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Measurements of the differential cross section for the reactions 7*p —K*>* and n*p
—K*Y**(1385) are reported at 3.5, 3.75, 4.0, 4.25, 4.5, 4.75, 5.0, 6.0, 10.0, and 14.0
GeV/c. Polarization in 7*p —K*Z* is also reported at 6.0, 10.0, and 14.0 GeV/c. At small
|t], the cross section for m*p —K*Z" is well described by an exponential Ae® with slopes in
the range b ~8-10 (GeV/c)™%; for |¢|>0.5 (GeV/c)? this slope decreases considerably. The
cross section for m*p —K*Y*+(1385) is well described for |¢|>0.2 (GeV/c)? by a single expon-
ential of slope about half that for 7*p —~K*=*; there is no break near |¢|=0.5 (GeV/c)?. We
observe a dip in this cross section near ¢ =0. The polarization in 7*p —-K*Z* is consistent
with zero for |t]|<0.4 (GeV/c)? and becomes large and positive for larger |¢].

I. INTRODUCTION

The class of reactions
TN-KY, (1)

where Y=A, Z, Y*(1385), is interesting for a va-
riety of reasons. Taken together with

KN - 1Y, (2)

the description in a Regge phenomenology’ is rel-
atively simple. These reactions would be expected
to receive dominant contributions at large energies
from the exchange of K, =K *(890) and K ;=K *(1420)
poles. Since, for Y=A,Z*, in reactions (1) and (2)
observation of the decay asymmetry allows a po-
larization measurement in addition to the differen-
tial cross section, there is a variety of tests which
can be made for specific models. Of particular
interest is the hypothesis of exchange degeneracy?®
of K, and K, trajectories and/or residues; in the
limit of exact degeneracy, line-reversed pairs of
reactions (1) and (2) should have identical cross
sections and should both display zero polarization.
Departures from these predictions may then be
interpreted in terms of degeneracy-breaking mod-
els® and possible Regge-cut contributions.*

A second point of interest in the reactions dom-
inated by strange meson exchanges is that they
allow determination of S=+1 meson couplings to
mesons and baryons. Such information, taken to-
gether with S=0 meson couplings, permit the cal-
culation of F/D ratios for the vector- and tensor-
meson couplings with baryons. At present these
are poorly known; due to model uncertainties in
their computation it is desirable to have measure-
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ments on as many reactions of (1) and (2) as pos-
sible.

We report here measurements of the differential
cross section and polarization in the reaction

1T+p__K+ Z+ (3)
and differential cross section in the reaction
T p—K*Y**(1385), (4)

We have performed these measurements at mo-
menta 3.5, 3.75, 4.0, 4.25, 4.75, 5.0, 6.0, 10.0,
and 14.0 GeV/c. The momentum-transfer range
covered expands from |t|<0.15 (GeV/c)? at the
lowest momenta to [t|<1.0 (GeV/c)? at 10 and 14
GeV/c.

II. EXPERIMENTAL METHOD

The experiment was performed at the Brook-
haven AGS in an unseparated charged two-stage
beam from the G-10 target. A 24-in.-long, 2-in.-
diameter liquid hydrogen target was situated at the
second focus. Beam particles were identified by a
set of scintillators B,, B,, B;, and Cerenkov
counters CB,, CB, shown in Fig. 1. B, was used
in anticoincidence to eliminate the rather large
flux of muons and other particles surrounding the
beam. Bj defined the incident beam position at the
target within a 1.25-in.-diameter circle. CB, was
a threshold gas Cerenkov counter set to count 7's
and reject K’s and p’s; CB, was a differential gas
Cerenkov counter which could be adjusted to count
either K’s or ms. Rejection of K* and p in the beam
was good (>96%) as indicated by the small number
of events which reconstruct as K*p or pp elastic
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scattering.

The method of detecting reactions (3) and (4) in-
volves a single-arm magnetic spectrometer in
which the forward K* momentum and angle are
measured. There were, in addition, various
counters surrounding the target to detect the decay
products from =" or Y**(1385). The K" is count-
ed in scintillators F,, F,, F,, and F, shown in
Fig. 1. Identification of the forward particle is
made with the Cerenkov counters CF,, CF,, and
CF,; CF, was a 26-in.-long, 5-in.-diameter
threshold counter set to count both K and 7. CF,
and CF, were set to count only 7. Good identifica-
tion of the K* was necessary, since kinematically
reaction (3) is almost identical to 7*p— 1"A" for
which the cross section® is four times larger than
it is for (3). Measurements of the efficiencies of
the spectrometer Cerenkov counters indicate the
probability for a 7" recording as a K* is less than
0.02%. Four magnetostrictive wire spark cham-
bers (W,-W,) before the spectrometer magnet and
four (W,-W,) after the magnet measured the tra-
jectories before and after bending to give angles
of scattering and momentum. Alternate planes
were rotated by 45° to remove multispark ambi-
guities.

