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We have measured the polarization parameter and differential cross sections in & p
elastic scattering from a polarized target from small It I and small I& I at five momen-
tum points: 1.7, 2.1, 2.4, 2.7, and 3.0 GeV/c. The polarized prot-on target was butanol
cooled at o.5' by a He- He refrigerator; a combination of multiwire proportional cham-
bers and scintillation counters detected the scattered particles. The results for small
lu l are discussed in the context of pure Regge-pole models with exchange-degenerate ~
trajectories.

Amplitudes for K'P elastic scattering construct-
ed from pure pole exchange in the u channel, with
degenerate A and Z trajectories, yield predic-
tions of zero polarization in the backward direc-
tion (small lul) and a monotonic energy depen-
dence of the 180' differential cross sections. '
While published measurements indicate small
backward polarizations, they are of limited sta-
tistical accuracy and do not extend above 2.1
GeV/c in incident beam momentum. ' Previous
measurements of the 180' cross sections, ' as a
function of beam momentum, have shown a de-
viation from the monotonic behavior predicted
by such models. ' Thip anomaly, occurring be-
tween 2 and 3 GeV/c laboratory momenta, might
be due to unexplained structure in the amplitudes,
possible systematic errors in previous experi-
ments, ' or a combination of the two. Our mea-
surements were thus made in order to resolve
these questions and to test the hypotheses of a
pure pole-exchange Hegge model.

Since the forward-to-backward ratio of dif-
ferential cross sections is large in K'P elastic
scattering, we have also measured polarizations
and angular distributions in the forward direction
with significantly higher statistical accuracy than
previously obtained. '

The apparatus is shown in Fig. 1. The partial-
ly separated beam, derived from the Gj.0 inter-
nal target at the Brookhaven National Laboratory
(BNL) alternating-gradient synchrotron, con-

tained from 8 x10' K'/pulse at 1.7 GeV/c to 5
x10' K'/pulse at 3.0 GeV/c. This beam was in-
cident on the polarized target after passing
through trigger counters S1—S3, a gas differen-
tial Cerenkov counter (Cs), a scintillation counter
hodoscope (BH), and two multiwire proportional
chambers (PWC's). Lack of a count in scintil-
lation counter ~4 indicated that the particle had
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FIG. 1. Plan view of the experimental apparatus.
WHL, WOR, and WF are proportional wire chambers;
0R and OL are vertical scintillation counters overlapped
as shown in the lower left-hand corner. @2, @3, @4,
and @5 are scintillation counters measuring distance
perpendicular to the plane. 42 and @& are orange-peel
shaped to keep an approximately constant acceptance
in @. The polarized-target magnetic field is perpen-
dicular to the plane of the drawing.
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FIG. 2. Polarization parameter, E', at each momen-
tum point plotted against the cosine of the center-of-
mass scattering angle in the backward direction, and
the asymmetry of the background at 2.4 Gev/c plotted
against the cosine of the center-of-mass scattering an-
gle.

interacted in the target. The horizontal angles
of the trajectories of the scattered particles
were determined to +1' by a set of cylindrically
shaped PWC's, WOL and WgR, nested in the
magnet coils and by scintillation counters, 6L
and 8R. In addition, the forward-going particle
was detected by a flat PWC, WF, with +0.3 re-
solution. The vertical angles of the trajectories
were determined by curved scintillation counters,
4, located directly behind 8L, 8R, and WF.

The target, similar to one built at CERN, ' was
maintained in a 25-kG magnetic field at a tem-
perature of -0.55 K by a 'He-'He refrigerator.
The unbound protons in the butanol target, & of
the total number of protons, had an average po-
larization of 60%%uo. Dimensions of the target were
1.27 cm vertically, 2.03 cm horizontally, and

2.29 cm along the beam. Polarization directions
were reversed approximately eight times per
momentum point.

A PDP-15 computer collected the data through
a CAMAC interface. For each event the com-
puter recorded on magnetic tape the scintillation
counters and wire chamber channels participating
in the event along with the pulse height of the
beam Cerenkov counter. Condensation of the
primary data, i.e., removal of obviously unre-
constructable events, was performed on the PDP-
10 at the BNL on-line data facility; final event
reconstruction and analysis was completed at the
BNL computing facility on the CDC 6600's.

Kinematic reconstruction was done by minimiz-
ing a linearized X' where the actual wire and
counter coordinates were fitted to those expected
from an elastic-scattering hypothesis. The num-
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FIG. 3. Polarization parameter, P, at each momen-
tum point plotted against the cosine of the center-of-
mass scattering angle in the forward direction.

ber of elastic events in each bin of coso, (co-
sine of the center-of-mass scattering angle) was
determined from two dimensional histograms of
&' versus coplanarity, Ay. These X'-Qy his-
tograms were divided into signal and background
regions; the background region was then fitted
by a polynomial in X' and ~y which was used to
extrapolate the background underneath the elastic
peak.

