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ABSTRACT

We have studied properties of strange-particle final states arising

from reactions of 1.14to 2.4-GeV/c 7' mesons on deuterium. T

otal

cross sections on deuterium are presented and three reactions are

: . ‘ :
analyzed in terms of the impulse model. Y (1385) production dominates

the nAK+n*‘fina1 state, and the~reaction is described ‘adequately near

*
threshold by a magnetic dipole K exchange model.

The nI K m

0 +

final

%

Wk

h : *
state is found to be primarily'nZ+K *. Highly aligned 4}’5 are produced @

in the reaction n'd -~ ppK'K~, along with A (1520).

T
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1. INTRODUCTION

In this paper we present results of an’lnﬁestigation
of s&ranoe-particle production ln‘rﬁd 1ntersctions between
l;l'and R4 GéV/c. The experimental dats come ffom an
exposure of 250 000 pictﬁres in the Lawrence ﬁadiatbxl
Laboratory 72cndeuterium-filled bubble chamber, the ex~
posure was obtalned orimar11y to study(u,n andrNVprammtlon.
The analyvis of LO and 'VL oroductxon is reporrted else—

1 .

where.

We first ofeseﬁt the procedures for analyzlng,thé

‘data, then the cross sectith'for the reactions on a deuter-

on, comp=r1no theve to the correspondino reactlons on a
.free nucleon. This is followed by an analysis of three

final states in terms of reactlons with one of the in-
div1dua1vnucleons.

.Most_of the strange-particle states arising from the
re actiorl’ of a positive pion with a neutron in the deuteron have
been analyéed in the charge-symmetric Ti"p reaction with
better statistics. (See Refs. 2 and 3 and papers quoted
therein) An exception is Eﬁ\~'pK+K~; ihis.is one of the
reactlonsAconsidered in this report. Since the reactions
on a proton have'notvbeen studied with statistios compar-
ablé to ours, we also present data on Tﬂb~aAK*n*and

’Lp—->§*lv{°‘ﬁ'r
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11 EXPTRINENTAL PROCEDURES

A° Exposure §ize

Pictures were taken at eiqht dif? erent beam momenta,. -

SPaC@i fairly uniformlv between 1.1 and 2.4 GeV/c.
To deternine the exposure size at each different beam
momentum a saecial scan was made to determine the
totallengﬂu | of beam track and the. total number of in-
teractions. The track-length deternination d1rect1y gives
the exoosure size in events/microbarn (26 3 x 1ob cm of .
track qives 1 event/microbarn), and by comparing the
total number of interactions with the known ﬂ d cross
section?ﬁ ‘we get another determination of the events/
microbarne_ The two methods gave con51stent results and

the average was used as the exoosure size (Table 1)

B Scanninq and gpasurin grocedure

The entire exposure was scanned twice for events wlth
va;visible neutral decay -vee).. A list wasvmade of all
events on which the?two sCans disagreed as to:the ex-
istence_of.an event or its event-type; these events were
lookec_i at again to resolve the conflict, ”

vAssuming independent probabilities for the two scans,
we find that the combined scanning efficiency on events
_whiCh pass our fiducial volume cuts is 99% cr greater.
The assumption of independent probabilities for the two
scans is not neccessarily correct; some events might be
inherently less visible than others, e.g., vees with the

decay plane at a small angle to the camera axis., Losses
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dué'to thése effects'were investigated and found to be

négligible in all but the two‘cases discussed,iﬁ the

following section—shdrt tracKs'on vees énd st decaysF-and

ifor-thésg.two;céses tﬁe remaining events wé;é weighted to

naccount fbr‘the loss. | o : o ST v
~The events were measured and fed into the standard |

Lawrence,Radiation Laborétory Groub A three=dimensional

reéqnstrﬁction_and kinematic fitting program SIOﬁX;

Eyentsfwhich féiled to et an acceptable fit on the first

meas.ur‘ex_n_ent were remeasured once v(_énd twice if‘ necessary).