For beam momenta between 3.5 and 6 GeV/c the
spectrometer magnetic field was varied so as to
give a fixed 10° angle of bend for the beam; at
6 GeV/c and above, the magnet was at maximum
current. Up to 6 GeV/c, the momentum resolu-
tion of the spectrometer was about 45 MeV/c,
nearly independent of beam momentum and limited
by multiple Coulomb scattering. At 10 and 14
GeV/c, the resolutions were 66 and 102 MeV/c.
Spectrometer solid-angle acceptance was 2x1073
sr in the laboratory.

A view of the counters surrounding the hydrogen
target is shown in Fig. 2. S,-S, surround the
sides of the target; at least one of these is re-
quired in the trigger to ensure a recoil particle or
decay product from the target. S;, S, CS,,S, form
the Z* polarization detector; S, and S, measure,
respectively, protons from Z* - p7° above and be-

low the mean plane of scattering. CS, is a glycer-
ol Cerenkov counter which detects 7* from Z*- n1t
S, requires that the X decay product traverse the
polarization telescope. Counters A -A, just after
the target reject events in which there were par-
ticles produced in the forward direction outside
the spectrometer acceptance and guard against
triggers from scatterings in CF,. A, (Fig. 1) re-
jects events in which there was a beam particle in
close time proximity to the scattering or fast for-
ward particles in the lab.

The experimental trigger consisted of a coinci-
dence between the beam (B, - B, - B, =B), spectrom-
eter [F,-F, Fy-F (A, +A, +A, +A, +A,)=F], and
recoil counters (S, +S,+S;+S,=S5). Choice of par-
ticle in the spectrometer was made with the Cer-
enkov counters:

7=CF,-CF, CF,,
K=CF, - (CF,+CF,),

p=(CF,+CF,+CF,).

Due to the large elastic-scattering trigger rate,

we have triggered separately on events tagged as

7 incident-7 scattered and on 7 incident-K or p
scattered. Data on the reaction 7 p- p7* from the
m-incident-p-scattered trigger will be reported
elsewhere. The experiment was run with incident
pion flux in the range (1-5)x10° per burst. Trig-
ger rates were typically 3-6 per burst for the com-
bined class of triggers.

On receipt of a valid trigger, spark-chamber
coordinates, tags of various counters, and the in-
cident 7 flux since the last trigger were read into
a PDP-8 computer. On-line checks were perform-
ed on the system performance and missing-mass
plots produced, and the data were written on mag-
netic tape. Tags were included to indicate identi-
ty of beam and spectrometer particles, the occur-
ence of more than one recoil counter firing (S,-S,),
and the presence of a count in S, S, S,, or CS,.

In order to collect data at various momenta and
momentum transfers, the spectrometer magnet,
wire chambers, and associated counters could be
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FIG. 1. Planview of the experimental layout, W;—W; are wire spark chambers; B{-B;, F~F,, and A; are scintil-
lation counters; CB{—CB, and CF {~CF ; are Cerenkov counters. The trigger requirements are described in the text.
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moved. At all momenta data were taken with
spectrometer acceptance between 1° and 5° in the
lab. At 6 and 10 GeV/c, data were also taken
with spectrometer acceptance between 33° and 8°,
At 6 GeV/c there was an additional run made with
the spectrometer moved to accept 0° scattering.
The larger angle settings involved the movement
of counters A,-A,, F,, and CF, and the addition of
an additional defining counter at the exit of CF,.

III. ANALYSIS

Events from magnetic tape were passed through
a track reconstruction and fitting routine. Event
candidates were subjected to the requirements
that tracks before and after the magnet intersect
and the upstream track segment emanate from the
target region. Cuts were imposed on the x? of
fitting track segments and on the number of cham-
bers participating in determining the event. Geo-
metric limitations were imposed on the recon-
structed track at the various chamber planes and
at the exit of CF, to ensure that edge sparking ef-
fects could not influence the data. In practice the
minimum angle cut for the reactions reported here
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FIG. 2. Counter arrangement around the target:
(a) plan view, with sketch of an event of reaction (3);
(b) side view.

occurred at the first spark chamber (W1) and the
maximum angle cut was imposed at the exit of
CF,.