As is the usual situation in polarized-target ex-
periments, the largest single source of back-
ground is due to quasi-elastic scattering of kaons
from bound protons in the complex target nuclei.
This background has only a small probability of
kinematically simulating elastic scattering in our
apparatus; the signal-to-background ratios in
the forward directions were - 5.5:1. Because
the forward cross sections can be as much as
200 times greater than those in the back, the
signal-to-noise ratios were worse for backward
scattering, ranging from 3:1 in the —0.96 region
of cosa, to 1.5:1 in the —0.7 region.

Measured polarizations are shown in Figs. 2

and 3; the sign is determined by the Basel con-
vention. ' Also shown in Fig. 2 are typical asym-
metries of events in the background regions.
The errors shown are statistical only and do not
include possible systematic errors on target po-
larization, &

V%%uo, or background hypothesis, & 7%%,

both of which would appear as scale errors on
the absolute value of the polarization. System-
atic uncertainty in beam normalization, which
would cause additive effects in the measured
asymmetries, were &2%%uo as can be seen in Fig.
2.

In the backward direction, for our three higher
momentum points, the data suggest a systemat-
ically negative polarization. That the background
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shows no such asymmetry supports this conclu-
sion. Such a phenomenon contradicts the pre-
dictions of pure Regge-pole exchanges with de-
generate trajectories. New results' of observa-
tion of nonzero polarization in KP —E'n have
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FIG. 4. Differential cross sections at each momen-

tum point plotted against the cosine of the center-of-
mass scattering angle in the backward direction. The
curves through the data are the results of a Hegge-pole
model described in the text.

also indicated the necessity of a more complex
description of KN scattering. '

The forward-direction polarization is remark-
ably constant as a function of both scattering an-
gle and beam momentum. This constancy per-
sists to very low values of Itl; most notably at
3.0 GeV/c, where the most forward point is t
= —0.086 GeV/c. ' This effect has been observed
in the past at lower energies, ' albeit not with as
high a statistical accuracy as here shown.

The backward differential cross sections are
displayed in Fig. 4. Absolute normalization of
these data was determined by the normalization
of our forward differential cross section data to
the optical points of published data." The scale
factor needed to obtain agreement between our
data and published data was approximately 1.15,
independent of momentum. The uncertainty in
this normalization is approximately S%%uo, due
mainly to uncertainties in the published data.
Slopes of the forward differential cross sections
as a function of angle are in agreement with pub-
lished data. Normalization of the backward cross
sections is made using the same scale factor as
that employed for the forward data in addition to
knowledge of the acceptance of the apparatus as
calculated by Monte Carlo techniques.

The smooth lines through the data of Fig. 4
are the results of a fit made in the backward di-
rection with a pure Regge-pole model employing
exchange degenerate A and A traj ectories.
While the fit is qualitatively correct, we cannot
adequately reproduce the slope variations in the
backward peaks or the behavior of the cross sec-
tion at 180' as determined by straight-line ex-
trapolation of the data.

Extrapolations of the backward differential
cross sections to 180' by means of a fit of the
form do'/dQ =A exp[B(1 —cos &, )j are shown in
Fig. 5. Also shown in this figure are equivalent
extrapolations of published data. As can be seen,
our data are higher than the previous results of
Carroll et al. at 1.7 and 2.1 GeV/c, and are in
good agreement with Whitmore eS al. at higher
momentum points. ' Our data indicate that the
anomalous behavior of the cross section is not
as pronounced as previously measured; however,
we find that the backward cross sections for
momenta above 1.7 GeV/c show a deviation, both
in slope and in value at 180, from any smooth
fit connecting the published data at lower and
higher momenta.
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FIG. 5. Extrapolated differential cross sections to
~~~ =180'. Closed circles are results of this experi-
ment; open circles, Carroll et al. ; E's, Whitmore
et al. ; triangle, Banaigs et al. (Ref. 3).
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We present transverse-momentum distributions of 7t. s produced in the reaction p&~
p+ at 28.5 Gev/c observed by the Multiparticle Argo Spectrometer System. As the

transverse momentum of the trigger proton p3 is raised from 0.4 to 1.6 GeV/c we find
that the shape of the g momentum distribution normal to the (p&,pz) plane remains un-
changed. The shape of the distribution in the p1ane is also relatively constant but the
distribution shifts to balance transverse momentum.

In inelastic high-energy particle collisions
there is considerable interest' in the details of
how the transverse momentum of a high-P& par-
ticle is balanced by the other particles. Further-
more, changes in the shape of the momentum dis-

tribution of the produced pions normal to the
plane defined by the incident and high-P& parti-
cle as a function of the high-P& particle's trans-
verse momentum may provide insight into had-
ronic structure. Specifically, one expects quite


