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ABSTRACT

We analyze‘the reaction K + p = A + no in terms of direct channel
resonances and background exchange amplitudes, making fits to our
experimental angular distributions, A polarizations, and‘Axo cross sections
over the center-of-mass energy range 1700 to 1850 MeV. The primary aim
of the study is to investigate the nature of the background terms, using
K*.and nucleon crossed-channel exchanges, in the scattering amplitude
required to fit our data. We confirm previous JP assignments for
Yl*(l660), Yl*(l770), and Yl*(2030), and present branching ratio products
X At for these three ‘resonances. A mass and width for Yi*(l770) are
also determined. Our data do not show much sensitivity to the presence
of Yl*(l910). The assumption of simple background exchange terms alone

) does not seem to be sufficient to fit the data. Modificationé to these
terms are ‘made, producing reasoneble fifs. Effects due to the assumptions

of the absorption model are also éonsidered.



I. INTRODUCTION

This thesis is part of a general study of K;'meson-nucleon interactions
for incident K laboratory momenta between 820 and 1120 Mev/c, corresponding
to KN center-of-mass energies in the range 1700 to 1850 MeV. The original
motivatibn for the study was the discoveryl of the "Kerth bump", a broad,
ésymmetfic rise in the K p total cross section near 1 BeV/c. By compéring
the total K p and. K n cross secfions, the isotopic-spin I=0 resonance
YO*(lSlS) was advanced to expiainxmost of the rise. However, the existence
of the low mbmentumvtail in the bump indiCatéd a structure more complex
than a single resonance, and, in studying the K-p'mass distribution in
the reaction K n = K x p, Barbéro-daltiefi,et al.2 suggested the presence
of the Yl*(l765). Their I:l assignment came from analyzing interference
effects in the elastic (K p) and charge—exéhange (Kon) angular distributions
and polarizations from the earlier work of othei-s.s

The presént papef describes an attempt to understand some of the
details of what takes plaée in a Specific interaction in this energy
region, K + P = A +Vno. We fognd'a totél of some 21 000 events
cohéisting'of a beam track whiéh diéappeaféd with an assdciatéd charged
decay of a neutral bartiélé. ;After applying various criteria and

kinematic analysis, there remained 7735 2° events (Klo - 1 +x) and

: 3 - : 0. -
6266 weighted events representing K + p - A+ x, A= n + p.

‘Because the Aﬁovfinal state has I=1l, any intermediate resonanﬁ

state must have this same quantum number, restrictihg possible candidates

*
‘to ¥, 's. In a partial-wave analysis . in the same energy region of ‘the

1

related reaction K~ + n —» A + x_, which has pure I=1 in both initial
, ‘ | : N
and final states, Smax't)+ found that three Yl 's and four constant

background amplitudes gave a fit to his data of order 2%. By allowing

- a moderate energy dependence for the background, the probability of fit



increased to 8%. é

The angular distribution of < in the K p center-of-mass for
K + p > A+ no shows peaking in both thé forward and bvackward directions
suggesting pdssible contributions from particle exchahges in the crossed
(t- and u-) channels. We havé'parameterized our background amplitudes
by such processes, along with direct channel Yl* resonances. The validity
of such a parameterization will be tested by comparing its predictions
with our experimental data.

In Section II we discuss briefly general experimental procedures,
_ including the prOperties of the beam, and the scanning and measuring
of events. Section III considers the treatment of the data in selecting
out the reaction .of interest;. We present the mathematical structure of
our model in Section IV, and the comparison'ﬁith the experimental data
is contained in Section V. Section VI discusses the various solutions

and implications of the results.

v
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IT. PRELIMINARY PROCEDURES

In this section we discuss how the K + p collision is effected,
what events were looked for and how they were meesured, the beam

normalization, contamination, and attenuation.

' A. Beam

A‘new beam using two stages of electromagnetic séparation for K~
mesons was built and operated at the.Lawrecce Radiation Laboratory's
Bevatron and directed into the 25-inch bubble chamber filled with
hydrogen. Fig. 1 is a schematic of the beam line.. The external profon
beam impinges upon a copper target:T, producing the X flux used in
this experiment. Havieg a target external to the accelefatof allows
the selection of pesitive or negative pafticles within a wide range of
momenta, since the beam is independent of the Bevatron's magnetic field.
The beam was designed so_that thé K mesons are produced at 0°, the
acceptance solid angle is relatively lefge? and a short target-to-
chamber distance reduces the m.Jm.ber’of'Kf lost due to'decays. The beem
line components, consisting of nine quadrupele magnets Q1-Q9, four
bending magnets'Mi;Mh, two mass-separation slits and a uranium collimator
in addition.to the two parallel plate Vechity spectrometers S1 and S2,
reduced the contamination (see Secticn_Dﬂbelow)vof non-K~ particles at
the chamber to about 5% at the seven beam:mcmenta below 1020 MeV/c, and
to 9% et the two highest momenta. The magnets act as focusing elements,
and the other components filter out non-K~ pafticles. The total momentum
bite was 2%, andvthe hofizontal’width'of the beam matched the entrance
Qindow at the bubble chamber, with-the beam tracks entering parallel.tou
each other. A more complete descripﬁion of the beam is reported eisewhei'e.5

The nine incident laboratory (lab) momenta had nominal values between
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850 and 1150 MeV/c, representing center-of-mass (c.m.) energies between
1700 and 1850 MeV. The actual éverage values of the.momenta, the first

entryvin Table I, were determined by meaéuring beam tracks.

' B. Scénning,_Measuring, and Data Reductibﬁ

The’tOpolégy scanned for in this éxperiment, as seén in the bubble
chamber, appears aé a vanishing beam track with a V-like decay pointing
back to the production vertex (O—prbng+V) (Fig. 2).  There were 1hh
rolls exposed fdr 233 000 3-view stereo pictures for the nine energies,
with all of the film beiﬁg scanned twice. No.scanner re-examined the
same roll. The initialvscan had a mean efficiency of 92.9%, the second,
%6 .2%. Discrepanciés between the tWOFSCanS were resolved and nev events
were méasured. The mean efficiency fdf the combined scans waé over 99%.

Events found were méasuredvon either the "FSD" (Flying Spot
Digitizer)vor on a "Franckenstein" machine.6' After finding an event
on thé FSD scan table, é "road" is made along”éach traék associated
with the event by marking the coordinates of é point near the beginning,‘
middle and end of eachftrack,vputting this information on magnetic tape.
The film is iater mounted on the FSD automatic measufing machine;
information on the tape restricts the FSD to the abpropriaté tracks to
be measﬁred. The Franckenstein is a ﬁbtor-driven,-semi—automatic
centering and projection_miérOSCOpe; meésurement is.accomplished by

determining the coordinates of a series of points along each track

- associated with an event.

After measurement, the events were processed through the system
of computer programs FOG-CLOUDY-FAIR written by the data handling group-
headed by H. S. White.7 The events are reconstructed in three-dimensional

space by FOG, finding the dip and azimuthal angles of each track as well



Table I. Summary of the beam.

Beam momentum 821 878 888 923 oL6 975 1019 1057 1112
(Mev/c) . '
Number of good frames 8.62 18.23 12.83  41.16 10.27  h7.40 k276 26.41  22.58
(x 103) ' . |
. Corrected number of 9.16 20.49 11.49 61.54 10.17 65.81 72.19 30.58  25.51

beam tracks (x lo“)

Contamination (%) | L.9 5.0 6.3 6.0 6.6 6.0 5.3 9.3 9.2

Number of X (x 10“) 8.71 19.46 10.76  57.85 9.50 61.86  68.3  27.77 23.16

K~ path length (x 106) 2,74 6.13 3.39 18.19 2.99 19.45 2i.h5 - 8.72 7@30

(cm)

Cross sectiOn/event 9.97
(ub) ‘ +0.50
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as the momentum. The errors on these quantities are calculated in

CLOUDY. The reconstructgd event is kinematically constrained to different
hypotheses, and a.xg goodness-of-fit is calculated. FAIR provides the
results of the computations in.various forms, including page output, v

histograms, and scatter plots. Most of the analysis was made using

data tapes put out by FAIR.

C. Beam Normalization

Path lengths are commonly determined by counting all 7 decays
(K" » x~ x" w') within a certain fiducial volume, using the known
branching ratio into this mbde. Coﬁversely, oﬁe can.calculate this
branching ratio if the numbers of 7's and K mesons are known. BEarly
in the experiment, approximately 806 T's were counted in addition to
beam traéks in about'éo rolls of film, andbthe branching ratio turned
out to be too low by about three standard deviations. A check of the
scanning procedure showed tha£ a consistent fiducial volume for counting
T's was not used, and the instructions as to the tbpology to record were
not completely clear. The results of the T-scan were therefore difficult
to interpret meaﬁingfulin in terms of a beam normalization, so a careful
beam count scan was initiated.