Distributions have been plotted of the recon-
structed intersection of tracks at the center of the
target; these distributions provide a measure of
the over-all accuracy of the survey of spectrome-
ter relative to beam and also probe the accuracy
of centering the beam on the hydrogen target. We
have found shifts in these distributions of up to
2 in. A correction was applied to the spectrom-
eter location relative to the target to center the
distribution at the beam axis for sample data at
each spectrometer setting.

Events passing the various geometric cuts were
analyzed for the missing mass recoiling from the
fast particle in the spectrometer. An example of
such a mass spectrum is shown in Fig. 3. The
shape of this spectrum was fitted to a sum of
Gaussians for p, =%, Y**(1385), Y**(1670), and
a smooth background.® The functional form of the
background has been chosen to represent the non-
resonant multiparticle final states above AK' 7"
threshold; the ¢ dependence of such background
has been investigated in the control region 2.2
< MMZ?< 2.5 GeV? and is seen to be similar to that
of the Y* data.

The geometric acceptance of the system has been
computed by Monte Carlo techniques. The observ-
ed beam profile, momentum distribution, and
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FIG. 3. Spectrum of the missing mass squared in the
reaction 7*p -K*X" at 6 GeV/c. Contributing to the
fit to the data are Gaussian distributions for the =*,
Y**(1385)(Ref. 6) and Y**(1670), a phase-space term
for the AT*K*, (Zm)*K* etc. final states, and a smooth
background. We have included a Gaussian for the proton
to account for misidentified events near 0° in the labora-
tory.
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measured geometry were put into these calcula-
tions. Effects of multiple Coulomb scattering,
secondary nuclear scattering in CF, and target,
and range restrictions on recoil particles have
been included. In the case of the acceptance for
Y* some uncertainty (10%) arises from the lack of
information on the spin alignment of the Y*; we
have used the average geometrical acceptance.
The Monte Carlo calculations correctly reproduce
the width of missing-mass distributions and the
shape of the reconstructed intersections of tracks
at the center of the target.

Corrections to the data have been made for loss
of events due to K* decay (9-34%), K' interactions
in the spectrometer (9-16%), and CF, inefficiency
for K’s (1-11%). Further corrections have been
made for u* contamination of the beam (~4%),
beam attenuation in hydrogen (~4%), and the empty-
target event rate (4-9%). Finally, a correction
was made for failure in reconstruction due to in-
dividual spark chamber misfires or failures (<5%).

Calculation of the momentum transfer was made
by a two step process: First the missing mass
was computed using measured scattering angle and
momentum of the K*. If the event was within the
accepted range of missing mass squared for either
reaction (3) or (4), the momentum transfer was
calculated using the scattering angle, and assum-
ing that the mass of the recoiling particle was that
of the =* or Y**(1385).® This procedure gave a
noticeable improvement in resolution. The ¢ res-
olution varied between +0.005 (GeV/c)? at the low-
est momenta and +0.02 (GeV/c)? at the highest mo-
mentum.

The analysis of the polarization data was made
by selecting events satisfying the mass cuts ap-
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propriate to the Z* from the spectrometer data
and calculating the asymmetry in S; and Sg count-
ing rates

_N(S;) = N(S,)
N(S,)+ N(Sg) *

The polarization P is given by

A

P=2A/a,

where a is the decay asymmetry parameter

[a(=* - pm©)=-0.991+0.019 and a(Z* ~ 7" ) =0.066
£0.016] for =* decay. It was thus necessary to
determine the probability for detecting the two de-
cay modes. This was done by Monte Carlo calcu-
lations. We have found that the correction to the
asymmetry due to counts from Z* - n7* varies
smoothly between 10% and 25% within our range of
t. The detection probability for protons from
z* = p7° is over 90% for [t|=0.5 (GeV/c)? and falls
to 55% near [t|=0.