Lot o e ez o . After the event had_failéd three

times it was looked at caréfully on the scan table and thé

reason for failure ascertained,



C. - Detectionggorrections

If a K or a A is produced near the bubble chamber‘walls there is a

chance it will decay outside the visible region and be lost. Furthermore 3£ 71t decays toc

close to the productlon vertex 1t w111 appear to be a non-vee event and also be

lost. In order to account for losses due to these effects, f1duc1a1 volume rds-

tr1ct1ons were 1mposed .on the events. Events whlch had a vee near one of the walls
were flagged and treated as 1f they had never been found It was determlned that
events with decay vertlces closer than 6 mm to the productlon vertex also were

mlssed Therefore ‘all events w1th neutral decay lengths less than 6 mm were also

‘flagged and treated as 1f never found

When a A of laboratory momentum 120 MeV/c decays with the proton going
: froame,
backward 1n the A rest frame, the proton is at rest in the laboratoryA Also if
feornt,
the A has'very low momSALuM in the labora@bmy -the vee will have a :very.large open-

1ng angle and will be mlstaken for a stray track. We therefore have a loss of

low-momentumvhls; If the A has 800 MeV/c momentum and the n goes backward a

51m11ar s1tuat10n occurs-—-the n has very low momentum and 1nteracts or decays
before going very far. Flgu l(a) shows this effect. The loss of events was para}
meterized by the function shown in Fig. 1(b).

The Ef's produced in this experiment typically have over 1 GeV/c labora-

tory momentum. If the I  decays into pn° the proton makes a small angle with

"respect to the z* line of flight-(<15°) andlmixmucesrlittle changevin;ionization

density. Under these circumstances the scanners have difficulty identifying the
event as a charged decay rather than a proton scattefh@:fherefore, for purposes of

cross-section calculation, we have used only the ng+ decay mode of the I and

A . . + i
- corrected the number of events to account for the pno mode., The nw® events were



. + . '
also weighted to try to account for low-momentum 7 's (as in A decay) and scan-
ning losses for high-momentum colinear decays. The correction for these latter
" ,
two -effects“waeftaken as 308, Because ofeunqernaintmes;ﬁﬂmﬂh&awpnoaﬂdunenmhcre;could bg
systematic errors of the order of 20 o/o in the cross sections for final states
- + '

containing I 's.

The events which passed the fiducial volume tests were weighted to

-account for these losses. .

D.. Separation OfggypptheSes

For each hypothesfs that had an acceptable fit, an empirical-"badness" .

-

quantity was calculated, \<>
' S NN
B = Xk'SNk+1/2("I'N)'Fk |

where x X is the kinematic chlsquared N, 1is the number of kinematic constra1nts

k
XZI and NI -are the same for the track 1on1zat10n dens1ty, and FkL = 0 for a A, or

10 for a K ' Approx1mate1y one-third of the events had passing measurements

kL= S*

on the Splral Reader measurlng machine, and therefore had 1on1zat1on 1nformat10n
[See Ref, (S) for a descrlptlon of the 1on1zat1on routanetj
Because of the decay kinematics it is possible for most A's to pass

as K.'s, but very few KS decays can fake a A, (Because of the h1gher Q-value for

- frame
arsual by hewe a much larger opening angle in the. laboratory than

S

K decay, the KS
a A). Therefore we chose to bias agalnst the K fits; a factor of 10 added to the

"badness" of the KS fit was found to produce essentially perfect A-K. separation.

S
The hypothesis with the lowest badness was tentatively accepted as i

the "best" fit. If there was any other hypothesis which had a badness within 10

of the best fit, and if it was possible to distinguish‘between the two hypotheses

on the basis of track ionization, the event was looked at on the scan table. Any

hypotheses which were inconsistent with the observed ionization were deleted.



