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[. INTRODUCTION and its validity is well establishefll]. When ans quark is
involved, flavor symmetry is known as SU{33nd it has not
New measurements of hyperon properties are muclheen investigated extensively.
needed for investigating the consequences of the broken fla- Our new Crystal Ball data om production byK™ pro-
vor symmetry of QCD. Flavor symmetry holds in the limit vide a good opportunity for testing the usefulness of broken
where the quarks have zero or the same mass. In(tilat SU(3); symmetry. To do so, we compang production by
physica) case, all quarks have identical strong interactionsK™ and = . The reaction
which gives rise to novel relations between different reac-
tions that have the same &) flavor makeup. In reality the T p— 7N, 3)
u quark mass is approximately 4 MeV, tldequark about 8
MeV and thes quark nearly 150 MeV. The characteristic just above threshold is characterized by several special fea-
hadronic scale is 1 GeV. It means that flavor symmetry cafiures:
be expected to be applicable to systems of three light quarks, (1) The total cross section far~ p— 7n increases as rap-
and the correction for the flavor-symmetry-breaking quarkidly as allowed fors-wave production over ther~ beam
mass difference is tolerably small. Good examples of the usgmomentum range from threshold to 50 MeVdbove[2]. In
of broken flavor symmetry are the Gell-Mann decuplet andhis region the total cross section rises linearly
the Gell-Mann-Okubo octet mass relations.
In this paper we investigate whether the featuresyof Ttotal( ™ P—7n)=(21.2+1.8) ubl/(MeVic)py, (4)
threshold production inm™ p interactions are also seen in
K~ p interactions, as expected from flavor symmetyyis a ~ wherep} is the 7 momentum in the center of magsm,) in
special particle from an experimentalist’s perspective beMeV/c.
causen can be detected cleanly over the full angular range (2) The total cross section fop production has a maxi-
by its characteristic decay intgy and 37°. » has the added mum of 2.6-0.3 mb, which is 7% of the totat~p cross
advantage of isospin selectivityt” p— »n is purel=1/2,  section[3].
while 7~ p elastic scattering requires both=1/2 and 3/2 (3) The reactionm™ p— »n mainly proceeds via the inter-
amplitudes. SimilarlyK™p—»A is pure |=0, but K"p  mediate production of thal(1535); ~. The branching ratio

elastic scattering concerms-0 and 1 amplitudes. 1 . o S
We have used the Crystal Ball high acceptance multiphofor N(1535); " — N is 35-559%, which is comparable to

ton spectrometer for an experiment at the Alternating Gradithe N(1535); = decay intomN. Phase-space considerations
ent Synchrotron at Brookhaven National Laborat@BNL- ~ imply that the N branch should be smaller than theN
AGS) in the low-energy separateld~ beam to measure branch.

K~ p—neutrals All neutral final states, such as®A, (4) The angular distribution forr™p— »n has a shallow
m°m°A, and 7°3° were measured simultaneously. We minimum near 90° in the c.m. framjgt]. This feature is
present here the first set of results, nam@hproduction by indicative of a smaltl-wave contribution, presumably due to
K™ on a proton target. We have obtained extensive data othe excitation of theN(1520); .

Oiotal,» do/dQ), and A polarization forK™p—»A from (5) The 7N scattering length is large and attracti¥g;
threshold topx-=770 MeV/c. We compare our results with

existing data onm~ p— 7n to probe the role of flavor sym- a,n=[0.621+0.040+i(0.306-0.034] fm. (5)
metry.

The above-mentioned features are consistent wyiftro-
Il. THEORY duction near threshold occurring predominantly via the

The Lagrangian of QCD may be written as the sum of two’\l(ls%)Z intermediate state:

components that have very different properties 7 p—N(15351/2"— 7n ©6)

Loco= Lot Lm- @ An SU(3) analog of this reaction is
L, depends on the quark and gluon fieldg, andA ,, on - i
their derivatives, and on one universal coupling consgant K p—A(16701/2" — nA. (7)
L, obeys flavor symmetry, which means that the strength of
the strong interaction between the six different quark flavorsAssuming that theN(1535); ~ and A(1670); ~ are tradi-
is the same in the limit of massless quarks. The flavor symtional three-quark states, flavor symmetry implies that

metry is broken by the mass term threshold» production by~ andK™ should have qualita-
_ _ tively similar features. The threshold fer production calcu-
Lon=—VY mV¥,—¥mgW¥y—---. (2)  lated using they mass of 547.30 MeV6] is at 684.5 MeVE

The significance of this mass term in comparison tp lab momentum form — and 722.1 MeVe for K .
. . . 1_
depends on the magnitude of the quark masses in the reac- A" altérnative description of thi(1535); - has been put

tion being studied. For systems containing one or mpee  forward by Kaiseret al. [7], in which the N(1535); ™ is
d quarks, flavor symmetry is known as isospin symmetrymainly a quasiboun&3-KA state. If this is the case, the
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2 . ' | T T T mentum of the beam line is 770 Med/The beam line has
LGHEER 758 RS, 28 two dipolesD1 andD2, seven quadrupole®1-Q7, two

BAKTER 738 NP 867, 125 ExB field separators, and a “mass slitD1 selects the
BERLEY 65 PRL 15, 641 polarity and momentum of the channel. The mass slit con-
1.5 | sists of a pair of tungsten jaws that are vertically adjustable.

They are located at the vertical focus of the beam in the

aperture ofQ5 downstream of the twi X B field separators.

1k i The last two quadrupoleQ6 andQ7, and the wedge dipole

magnetD2 provide the final control of the kaon beams on

i 3 the target. They are also used as a momentum spectrometer
J{ —1 to determine the momentum of the kaons individually. The

<>>0O0

Oea(K'p = nA) (mb)
L
T

0.5 - incident kaons were tracked by using seven beam wire cham-

1 bers, which provided the track information necessary to
N # ¢ -] make the momentum determination. They also give the ka-
4 : on’s x andy coordinates, which were used to calculate the