The cross section ¢ for a certain type of event is proportional to
'the ratio Ne/Nc, where Ne is the number of £hese events.and N, is the

number of incoming beam tracks. The percentage error in o may be expressed e

o7
<

'._l
+ .
|

PR



D=

where Nc = T Ne and assuming Poisson distributions for the finding of
the events and the counting of the tracks. Since Nc-is of the order
of one hundred times Ne’ the major error comes from Ne. ~In order not
to count an unduly number of beam tracks but still keep the contribution

of Nc to the error small, we can require

Lrf &~ 1.1 0r 1.2,

F
sO0 that f & M;Ii.e.,'for a typical roll, Ne < 200, so one should count
about 800 beam tracks per roll. Since there are ten to fifteen tracks
per picture, about 65 frames per roll were counted for beam tracks, or
every 25th frame. To establish criteria for acceptanée of tracks to be
counted, beam momentum temﬁlates were constructed to take account of the
four differenf scan table magnifications and of the five different bubble
éhamber magnetic fields. The magnetic field adjustments were slight,
and permitted a beﬁter centefing'of the béaﬁ in the chamber.- The
acceptablevangular spread corresponds to a spread at the chamber entrance
window of #2° from the central value, which includes all but 2.0 to 3.6%
of . the total number of beam interactions. An average trajectory for each
representative roll was calculated, and the deviations of the beam tracks
from this avérage were plotted at a referencé line 24 cm downstream from
the chamber window.Asém example, Fig. 3 displays the deviation, Ay, for
108 tracks from three frames (A) near the beginning and three frames (B)
toward the end of roll 2201, which was taken at a nominal momentum of
1 BeV/c. Tracks fallihg within Ay =+ 1.2 cm were accepted to be counted.
This region contains 9&% of the total number of tracks reaching the
reference line. The internal region Ay = * 0.6 cm contains 99% df all =
of the acceptable tracks, which implies that during the scanning, it

was not necessary to make frequent decisions about marginal beam tracks.
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Of the 233 785 triads in the experiment, 1.6% represent "bédu'pictures;

i.e., they are completely dark, missing, blank, or of otherwise defective
quality, and not considered fprther.. Four per cent of the remainder, the

second entry in Table I, were counted for beam tracks.  Two of the rolls

. were checked for scanner efficiemncy, which was 99.2%. A particular effort

was made to detect superimposed tracks. -On the higher flux'film, six
pairs of such tracks were found, out of a total of some 800 tracks counted

on the roll. The correction for beém.counﬁing éfficiency constitutes a

factor of 1.01 by vhich to multiply the number of tracks counted, end

the result appears in Table I as the third entry.

D. Beanm Contaminaiioﬁ and<Atténuation

The conﬁamination df the beam due to the présencé of pions and muons
waé estimated by counting Qélta rays, whiéh reéult from elastic collisions
between incident particlesvand atomic eléptrons. For exémple, the maximum
kinetic energy that a l-BéV/c K~ meson can transfer to an electfon is
L Mev, so all delta rays of a higher energy are due to leés massive
incideht pafticles.-'This energy_bﬁt off wésvcalculated'for each momentum,
and_was tranélatgd into a délta ray cut.§ff diametér for the given chamber
magnetic field and for each écan table. The cross section for delta ray
' 9

produétion by a pion or a muon was taken from Rossi, and the hydrogen

"density in the chamber waslo 0:0608 gm/cc; Using these quantities, the

mean free path for a delta ray to be prodﬁced could be calculated. The
total non-K meson path length is the mean free path‘times.the number of
delta rays greafer'than the cut off diameter, and the numbe? of pions

or muons in the beém is fhgnithe total path‘length‘divided by one track
length. The exposure of film at a pafticular momentum usually took

place during intervals of time separated by days or weeks. As far as
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possible, the rolls scanned fqr delta rays were selected from each of
these intervals, so that the approximately 20% of the totalffilm SCanned
should be representéfivé éf the entire experiment. The templates used.
for beam track counting were also used for delta ray counting. More

than one delta ray on a track was noted; as well as interactions on
thosertfacks fof which the delta ray diametéf was greater than the cut
off. A‘total of 17 interactions was found for all of the momenta. Based
on an estimated total pion-proton cross section of 35vmb in this region,
’one‘éxpecté 15% of the total of 2303 delta rays counted to be due to
pions, with the rest.due'to muoﬁs, The total non-K contamination was
about 5% at thé seven lowest momenta and 9%‘at the two highest. The cbn-
tamihation and the actual nuﬁmef of K. in the Beamvappéaf in Table I.

The beam count‘includes tracks which show an interaction (a collision
or a decay) before reaching the reference line, as long_as the angular
spread criterion is ﬁet. A‘éorrection due to these depletion processes
was made, and this . reduction turned out to be approximately 5% over
the momentum range. The corrected total K- path length L éppears in
Table I, along with ﬁhe'crosé section for oﬁe'ihteraction, g = l/NApL,

. vhere N,p is the number of pfotons/cc in the bubbie chamber. The.total
cross section for a pafticular reaction‘is determined by mﬁltiplying this
o by the number of ‘events found. The QUotéd normalization error in @

is discussed below.

E. Normalization Errors ' - ' : .
The errors in the calculation of the cross sections and mean free - ;
paths fof delta ray production are small compared to other errors present |

in the beam normalization. The percentage errors in the calculation of

the number of beam tracks, based on the number counted at each momentum,



-

vary from O 5 1. 5% The errors in the . calculatlon of the contamlnatlon

arlse prlmarlly from the uncertalnty 1n flndlng the number of non-K
mesons present, i.e. f from countlng delta rays | These _errors.-‘are_ln :
the range 5—13%. The standard dev1at10ns in flnding.the.average"’
contamlnatlon at each momentum are hlgher, with a max1mum of about 30%.

However, these are percentages of small quantltles,vthe contamlnatlon'

: .1tself ‘is in the 5 lO% range.' Hence the comblned error: in flndlng the

number of K in the beam is' at the 2% level and'when we-take_account
of the errors 1nvthe attenuation and beamicount efficiency calculations,

both in the 1-2% range, the'normaliZation erroryis_about 3%. . However,

‘we use an error of 5% in Table I to try to account_as well for additional

uncertainties such as the actual ratio of]pions,tovmuons in the
contaminationﬁand the actual hydrogen density.

When prOperly'done,,it.iS'less tedious_to find the heam nOrmalization

by countlng T s, us1ng the known branchlng ratlo for this decay. A 1-

count was later undertaken,8 yleldlng ‘some” three hundred T 's at each

of the various momenta.' If one were to normallze using. T' s, the
'percentage errors would be at “the 5-6% level compared to‘an;estimated'
. maxlmum of 5%,by?d01ng a,beam count.v Hence_the,beam count SCan, while

lengthier, gives more accurate results. .
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ITITI. DATA ANALYSIS

Here we discuss the identification of the reactions, -kinematic and
fiducial selection criteria to eliminate biases, and weighting for events

missed or unmeasured to obtain our final sample of events.

A. Kinematic Fitting

The O-prong+V topology can be the result of any of the reactions

K +p—> A+ e (a)
- A+ (Cﬂo), c>1 ' : (o)
—)A+n _ A—>:r[-+p. (C)
0 0 : :
5 20 4 1505 ass @
- 20 (cno), c>1 - v (e)
-—)Ko+l’l ) ) ) _ : ) . (f)
-0 0 K-> n +x
- +n+ (en’), ¢>1 (g)

The four equations represénting conservation of energy and momentum
provide the constraints at any vertex. vThe V, or decay vertex, was tried
sucessively as KOV(KlO) and then as A. The kinematics are such that
the Klo can be produced at all lab angles relative to the incident K ,
including the backward direction, whereas the maximum angle for A
production is approximately 60° at these energies. Fig. LA ié a
kinematic ellipse plot for Aﬁo production, and Fig. 4B is the corresponding
plot for Klon, both drawn fof an incident K~ momentum of 1019 MeV/c. Lab
momenfa and angles can be read off directly for various c.m. production
angle cosines.

Assuming that the decaying neutral comes from a given O-prong, or
production vertex, the only unknown quantity for either hypotﬁesis is

the magnitude of the momentum of the neutral, so the event is subject

to three constraints (a "3C-fit"). The hypothesis which made a better
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3C-fit was assumed to be correct, as the first step in the event
differentiation. On occasion, in a single picture, more than one O-prong
and/or V are present. Fdr example, if two O-prongs and one V are seen,
the V is assumed to come from either O-prong, and two events are ﬁeasUred
for that frame. ‘The extra, or duplicate, events are filtered out by

rejecting the one which makes a poorer 3C-fit for either K 0 or A

1 .
hypothesis. - About 15%, or 3659 events, of the total number of O-prong+V's

measured are duplicates.

.B.‘ Ambiguities

Some 500 of the events which fit the Kio hypoﬁhesis also fit the A
hypothesis. .This confusion can arise when the lab momenta of the decay
prbducts and the decay'bpening angle fér»the two cases are identical.
The kinematics for the two decays afe such that for any opening angle,
the pésitivelybcharged particle will have about ten times the momentum
of the negatively chafged particle at these points of confusion. Fig. 5A
displays curves of>constant decay opening angle between the decay prodﬁcts
‘for Klo and A; the lab momentum-of the negatively charged decay ﬁroduct
is plotied against that of the positively charged prodﬁct. The region
near an intersection of two curves for fhe same angle produces the
situation described. It is possible to resolve the ambiguity by observing
that, at these points, the n~ in the Klo c.m. always falls near the backward
direction when referred to the Kio lab momentum. Since the expected T -
distribution in the KlO c.m. is isotropic, the extra events from confusing ’ ®
A decays show up clearly in the backward angles; Fig. 5B is a histogram
of this x  distribution. All of the events for which -1 < cos (n—,KlO)b

< -0.8, in the Kio,c.m., were examined on the scan table and identified

by means of ionization estimates (density of tracks). Of 1020 events
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surviving the fiducial and length criteria (see Section C below), 523
were ldentified as Klo decays and 485 as A, with 12 as neither. These
latter 12 events arebelastic-SCatters, from non-beam tracks, or otherwise
misidentified, and therefore rejected. After the resolution of this
ambiéuity, there were 137577 A events and 7735 Kio events. ZFurther

analysis involves primarily these A events, the subject of this paper.

¢. Fiducial Volume Criteria

Near the edges of the chamber, because of poorer illumination, lower
scanner efficiency, less accurete measurement of trecks, and a high
probability of the A decaying outside the ehamber and hence being
unmeasurable, two fiducial volumes were imposed. Beam tracks not
interacting in the first 38iem of the chamber were rejected, and accept-
. able events had to heve the K_'tfavelling.at least 5:cm into the chamber.
Because of the slight curvature of the béam tracks in tﬁe magnetic field,
we actually’used a value of 33;1 cm rather than 33 cm for the total K
track length determination in»Table.I. Also, the decey vertex had to
be located within a cylinder of radius 21.5 em and. height 15 cm and
" centered 24.5 cm from fhefentrance window, which ellowed.ebout 6 cn for

the measureﬁent of the decay products. Fig. 6A shows the positions of
the production vertex along the chember, where x=29 cm is the position
.5 cm into thée chamber. Fig. 6B isva plot of the lateral position of
the decay vertices along the beam; the cylinder described above is
4locafed et (x,y):(h8;5,50) cm. These two criteria eliminated iE% of

the A's.