In addition to the data on reactions (3) and (4)
reported here, we have taken data on 7*p elastic
scattering at all momenta. These runs provide a
variety of checks of the data. Using this informa-
tion we have demonstrated that the scale of missing
mass is correctly calibrated. We have examined
the up-down asymmetry of recoil protons from
elastic scattering to verify that there are no in-
strumental asymmetries present and that the an-
alysis procedure does not produce such an asym-
metry. Finally it is possible to compare the elas-
tic differential cross section determined from our
data to those of previous experiments’ throughout
the range of momenta studied.

Our computation of do/dt for 71" p— 7" p proceeds
in the same manner outlined above. The sample
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TABLE 1. Differential cross section for the reaction n*p — K*Z*. Only statistical errors are shown. Systematic
errors are estimated to be +20% and have a smooth variation with momentum transfer.

¢l \ Momentum (GeV/c) 3.5 3.75 4.0 4.25 4.5 4.75 5.0
(GeV/c)? [#|min (GEV/c)2 0,022 0.021 0.019 0.018 0.017 0.016 0.015
do/dt [ub/(GeV/c)?
0.04—0.05 387 £29 422+29 321+17 32921 295+19 311+23 25527
0.05—0.06 42433  469+33 291+17  322+22  284£20  292+21 25127
0.06—0.07 358 + 32 411+32 268 +18 309+23 306 £22 307+23 218 £27
0.07-0.08 33033 33030 247+19 28424  240£20  259%22 25030
0.08—0.09 293+35 30831 235+21  238+23 26623 27524 23431
0.09-0.10 282 +38 234 +29 201+21 21123  287+25 23824 15426
0.10-0.11 175+ 34 256 + 32 21225  174%23 21924 22224 19531
0.11-0.12 197 +41 234 +35 201 +28 193+ 25 199+23 213+25 165+29
0.12-0.13 227+ 64 218 + 37 215+32 13323  182+24  165%23 12227
0.13-0.14 187+40 141430 153+27  190+26  185%27 16233
0.14-0.15 15030  200+30  113%22  107%29
0.15-0.16 133+34 163+29  149x28 86+27
0.16-0.17 96 + 26 148 + 31 124 +36
0.17-0.18 15134  127£30  109%35
0.18—0,19 121+35 10932 11039
0.19-0.20 12944
It Momentum (GeV/c) 6 10 14
(GeV/c)? [t min (GeV/c)? 0.012 0.007 0.005
do/dt [ub/(GeV/c)?]
0.05—0.10 273 11 132 5 102 4
0.10-0.15 182 9 73 %3 59 =3
0.15-0.20 95 4 50.3+2.6 37 £2
0.20-0.25 60 =3 28.82.0 21.1+1.3
0.25—-0.30 41.1+24 19.8+1.8 12,1+1.0
0.30-0.35 24.9+1.9 11.6+1.4 7.3%0.7
0.35—-0.40 148+14 7.0+1.2 4.5+0.6
0.40-0.45 10.6+1.3 5.0+£0.9 3.7+£0.5
0.45-0.50 7.3+1.2 3.2£0.5 2,1+0.4
0.50-0.55 8.3+1.2
0.55-0.60 8.7&1.3} il 1.9+0.3
0.60-0.65 6.2+1.2
0.65-0.70 7.7&2.3} 2.0+0.2 1.3+0.2
0.70—0.80 1.4+40.2 0.9:0.2
0.80—0.90 1.4+0.2 0.520.2
0.90-1.00 1.2+0,2 0.7+0.2
Parameters of the fit to do/dt =Ae® for |t|<0.4 (GeV/c)?
A 564 +26 265+12 22311
b2 9.7+0.5 9.7+0.5 10.5+0.5

2Systematic errors have been included in the errors given for b.
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TABLE II. Differential cross section for the reaction 7%p —K*Y**(1385). Only statistical
errors are shown. Systematic errors are estimated to be +25%, and have a smooth variation
with momentum transfer,