0.8

impact trajectory in the target for each kaon. An eight-
0.85 0.9  element horizontal hodosco® was mounted immediately
P« (GeV/c) upstream of the first wire chamber to resolve multiple hit
ambiguities arising from the high instantaneous rate in this
region. The signals from the hodoscope counters were com-
bined in a logical sum allowing only one element of the
A(1670)% is not simply related to theN(1535)~, and hodosc.ope tg fire within a 6-ns time windofXOR). The
there is no prediction regarding the relations for the threshol®&am intensity was monitored using the hodoscéie
productions. This case is an illustration of the use of SY(3) counters2 (12.7<7.6x0.3 cr?) located 314 cm upstream
to distinguish between different models for baryons. Thisof the target, and timing counte8T (7.6X5.2X0.6 cnv)
ability is of importance when searching for the elusive hy-located 163 cm upstream of the target. A beam H&ld)
brid baryons. detector, consisting of four scintillation paddles BH1-BH4
The existing data ony production byK™ are meager covering the beam halo, was located 145 cm upstream of the
[8—11). They come from old bubble-chamber and spark-target. It defined a 6:14.6 cnt rectangular aperture for the
chamber experiments with very limited statistics. Figure 1beam. The BH signal was formed as a logical (i) of
shows the experimental data fot5 (K™ p— nA) before the four halo veto counters.
the present work. A 61-cm-thick steel wall, which had a cylindrical steel
insert with a 10-cm-diameter aperture, was located immedi-
ately downstream of)7 and provided the primary shielding
A. Outline from beam-related background. There was a second wall
made of 61-cm-thick concrete; it contained a lead insert with
a 20-cm-wide by 10-cm-high aperture, to shield the spec-
trometer against beam scattering in the steel collimator and
against particles from kaon decay in the beam. This wall was

which permits an overconstrained determination of the reajpcated 93 cm downstream of the primary wall. Another con-

tion. The incidentK ~ beam should preferably be a particle crete wall was located immediately upstream of the gas C

separated beam with individually tagged kaons. Such i1'N_fenkov counter to shield the experiment from the backscat-
available at the BNL-AGS in thes line. ered particles emanating from the beam stop. The

. o N cylindrical gas @renkov counter was 25 cm in diameter and
Our experimental setup is illustrated in Fig. 2. The ele y g

. "128 cm long; it was used to measure the electron contami-
ments shown are the downstream part of @& beam line nation of the beam. A 15215.2x1.9 cn? scintillator lo-
after the second separator, the beam collimators, the Crystg ted behind the @enkov counter defined the beam for the
Ball multiphoton spectrometer in its stand, the beam

counters, beam wire chambers operating in the drift mode, ngltormg of the electron contamination during our pion
Cerenkov counter, and the beam stop. The Crystal Ball is O.ur K-
outfitted with a liquid-hydrogen target located in its center.
The target is surrounded by a cylinder made of scintillation

counters to veto charged particles.

FIG. 1. The experimental data for the” p— A total cross
section[8—11] before this experiment.

IIl. EXPERIMENTAL EQUIPMENT

Approximately 2/3 of ally decays result in multiple pho-
ton final states and 1/3 of th& decays yieldz°n. The de-

p— nA data were taken at two different beam
momenta. The low- and high-momentum beams had central
momenta of 720 MeW and 750 MeVE, respectively. We
used the beam chambers to measure the momentum differ-
ence of ever)K™ with respect to the central value. The mo-
mentum distributions of botK~ beams are shown in Fig. 3.
The C6 beam line at the AGS provides a separated beanthe precision of the relativik = momentum determination is
of pions, kaons, and antiprotons. The maximum useful mo=2 MeV/c, and limits the size of the bins into which we

B. The C6 beam line
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FIG. 2. Floor plan showing th€6 beam line downstream of the particle velocity separators and the experimental apparatus.

subdivided the entire beam to obtain the,;, excitation C. The Crystal Ball spectrometer

function. _ The Crystal Ball(CB) was built by Stanford Linear Ac-
The absolute beam momentum was obtained from a desglerator CentefSLAC) [13]. The CB is made of 672 opti-
tailed analysis of they threshold production as discussed in cally isolated Na(Tl) crystals, 15.7 radiation lengths.l.)
Sec. VII. The accuracy of the absoluke™ momentum is  thick. The counters are arranged in a spherical shell with an
+2.5 MeV/c. The beam momentum obtained by thisinner radius of 25.3 cm and an outer radius of 66.0 cm. The
method agrees by-0.5% with the calibration of théd2  hygroscopic Nal is housed in two hermetically sealed evacu-
bending magnet from pions, as described in REZ]. ated hemispheres. The CB geometry is based on that of an
Both the low- and high-momentum beam were tuned tdcosahedron. Each of the 20 triangular fad&sajor tri-
optimize theK-to-7 ratio and the beam position on the tar- angles” is divided into four “minor triangles,” each of
get. We obtained about>810* kaons in an AGS beam spill which consists of nine crystals. This results in a total of 720
of 2.8 s duration evegr5 s with theK-to-7 ratio about 1:10.  crystals, but 48 crystals were not installed to allow for en-
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FIG. 3. The momentum distribution of the low-momentum
beams(dashed lingand the high-momentum beartsolid line).