D. Weighting for Length Cuts
Events :were rejected because of certain kinematic criteria, and

were compenseted for by appropriate weighting. Some of the A's are
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missed because the decay takes place (a) outside the chamber or very

near to its walls, or (b) very close to the production vertex. There is

then an interval [Lo,Lp] in which the decay length has to be in order

that the decéy can be recognized and measured. LO is the cut off length v
and Lp is the potential iength, defined as the distance between the
point of production and the surface Qf the cylinder used for the
fiducial volume of the decay vertex, described above in Section C. The
A's decay exponentially, so the probability that the decay is measurable

is given by
P (L<L < Lp) = exp (-L_/d) - exp (—Lp/d).

If 7 is the mean life of the A, its mean length d is given by d=CTpA m,,
where the constant ct is taken to be 7.61 cm, based ontt 7=(2.52 £ 0.04)
X J_O-lO sec. QA'is the mass of the A in BeV, and its momentum Py is in
BeV/c. ‘The actual number of A's is then found by multiplying each event
with a decay length in the interval [LO,Lp] by its weight WL, defined
to be the inverse of the probability that the event is measurable; i.e.,
WL=1/PL. Fig. 7A is a histogram ofvthe length of the A for intervals
of 0.2 cm. ‘The cut off length Lé was taken to be 0.8 cm and eliminated
13% of the events remaining after the fiducial criteria were met and
before weighting. A histogrgm of WL is shown in Pig. 7B for events
meeting fiducial and length criteria and satisfying the selection in
the square of the missing mass (see below), The average WL for the
final Ax" semple was 1.33.

To insure that LO was large enough so that steep, low energy A's o
were not missed, the following test was made. Define lab polar coordinates

such that the beam direction is along the z-axis with 6 the polar angle

between the A produced and the beam direction. Let ¢ be the azimuthal
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angle, with ¢=90° (270°) for 52 in the plane defined by the beam direction
and the camera axis and moving away (toward) the camera. The azimuthal
distribution of events shquld be isotropic, and events lost for steep
A's would occur near (=90° and 270°. Fig. 8A is a plot of this distribution
for production c¢.m. cosines betwéen -1 and -0.8 (high A momenta); and
Fig. 8B is for the cosines between +0.8 aﬁd +1 (low A momenta). The
latter distribution would be most sensitive to the effect.

As a further check to see that we did not miss low energy A's, we
calculated the value of the A lifetime using the Bartlett-method12 for
a sample of events satisfying fiducial, length, missing-mass-squared
and xz(lC) less-than-ten criteriaf The missing-mass-squared and 1C-fit
criteria are discussed in Section E below. For this determination we
computed the distance travelled by the A by using the FSD-measured decay
vertex and a corrected production vertex. Thié latter position was
located by extending the beam track and A momentum directions and finding

13

the point of closest approach. For 3950 events, our value found was
7=(2.51 = 0.05) x 10710 sec in excellent agreement with the world averagell

noted above.

' E. Selection of the Reaction K + p = A + <

Because of the difficulty in determining the actual location of the

3

end of the O-prong,l the 3C-fit was used only to eliminate the duplicate

events and to resolve the ambiguity in the X 0

1 and A decay kinematics.

Further analysis used kinematic quéntities‘calculated from a 1C-fit, for
which the information on the direcfion of the A from its point of production
was disregarded. The three unknowns--the magnitude of the A momentum as
well as its dip and azimuthal angles--reduce the number of constraints

to one.
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The final state Ano is identified by examining the distribution of
the square of the invariant mass, m2, of the system of undetected neutral
particles recoiling against the A. Fig. 9 shows the sum of the distributions
for all of the momenta. The no peak is prbmineﬁt near 0.02 BeVe, and the
n peak can be seen at 0.3 BeV?. Reactions of the kind K + p — ZO +’KO
followed by the rapid decay ZO = A+ 7Y and then A > s + p simulate the
kinematics of, and contaminate, the reaction K + D= A+ no, A= o o+ -
To extract a relatively pufe sample, we considered the following. A
simple minimum requirement for x2 was insufficient, since an event which
had a value of m2 far from mﬂog, thé square of fhe no mass, would be
acceptable if its error in m2 was large as well. This would admif
A+(multiple no) states also. On the other hand, requiring m2 to be
within a certain range of thE alone would eliminate legitimate Aﬂo
events when the error in m2 happened to be large. It can be shown that
the error in m2 is large for large values of the A momentum, and such a
restriction in m2 would deplete the angular distributions in the regions
of large ij'i.e., in the backward c.m. production cosines (see Fig. 4A).
To avoid this bias while makihg a selection in mg, we weighted each event
which passed by Wm=l/Pm, where Pm is the probability.which m2 has of

falling within an interval AEAmE from mﬁog. Assuming Gaussian distributed

measurements,
, | mﬁ02+A - (me_m'OE)Q
P (mg-mﬂ02< N) ={2;l " f exp 3-— ——g—eg—————g dme
‘mﬂoewﬁ

A/fg-e
E [T mens

0
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where e is the error in m® and y2=(m2—mﬁ02)/2e2. The latter form was

used for convenience in programming. We set A=0.05 BeVg,-Since Jjust

above this point, a missing mass equal to that of two no becomes
kinematically possible. The angular distribution for this selection

in m2, before and after weighting by wm, is shown in Fig. 10A. It 1is
apparent that the weighting restores Aﬂo events in the backward directions.
The average weight was Wm=l.l6, and for our final selection of events,

we also required X2 < 10 for the 1C-fit (see Fig. 10B). Each event

which passed all of the selection criteria wés weighted by W=W Wm,

L
where WL is -defined in Section D.
- 00 .. - 0. \y .

The theoretical m~ spectrum for the I mx final state (A+(n"7)) is
flat because the X has Spinjé; this spectrum ranges from m2 z,mKO2 up
to a value dependent upon‘the c.m. energy. For example, for a 1 BeV/c
incident X 1lab momentumn, mmax2 = 0.27 BeVe, From an examination of
the deviation from symmetry at the mﬂO2 position, there sfill remains,
after all selection criteria have been met, an estimated 5% contamination

00 . . . . . .
from X s . A summary of the various selection criteria is given in

Table ITI.
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Table IT. Results of selection criteria and weighting.

Beam momentum 821 878 888 923 o 975 1019 1057 1112
Number of A's _ 308 798 453 2755 512 3169 3383 1300 899
after (a) 289 729 415 2549 182 292l 3119 1189 835
after (a),(b) _ 283 709 Los 2h71 Les 2822 3007 115i 80k
after (a)-(c) oLl 629 ©  3hk 2160 385 2U6 3 2635 991 695
after (a)-(d) B 232 591 326 2043 370 2330 2438 940 6L47
aftér (a)-(c), (e) 117 305 17k P11 172 %6 905 351 211
after (a)-(e) , 113 - 297 171 ol 171 937 875 334 207

Weighted numbef of A's
after (a)-(d) 36 88 516 31 593 3590 3723 1S 981
after (a)-(e) 169 'uuu 272 1471 263 1L68 1352 515 312

(a) production vertex selection
(b) decay vertex selection
(c) neutral length selection
() x=(1c) selection
(e) missing-mass-squared selection

-ga_
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IV. THEORETICAL BASIS AND MODEL

We analyze the reaction K + p = A + RO by considering direct-
chénnel resonances and crossed—oﬁannel exchanges for the background.
There exist earlier studies using a similar approach for both zN and
KN reactions. Several workers have considorodzthe associated production
reactions

o+ P = A+ KO

(2)
and

+ .
T 4+ p - z+ + K ' (3)

in terms of models consisting of direct channel N and A resonances and
background exchange terms. ILIof:fi‘lbr studied (2) for incident pion momenta
around 1 BeV/c, obtaining good fits to the angular distributions and
polarization data by assuming é K* -exchange along with a P1 and a narrow

15

5 resonance. This was an improvement over a model by Kanazawa, who
found reasonable fits using a nuoleon pole and I -exchange along with

Pl or P3 resonant émplitudes. At the time the K% was Undiscovered. For
the same beam momentum region, Evans and Knight16 proposed a model
consisting of hyperon-and K* -oxchanges as well as P3 and F7 resonances
tovcorrectly give the qualitative trends for (3). For the same reaction,

17

with more experimental data available, Holladay constructed several
models,vincluding one using the P3 and F7 resonances with K% - and
A-exchange amplitudes. Fair agreement was obtained with the total and
differential cross section data. The Z+ polarization prediction improved
through the introduction of a parameter ®; because of other channels
being open, Holladay multiplied thé exchange contributions by éia. In

addition, the energy dependence of the resonant width was parameterized

differently from that of Evans and Knight.
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For KN reactions, Stevenson18 allowed D3, D5, and F7 or G7 resonances
with crossed channel exchanges to obtain a Xg/data point of 2.66 for the
reaction K + p = A + < between 620 and ‘1700 MeV/c. This eieven
parameter model was designed to differentiate between F7 and G7 for the

* 19

then proposed Y near 2050 MeV. More recently, Minami considered two

1

YO* and four Yl* resonances with a p-exchange amplitude te describe the
charge exchange K~ + p — %° + n near 1.6 BeV/c. A prediction for the
polarization‘of the recoil nucleon is given, but experimental data were
unavailable for comparison.