1 N T Gover oosr  obss  omw oo om0
(GoV /oy? min . . . . . .
do/dt (ub/(GeV/c)?
0.04-0.06 23+3 2245 18+3 1845
0.06—0.08 4549 80210 4447 34+6 3246 105
0.08—0.10 77416 87+13 3247 5648 46+8 36+11
0.10-0.12 79 +22 107+17 48+9 40+8 3948 54 +14
0.12-0.14 80 +21 46+10  53+11 51411 54415
0.14-0.16 41+17  37+11  49+13  22:11
0.16-0.18 74£19  15:11
0.18-0.20 5323
Momentum (GeV/c) 6.0 10.0 14.0
(Glfe‘v/c)z ¢l min (GEV/c)?  0.024 0.014 0.009
da/dt [ub/(GeV /c)?]
0.04-0.06 31 7 21 +3 18 +3
0.06—0.08 37 7 26 +3 22 3
0.08-0.10 27 %7 } 03 12 16.541.7
0.10-0.12 38 =8
0.12-0.14 59 =11
0.14-0.16 39 +9 } 20 2 13.7+1.4
0.16-0.20 48 13 17.5+1.9 14.3:1.3
0.20-0.24 39 +3 15.0+1.8 9.1+1.0
0.24-0.28 31 +3 15.6+2.0 7.8+0.9
0.28—0.32 23 +2 11.6 1.7 6.740.9
0.32-0.36 20 +2 8.4£1.5 3.9£0.7
0.36—0.40 13.7+1.8 6.5+1.5 5.640.8
0.40-0.44 12.1&1.8} 5.0£0.9 2.340.4
0.44-0.48 12.6+1.9
0.48-0.52 8.6&1.6} 9.5640.3 1.340.3
0.52—0.56 9.0 1.7
0.56—0.64 6.4+1.4 1.740.3 1.440.3
0.64-0.72 0.9+0.2 0.6+0.2
0.72—0.80 0.7+0.2 0.340.2
0.80-0.96 0.6£0.1 0.320.1
Parameters of the fit to do/dt =Ae® for 0.2<|t|<0.72 (GeV/c)?
A 97+12 70 £10 3445
b2 5.0£0.5 6.2£0.6 5.7+0.6

2Systematic errors have been included in the errors given for b.
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of events is quite free from background; a typical
missing-mass spectrum is shown in Fig. 4. The
geometric efficiency of the spectrometer varies
little from that for reaction (3). The efficiency for
detecting the recoil proton in counters S,-S, varies
rapidly for 0 < [¢|<0.04 (GeV/c)? due to the stop-
ping of the proton in the hydrogen target and tar-
det walls. At larger |t| the recoil-proton detec-
tion efficiency becomes unity. We have not con-
sidered our elastic-scattering data in the region
where the stopping correction is rapidly increas-
ing.

Comparison of the differential cross section for
T p— 7" p deduced in this experiment with previous-
ly published results? shows the following effects:
At 6 and 10 GeV/c our results agree well in shape
(¢t dependence) with previous data. At 14 GeV/c
our results are slightly less forward-peaked than
other data, while below 6 GeV/c our data show a
more steeply falling cross section than other re-
sults. In all cases the absolute values of our cross
sections lie about 20% below previous data.

We have performed extensive checks of various
mechanisms which could be the cause of these
discrepancies. The over-all normalization differ-
ence is well explained by a loss of events due to
extra beam halo particles within the live time of
the spark chambers. The discrepancies in the ¢
dependence at the highest and lower momenta we
have ascribed to small transverse shifts in beam
position at the target. The way in which this
changes the acceptance of the spectrometer can
be understood as follows: For fixed small labor-
atory angle scattering, the cut on track position at
chamber W1 requires that the scattering take place
in the upstream portion of the target. For fixed
large-angle scattering, the cut on track position
at Cerenkov CF, requires that the original scatter
take place in the downstream portion of the target.
Thus the specific portion of the target and the ef-
fective length of hydrogen varies with scattering
angle. The actual length of target used at any
given angle varies considerably as the beam cen-
tral position is moved transversely.

Monte Carlo studies have shown that beam shifts
of less than § in. will produce the effects seen in
the data. Limited data from a hodoscope® just
ahead of the target demonstrate that shifts ap-
proaching this magnitude were present. Analysis
of the beam optics and magnet sensitivities shows
that such shifts are easily possible.

Rather than attempt to adjust the beam-position
parameters to achieve agreement of our 7*p elas-
tic cross sections with previous data, we have re-
normalized our data by the ratio of previous data
to our results. This gives a correction function at
each momentum of the form Ce?* which is then ap-

plied to data from reactions (3) and (4). We have
made Monte Carlo calculations to see whether the
proposed mechanism for our discrepancies does
indeed produce the same correction for both elas-
tic scattering and associated production. We find
that the correction functions in the two cases are
the same within less than 20%.