trance and exit tunnels. Each crystal is shaped like a trun-
cated triangular pyramid, 40.6 cm high, pointing towards the
center of the Crystal Ball. The base of each pyramid is an
approximately equilateral triangle of about 12.7 cm and the
apex is a 5.1 cm equilateral trianglsee Fig. 4. The geo-
metrical considerations of constructing a solid spherical de-
tector from such shapes requires the use of 11 slightly dif-
ferent pyramids, varying in size by a few percent. Each
crystal is individually wrapped in reflective paper and alumi-
nized mylar. It is viewed by its own SRC L50 BO1 photo-
multiplier tube, which is a 5.1-cm-diameter, selected for lin-
earity over a wide dynamic range. The phototube is
connected to the crystal by a glass windovd an5 cm gap
between the glass window and the crystal. The crystals are
stacked so as to form top and bottom hemispheres, which are
mechanically separated. The boundary between the two
hemispheres is called the equator region and consists of two , .
0.76 mm stainless steel plates separated by 5 mm of air. Thi FIG. 4. In the upper figure is the_ Iayogt of the Crystal Ball
separation introduces an inactive space amounting to 1.6% ]etector. In the lower figure are the dimensions of the Crystal Ball
41r. The inner wall of the hemisphere is 1.5 mm stainlesscryStals[ls]'
steel or 0.09 r.I. The entrance and exit tunnels for the beam
reduce the acceptance by 6.7%. The Crystal Ball resides in a The vacuum pipe is surrounded by a veto bafi\B)
dry room as a safeguard in case of a leak. The dry room igsnade of four double-ended plastic scintillation counters, 120
maintained at constant temperature, £20 °C, in a low cm long and 5 mm thick. These segments were made of
humidity environment. The dry room was equipped withBC412 bent cast sheets and are equipped with 35-cm-long
beam-entrance and beam-exit mylar windows. plastic lightguides. Each scintillator and lightguide assembly
A liquid-hydrogen target was installed at the center of theis wrapped in sheets of mylar. The scintillators are coupled at
ball. The target flask is a horizontal cylinder 10.27 cm ineach end to a Philips”2XP2230/H photomultiplier. A coin-
diameter with spherical endcaps. The maximum length of theidence was formed between the signals from both ends of
flask along the beam axis is 10.57 cm. The flask is sureach counter. The VB signal was defined as the logical sum
rounded by 40 layers of superinsulation on the sides and 16f the coincidences of all four counters. The entrance tunnel
layers over the endcaps. It is supplied by two thin feedingof the CB is covered by four trapezoidal veto counters WV,
tubes from a hydrogen liquefier, which is located outside theeach counter is viewed by a single photomultiplier through a
dry room. The target is mounted inside a 7.4-cm-radiusvavelength-shifting plastic lightguide. These counters
vacuum pipe that extends through the entrance and exit tunwere used primarily to veto muons from kaons decaying
nels of the CB. The beam enters the vacuum pipe through @ flight. The WV signal was formed as a logical OR
window in the upstream face made of 0.254-mm-thick mylar,of the four WV counters. A beam veto counter BVS
and 0.305 mm Kevlar. The temperature and the pressure i{L0.0x 10.0x 0.5 cn?) located 211 cm downstream of the
the target are recorded approximately gvBrs during data target was dedicated as a veto for beam particles that passed
acquisition. through the target without an interaction. A veto counter BV
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FIG. 5. Elevation view of the Crystal Ball de-
tector showing the lower hemisphere Nal crystals
N (a), the LH, target(b), the veto barrel assembly
(c), the beam halo veto detectdd), with the
beam counteBT (e).

(55.0<105.0< 0.5 cn?) used to veto the charged final states€nergy sum for every minor triangle and the total energy in

in the CB was located 221 cm downstream of the target. Th#éhe Ball. The total energy sum was used in the trigger. The
BV and BVS counters were not in the trigger but their am-energy sum signal of every minor triangle was used for tim-

plitudes and firing times were recorded. ing. We recorded the timing information associated with each
Figure 5 shows the lower hemisphere of the CB togetheof the 80 CB minor triangles by using multihit TDC's. This
with the VB assembly, the BH detector, and t8& counter  information was used in the offline analysis to reject hits in
as they are arranged on the support stand in the CB drjhe CB coming from out-of-time accidentals. A PULSER
room. event initiated the readout of all ADC channels of the ADC

pedestals. The PULSER event was generated approximately
D. Trigger and read-out electronics once per second during data taking. Additionally the energy

Several types of event triggers were recorded during datBackground in the crystals during the beam spill was deter-
acquisition. A BEAM event trigger was formed by a coinci- Mmined from a comparison of the PULSER dataandout of
dence of the XOR signal from th81 hodoscope and the the beam spill. The information about the background energy
signals from theS2 andSTcounters. The good time-of-flight was used in our Monte Carlo simulation of the experiment
(TOF) separation between pions and kaons in the beam alsee Sec. V €
lowed the electronic rejection of pions from the BEAM co-  Our data acquisition syste(@AQ) used the CODA pack-
incidence signal by choosing the proper relative delay beage developed at JLali4]. The practical data acquisition
tween S1 and ST. The TOF spectrum of one of th§l rate was about 300 events per second, which allowed us to
counters after the suppression of the pions is shown in Fig. 6.
A CB event required the total energy deposited in the Crystal
Ball to be greater than 350 MeV. This total energy excludes
the energy deposited in the crystals around the tunnels. A
CB_NEUTRAL event trigger was generated by a coinci-
dence of a BEAM event, a CB event, and an anticoincidence
of the BH, WV, and VB signals. A CB_CHARGED event
trigger was defined as a coincidence of a BEAM event, a CB
event, and a VB signal, in anticoincidence with BH and WV.
All CB_NEUTRAL triggers, one out of 20
CB_CHARGED triggers, and one out of 2000 BEAM trig-
gers were recorded during data taking.

The output of every crystal was sent to an Integrate-and-
Hold (IH) module. These modules integrated the signals dur- 900" 260 : 360
ing a 350 ns gate and held them for digitization by the ADC
if the trigger criteria were met. In each IH module, the signal T0C (Channels)

was split to have two ranges: one for the high-range signal, gz g TOF spectrunST-S1 for one of theS1 hodoscope
which was attenuated by a factor of two, and one for the lowounters of the high-momentum beam after pion suppression. The
range signal, which was amplified by a factor of ten. Bothapscissa shows the inverse time scale of 50 ps/channel. The peak is
ranges were recorded as part of the data taking. The combie kaon TOF. Without hardware suppression pions would have
nation of the two ranges provided high resolution over apeaked around channel 350 in this plot. The two vertical
wide range of photon energies, froml MeV to 1 GeV. Part lines show the TOF cut that was used to calculate the number of
of the signals from the crystals were used to generate thkaons in the beam.

10000 - B
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5000 - B

L

L
400
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6o FIG. 9. The energy of single charged particles in the Crystal
FIG. 7. Typical™Co spectrum of a CB crystal. Ball obtained with stoppedK™ mesons. The peak is due to the

. . . . monoenergetic muons from thig ™" *v, decay at rest. The
keep the live time of the DAQ system during data taking at 9 . ) NG y . —
about 70%. shoulder on the right side of the peak is due to the—e VeV,

decay.