As noted in the introduction, the c.m. production angular distriﬁutions
show peaking in both the forward and-backward directions for K + p —
A+ no in‘our energy region, suggesting t- and u-channel exéhange
amplitudes. The intermediate valley moves slowly from the forward to
the backward region as the enefgy increases, and the forward peak begins
to turn over at the highest momenta. The backward.peak, however, persists.
_ Qur approach, with precedents noted above, consists in constructing a
model usieg known Yl* resenances in and near our energy region along
with background crossed channel exchanges. The resonant partial waves
are characterized by the Breit-Wigner form (Section B below) and we
consider Kf -exchange in the t-chanﬁel and nucleon-exchange in the u-channel
(Section C). We have also allowed pﬁase factors e for these exchange
amplitudes, although strictly speaking, these terms should be real.
Methods of analysis of two-body collkﬁens are generally well-known,20
and iﬁ this section we outline the mathemaiical framework for our model
with which to compare the experimental angular distributions, polarizations,

and total Ano cross sections. We express our equations in rather full

detail, since conventions and notations in the literature show some
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degree of latitude. We follow in general the conventions of Bjorken

and Drell.20

A. Kinematic Considerations

0

The reaction K + p —» A + x~ is an example of a meson of spin zero
scattering on a baryon of SpinJé . In terms of the Dirac matrices 7u and

the spinors up andAuA for the proton and A, the Feynman amplitude may be

written, in general,

- B :

Py = G, (by) [A cBy s k2>“] 2 (ey) ()
where k, (kg) and py (pg) are the four-momenta of the initial (final)
meson and baryon, and A and B are functions of the total c.m. energy w
and the cosine of the production angle 6 between the c.m. momenta k.

1

and k.. The production amplitude T

o may be expressed in terms of Pauli

fi

spinors and matrices,

+ - A - A
Tfi:Xf [g'*'h(o-.pg) (C‘-'pi)] X’i ’

where the amplitudes g and h are related to A and B by

- B

g=C_|A~+ g (2w - m, - m2) (5a)
and
_ . . -
h=C [A+3 (2 w+ 1, + mE)J , (5b)
with '
o |E>2| /2 1 (@ ) (B, + ) A
= I m T m

Here m, (w,) and By (E,) are the mass and c.m. energy of the proton (A).
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We can rewrite the operator

M=g+h (7D, (- D)
~a-ibo-nsine ,
where
a=g+hcos8 |, | : (6a)
b=h , . | (6b).

and the normael to the scattering plane is defined as,ﬁz(szE;)/|E;x£;|.
In terms of the non-spin-flip and spin-flip amplitudes a and b, the
differential cross section I and polarization PA of the A's in the o

direction are

A

: do 2 2 .2
I =35 = la|® + |p|° sin®e : (7)
and _ o
. % :
IP, = -2 sin 6 Im(ab ) . S - (8)

The contributions to a and b in this model arise from the resonant and
exchange terms discussed below. The resonant terms ap and bR are
calculated directly. For the exchange terms, the amplitude 1s first

calculated in the form of (%) to find A and B, and then equations (5)

and (6) are used to find gy and bpo.

B. Resonant Terms

For the resonant contributions to a and b we write aR and bR in
+
terms of partial-wave amplitudes TL", each having orbital angular momentum .

'L, parity (-l)L, and spin J=Lit/h:

| LT
1 L

o= Plcos ) (%)
|, | (L+1) 1"



L ap_(cos 6)

b, = —_— . 9b
R |E’| dcos 6 v (5v)
I +

L

The energy dependence of aR and b_ are contained in the T_ and the angular

R L

dependence, in the Legendre polynomials of the first kind P (cos 6) and

their first derivatives. Table TII displays ap and.bR for various L

values along with T, in spectroscopic and JP“notations,- The final state

L
parity P is found from P=(el)LPMPB= —(—l)L for a pseudoscalar meson M

and even-parity baryon B. The energy dependence of the partial-wave
amplitudes is not known in general, but for a resonant state, we

approximate the amplitude T

I by the well-known Breit-Wigner form

|
. (F.r'f)/2 :
T = ;é = =T ’
L 2 Ep-w-14T

where ' is the full width of the resonance, Fi andef are the partial
widths in the entrance (elastic) end final (reaction) chanﬁels, and

ER is its energy. The full width I' is summed over ail decay channels
of the resonance. - Thefe have been several attemptSEl to approximate
the energy dependence of the parfial widths to take aceeunt of angular
momentum barrier and phase space effects.. The parameterization in this

analysis, due to Glashow and RoSenfeld,22 is

where qk and I, are the c.m. momentum and orbital angular momentum of

k
the kth deeay channel products of the resonance, and X is a mass

characterizing the radius of interaction. 1In a fit to partial widths

“of baryon resonances, Glashow and Rosenfeld22 found X=350 MeV. When
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X is small (large) compared to q, » - the radius of interaction is large
(small). Fits tq the present data show an improvement for X=l75 MeV,
but this was too slight to point definitely to a preferfed value for X.
All results reported herein keep X fixed at 350 MeV. Forla single
resonant state reaction channel, we mavarité

. S o

[*x; (- %] % A

T, = —<—3 s T o

whére x; = (Fi/F) =1-x ande:(ER - w)//4T. This describes a cifcle
centered at (0,i/4) ahd,of diameter 0.5, the unitary limit for resonant
par£ial—wave amplitudes. Fig. 11 shows the complex T plane with the
unitary boﬁnds for a resonant state. The circle centered at the origin
with radius 0.5 is the 1limit for partial—wave ampiiﬁudes in a feactioh
channel. There are two possible trajectories for a resonance, depending

on the sign of the numerator in T

L There is in addition an overall

phase degeneracy, since I and IPA are unchanged-by making the replacement

TL - TLel@. We take this into account by defining the phase of one of
the partial-wave amplitudes; all other resonant amplitudes then have

phases relative to this fixed phase.

C. Exchange Terms

‘We assume that thé exchange contributions to a and b come from the
terms representing K* —ekchange in the t-channel and to nﬁcleon exchange
in the u-channel. The contribution due to the % pole in the s-channel
was cohsidered as well, 5ut the compariSén between the theory and data
was insensitive to its presence. Pseudoscalar exchange (JP=O~) such as
a pion is fofbidden by selection rules at the strong interaction vertices
of the diagrams; e.g., conservation of strangeness, angular momentum,

parity, and baryon number.. The exchange calculations are standard.go
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*
1. For the exchange of a vector meson K with mass M, the invariant

amplitude can be constructed from the meson vertex factor

g (kl + k e

E)MH’

«

the baryon vertex factor

T

up (Pp) [GV7V M qx] u(ey) ey

and the vector meson propagator

I 1
g,y 2
o - ’

where g is the coupling constant at the meson vertex and G (G is the

v T)
vector (tensor) coupling constant at the baryon vertex. The metric is
guv=(l,-l,-l,—l), q“ is the Y-momentum transfer, and e is the unit
polarization vector of the K*. The amplitude can be cast in the form of
equation (4) by making the identities |

2 2 2)

&G, '
T e W
A, = C, [W (2w~ - 2k, ko + 2|k |[k,| cos 6 -m ™ - m,

_gG

. and

Here
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~and .
2 2
e - N 'y
t = '
2 | i |

The quantities p, (ug) and k, (k20) are the mass and c.m. energy of

the initial (final) meson. The contributions a, and bt to a and b can

now be obtained by means of equations (5) and (6).

2. The invariant amplitude for nucleon exchange in the u-channel is

) 1
F =g, () 75 TR u(py) s

where

which, when written in the form of (4), yields

! .
A, = /8.8, Cy (my - my)

and

Bu v

z - Jé €182 Cu ’

. where
1 .
Cu— - -
2|k, | |k,| (2, + cos @)
and
2 2 2
e Ve - W U
u = = ‘
21k, [k, |

Here g, (g.) is the coupling at the KNA (NNx) vertex. As in the previous
1 2

case, the contributions au ahd bu to a and b can be found using equations

(5) and (6)-
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To compare the resonant amplitudes with the exchange terms, we

first write the latter in the form (cf. equation (9)):

i
=

oy :E:(L TL_ + (L + 1) TL+) PL(cos 6)

and

sin 6 bEX =

}E:(TL- - TL+) PLl (éos 6) ,

where PLl (cos 0) is the first associated Legendre function of the first

g

kind, and then project out the exchange partial wave amplitudes in the

23

direct channel by means of relations such as
P (cos )
QL(q) 7~ a5 5 dcos 6

and
+1

1 1 1 sin 6
o (2g) = -5 m/ 7 - cos B P (cos 8) deos 6
t

where QL(Zt) is the Lth degree Legendre polynomial of the second kind
and QLl(zt) is thefirst associated Legendre funcﬁion of the second kind.
The QLl may be expresséd in terms of the QL, which in turn may be written
in terms of logarithms.gu We can then compare directly the resonant
_partial-wave amplitudes with the first few exchange partial-wave

amplitudes in the complex T-plane.
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V. EXPERIMENTAL RESULTS

In this section we discuss the'experimental angular distributions,

A polarizations, and total cross sections.

A. Aﬂo Cross Sections

During the early stages of the experiment, the topologies scanned
for included both O-prong+V and 2-prong+V events. This latter topology
consists of a beam track brénchingvinto two visible tracks with an associated
V-like decay. Since all of the film was completely fescanned, the numbers of
0- and 2-prongt+V events was very accurately determined. These numbers are 2%
larger than the numbers of events which successfully passed some hypothesis.
Thisvloss of events is attributed to bdokkeeping errors, and the 5% error in
the czvss section for a single event (Table I) includes this faétor.

The cross section, for 0- and 2-prong+V events is calculated by

9o’

multiplying the number, NTOT’

by the cross section for a single event (Table I). The cross section, o4y’

of these events, corrected for scanning efficiency,

for O- prong+V events is then calculated by multiplying o OO by the ratio

), where N and N are the numbers of O-prong+V and 2-

0+v 2+V

prong+V events found. There is approximately a 1% discrepancy between NTOT

O+v/(NO+V 2+V

and (N ) because of a number of ambiguous events which could not be

O+V 2+V
identified definitely as either topology.

