magnesuim nitrate polarized target used in the
experiment had an average polarization of about
0.55. The sign of the polarization was reversed
approximately every six hours.

The results are presented in Table I and in
Fig. 1. The errors are statistical and include
the contribution due to background subtraction.
The uncertainty in the target polarization con-
tributes an additional normalization error of
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