IV. CALIBRATION OF THE CRYSTAL BALL Ball. The peak from the monoenergetic muons produced by
K*—u"v, at rest is shown in Fig. 9. We collected200

An initial relative hardware calibration of the crystals was events per crvstal with a muon depositing more than 90% of
made by using a radioactive source. A typical spectrum from P y P 9 0

a single Nal counter obtained with®Co source is shown in Its energy In a smg_le (_:rystal. The relative W'd_th of the peak
in percent for each individual crystal was obtained from such

Fig. 7. The absolute energy calibration uses the invariant . : . .
0 0 events. The measured width for all crystals is summarized in
masses of ther’— yy, p— vy, and p— 37" processes. An a frequency plot in Fid. 10
example of the experimental resolution obtained in a series Tk?e engrgy resoIL?t.ion .of the CB for electromagnetic
qf pion runs with a_th|_n CHitarget is _ShOW_“ in Fig. 8. The showers depends on the remnant light in the Nal crystals
figure shows the distribution of the invariant mass for twofrom earlier particles. It is a function of the beam intensity
photons obtained for the GHarget after subtraction of the and size. Eor a modérate intensity beam the energy reso-
normalized carbon and empty target data. The first peak i o is iypicallycr JE~2.0%[E (GeV)]>* The angular
the spectrum has a centroid equal to #femass and a width resolution for 50 IEESOO Mév photon showeréa$—2° 30
: : . ) ~ 0 - =2°—

with 7 11.5 MevV. This peak arises frgm the p—mn for the polar angle and ,=2°/siné for the azimuthal angle.
reaction. The second peak has a centroid equal taytimass
and a width withc=18.0 MeV. It is due tor™ p— #n fol- V. ANALYSIS
lowed by then— yy decay. '

The relative resolution of each crystal was extracted from
the data obtained during a special run with mesons that The objective of this study is th€~ p— »nA reaction. The
stopped in a plastic target located in the center of the Crystdlnal state was identified in two way§) via the »— yy and

A. Event selection

2 T T T T T T o L
< € 150 | -
g f g
7500 |- -
100 —
5000 —
50 —
2500 |- -
,‘LJ L A o L. chn Y, -V - I I
%o 0.2 0.4 0.6 10 20 30 40
¥ Invariant Mass (GeV/c?) o (%)

FIG. 8. Invariant mass of two photons obtained for a 1.8-cm-  FIG. 10. Frequency distribution of the width of the energy spec-
thick CH, target in a 750 MeW 7=~ beam. The normalized carbon tra in the crystals produced by the monoenergetic muon, kinetic
and empty target spectra have been subtracted. energyE,~153 MeV, fromK*—»,u*vM decay at rest.
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A— 7°n decays, labele ~p— 7(2y)A; (ii) via p—37°
andA — 7°n, labeledk ~p— 7(37%) A. All crystals with an
energy deposit in excess of 1 MeV were used in the analysis.
We use the term “cluster” to refer to a group of 13 neigh-
boring crystals in the CB with at least 15 MeV deposited in :
the central crystal. Each cluster is presumed initially to result 400 - 7
from a single photon. Every crystal is assigned the TOF data I ]
associated with the minor triangle to which it belongs. If I ]
there is more than one TDC hit in a minor triangle, the latest 200 F J
TDC pulse was used. A crystal has good timing information
if the TOF value is in a 20 ns time window generated by the
incidentK ™. We distinguish three types of events according

Counts

to the timing propertiesti) All crystals in all clusters are in 0 0.2 0.4 0.6

time. We have analyzed the four- and the eight-cluster events vy Invariant Mass (GeV/c?)

of this type; they are the basis for calculating the differential

and the total cross sections and thepolarization.(ii) All FIG. 11. The invariant mass of two photons K p—yyA

central crystals of all clusters are in time, but one or more ofPtained with the high-momentum beam. The normalized empty
the surrounding crystals of any of the clusters have a timinde_‘rget s_pectrum has been subtracted. The _results of_the Mont_e Carlo
signal outside the 20 ns window. Such an event type is inter‘f"mulat'on %re shown by the smooth sPI|d line. The first peak is due

. - to K"p—a°A and the second one € p— nA.
preted as a pileup of K~ p— nA and a background event
without producing an extra cluster in the CBenergy
pileup”). The four- and the eight-cluster events of this type
were analyzed, and enabled us to calculate the correction f
events lost due to the energy piledii.) The third event type
has one or more clusters whose timing signal of the centr
crystal is outside the 20 ns window. This indicates a pileup o
a K™ p—nA and a background event with an extra cluster

produced by the background eveficluster pileup”). The the target and the point of the decay is shown in Fig. 12.

::?Ltjzltgru;)rillgirpol; sgd_)oz(tig) ;xnZ?;Z?stsoﬁ?\?e?glgggfg\j:;geAIT his distribution was obtained for the high-momentum beam
. S ) . using theK"p— n(2y)A events. The distance was calcu-
possible combinations of four clusters from the flve-clusterIalted as a free parameter of the kinematical fit procedure
events were analyzed as described below for the four-clustelrhe dashed line in Fig. 12 is the Monte Carlo result calcu—'
neutral event type. i

The neutrons from\ —x°n usually escape through the Iat?/Sefourstgde ?hiciﬁat:r;.? %rtr—].cluster events to identify the
exit tunnel of the CB. The number of th€ p— n(2y)A 9

. — . 0 .
events with a neutron detected in the CB is estimated to bie2CUONK 'p— 7 via they— 3w~ decay. The analysis was
erformed in three steps. In the first step, the two photons

7%. For the analysis we assumed that all clusters in the C fom theA decay and the six photons from thedecay were
are due to photons. For the event selection we used a leas Y P y

squares fit with kinematical constraints. The fit included two' entified. We analyzed all 28 possible combinations of eight
free parametersi) the z coordinate of the primary interac-
tion point along the trajectory of the beam particle in the
target;(ii) the distance between the primary interaction point
and the point of the\ decay. For much of the analysis we
used only four-cluster neutral events. In the first stage of the
analysis, the two photons from the sequente-#°n
—yvyn were identified. We tested the six combinations of
four clusters to the hypothesi§™ p— yyA followed by A

— 79— yyn. An event was accepted if exactly one of the
combinations satisfied th&™ p— yyA hypothesis with a
probability greater than 1%, i.e., with a 1% confidence level
(CL). Figure 11 shows the invariant mass distribution of the
two photons fromK™ p— yyA events identified in the first 0
stage. The spectrum shows two narrow peaks produced by

K~ p— m°A andK ~ p— 7(27y)A. The background under the

7 peak is estimated to be less than 5%. The main source of FiG, 12. The decay-distance distribution of the in K™ p

the background i& ~p— 7%%° followed by%°— yA decay. . ;A. The experimental result for the high-momentum beam is
This background is suppressed in the second stage of thfown by the solid line. The Monte Carlo simulation is shown by
analysis, in which the events were fitted to the hypothesishe dashed line. ThA decay distance used for the Monte Carlo is
K p—nA followed by A—7°n—yyn and —yy. An  cr=7.89 cm.

event was accepted if the hypothesis was satisfied with a 5%
CL. The total number of events selected for the high-
Yhomentum beam was about 2000; for the low-momentum
tfeam the number was about 200. The empty target contribu-
ion to theK™ p— 7(2y)A sample was less than 2%.