IV. EXPERIMENTAL RESULTS
AND DISCUSSION

Our results for the differential cross section in
reactions (3) and (4) are presented in Tables I
and II. The errors given are statistical only and
do not reflect the systematic errors arising from
background subtraction and the normalization pro-
cedure. These systematic errors are estimated
to be +20% for reaction (3), +25% for reaction (4),
and are due mainly to the normalization. These
estimates include errors in fitting our uncorrected
T p elastic cross section data and the possible
differences in running conditions and spectrometer
efficiencies between 7" p— 7" p and reactions (3)
and (4). Plots of differential cross section are
shown in Figs. 5 and 6.

Results for the polarization in reaction (3) at 6,
10, and 14 GeV/c are given in Table III and shown
in Fig. 7. Data below 6 GeV/c are restricted to
[t]<0.2 (GeV/c)? and show no significant polariza-
tion. Our sign convention is in agreement with
standard usage, and is defined as follows: We
define the normal to the production plane by
fizbeamxK'. Thena Z* with positive polariza-
tion decays preferentially with its decay proton
directed oppositely to 1.

We call attention to the following qualitative as-
pects of the data: The cross section for reaction
(3) is well characterized by a single exponential
function for |#|<0.4 (GeV/c)? at each momentum
studied. At 6, 10, and 14 GeV/c where larger [t|
data exist we observe that the cross section flat-
tens out for [t|>0.4 (GeV/c)®. This behavior is
consistent with the observations of previous exper-
iments®!? in the same reaction between 3 and 7
GeV/c; however, the flattening appears to be less
pronounced at high momenta. These effects are
similar to those observed in 7"p—~K°A/Z°.*%* No
evidence for a dip near ¢=0 is observed; this in-
dicates the presence of a strong spin-nonflip am-
plitude for reaction (3). We see no evidence for
formation of N* in the direct channel; if such ef-
fects were dominant we would expect variation
from smooth behavior of the differential cross
section in the vicinity of 3.85 GeV/c [A(2850)] or
5.08 GeV/c [a(3230)].

The cross section for reaction (4) is seen to be
qualitatively different from that for reaction (3).
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FIG. 5. Differential cross section for the reaction r*p —K*Z*, (a) 3.5—-5 GeV/c. Arrows indicate the kinematic
limit, Open circles represent data from Ref. 10 at 4 and 5.05 GeV/c. (b) 6, 10, and 14 GeV/c. The lines represent

least-squares fits to the data in the diffraction peak (see Table I).
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FIG. 6. Differential cross section for the reaction n*p —K*Y**(1385). (a) 3.5—5 GeV/c. Arrows indicate the kine-
matic limit. (b) 6, 10, and 14 GeV/c. The lines represent least-squares fits to the data in the range 0.2 < |¢|=0.72
(GeV/c)?. Two data points at 10 GeV/c, small |t| are left off for clarity.
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There is no evidence for a deviation from simple
exponential behavior around 0.4 < [t| <0.5 (GeV/c)2.
The slope is about half that for reaction (3). These
results are in agreement with previous experi-
ments'®''® on this reaction. Further, we see evi-
dence that the cross section near ¢{=0 has a dip
which becomes less pronounced at higher momen-
ta.

The polarization in reaction (3) is consistent with
zero at small [t| with a rapid rise to large positive
values for |¢|> 0.4 (GeV/c)?. This behavior agrees
in sign and shape with that observed at lower mo-
menta.™

We have fitted the forward peak in the differen-
tial cross sections for (3) and (4) with an exponen-
tial of the form do/dt =Ae®®. The results are
given in Tables I and II. The range of { over which
the fit was made is indicated in the table. It has
been chosen to exclude the data of reaction (3) with
|t|> 0.4 (GeV/c)? where the slope decreases. In
reaction (4) we have excluded the forward region
where the cross section exhibits a dip. We also
give values for the total peripheral cross section,
o*.!" In Figs. 8 and 9 we show the dependence of
the slope and o* as a function of beam momentum
for our data and related hypercharge-exchange

reactions.
+ 1
6 1

+} .

Polarization

+ -4

__I 1 1 1 1 ' A 1 1 1
O 02 04 06 08 10
l[Gevrci?]

FIG. 7. Polarization of the £+ in the reaction 7*p
—K*z* at 6, 10, and 14 GeV/c.