From Sections III D and E, the average weight, W, , can be found at each
energy for those events which sétisfy the fiducial volume, length, xg(lC), and
m2 criteria. The weighted nﬁmber of Ano events, NAn(w)’ may then be calculated

from '
NAJI(W) = WAJINAJ((u) 2

where NAﬁ(u) is the unweighted number of AxO events. Since the visible decay
A = x + p represents 65.3%ll of the possible decay modes, the corrected number

of Ar® events, NAﬂ(c), is determined by multiplying Ny, (w) by 1/0. 653

The AxQ cross section, is then determlned by multiplying o Towy

UAJI’



=h -

by the ratio NAﬂ(c)/NO+V' See Tables II and IV for a summary. The
statistical errors noted range from 4-11%. The Tpy CTOSS sections for
| this experiment are plotted in Fig. 12 along with the data points of

Armenteros et al.25 A report of our qAﬂ-has appeafed earlier.

B. Angular Distributions

The amounts of film exposed at the various momenta were not constant,
as Table I shows, so that the number of Aﬂo ranges from 113 (unweighted)
at the lowest momentum up to dbout eight-and-one-half times this at the
lengthiest exposuré (Table II). At each momentum we first divided the
events into twenty intervals in thé»c.m} production cosine. If the
number of events in any one intervalvwas less than ten, we combined
intervals until this minimum was met. Tﬁe statistical error for each
of the intervals was then calculated as the ratio of the number of
weighted évents to the square.root of the number‘df unweighted events.
The angular distributions are displayed in Fig. 13 and listed in
Table V.

C. A Polarization

We calculated the A polarization PA by_first dividing ﬁhe c.m.
production cosine into intervals, each having é minimum of about 40
events. This would produce a maximum errbr of roﬁghly O.H.unit, compared
.té the total'PA range of 2 units. Thé polarization was then determined

according to
. N
3 u
PA T oEm QL iy o
7 N'w 1

where wi is the weight for the ith event and Xi is the coéine of the

angle of the decay proton with respect to the production normal n defined



Table IV.

Cross sections.

Beam momentum

Number of
0- and 2-prong+Vv
O—prbng+V

0

corrected Ax

Cross sections (mb)
GTOT(O- and 2-prong+V )
oy

O+V

s

821

810
506

276

8.07

.09

2.84
+0.32

878

1821

1167

737

8.12
5.9

3.13
£0.22

888

1116
703
Loé

9:00
5.69

3.42
+0.31

923

6385
Lhiks

2330

9.59
6.34

3.53
+0,14

9k6

1179

795

hi9

10.78
7.31

3.62
+0.33

975

7313

4699

227k

10.27

6£.69

3.19

£0.12

1019

8620
5431
2078

10.97
7.05

2.72
+0.10

1057

3555
2233
778

11.13

7.07

2.40
+0.14

1112

2660
1623

o6

9.95
6.16

1.89
+0.14
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Angular distributions for K + p — A + no.

~ Table V. Asterisks denote the
upper limits of the widened intervals in the c.m. production cosines.
Momentum (MeV/c)

cos @ 821 878 888 923 SIS 975 1019 1057 1112
-1.0 -0.9 25.9+6.3 L4o.L4+8.6 L46.3+10.1 187.417.6 26.6#6.6 135.0+15.7 142.6+17.2 36.6+8.2 L43.7%9.3
-0.9 -0.8 * 49.0£8.5 34.7£7.6 117.3+14%.2  30.7#7.4 109.1#13.6 98.5£13.3  36.7%8.7 *
-0.8 -0.7 25.46.0 35.527.0 1k.3tkhk.5 102.1%13.3 22.0t5.9 116.5¢1u.5 60.0£10.3 24.2t6.5 18.2t5.5
-0.7 -0.6 * 32.7¢6.8 20.2t5.2 82.5+11.7 17.8+5.4 67.8+x11.1  83.8+11.7 28.97.2 * o
-0.6 -0.5 25.36.3 19.1+5.1 28.9+6.8 77.2¢11.1 25.5i6.o‘ 68.5¢10.8  70.9£10.8  27.2%7.0 i5.9¢5.o
-0.5 -0.4 * 17.1+5.2 * 59.1+9.5 ¥ 52.3t9.2°  ho.kr7.9 * *
-0.4% 0.3 21.0%5.4 18.0¢5.2 15.44.6  63.7x9.6 13.9:4.2 55;Qt9.o 33.8+7.0 36.6£8.9 20.9+6.3
-0.3 -0.2 16 .24 .7 * Lo, 7£7.6 * 38.4£7.5 52.8+8.8 * *
-0.2 -0.1 16. 447 22.1%5.4 50.5%8.L4 13.4xh.2 5h.2:8.7 33.2¢6.8 19.6£5.7 *
-0.1 0.0 * * A8.7£8.1 * 38.0#7.1  39.5%8.1 * *

0.0 0.1 13.3th.2 16.3tk.5 * 25.5+5.9 1h.7eh 4 43.8+7.7 36.7+7.3 17.9£5.0 24,3+6.3
0.1 0.2 * * * 25.6£5.9 * 45.2¢8.0  31.L6.4 20.4£5.3 *

0.2 0.3 * 18.9+5.1 13.1xk.1  27.0t6.0 1,343 hoo1x7.7 48.0+8.0 2h.ox5,7 18.9t5.1
0.3 0.4 * * * 24 . 4+5.8 * L49.5+8.3 36.1£6.9 26.9£5.9 *

0.4 0.5 * * * 16.9t4.9 26.9+6.0 h6.7:7.8 5k, 4+8.5 24,1+5.5 18.2tk4.9
0.5 0.6 * * * 33.6+6.6 * 52.3t8.3 73.0£9.8 26.1+5.8 22.9:5.4
0.6 0.7 18.2t5.0  1k.5xh.h 24.5:5.8 62.5t9.2 * 56.0+8.5 77.1£10.0 Lk, 2+7.6 19.6%5.2
0.7 0.8 ¥ . 30.7£6.5 * 53.4+£8.6 * 83.9+10.7 79.5:10.4  35.8%6.9 L42.0+7.4
0.8 0.9 21.5¢5.7 3b.kx7.2 2L,7#6.2 152.1%¥15.0 20.4%5.5 120.4x13.2 118.6+13.0 L46.5:8.1 37.3%7.2
0.9 1.0 18.3+5.8 75.8t12.3 27.7+#7.4 221.0x20.4  37.1%8.7 192.8+19.3 1h1.4*+15.7 39.1#8.3 30.2¢6.9

—gﬁ—
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in Section IV A. Our value for the asymmetry parameter is OLA=O.6627

and N (Nw) is the number of events (weighted events) in each interval.

28

- The error in the polarization was calculated from

2 V2

1 3 - (B,
oy = g = :
A Nw.

The PA distributions are presented in Table VI and displayed in Fig. 1h.



Table VI. Lambda polarizations for X + p = A + 2. Asterisks denote the
upper limits of the widened c.m. production cosine intervals. -
Momentum (MeV/c)
cos 6 821 878 888 923 oLé 975 1019 1057 1112
-1.0 -0.8 0.67+.034 -0.0L4%0.25 o.elp:o.eg 0.19+0.15 -0.21*#0.34% 0.11%¥0.16 -0.040.16 -0.10£0.30 0.67%.038
-0.8 -0.6 L% -o.ulto;gl -0.29+0.32 0.15+0.19 -0.02+0.32 0.09+0.19 -0.02¢0.22 0.34+0.35 -1.06+0.33
-0.6 -0.4 -0.34+0.43 0.25+0.30 * 0.04x0.22 * -0.16+0.23 -0.02:0.24 0.11*#0.31 - *
-0.4 -0.2 . = =* * o.1h£o.36 0.61+0.24  0.26+0.39 0.43t0.27 -0.11+0.28 * *
-0.2 0.0 -0.41+0.39 -0.54+0.35 * 0.86+0.25 * 0.51+0.26  0.53%0.29 0.40+0.34 0.%6+0.35
0.0 0.2 % * * 0.730.34 * 1.21£0.24  0.77%0.30 * *
0.2 0.4 * * * . 0.21+0.36 -0.05:0.40 0.60:0.26  0.94+0.26  1.05%0.33 *
0.4 0.6 * * : * - -0.62£0.35 * -0.36+0.25 -0.53+0.22 -0.57+0.35 0.37+0.40
0.6 0.8 * -0.3620.38 -0.25£0.29 -0.96+0.22 * -0.91+0.20 -0.40+0.20 -0.38+0.28 -0.25+0.33
0.8 1.0 -0.20:£0.39 -0.hk2to.24 * -0.740.13 -0.45t0.34 -0.55:0.14 -0.94*+0.15 .55:0.27 -0.83t0.29
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VI. DISCUSSION OF RESULTS

A X?—minimizing program is used to compare the éxperiméntal data
presented in Section V with the theoretical funétio?s in Section IV.
The various solutions reached represent the presence or absence of
particular background exchange terms and the resonant amplitudes. The
primary aim of this study is to investigate the nature of the background
terms in the scattering amplitude required to fit our data. Modifications
to the analysis, if the assumptiohs of thé absorptidn model are introduced,
are considered. Other goals of the analysis aré_to confirm previous
spin-parity assignments‘of the Yl*

.relative importance of the terms in the total amplitude, and determine

resonances considered, ascertain the

the best-solution parameters.

A. Fitting Procedure

The possible free parameters in this analysis are the amplitude
(xﬁl\_‘x[m)’[/2 P ER,F, and @ for each resonance, and the coupling constant
products and arbitrary phasesvfor the exchanges. If these quantities
are known, then the resonant and exchange contributions to a and b may
be found and the differential crosé sections and A polarizations
(equations (7) and (8)) may be calculated; We first compute the areas
under I and IPA for intervals in the productiorn angle cosines cprr68pénding
to the experimental angular diétributions and A polarizations. The
theoretical BA'S are the avérage polarizétions IPA/I over particular
intervals in cos 6. The areas under I and the theoretical PA'S are
then compared with the experimental data. The number of degrees of
freedom, ) is n-m-9 for a parficular fit, where n is the number of

data points, m is the number of parameters allowed to vary, and there are

an additional nine fewer degrees of freedom because the calculated angular
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distributions (i.e., differential cross sections) are normalized to the
number of events at each of the energies.