-7-

III. ANALYSIS AND RESULTS

A, Cross;sectlons

It is hot heeessaty‘(or even possible in‘some cases) to do a separa-
tion on an event- by-event ba51s to get the cross sectlon all that is requlred is
- the number of events that should be ass1gned to each hypothe51s. The CToss sec-
tlons were determined in the follow1ng way Final states with the same visible
particles were lumped together e. g.,[nAK ﬂ and nz k*x ] or [pAK » PL ok* , pAK ﬂ , and
pL og* m ], etc. ). Mass and angular d15tr1but1ons for these events were then ex-
amined to determlne how many amblguous events to a551gn to each final state. Two
examples w1ll serve as 1llustrat10ns | | h
(i)' Many of the final states in th1s experlment afe one- constralnt fits (one
mlss1ng non decaylng neutral) w1th a decaying A. The correspond1ng
mlss1ng-mass (zero constralnt ) hypothes1s is the same f1nal state
w1th the A replaced by a Z , whlch means that we are now m1551ng the A mmA
tow ever | O cuu\g;‘lIk o luvizenetgy B roy) . ' %
A g1na1 neutral plus a y ra Aw111 have a perfectly acceptable one-
constralnt f1t maklng 1t 1mp0551b1e to tell the two hypotheses apart
.Therefore to get the cowrecqﬁumber of one-and zero-constraint events,
the m1551ng mass dlstrlbutlons for events w1th a best f1t to e1ther
the one- constralnt or the zero-constraint hypothe51s were plotted |
together,and the number of one-constra1nt events estlmated. See
Fig. 2 for an example of this procedure. |
(ii)_ The states pAK (four-constraint) and pz ox* {two- constralnt) were
also impossible to distinguish on an event-by-event basis. When the

o dQCQ s 0 that
I ds he Y ray goﬁﬂg backwards along the line of flight of

—

- the 20, the ¥ ray has very,llttle laboratory momentum and energy, and
it becomes difficult (because of the measurement errors) to distimguish it
from no particle at allei.e,, a’pAK+ event. When the proton has a

laboratory momentum less_than’about 80 MeV/c it does not go far ehough



e

(¢$2 mm ) to leave a visible track,and this in efféct adds on another

50 MeV/c or so in a random directlon to the measurement error. Under
these circumstances it is impossiblé to tell a t° With a backward-

o .

going Y ray from a A event. The '"badness" function biases rather
strongly in favor of the four-cnnstfaint fit, and therefore events with
avsoff anay will preferentially bé cailed A events. Figufg shows the
E? decay disiributions for evénts with.a "best" fit to a_Eo hYpothesis;
in'theIOddfprongs (évents with an in&isiblgypfotnn),itné loss of
:eventé wiﬁh backward-going v rays.is especially consnicuous. This
distribntion.was piotted for eaéh beam momentum and used to determine
how many szénents‘haa been calied AH;. |

The nrosé sections detérmined in this way are given in Table IT and
. Figs. 4-8. Errors quoted take into acéount uncertainties in separating different .
final states; thé"éross sectidns{Quoted for final states containing a_Ef could have
an additionnl 20% systematic error. (Sée Section II C.) |

If we assume that the reactions we observe can be explained in terms of

the w interacting with one of the nucleons, we can compare the deuterium cross
‘ ' 2,3,6,7

-

These mN'cross sections

-

section with the.éorresponding Iy cross section.
nave been plotted with the =nd cross sections in Figs. 4-6 and Fig. 8. No correction
has been made to either cross section to account for the small (& 3%) difference
expected due to the screening of one nucleon by the other (see Ref. 8). For m'n
reactions (final state with a spectator proton) we have plotted the charge-symmetric
m p cross section; for Efp reactions (final states with a spectator neutron) we

have plotted the'§+p cross sections. The Iﬁdccﬂessssectﬁons at a particular
momentum should be an average of the 7N cross section over?#0.2 GeV/c centered

at the same momentum. In gemneral AP ) o * the nd and

mN cross sections compare well,

-

: B. TT+ > AK+TT+

- -



‘We can use the nAK n final state to get information on the reaction
ﬂ'p-*AKﬂ.‘
Assuming the impulse model, the reaction n'd + nAK'n' can be thought of

as
'Np‘*AKTI’

(n) + (n)