As an illustration of the quality of our data, the distribu-
tion of the distance between the primary interaction point in

— T T T T T T T T
100 - h

Counts

S50

M TN
0 10 20
A path (cm)
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the central crystal of clustef is out of time. The correction

for the five-cluster events is=7%. The correction for the
six- and seven-cluster events was estimated based on the
correction factor obtained for the five-clusters and the total
number of six- and seven-cluster events. The correction is
4% for six-cluster events, and 1% for the seven-cluster
sample. The total correction to the number of good events
due to the cluster pileup is calculated to be about 12%.

Counts

B. Number of kaons in the beam

The total number of kaons passing through the, thtget
was calculated from the number of BEAM coincidences.
0 0.5 : 0.6 : This number was redu<_:ed fpr the foIIowing:_ _

& Invariant M eV /c? (1) The fraction of pions in the BEAM coincidence. The
¥ Invariant Mass (GeV/c”) number of pions was determined from the BEAM events
FIG. 13. The invariant mass of the six photonsjim37° from  from theS1 TOF spectra. The cuts applied to one of 8ie
K~ p— A for the high-momentum beam. The experimentally mea-T1DC spectra are shown in Fig. 6. The events between the
sured distribution with its statistical uncertainty is shown by two solid lines are the kaons.
crosses, the result of the Monte Carlo simulation by the solid line. (2) Kaon decays betwee8T and the center of the LjH
target (=21%). This number includes the kaons that decay
beforeSTwhen a decay muon hits tt&T counter. This cor-

clustegs, testing the hypothests p— »A followed by the .00 ae caleulated by using a Monte Carlo simulation of
A— a7 n—yyn and »— 67y decays. All combinations satis- the beam

. : L o 0
e e e e ape® @) The beam parices that missed he gt
’ ' ~20%). This number was determined by using xhendy

two photons identified in step one. For the remaining six rojections of the beam particle on the target from BEAM
photons we analyzed all 15 possible combinations in testin vents

O . - B B .

:Eg r:’ _);Ee;ﬁ Y Yp(ﬁhfjizwgg SOTtlnagr?f Sit'z%ng (4) The number of kaons that scattered in S8iEcounter
y% P - y Tr YY and material between theST counter and the LK
7—3m —6y with a probability greater than 1% were se- _ 5%). This number was calculated by using a Monte
lected. For further analysis we chose the combination wit 270 1 y 9

arlo simulation of the beam.

the highest probability. In the third step, the kinematical fit to : I
T 0 (5) The number of pions under the kaon peak within the
the hypothesi& “p— »A followed by A—mn—yyn and e of the TOF cut &5%). This number was obtained

n—3m°—6y was made. The event was accepted if this , ;
combination satisfied the hypothesis with a 5% C.L. We hav frgg:(?sr;gxérigpglatlon of the pion background under the kaon

selected 450 such events for the high-momentum beam. Fig- - .
. . Jo : (6) Inefficiency of the beam wire chambers 49%).
ure 13 shows the invariant mass distribution of the six pho- A
The beam momentum distributions for both the low- and

O —
tons from they— 3~ — 6y decay ofK™p— A, compared igh-momentum beam were split into smaller momentum in-
to the results of a Monte Carlo simulation. The empty targe .

ervals. A beam momentum interval of 4 MaVivas used

contribution was less than 1%. or theK™p— »A total cross and differential cross sections
We have also reconstructed the events in which only on P—mnA 1 ) )
or the A polarization data, larger momentum interval was

combination survived after the second step of the analysis. o o

- . . used to reduce the statistical uncertainties. The number of
The invariant mass and the angular distributions of e kaons in each momentum interval is proportional to the num-
from the unique combination are in agreement within the, er of the BEAM events in that interf)/alp
statistical accuracy with the results obtained from the bes? '
combination. We have used the results from the best combi-

nation because they have approximately three times higher

C. The Monte Carlo simulation

statistics. We have used theeaNT 3.21detector simulation package
The event yield is subject to the following corrections: to make an extensive Monte Carlo simulation of our experi-
(1) Dead time of the DAQ system~33%). ment. The simulated setup consists of the 672 crystals of the

(2) A correction due to the energy pileup in the CB. This CB itself, grouped into minor and major triangles. Also in-
correction was calculated by using the four-cluster and theluded were the major parts of the CB enclosure such as the
eight-cluster events. The correction is 9.6% for t€p  inner steel sphere and outer aluminum sphere, the cylindrical
—n(2y)A sample and 13.4% fdt ~p— 5(37°)A. part of the beam entrance and exit tunnels, and the hexagonal

(3) A correction for the cluster pileup in the CB. This “skirts” at the outer ends of the beam tunnels. The second
correction was calculated for five-, six-, and seven-clustepart of the setup was the target assembly, consisting of the
events. The correction for the five-cluster events was obflask, the target materige.g., LH), the beam pipe, the veto
tained from all possible combinations of the five-clusters fit-barrel counters, the halo veto counters and the wavelength-
ted to theK™ p— 7n(27y) AX hypothesis for the cases where shift counters.
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FIG. 14. The background energy in the CB measured for the FIG. 15. The distribution of the proton kinetic energy in the c.m.
kaon runs taken with the high-momentum beam. The energy is medrame for theK p—K™p events for the high-momentum beam.
sured as the difference between the energy in all cryBtasdout The experimental data with their statistical uncertainfi@®sses
of the beam spill using the random PULSER event. The result@re compared to the results of tke p—K™p Monte Carlo simu-
obtained for the runs with full target are shown by the solid line; thelation (solid line).
empty target data by the dashed line. The empty target data have

been multiplied by the ratio of the kaons fluxes of the full and elastic scattering. The reaction was identified from two-
empty target runs. The energy difference between the full and t,hﬁluster CB CHARGED events that were consistent with
empty target runs is due to the extra background energy coming, , o4y reaction kinematics. A signal from two veto barrel
from particle interactions in the L counters on opposite sides was required. The distribution of
the c.m. kinetic energy of the proton produced in Kep
— K™ p reaction for the high-momentum beam is shown in
Fig. 15 and compared to the results of the p—K™p
%onte Carlo simulation. The comparison shows that the
; ; ) T “p— K™ p reaction is clearly identified and has less than
used in our event simulation to generate the incidént 10% background. The slight difference in the peak positions