A reasonable guess for the starting values of the parameters which
characterize each hypothesis enables the calculation of the angular
distributions, polarizations, and cross sections. A x2 was determined
by comparing these calculated quantities with the experimental data
points and their errors. We used 135 angular distribution points, 63
polarization values, and nine cross sections for a total of 207 data
points for the fits. X2 was minimized using the program VARMIT,29 which
requires the calculation of the first derivatives of x2 with respect to
each of the parameters in order to determine the local minimum by means
of an iterative variable metric method.30

The m-dimensional X2-surface undoubtedly has many '"valleys'", and
VARMIT is capable of determining only a local minimum representing a
set of parameters closest to the starting values. To face this problem
of the uniqueness of a solution, the starting values were changed from
a particular set of minimum values, and the minimizing routine was
repeated to see 1f the same solution was reached. Our confidence in the
solution is thus increased, but there always remains the possibility of
other solutions.

The fits of the various hypotheses to the experimental data can
be compared by examining the lowest XE reached in each case, and in

calculating the confidence level, given by

o0
C.L. 8 - exp (V% x2) ax-
V2
y

y=[2-x§ -JEHD-l

where



1.

This is the probability that a X2 larger than the experimental value
would have been obtained, or alternatively, that another experiment

would give a poorer fit. The equation is approximately valid for nD>30.

B. Selected Solutions

*

The resonant energy of the Yl (1770) is well-centered in our c.m.

: *
energy region from 1700 to 1850 MeV. Other Yl resonances outside this
range but which may affect the. angular distributions and polarizations
to some degree are (masses and widths from reference 11):
* v -

1. ¥, (1660), I=50 MeV. This resonance is consistent with gF=3/2".
Published values of the branching ratios XKN and %An conflict with each
other. However, X- x, & 0.0l.u’sl |

TR A

% .
2. Yl_(l690), '=120 MeV. The JP for this enhancement is not known,

v *
and we have not attempted to probe this Yl .
N .
3. Y, (1910), r=60 MeV. This effect, still not completely
: + ~ 2 ~ o b2
established, has JP=5/2>, = X O.l,3 »33 and X ~ 0.01. " [
* . P +
4. ¥,7(2030), r=120 MeV. For this resonance, J =7/2", X=0-25,
and xjm_=‘0.l6.3lL The partial-wave analysis of Smart et al.h gives
xKNgAn=o.lu.

In performing the analysis, we start out with fairly simple
assumptions ahd then gradually increase the number of amplitudes contributing
to the reaction K + p - A + nO.._We allow (XKkanyé » Bp, and I' of the
_Yl*(1770) to vary, but only permit the amplitudes.and the relgtive phases
.of the other resonant terms to change. As a convention, we fix ¢=0° for
Yl*(l770). The background parameters are discussed more explicitly later.
Initially, we sought a solution using a D5 resonant amplitude, répre—
senting Yl*(l770), along with real t- and u-channel exchange terms; for

a second trial, D5 was replaced by an F5 resonant amplitude. Although
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neither hypothesis was adequate to fit the data, as is obvious from the

C.L.'s for solution 1 in Table VII A, the relative confidence level is

C.L.(D5) Lo .

R(D5/F5) E m = 10

The data clearly prefer D5, and in subsequent cases we assume Yl*(l770)
is present and characterize it as JP=5/2- (D5).

As confirmation of the parity of Yl*(2030), solutions 2-5 were
constructed to test both JP=7/2+ and 7/2" (F7 and G7) possibilities.
Real background exchanges were used by fixing the phases of these terms
at 0° and 180°. Resonant F5 and D3 amplitudes, representing Yl*(l9lo)
and Yl*(l660), were added. one at a time. The relative C.L.'s for these
solutions favor F7 over G7 in every case, with R(F?/G?):lOY, 108, 105,
and 10°. Hence JP=7/2+ is confirmed for Yl*(2030), in agreement with
the original analysis of Wohl et‘al.yL ‘

We next tested the parity of Yl*(i660) as JP=3/2—band 3/2+ (D3 and P3)
in solutions 5-7 with real background terms and resonant F5 and F7
amplitudes present. The relative C.L.'s are R(D3/P3)=ld, 10, and 6.
Although the discrimination is weaker than for the previous trials, in
each case D3 is favored over P3. Thus JP=3/2- is confirméd for Yl*(1660),
in agreement ﬁith the’assignment originally proposed by Alvarez et al.sl

The resonant partial waves and the partial-wave projections of the
exchange terms are plotted in Fig. 15A for solution 5a. Even for this
solution, the best so far, the probabiliﬁy of_fit isvstill very 1ow *
(C.L.%lO—B). The S1i-, Pl-, and P3-wave contributioﬁs arise solely from
the exchange térms, which are real; we fixed ¢=0°(180°) for the t- (u-)

channel exchange term. To keep these lower partial waves real is to say

that no other processes are taking place; the low probability of fit
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Amplitudes and terms used to fit the experimental
angular distributions, A polarizations, and Ar®

cross sections.

The number of degrees of freedom

is given by nD=n—m—9, where n=207 data points and

m=number of free parameters.

Solutions for real background exchange terms.

Fit  Resonant amplitUdeé Exchange '
terns

la D5 tu 418
b F5 t u 662

. 2a D5 F7 % 370
b D5 G7 t L2
3a D5 BT t u 359
b D5 a7 t u L7
by DS F5 FY t u 338
b D5 F5 G7 tu 377
oa D5 F> F7 D3 ~tou 315
b D5 F5 D3 G7 t-u 3é9
c D5 F5 F7 P3 tu 322
6a D5  F7 D3 t 339
b D5  FT7 P3 t 3Lk
7a D5  F7 D3 t u 331
| b D5 F7 P3 t u 340
8 D5 F5 F7 D3 t 321

o

o o N N

10

10

12

12

12

10

10

11

n C.L.
192 1078t
192 103
191 1o"¥h
191 1072t
190 10713
190 2x1072t
188 3x107Ht
188 3x10'l6

186 5%1077
186 07
18 8x107 10
189 3x10”
189 3x1078
188 10710
188 107
187 2x1077
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Table VII. (continued)

B. Solutions for background exchange terms multiplied by

phenomenological factors ei@.
Fit  Resonant amplitudes  Exchange - n n,  C.L.
terms B

9 D5 F7 | » ot 266 8 190 10"”
10 D5 D3 t 271 8 190  6x107°
11 D5 F5 F7 t 248 10 188 0.002
12 D5 F5 - D3 t 6L 10 188 107"
13 D5 F7 D3 t 2lk 10 188 0.003
W D5 F5 F7 D3 t 1229 12 18  0.018
15 D5  F7 D3 » t u 227 12 18 0.022
16 D5 F5 F7 D3 t u 219 1k 184 0.038
17 F5 F7 D3 tou 6k 12 186 1074

18 DS F5 &7 D3 P1 t u 017 16 182  0.035
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implies that simple exchanges are insufficient to descfibe the background.
To ease this restriction, we may simply multiply one or both exchange
terms by phenomenoclogical factors, ei$. We have done this, and Table
VII B displays the results. A comparison of like resonant and exchange
term-contributions‘between the 'solutions in Tables VII A and B shows a
vast improvemenf in the fits, with relative confidence levels between
107 ana 10%°.

A study of solutions 9-16 in Table VII B revealé.the'relative importance
of the Yl* resonances outside our energy range. Relative confidence
levels fbr solutions with and without the F7, D3, and F5 amplitudes are
approximately iOO, 20, and 10, respectively. The addition of any of

these resonances improves the probability of fit, but we can conclude

*

that the ¥7 is the most important Yl 5

other than Yl*(1770), affecting
the angular distributions and polarizations'in our energy region. The
addition of the u-~channel contribution increases C.L. between 2 to 7
times.

Finally, sdlution‘l7 demonstrates that the data really prefer D5

L6

*(1770), since C.L.(F5)=10"" and

"over F5, as the assignment :t‘orvY:L
C.L.(D5)=0.022 for solution 15. This giveé us added confidence that
Yl*(177o) indeed has J'=5/2".

There has recently35 been some indication for the existence of a
JP=1/2+ Yl* resonance with (ER,P)=(1882,222) MeV. We added a Pl resonant

R

amplitude to solution 16, fixing E
found a solution with C.L.=0.035. Since'the it is only.slightly better

and T at the suggested values, and
without the assumption of this term, we'bonclude that if it is present,
its signal 1s not strong enough to be distinguished in our data.

The three best solutions in this second series of fits have

confidence levels in the range 2-4%; solutions 1k and 16 are plotted
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in Pigs. 15B and C, and solution 15 is shown in Fig. 16. We expect the
resonant amplitude, T; to bebpurely imaginary ét the resonant energy
w:ER; i.e., the resonant phase angle ¢ should be 0° or 180° relative to
¢=0° for D5. From these plots and Table VIII, we see that when the

F5 amplitude, Yl*(l910), is absent, the relative phases for both F7 and
D3 are 180° within errors (solution 15). .The inclusion of F5, while
slightly improving the probability of fit, yields solutions for which
the relativé‘phase requirement is violated by either or both F5 and F7.
The conclusibn.is that the F5 resonant amplitﬁde is not necessary for

our data. We do, however, require the u-channel exchange contribution

to the background.