L

where the neutron is a spectator As a check on the'assumptlons of the spectator
model we can compare the neutron laboratory momentum dlstrlbutlon to the pred1ct1nn
of one of the deuteron wave funct1ons'8 thls is shown in flg 9 for events Wlth a
best f1t to nAK w ;» In the rest of thls ana1y51s we have thrown out events with
neutron momentum above 300 MeV/c and assumed that the 1mpulse model is: valld for
theOtherstBS o/o of the total thh best fits &o this state) In:order to feduce:
contamlnatlon from the (nY) AK w final state the mlss1ng mass was required to satisff
0.82 (GeV/c ) <mm2<0 98 (GeV/c ) D1v1d1ng the rema1n1ng data 1nto four c.m.
energy 1ntervals we get the AK W ‘Dalitz plots and mass progect1ons shown in
Flgs. 10 and 11. A max1mum-11ke11hood fit was made to the amount, mass, and width
of the Y§(13855,assuming a p-wsve Breit-Wigner. form:for:thesresengneen ifheapésults are
given 1ﬁfI%bQéGM!$ w~M@n§@@@§$16devéntb@wawewgeneraeadrgy fhe meah c.m:rengrgyifor each
1nterva@Aaﬁd thé résutes p&@t@@duove@3@helm@ssapro;eetleﬁsAmd Pigs. 10 and 11.

The production angular distributions for events with 1.80 (GeV/cz)2
<MAWZ<2°02 (GeV/cZ)2 are given in Fig. 12 after subtracting the gpproprigte amsuht

of isotropib background The productlon angle is defined as
/\ )

Y*

in the c.m. of the Y*K system; KT is the momentum vector of the target nucleon,

cos(8) = P

defined as

‘ P =.~?deuteron - .xneutron,

If we look for an explanation of the production distribution in terms

of an s-channel description, we find that although there are many reportedf9
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T =3/2 N*resonances in this mass region (2.0 GeV/cz);inone of them alone
correctly reproduces the behaviour of the production distribution.

The loneat-nass particle with the correct quantum numbe:s for exchange
in tne t ehanneliis'the K*(89d). In general the amplitude for this process is
made up'of three»independent‘parts (eorieSponding to the three ways:ef coupling
the 1/2+ nucleon “the l-fK*vand some felatine orbital angular nomentum to make
the 3/24 Y*) However, there is a model that makes a specific prediction the
so- called p-photon analogy of Stodolsky and Sakurai 10,11 :

| " The p- photon analogy prediction for the differential croas section is
: - o ' Cantxcaaa S,S.“;; %ltﬁ;
.%% & (t51n g )2 : :;‘l : L 077 ohdﬁrk. :

- Mys) o propor Frora bl sy, o l
where t is the square of the fout-momentum transfer, t = (p - pK)2 This is
the function plotted over the production distributions in Tig 12 (a—d) The
fit is good at the lower two energies poor at the higher ones. The failure of
the model at higher energies is not unexpected however-—-51mp1e exchange models
without absorpt1on have always failed to give the correct amount’ of forward
peaking in production distributions at higher energies. There is also the
possibilitylof baryen exchange Qﬁ_or ° for example) playing a small role and
giving a backward peak to the production distribution, as indeed appears to be
the case at slightly higher momentum. 12

The-model also makes predictions about the decay distribution of the Y*;
these are most conveniently expressed in terms of the¥* spin denaity matrix ele-

ments. In the rest frame of the Y* we take the z axis parallel to the incoming

target proton and the y axis normal to the production plane. In terms of Tig. 13,

" = P,xP,.

Y reeK = e



-l

With this cho1ce of coordinate systemr the dénszty matrix elements for the Y*
are given in table IV and flg. 14 for the four C.m, energy 1ntervals The
~ p-photon analogy pred1ct1ons are pgq = 3/8, Re(pSI) 05 Re(pS-l) = f378;
these are the stralght 11nes plotted on f1g 14, - b;ﬂ¢\u»;i RLU
Near threshold the Stodolsky Sakural p photon analogy fits our data Cdfa &hﬁtk
very well this is sxmllar to what is seen in the react1on K" p* A *k® near
threshold 13 and the reactlon w p + 2" at moderate energles,14 reactions
to which the model is also appllcable. Above 2,06 GeV this model fails,fo :
explaln our data. | o D | o S

c. np+ZK1r

- o~

The nz K n f1na1 state‘allows us to analyze the reactlon
‘ | T p > I *x° n |

Flgufls shows the ZKn Da11tz plot and mass pfo;ectlons for all events
wiﬁh a best f1t to nl *x° n . Note the very consp1cuous K*(890) Flgnfi6 shows
the IKw center-of—mass energy Although the threshold energy for XKn is 1 82 GeV
‘there are no events unt11 the energy is suff1c1ent to make a l("r (around 2. 05
GeV). Table V glves the amount mass, and width of the K*'1n this final state.
The curves plotted over the mass prOJectlons in £1g. 15 were obtalned from Monte
Carlo events genérated with:the'K*'péraneterségiven in‘gable V and the center-of;
mass energy distribution shown in fig. 16.