e Kinemai o the racion K 1 (2)1 g1 o e cxpianed y mproer ety

: : . e .~ .of the CB for protons. Figure 16 shows the amplitude distri-

differential cross-section distributions measured by us in th'%ution for onepof the vetg barrel photomultiplierp')s in units of

experiment. The simulation included the tracking of the NeUADC channels. obtained from the selectéd p—K p
0 1 ’

tron from theA—'n decay by using the standaakAnT events. The proton and kaon peaks are clearly visible in the

hadronic package. The random-energy background in thgpectrum. The positions of the peaks were used for the cali-

crystals was simulated by using the experimental data. Fi ; . o
ure 14 shows the background energy in the CB, as detgrtgranon of the veto barrel. In Fig. 16 the measured distribu

mined from random PULSER events. It represents the differ-
ence in the sum of the energies over all crystals between an
in-beam and the preceding out-of-beam PULSER events.
The comparison of the spectra for the runs with the full and
the empty target indicates that most of the background comes 20 | i
from the beam, i.e., it was produced by muons from the

K‘—>,u‘;# decay of beam kaons. The average total back- i I 1[ ][ Wl Wl

The details of the event simulation are as follows. We
stored the trajectory of the incideKt™ (its four momentum
and the projected andy coordinates in the LKtarge} for
each event in this experiment. These stored trajectories we

Counts

ground energy in the Ball was approximately 200 MeV, or
~300 keV per crystal. The background energy in every ol
crystal was stored event by event for each PULSER event. J[ J[ }l

The energy was mixed with the Monte Carlo data when the

data were analyzed. J[
The proper simulation of the veto barrel response is im- -I-I_ri

portant for the interpretation of the results of this experiment. 0 ===

The simulation requires the energy calibration of the

counters including the determination of the light attenuation

function in the plastic material of the veto barrel. The expo- k|G, 16. Spectrum of the veto barrel ADC from one of the

nential light attenuation function was determined in a sepaphotomultipliers fork “p—K ~p events. The data with the statisti-

rate measurement of "p— 7" p elastic scatteringl5]. The  cal uncertainties are shown by crosses. They are compared to the

veto barrel counters were calibrated by uslkgp—K™p results of the Monte Carlo simulation shown by the solid line.

[ R B
200 400 600 800

VB ADC (Channels)
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FIG. 17. CB acceptance fd¢~p— nA calculated for the two

major neutraly decay modes using the high-momentum beam.
Circles represenyy— yy and squaresj— 37° decays.

O L L L L L | L L L | L L L
tion is shown and compared to the Monte Carlo spectrum o7 0.72 0.74 0’7; (GeV/S;S
calibrated in ADC channels.

The results of the Monte Carlo simulation are shown in  FIG. 18. TheK ™ p— 7A total cross section measured as a func-
Figs. 11, 12, and 13, and compared to the experimental raion of the K~ momentum for thep— yy decay mode. The open
sults. They agree within the experimental uncertainties. Thequares [0) are for the low-momentum beam and the the solid
Crystal Ball acceptance for tH€~ p— »A reaction was cal- squares M) the high-momentum beam. The arrow indicates the
culated for bothy decay modessee Fig. 17. For both decay threshold forK™p— »A at 722 MeVEk.
modes, the acceptance is a smooth function of&;oshere
the angle® refers to the direction of they with respect to  high-momentum beam show good agreement. The total cross
the incident ™ in the the c.m. system. These functions weresections forK p— nA obtained for the high-momentum
calculated separately for all our momentum intervals. Webeam forp— 37 are shown in Fig. 19. They are compared
used nine bins for the c&$ axis. The number of bins reflects with the same distribution for the— yy decay mode. The
our angular resolution and limited statistics. data obtained for the twg decay modes agree within their

A separate beam simulation was performed to calculatexperimental uncertainties.
the probability of the kaons rescattering in the ST counters The differential cross sectictho/d() was calculated for 4
and the probability oK ~/u~ misidentification in the ST MeV/c wide incidentK™ momentum bins. The differential
counter. The Monte Carlo simulation included all elementscross sections obtained for both low- and high-momentum
of the beam line after the last quadrupQé&. The simulation beam for thep— yy decay mode are shown in Fig. 20 and
was made from the parameters of the incidént beam re- listed in Table Il. The differential cross sections extracted
corded during the experiment.

TABLE I. K™ p— 7A total cross section. The momentum inter-

VI. RESULTS vals are 4 MeV¢ wide. Uncertainties are statistical only.
A. The total and differential cross sections Pk (MeVic) Tioral (MD)
The number of protons in the LHtarget was obtained 790 0.02-0.02
from the known density of liquid hydrogen in the target and e
the averag&k ™ path length through the hydrogen. The aver- 722 0.040.04
age K~ path length in the target was calculated from the 724 0.21-0.04
measured trajectories of the beam particles and the geometry 726 0.420.10
of the target. In this experiment the path length in the target 728 0.60-0.07
was about 9.6 ¢cm, or 91% of the maximum length of the 730 0.83-0.10
The total number ofyA events was calculated by taking 734 1.15-0.10
into account the branching ratio of 35.8% far— #°n, and 738 1.3¢-0.10
98.8% for7°— yy [6]. We used BRg— yy)=39.33% and 742 1.44-0.10
BR(7—37°)=32.24%6]. 746 1.41-0.09
The total cross section for th&™ p— nA reaction is 750 1.24-0.08
shown in Fig. 18 and listed in Table I. The cross section was 754 1.23:0.07
extracted using they— yy decay mode for the two average 758 1.23-0.08
beam momenta divided into 4 Me¥ivide momentum bins. 762 0.96-0.08
The solid squares are the data obtained for the high- 766 1.02£0.13
momentum beam, and the open squares show the data for the 770 0.73-0.19

low-momentum beam. The data obtained with the low- and
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T T T originates in the imperfect simulation of the veto barrel re-
sponse functiorisee Sec. V € The effect of this uncertainty

on the differential and total cross sections was estimated by
using the Monte Carlo simulation to study of the sensitivity

I ] of the cross sections to changes in the VB parameters. The
VB thresholds are known to an accuracy of abatitO0 ADC
L + | channels. That uncertainty leads to about a 4% variation in

O (Mb)

1.5

the differential and total cross sections. A 15% change in the
light attenuation function results in about a 4% change in the

values of the total and differential cross sections. The

changes in the parameters of the VB do not affect the angular
0.5 - 7 distributions within the statistical uncertainties.