C. Comparison With Other Analyses

Table ViII also shows the other resonant parameters which were
allowed to vary; they are consistent within errors for these three best
soluticns. 1In the last column are the resonant parameter averages for
the solutions. The errors presénted in this column are simply thé average
of the errars for the three solutions. The experimental data for the
hypotheses afe exacfly the same, and the errors would be underestimated if
the three solutions were to be regarded as independent determinations of
the parameters.
The Yl*(l770) mass of l776i4vMeV is consistent with the current average.u'

fhe width of 152+9 MeV is quite a bit higher, but entirely consistent with
33

the analyées of Smart et al.u and of Davies et al. The branching ratio
product XKNXAJt for D5 of 0.222£0.011 is twice that of feferences 4 and 27;

if Yl*(l9lo) is pfesent; XKNXAH=O.02810.018, congistent with these references.
For Yl*(2030), we find kﬁNgAﬂ=O.lh3iO.O69. 'This value agrees well with that

of Smart et al.u but is higher than that found by Wohl et al.gu Finally,

for Yl*(l660), XKNgAn=O.O58iO.023. While the published branching ratios
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Table VIII. 'Resonant parameters from three of
the best solutions.

Resonant
amplitude
D3 175°
D5
F5 61°
F7 216° =+
D3 0.057
D5 0.228
¥5 0.032
T 0.162
D5 1776
D5 145

Solution 1k

Solution 15

Solution 16

I+

I+

+

1+

H+

14°

29°

15°

0.024
0.011
0.017

0.060

Relative phase

170° + 12
0

172° + 9°

R A
0.059 + 0.022
0.221 + 0.011
0

0.092 + 0.058

Resonant energy

NG

Resonant width

158 + 10

179°

60°

193°

0.058
0.218
0.025

0.176

1776

152

I+

I+

{4

I+

1+

I+

I+

I+

i+

Average
15°
24°
16°
0.024 0.058 + 0.023
0.013 0.222 + 0.011
0.018 0.028 + 0.018
0.090 0.143 + 0.069
5 1776 = 4
9 152+ 9

* * *
The masses and widths (ER,F) of ¥, (1660), Y, (1910), end Y, (2030) were

kept fixed at (1660,50), (1910,60), and (2030,120), respectively. The

branching ratio products shown, X

fits, (xK'pX/\m %; by XRI\IXA:rze [(XK“pXM )72.]

Axt

2

, are related to those from the
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XN and Xy show inconsistencies, as noted in Section B above, our value

31

for the branching ratio product agrees with that of London et al. and

is somewhat higher than that of Alvarez et al.

Solutions 15 and 16 show that, within errors, the resonant amplitude
Yl*(lwo) is 180° out of phase with Yl*(2030) and with Yl*(l660) at
resonance, in agreement with the findings of Smart et a.l.l’L The solution
16 phase of 60°t24° for Yl*(l9lO) relative to Yi*(l770) is two-and-one-
half standard deviations away from 0°; reference 4 found that Yl*(l770)

*
1 (

: *
seem not to be particularly sensitive to the presence of Yl (1910).

was in phase with Y, (1910) at resonance. As noted earlier, our data

As indicated in the Introduction, E‘)marJr,LL studied the reaction
K +1n — A+ x in the c.m. energy region 1660-1900 MeV, assuming Yl*
resonances in the direct channel and four complex background amplitudes
which were éither constant ér mildly ehergY—dependént.. It is significant
that the projections of the first few partial-waves of the exchange-
channel terms in our model agree with the general orientation and
magnitude of the background partial waves of this reference; The
implication is that the actﬁai,gackground amplitudes in the complex
T-plane for the general reaction KN — Ax are independent of any
particular parémeterization. As a final point of comparison, Smart used
15 parameters to achieve C.L.:l.?% when his background terms were
constant; when fhese terms were energy-dependent, C.L.=8.3% for 23
parameters. In our model, solution 15, for example, uses 12 parémeters
and C.L.=2.2%. The numbers of data points in both analyses are

comparable.

D. Background Amplitudes

The partial-wave projections of the exchange-channel amplitudes are
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consistent among the solutions in Table VII B as to orientation and
energy dependence. Moreover, the t-channel exchange parameters for
solutions 14-16 are the same within errors, and the u-channel exchange
parameters for solutions 15 and 16 also agree. (No u-channel exchange
was allowed for solution 1L4). This indicates a lack of sensitivity of
the t-channel parameters as to (1) the presence of F5 and absence of
u-channel exchange; (2) the absence of F5 and presence of u-channel
exchange; and (3) the presence of both. This is not surprising, since
the primary contribution to the reaction is Yl*(lYYO) and all other
contributions are small compared to it. We now proceed to a discussion
of the exchange-channel parameters within the context of Table IX.

From the full width of the K* of I'=49.2 MeV,ll we can estimate the

*
coupling constant at the K Kx vertex from

2 3
L
T M2

of
-3
BT
wl

*

where p is the momentum of the decay products in the K c.m., M is the

* . . Kt + 0] .

K mass, and the 1/3 comes from the partial width of K — K + z being
*

one-third of the total K width . Then g2/4ﬂ=0.81. The average of

the absolute values of 8G,, and &G from solutions 14-16, are 4.42+0.83

and 30.70t3.36, respectively; these errors are the average of the errors

for the solutions, for the reason given in Section C. Using the above

value for gg/hn, we find from our analysis,

0.15 + 0.04

i

7.34 + 1.14
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Table IX. Exchange channel parameters.

Parameter Solution 1k Solution 15 Solution 16
gGV -6.37 + 0.67 -é.85 * 0.73 -!+.05 + 1.09
el 29.5 + 3.08  -31.19 + 3.h2  -31.3k  3.57
Py 29°¢ 5° 27° + 5° 31° £ 9°
8,6, 0 8.64 + 1.43 6.29 £ 2.51
P --- 221° + 10° 208° + 16°

u
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and

Crp
= = 6.94 + 2.14
%

Hoff,lh in the study of xx + p = A+ KO with the assumption of
K* -exchange, two direct-channel resonances, and no tensor coupling term,
finds the product of the square of coupling constants (gev/uﬁ)2=o.155.
If we use the above value for g?/hﬂ, then Hoff would find Gv274n=0.l9.
Our value is consistent with this.

The vector coupling constant for the Kf NA vertex can be related to

that for pNN by SU(3):36

2 ' 2

G. G
v 1 2 %
4 =z (1+of) | ,
( Ly ) * 3 (1 + 2f) ( b )
K NA QNN

where f:F/F+D = l/l+R is the symmetric-antisymmetric octet mixing parametér,
and R is the D/F ratio. From a study of nucleon-nucleon forces, Scotti

and WOng37 estimate (Gvg/Mn)pNN=l.27. If the vector coupling of the
vector-meson octet to the baryon octet is of the pure F type,38 R=0 and

=1, and (Gve/hn)K*NA;3.8. Our value is about one order of magnhitude

less. A lower value implies a higher D/F ratio, but even for pure D
coupling, with f=0, one would find (Gvg/hn)K*NA=O.4, still somewhat above
our determination. ‘

For the tensor coupling.constant, a similar form holds:

2 ' 2

( °r_ b1 )
Ly b

K~ NA PNN
37

[}
~—
>

1]
W
—~

},..J

+

no

i._b

N

P

'e

In}
The Scotti and Wong estimate (GTL/uﬂ)pNN=ll.h implies a range for f
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from about zero up to £=0.28. This is within the range 0.15 < f < 0.56

suggested by Martin and Wali39

on the basis of a model using single- .
baryon exchange. Moreover, if the tensor coupling of the vector-meson
octet to the baryon octet is primarily of the D type, with the Sakuraiuo

value R=3.5, then (GTg/hﬁ)

K*NA=7.9, cons1stent with our Valug.

From studying the electromagnetic baryonic structure,ul one has the

estimate (GT/GV) =3.7. Using
. PN

Gy / « T+or, \CGy

and RT=3.5 as before, we find a region -0.23 < £ < 0.18, suggesting a

o]

PNN

range from D/F = 5 up to a pure D type vector coupling of the vector-
meson octet to the baryon octet. If one were to assume a pure F type
vector coupling, then (GT/G ) ~ 2. Our higher G_/G. ratio implies
| ARG Ty

(1) a smaller D/F ratio for the tensor coupling, (2) a larger D/F ratio
for the vector coupling, or (3) both. For example, if RT=O and.RV=3/2,
then Gy/G, ~ 6.2.

For the u-channel exchange, the pertinent vertices are KNA and nlNN.

The NN coupling constant i; fairly well-known, g22/4n=15. Then from

our analysis, for the KNA vertex,

2
g, '
— = 0.024 % 0.009 .
by

v ‘
Warnock and Frye, in a study of low-energy KN scattering, find two
best fits to the data, both consistent with'g12/4ﬂ=Q. Qur value is

also consistent with zero. On the other hand, from SU(3) invariance,
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g .
2 Laren® A
by 3

The above Martin and Wali39 range for f iﬁplies 8.5 < glg/hn < 22.5, and
using modified dispersion relations, Chan and Meiereu2 predict glg/hﬂ=l3i3,
compatible with SU(3) invariance. Our value is at least two orders of
magnitude below these predictions.
To summarize, the background parameter values from our analysis,
GVE/Mﬂ for the K NA vertex and glg/hn'for the KNA vertex, are consistent
with other experimental fits but low compared to theoretical predictions.
Both GTE/Mn and GT/GV for the K'NA vertex agree with theoretical predictions.
We also take note here of the various contributions to the angular

Fistributina. The resonant contribution is due primarily to Yl*(l770) (D5)..
The interference between the resonant.states and the t-channel is mainly

a D5-Pl partial-wave interaction, giving rise to constructive (destructive)
interference in the forward (backward)'direction. The resonant-u-channel
interference comes from principally D5 and S1 partial waves interacting,
producing constructive interference in both forward and backward directions.
The small t-channel and u-channel.interference-arises from an S1-P1 term,
vgiving constructive (destructive) interference in the forward (backward)
direction. It should be noted that the resonant term comprises 70-80%

of the total amplitude. Table X shows the qualitative contributions of

the various terms to regions of the angular distributions and A s
polarizations. The background exchange terms, although small in them-
selves, interfere with the primary (resonant) interaction to produce more
pronounced peaking in both forward and backward directions in the angular

distributions.
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- Table X. Qualitative contributions of various terms to
regions of the angular distributions and A
polarizations. R, t, and u denote resonant,