Several interesting comparisons can be made
between cross sections for reactions (3) and (4).
The differences in shape between these two is
qualitatively similar to the comparisons in 7Tp— 71X
and pp—~ pX. As the mass of X increases, the slope
of the differential cross section decreases.'® The
flattening or dip near ¢=0 for reaction (4) also has
some precedent. The reaction 7N- 7A has a simi-
lar dip'® which has been explained in terms of the
“p-photon” analogy®® applied to the coupling of the
exchanged p to NA. Extension of this argument®!
to its strange-particle analog coupling K*NY*(1385)
then suggests the mechanism for the forward dip.

Within the context of Regge-pole models, further
comparison can be made. If one assumes both re-
actions are dominated by K, and K ; exchanges and
that these two trajectories are approximately co-
incident, then the cross section can be expressed
as

do _ 20eff(t) =2
(;;)j £, ®)s : (5)
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FIG. 8. Comparison of the fits to the momentum-trans-
fer distribution for the line-reversed reactions n*p
—K*Z* and K p —n~Z" as a function of the beam momen-
tum. (a) The cross section o*=["0BAebdt. (b) The
slope b. Open symbols refer to the reaction m*p —K*=*,
closed symbols to K p — n~Z*, The data are taken from
Ref. 25 (m), Ref. 24 (®), Ref. 9 (4), Ref. 10 (O), and
this experiment (0O).
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Here j labels the reaction and a.¢; is the effective
trajectory function for the combined K, and K ,
poles. There is of course no reason that the ¢ -
dependent function f; (¢) should be the same for
reactions (3) and (4) since the particular couplings
involved are in general quite different. However,
the effective trajectories obtained should be simi-
lar for the two reactions. We have computed o .¢¢
for both reactions and plotted the trajectories in
Figs. 10 and 11. Data from several experiments?®
were used and the results are rather sensitive to
their relative normalization. For 7" p-K*%* we
find from the combined data o .¢; =0.67 +1.40¢,
whereas from this experiment alone, we find
.51 =0.56+0.92¢{. For m"p—K*Y**(1385) the com-
bined data yield a . =0.60+1.23¢ and this experi-
ment alone gives a . =0.54+1.19¢. The errors in
trajectory parameters are illustrated by the differ-
ences in fits using our data alone or combined
data. We conclude that the data are in agreement
with the assumption of approximately coincident
K, and K ; trajectories. The trajectory slopes ob-
tained using this experiment alone have a value
similar to those for the p and A, trajectories found
from 77p~ 1n and 7" p— mm.*® The extrapolations
of a.¢s to positive ¢ pass somewhat above both
K*(890) and K *(1420) poles. Taken over the entire
t region, the effective trajectory indicates a rath-
er standard Regge-pole shrinkage behavior; how-
ever, the fitted slopes in the forward exponential
region for reaction (3) (Fig. 8) allow considerable
latitude in the range of shrinkage due to the errors.
As a guide to the character of the shrinkage of the
cross section and an indication of which experi-
ments contribute to trajectory fits in different s
and ¢ regions, we show in Fig. 12 sample plots of
do/dt for fixed t as a function of s.

The trajectory a.¢(t) passes through zero near

==0.5 (GeV/c)? just in the vicinity of the break in
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I

s (Gev?)
T T L U T
10 _12 14 16

LI T T
20 24 30

(a) )

~
-

30

201

o*(ub)

b [(G eV/c)"Z]
o4

8
Pinc (Gev/c)

FIG. 9. Comparison of the reactions 7p —K*Y *"(1385)
and K p — =Y **(1385) as a function of the beam momen-
tum: (a) the total peripheral cross section o*; (b) slope
of the momentum-transfer distribution excluding the for-
ward dip. Open symbols refer to the reaction n*p —K*y**
Closed symbols to K p — 7Y **, The data are taken from
Ref. 25 (W), Ref. 28 (¥), Ref. 29 (A), Ref. 27 (@), Ref. 11
(<), Ref. 9 (4), Ref. 15 (O), and this experiment [O).

the cross section for reaction (3).