The contribution of all possible sources of background to
our event sample was estimated by using the data sample
below the eta threshold for both decay modes. The contri-
7 07 02 oSe T o078 bu_tlon of backg_round events to the Fotal cross section for

oy (GeV/c) K p— 7(2y)A is Ies; than 25«b. This corregponds to a
relative uncertainty in the total cross section f&r p

FIG. 19. TheK ™ p— nA total cross section measured as a func-— 7(2y)A from 5% at 726 MeV¢ to about 1% at 742
tion of the K~ momentum. The data are for the—yy and 7 MeV/c (see Table)l Another 3% uncertainty in the number
—37° decay modes using the high-momentum beam. Cross se®f good events comes from the loss of good events due to
tions obtained using;— 37 are shown by the open squarés);  cluster overlap in the CB. This uncertainty is associated with
and the results using— yy are given by the solid square®].  the correction obtained for the cluster pileup in the GBe
The arrow indicates the threshold fidr p— nA. Sec. VA.

. 0 ) The overall systematic uncertainty that affects the normal-
using the »—37" decay mode for the high-momentum jzation of the total and differential cross sections above 730

0 L L L V'*— L L L 1 ' L L 1

beam are also shown in Fig. 20 for comparison. MeV/c is estimated to be 7%. This value is obtained by
_ o combining the systematic uncertainties listed above in
B. Calculation of the A polarization quadrature. An additional uncertainty in the differential cross

The polarization of the\ was determined from the asym- Section arises from the finite beam—momentum resolution.
metry of theA — #°n decay Consider the experimental beam momentum distribution

shown in Fig. 3. Som& ™’s from the centroid show up in

the “wings” of the momentum distribution because of mul-
PA(C°5®):3( Z cosgi) / [aAN(O)], (8 tiple scattering of the kaons in the beam chambers and scin-

tillators. This effect mainly contributes to the first four and to

where the angl€ is defined as the last two momentum intervals. We estimated this contri-
bution to be 1Qub for the each angular bin of the differential
cosé= (KX ) wl|Kx p|=n-, (9)  cross section. It gives an additional & uncertainty in the

total cross section.

whereK, 7, and 7 are unit vectors in the direction of the ~ The absolute beam momentum was obtained by assuming
incidentK ~, the outgoing meson and the decay pion, respeca linear dependence of,, (K™ p— 7A) on the momen-
tively (in the A rest framg; n is the normal to the production tum in the c.m. fram¢see Eq(10) below]. The uncertainty
plane.N(®) is the total number oA ’s produced at the angle " the beam momentum is estimated to-h@.5 MeVi/c.
0, anda, = +0.65 is theA asymmetry paramet¢f6].

The A polarization inK™p— nA obtained from theyn
— yv decay mode for the high-momentum beam is shown in VIIl. DISCUSSION
Fig. 21 and listed in Table Ill. The polarization is calculated
in two momentum bins of 722-750 Me¥/and 750-770
MeV/c.

An inspection of Fig. 18 0fr414 (K™ p— 7A) shows that
n threshold production has a very steep onset. Pseudoscalar
meson production at threshold is expected tsheave. As-
suming that(i) » production in the first 10 Me\W K~ mo-

VIl. EXPERIMENTAL UNCERTAINTIES mentum above threshold sswave dominatediii) the matrix

The uncertainty in the number of incident kaons is esti-elément is constant, ardi) the K™ p initial-state Coulomb
mated to be 3%. The largest contributions to this uncertaintjtéractions are ignorably small, we can fit the total cross
come from the uncertainty in the number of kaons rescatS€ction just above threshold by a simpiave production
tered betweeTand the LH, and the uncertainty associated €duation
with extrapolation of thew™ background under the kaon
peak in theS1-STTOF spectrasee Fig. 6. .

The uncertainty in the experimental acceptance mainly Tiota~CPy (10
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whereC is a constant anﬂ’,‘7 is the » momentum in the c.m. To understand the near-threshoid production, we as-

The constanC is unique for each reaction and reflects thesume that it is dominated by the excitation of the intermedi-

magnitude of the matrix element of the process. A oneute A(1670);~ resonance with very minor contributions

iaégﬁéaglg?ea};;n fo our data fropf, =37 MeV/c to py, from the A(1600); * and A(1690);  states. We param-
etrized the total cross section at c.m. enekgly the Breit-

Wigner form,
Ootal( K™ p—7A)=(17+3) ub/(MeV/c)py, (11
where p} is the » momentum in the c.m. in Me\. The oaw(E) = 2m Ti(BE)I'4(E) (12)
uncertainty is mainly due to the uncertainty in the incident BW k? (E—Eg)?+(T'f2)?’

K~ momentum. The data points belopy-=726 MeV/c

were excluded from the fit because of their large uncertain-

ties, both in the value of the total cross section and insthe wherel’; andT'; are the energy-dependent partial widths for
momentum in c.m. the initial and final channels, respectively, aad the c.m.
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TABLE Il. K™ p— »A differential cross sectiorgo/d() in mb/sr for beam momentum intervals of 4 Me&VUncertainties are statistical
only.

Pk - A cos®

(MeV/c) —0.95-0.05 —-0.80+0.10 —0.60+0.10 —0.35+0.15 0.06:0.20 0.35-0.15 0.66:0.10 0.8@-0.10 0.95:-0.05