. ' t-channel, and u-channel contributions.
A. Angular distributions B. A polarizations
Term Backward Forward Backward = - Central Forward
R + + 0 : - -
t 0 + 0 0 0
u + 0 0 0 0
R-t - + - + -
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E. Absorption Considerations

As we have éeen, the inclusion of pheéenomenological factors ei$ for
the exchange terms to try to account for other processes which may be
taking place improves the probability of fit by seven-ten orders of
magnitude. If, instead, we were to take absorption into account, we
would conventionally multiply the projected partial-wave amplitudes by
the factorsuh

[ -7+<x-72>2]72 -7_<x%>2]'/2
1 - C+e 1l - Ce 5

where the variable x is the total angular momentum, JO < x < o . When

C * =1, this form represents complete absorption for the lowest partial

wave contributing to amplitudes with JO%é . The initial (+) channel

- parameters may be taken from elastic scattering data,

“ror

¢ =

+ byeA
and

y 1

=TT s

* 2x%a

where o is the total cross section, k is the incident c.m. momentum,

TOT

and A is the elastic-scattering lepevparameter, obtained from

for the elastic-scattering differential cross section. From the elastic
- 4s
K p data of Gelfand et al.
we estimate C+ & 0.4 and T, ® 0.2 near 975 MeV/c. (This may be compared

ron gL o . .
with (C+.r+)u(0.bh,o.05) at 3 BeV/c,Pu) Since An scattering data is not

available, we consider instead (C,7)=0.765,0.038) for x p scattering

and the total cross section data of Bugg et al.
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at L BeV/c;47 scaled to our final-state c.m. momentum of 530 MeV/c, we
very roughly estimate our final-state parameters (C_,y ) = (0.8,0.2).
A comparison with the initial-state absorption parameters shows that this
choice of (C_,7_) implies a much stronger absorption of the lowest partial
waves in the final state.

With these admittedly crude estimates, we find that both S1 and P1
partial waves would be 65% absorbed, P3 and D3 would be 52% absorbed,
and D5 would be 27% absorbed. The eXchange—chanhei partial-wave
projections are primarily S1, Pl, P3, and D3, with Pl the largest. The
magnitudes of S1, P3, and D3 relative to Pl are about 50%, 30%, and 15%,
respectively; the D5 partial wave is 2% of P1 and all higher partial-wave
projections are less than this. If the lowest partial waves were absorbed
to some degree, then the coupling constant products would be expected
to increase to compensate, and gle/hﬂ, for example, would be more in
line with theoretical predictions. We would also anticipate the t—channel
contributing somewhat mbre forward peaking to the angular distribution
if its higher partial waves became more important. However, the t-channel

contributes only about 15% to the total Aﬁo cross sections, so the effect

should not be too pronounced. The u-channel contributes éven less,
about 5%. |

Tﬁe calculated angular distributions already £it well with the
experimental data without these assumptions of the absorption model.
However, we would expect the fit to the polarization data to be better
with the higher background partial waves making relatively larger
contributions to our reaction. Hence we would expect absorption to
somewhat improve our overall fit, and thisrprocess would not be so
artificial a method of taking account of other processes taking place.

At higher energies, as more competing channels become open,
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undoubtedly absorption would play a more important role. One would expect
these more complex reactions to be the result of collisions at small
impact parameters; the existence of these other possible final states
would reduce the lower partial-wave amplitudes for our own single reaction
of interest. A probleﬁ common to both unmodified and modified (through
absorption) exchange mechanisms, however, is the well-known high—enérgy
violation of unitarity, whether or not one assumes any structure for
the vertices; i.e., dependence of the coupling "constants" on momentum
transfer. An amplitude involving a t-channel state of angular momentum
J 1s proportional to sJ, where s is the square of the total c.m. energy.
Hence for our vector meson K* —exchange,vthere will eventually be a
violation of unitarity. In our energy range, there is no violation,
but one can see that the amplitudes do show an increase with energy.
Presumably, at high energies, an alternate description--for example,
Regge poles--of the t-channel may be drawn to alleviate this problem.

We now comment here briefly on the possibility of Regge-pole
exchange. There is some question about the use of this mechanism in
our case, in the first place, since our energies are rather low; in
addition, a model which uses both resonances in the direct channel and
Regge-pole exchange involves "double-counting', since it has been shownu8
that projecting the Regge amplitude into the direct channel produces circles
on the Argand plot correSpdnding to experimental resonances. More®

49 that these Argand plot circles

recently, however, it has been argued
should not necessarily be intérpreted as resonances. This problem is
in a momentary state of flux, and we conclude by pointing out that our

parameterization of the exchange amplitudes is such that partial-wave

projections of these terms cannot form circles on the Argand plot.

©
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VII. SUMMARY

The reaction K + P ;a A+ no has been analyzed with the assumption
of direct channel resonances and background exchange aﬁplitudes. Simulta-
neocus fits to the experimental angular distributions, A polarizations,
and Aﬂo cross sections have been made over the c.m. energy range 1700-
1850 MeV.

Qur data have>shown strong enough discrimination to confifm the
previous gt assignments of 3/2 - for Yl*(l660), 5/2 - for Yl*(1770),
and 7/2 + for Yl*(2030). Our determinations of the branching ratio
products Xz X, for Yl*(l660) and Yl*(2030) are 0.058+0.023 and
0.143+0.069 respectively. Our data are not particularly sensitive to
the presence of Yl*(l910). To the degree that we can distinguish it,
we obtain a value XKNXAH=O.028iO.018 The Yl*(l770) mass, width, and
XKNXAn are determined to be l776i4 MéV, 152+9 MeV, and 0.223+0.011,
respectively. |

Only with additional ei‘:P factors applied to the exchange terms can
reasonable fits to the data be achieved. We obtained values of the’
'coupling constant products for both Kf - ana nucleon-exchange, but since
we ignore structure in the vertices, they should not be taken too
seriously, although there is some agreement with'the work of others.
Taking acéount of absorption due to competing channels woﬁld be a more
realistic approach, and should increase the values of our coupling
constants.
| Finally, we have shown that the assumption of direct channel
resonances and a simple parameterization for the background will produce

reasonable fits to our experimental data,
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FIGURE CAPTIONS

1. Schemétic of the beam line.

2. Example of a O-prongt+V in the chamber.

3. Lateral deviations, Ay, of beam tracks (A) toward the beginning
and (B) toward the end of Roll 2201. Tracks falling between *1.2 cm
were accepted.

4a. A kinematic ellipse plot for K + P = A+ ﬂo. The semi-minor
axis is the final-state c.m. momentum, and the distance between the
A vertex at the left and the no vertex at.the right is equal to the
K lab momentum. Lab momenta and angles for various c.m. cosines
at the perimeter may be read off directly: A (no) in the upper
ﬂmmr)hwfﬁﬂam.

4LB. A similar plot for K + p — z° + n. Quantities for the n (KO)
are in the upper (lower)‘half—plane.

5A. Curves of constant decay opening angle between the decay

products for K 0 and A. The lab momentum of the (-) decay product

1
is plotted against that of the (+) decay product.

5B. The expected isotropic distribution of the x in the Kio c.m.;

thé A events which simulate K 0 show up in the backward angles. The

1

lower histogram shows the K o's separated from the A's.

1
6A Positions of the prOdugtion vertex along the chamber. The
entrance to the chamber is located at x=24 cm.

6B. Lateral positions of the decay.vertiges along the beam. Events
félling outside a radius of 21.5 cm from (x,y)=(48.5,50) cm were
rejected. |

TA. Tength of the A before decaying. A cutoff length LO:O.B cm

was used.
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7B. Histogram of W_, the weight for the A length selection assigned

L’
to events meeting the fiducial, length, and missing-mass-squared
criteria. The limit near wL=1.1 is due to‘the kinematics of the
problem and to the nbn—zero cutoff length.

8A. Azimuthal distribution for high momentum A's.

8B. The same distribution for low momentum A's. Losses of A's whose
momenta make small angles with respect to the camera axis would be
evident near ¢=90° and 270°.

9. The combined distribution of the square of the missing mass of
neutrals recoiling against the A for events satisfying the fiducial
and length criteria.

10A. Angglar distribution of the no at pKlel9 MeV/c'for events
sétisfying fiducial and length criteria (lower histogram). The
distribution for events weighted by wm alone is shoﬁn as the upper
histogram.

10B. Distribution of X2 for the lC-fit for events meeting fhe fiducial,
length, and missing—maSSAsquared criteria. |

11. Cémplex T-plane with unitary bounds for a resonant state (small
circles). The circle centeredvat the origin -with radius 0.5 is the
limit for partial-wave amplitudes in a reaction éhannel. These limits
are drawn for partial-wave amplitudes in a state of pure isotopié
spin. |

12. Cross sections for K +p — A + 7%, The solid curve fit to

the data points in the present experiment are from solution 16. The

27

points of Armenteros et al. are also plotted.

0]

The solid curves are the fit to our data from solution 16.
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14. The A polarization for our experiment. The solid curves show
the fit to the data from solution 16.

15A. Plot for solution 5a of the D5, F5, F7, and D3 resonant
amplitudes with real t- and u-channel exchange projections is a

fit to’the data shown in Figs. 12-14. The (+) symbols denote the
excursion limits of fhe amplitudes over our energy range.

lSB. Plot for solution 14 of the same resonant amplitudes but with
a t-channel exchange modified by a phase factor.

15C. Plot for solution 16 of the same resonant amplitudes with
both t- and u-channel terms modified by phase factors.

16. Plot for solution 15 showing D5, F7, and D3 resonant amplitudes;

both t- and u-chénnel terms have been modified by phase factors.
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