In order to compare the present data with pre-
dictions based on the possible exchange degeneracy
of K, and K poles we consider the reactions

K p~m"3%* (6)

TABLE III. Z* polarization in the reaction 7*p —-K*Z+,

\Momentum (GeV/c) 6 10 14
|t] (GeV /c)? Polarization
<0.1 0.23+0.23 0.33+0.27 -0.13+0.32

0.1-0.2 —0.18 £0.19 0.35+0.19 0.03+0.20
0.2-0.3 0.12+0.17 0.12+0.26 0.20+£0.23
0.3—0.4 0.15+0.23 0.61+0.38 0.50+0.32
0.4-0.5 0.84+0.33
0.5-0.6 0.73+0.33 } 0.40+0.32 1.30+0.28
0.6—0.7 0.42+0.57
0.7-0.8 } 0.48+0.31 1.11+0.41
0.8—-1.0 0.12+0.40 0.25+0.59
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and
K~ p—- m"Y*+(1385), (7

which have been investigated in other experi-
ments,?*~2° and which are, respectively, the line
reversed reactions to (3) and (4). In the limit of
strong exchange degeneracy (identical trajectories
and equal residues for K, and K;), the line-re-
versed pairs of reactions should have equal cross
sections® and zero polarizations. Figures 8 and 9
show the comparison for the slopes of the forward
cross sections and o*.!” We see that for both pairs
of reactions, the 7* induced reaction tends to have
larger slope and smaller cross section than does
the K~ induced reaction. The relative normaliza-
tion errors between the separate experiments tend
to weaken this conclusion. Polarization measure-
ments exist only for the reaction 7 p—~K*Z*, but
they clearly show nonzero values.®! This observa-
tion also indicates a breaking of strong exchange
degeneracy although it is difficult to assess this
quantitatively since the polarization, being an in-
terference between flip and nonflip amplitudes, is
particularly sensitive to small departures from
exchange degeneracy.

Based on the indication that the K~ induced cross
sections are larger than the 7" induced cross sec-
tions, we may investigate the possible sources of
degeneracy breaking.** The simplest such model
is weak exchange degeneracy*® in which the trajec-
tories of K, and K are identical but residues un-

a
2o K"(|4zo»|
aeff-<
1.0 )
] K*(890)
-ttt
10 20
t (Gev/c)?

FIG. 10. Effective trajectory, a.¢(t), for the reac-
tion m*p —K*Z*. Data points shown are fits to cross-
section measurements of this experiment and Refs. 10
and 12, The line is the fit obtained for a linear trajec-
tory.
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FIG. 11, Effective trajectory, a.¢(t), for the reaction
mtp —K*+Y**(1385). Data points shown are fits to cross-
section measurements of this experiment, Ref. 15 and
Ref. 16, Aderholz et al. The line is the fit obtained for
a linear trajectory.
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FIG. 12. Differential cross section at fixed |¢| for the
reaction m*p —K*Z" versus s. Sample data at¢=-0.125,
t=-0.375, £ =—0.950 (GeV/c)? are shown. Data from
this experiment are represented by closed symbols;
data from Ref. 10 by open symbols. The lines represent
fits to the data.
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equal. Such a model allows nonzero polarization
but retains the line-reversed cross-section equal-
ity and is thus inconsistent with our observations.
To overcome this difficulty models have been pro-
posed® in which residues are degenerate and tra-
jectories nondegenerate and which therefore allow
inequality in line-reversed cross sections. If

ay > ap in the forward direction one expects o(7*p
-K*Z*)<o(K"p -n~Z*). However, within the
framework of duality, the hypothesis of residue
degeneracy without trajectory degeneracy seems
unjustified.

One may examine the consequences of models in
which the Regge poles are exchange-degenerate but
which include Regge cuts. Here the predictions are
less specific but in general all calculations agree
that cross-section inequalities should exist and
nonzero polarization should be expected. Sample
calculations®® involving cuts generated by Pomer-
anchukon and Regge poles indicate a difference be-
tween reactions (3) and (6) or (4) and (7) which is
opposite to the observed effects. Calculations®®
involving cuts generated by exchange of two Regge
poles give the correct sign for the cross-section
difference. Finally, within the framework of the
strong-cut-absorption model®” in which pole de-
generacy is not imposed it is possible to reproduce
all of the features of the hypercharge exchange re-

actions, but with the expense of a rather large num-
ber of parameters. The physical explanation in
this model for the sign of the cross-section differ-
ence is that there is a stronger absorption (larger
total cross sections) in the 7 p channel than in the
K~p channel.

Added note. After completion of this work we
received a preprint by the Michigan group®® and
one by the Michigan-Argonne collaboration® in
which further data are presented on reaction (3)
at 3, 5, and 7 GeV/c and on reaction (4) at 5 GeV/c.
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