724 0.0x-0.01 0.03:0.01 0.01:0.01 0.0%0.01 0.0x0.01 0.02:0.01 0.02:0.01 0.02:0.01 0.03-0.02
726 0.07-0.05 0.02£0.02 0.04£0.03 0.050.02 0.02-0.01 0.02:0.01 0.06:0.03 0.05-0.03 0.03-0.03
728 0.070.03 0.05£0.02 0.04£0.02 0.05:0.01 0.04-0.01 0.02:0.01 0.08-0.02 0.08-0.02 0.02-0.02
730 0.13:£0.05 0.08-0.03 0.04-0.02 0.04-0.02 0.05-0.02 0.06:0.02 0.072-0.03 0.10:-0.03 0.14£0.05
732 0.12£0.04 0.08-0.03 0.1%*0.04 0.04-0.02 0.06:0.02 0.06:0.02 0.06-0.03 0.09-0.03 0.08-0.04
734 0.170.05 0.11x0.03 0.16-0.03 0.04-0.01 0.06:0.02 0.070.02 0.09-0.03 0.16:0.03 0.23-0.06
738 0.13:0.04 0.140.03 0.08-0.02 0.07#0.02 0.0%#0.02 0.12£0.02 0.13:0.03 0.12-0.03 0.170.04
742 0.16-0.04 0.16£0.03 0.1%0.02 0.1*0.02 0.080.01 0.16:0.02 0.15-0.03 0.11-0.02 0.15-0.04
746 0.17-0.04 0.13£0.02 0.14£0.02 0.09:0.02 0.1%*0.02 0.09:0.02 0.130.02 0.130.02 0.09-0.03
750 0.14-0.03 0.09:£0.02 0.12£0.02 0.090.02 0.07#0.01 0.08:0.01 0.16:0.02 0.11-0.02 0.14-0.03
754 0.15-0.03 0.12£0.02 0.09:0.02 0.16:0.02 0.1-0.01 0.09-0.01 0.08-0.02 0.11-0.02 0.16-0.02
758 0.13-0.03 0.13£0.02 0.16:0.02 0.1#0.02 0.06-0.01 0.09-0.02 0.13*0.02 0.16-:0.02 0.110.03
762 0.11x0.03 0.110.02 0.16-0.02 0.09-0.02 0.020.02 0.05:0.01 0.08-0.02 0.06-0.02 0.02-0.01
766 0.1x0.05 0.12-0.04 0.14-0.04 0.09-0.03 0.08-0.03 0.05:0.02 0.04-0.02 0.08:0.03 0.04-0.03
770 0.06:0.06 0.06-0.04 0.11x0.06 0.03-0.03 0.08-0.04 0.03:0.04 0.020.05 0.1x0.06 0.06-0.06

momentum in the incident channel. Teevave energy de- parameterEg=1670+5 MeV, the total width I'y,,=24
pendence of these partial widths was parametrized as 4 Mev, and the reaction cross section at the resonance
T'i(E)=(p*/pR)Bil'1or andT't(E) = (k/kg) B{I'1ot, WhereB;  energyor=1.3+0.1mb. The errors shown are mainly due
andB; are the branching ratios for the initial and final chan-tg the uncertainty in the incident beam momentum. See Ref.
nels, respectively, and hepg is the c.m. momentum of the [17] for further details of the analysis. A full-fledged multi-

7. The pole position is given by the complex const&t  channel analysis of production and othes waveK ~ inter-
—ilf2. actions is underway by one of (B.M.M.).

The data for the reactioK " p— n»A from Table | have The maximum value ofoyy (K p—7A) is 1.44
been analyzed for the geometrical mean branching ratie-0.10 mb atp,- =742 MeVic (see Table ) This is a
VBiB; and the reaction cross sectiog at resonancéactu- |arge cross section, given thaj =82 MeVi/c, which implies
ally the pole. Rough fits are optained by ya_lry_ing the geso—a small phase space compared to(1670)% — 7S
nance energ¥g and the total widtH",; to minimize they*. ) — )
The best fit, shown in Fig. 22, was obtained for the mas§‘”2h14p;7;|:\?/93 MeVlc, or A(1670);"—KN with pg

= evic.

s — The angular dependence afo/dQ (K™ p— nA) near
_ threshold is consistent withwave production dominance. A
05 simple bowl-shaped structure in the angular dependence
+ + 1l emerges when thi€ ™ momentum is well above threshold. It
o H-toepees ‘ .................. + is an indication of a smald-wave component, presumably
—-05 | + TABLE Ill. A polarization inK™p— nA.
p=0.735 GeV/c ]
px- (MeV/c)
05 L ‘\‘ T A cos® 722-750 750-770
1l —0.95+0.05 0.16-0.29 0.06-0.32
O f+- —i——+ ------------ —0.80+0.10 0.27:0.23 —0.16+0.23
—0.60+:0.10 —0.26+0.27 0.14-0.26
05 L + —0.35£0.15 —0.17+0.22 —0.02£0.23
p=0.765 GeV/c N 0.00+0.20 0.05:-0.22 —0.04+0.24
o 0.35£0.15 0.05:0.24 0.5%-0.26
-1 =0 . 1
05 0 05cos® 0.60+0.10 0.210.23 0.0720.27
0.80+0.10 0.16:0.23 —0.48+0.26
FIG. 21. TheA polarization inK™p— A obtained using the 0.95+0.05 —0.02+0.27 —0.13+0.38

n— yvy decay mode.
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(3) Large total cross section near threshold

MaXoioia(K™ p—7A)=1.44£0.10 mb
for p;=82 MeVic,

Maxota(m P— nn)=2.60£0.32 mb

Utoul(K_p — 7N (mb)

for p; =182 MeVic.

The SU3) relation between these two results,
Oiotal(m p— 7N) =4I13X[ oyo1a(K™ p—7A)], is satisfied
7 at the expected level before a quark mass correction is ap-
plied.
(4) The angular distribution at threshold is consistent with
swave dominance. Above threshold, boths/dQ (K™ p
‘ R A T —nA) and do/dQ (7~ p— »n) have the same bowl-like
0.72 0.74 0.76 shape in contrast tg production by photons and protons.
P (GeV/c) We conclude thaty threshold production b~ and 7~
FIG. 22. TheK p— 7A total cross section measured for the provides a striking case of the important role that flavor sym-
n— 7y decay mode with the high-momentum beam. The solid lineMetry plays in the dynamics of strong interaction, further-
is the best fit oferi(a (K~ p— 7A) to the Breit-Wigner form of the ~ More, that breaking of flavor symmetry by the mass term in
A(1670% [see Eq(12)]. Lqcp is not seriougsee Eq(l)]. The S|mplest interpretation
of our % threshold production data is dominance of the

0.5 -

from the excitation of theA (1690 ~. The shape of the A(1670)% ~ intermediate state, but a mixture of more than
angular dependence fato/dQ (K p— 7A) is similar to "€ state is not excluded. The successful application of

that for » production byz~ [4], in contrast toy production ~ SU(3) symmetry to theN(1535); ~ and A(1670); ~ states

by photong 18] or protong/19]. The difference is an indica- implies that both resonances are three-quark states and that
tion of a different reaction mechanism, e.g., photoproductionhe N(1535); ~ is not ak3—KA bound state as proposed in

is more likely to occur via vector-meson coupling. A de-the Jiterature7].

tailed partial-wave analysis of ot~ p— nA data is under-

way [20] FinaIIy, theA polarization at all our energies and ACKNOWLEDGMENTS
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