The center»of~mass production distribution for K* events [0.72 (Ge_V/cz)2
<m2 <0 86 (GeV/c )* j is given in flg 177(a). All the angular distributions have
beeg‘corrected for the small amount of background present in this Kn maes inter-
val. Within the limited statistics of the data the production distribution is
~ consistent with isotropy. | | |

The K* decay distributions are shown in gig. 177(b,c) and the density

matrix elements given in table VI. The curves plotted over the data in gig. 177,

(b, c) correspond to the density matrix elements of table VI.



- track ionization information. Reguiring the event to have a good

- 1"

D. x'n— pK

 As weil as the obﬁious‘strangejparticle'e§¢ﬂts with vees we were
also eble to obtain the ppK+K- final sfate. As another part of tﬁe
experimeﬁt, all.of the;ﬁLprong events have beéh.measured and processéd;
besideg the non-stfadge-partiélé final states péssible“for this
tbpoiogy'Qe also attempted to f?‘c ppK'K.  Although the expected
number of these events was'gnlj a very small fraction of the total
of that topology‘(¢=al'°7o)} if both protons have enough momnentum
to be.Visible‘théfppK+K-'finai'state'is a‘ﬁ-caﬁstraintffit and very
hard for other final states to fake. Furthermoré the measuringvéf_
all theSe events was.done on the Spir;l'Readeg which prbvides

L

I - | 2
kinematic fit to ppK+K and also to have'a low ionization X to this
hypothesisrréSulted'in'approximatély 50 ppKfK- candidates. These
events were all looked at on the scanning table and events which

- ) ] : . S . S
were not ppX K were deleted. The end result was 150 bL-constraint

events with negligible contamination.

Defining the spectator nucleon as the proton with the lower

laboratory momertum and making a cut on spectator momentum at 300

Mev/c results in the c.m. enerzy distribution shown in gig.,ls.f _Here

' ' o o . R S ’
the c.m. energy is defined as the ensrgzy in the pK X system, where

o

p is the non spectator proton.
By comparing this c.m. energy distribution to a reaction with a
' , N )
known cross section, thejLII -> pK' K cross section can be determined

In this case the reactions that were used

4
{

1




o
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were
+ R
™ n-> prm ’

+ -

SpT Ty
e - -
: + - 0
pT W oW

A s e
pr 7™ (missing mass).
The sum of these four reactions should, by charge symmetry, have the
same cross section as
. L . vrv’+—‘
Tp > awT
‘ £ - . ‘
m ' m (missing mass).
- The cross section for the sum of these two reactions is known

5 _.: . . ». . .
! Making the same euts in spectator momentum

from othe£¢eﬁperimeﬂfs.
ih,fhe pK+K_ final‘sta£e.ahd;the.fouf‘compérison states‘td eiiminate high-
momeﬁtuﬁvspéctators, and diViding'the c.m, energy'distributioné into

three interVals; wévgét théncfoss seﬁtigﬁs giveﬁ inigable VII and gig; 19.

The pK+K_ Dalitz plots énd mass-squared projections for these three

c.m. énergy‘intervals'are given in fig. 20. The ¢ (1020) is evident "P)Vi'

a—

in the K'K mass spectrum in intervals 1 and 33 there is also indication
of A (1520) production in the pK  mass spectrum of interval 2. Due to

the small number of events it was impossible to do a fit to the fraction

of ¢ and A:(ISZO) in each interval; instead the number of events above

— —— .

background was estimated. Monte Carlo events were generéted with this

estimate of the fraction of resonance and plotted as the curve .over the

data in §ig. 20. The estimated fractions are given in table VIII.

Table IX giveé the cross section for production of ¢ and A (1520)

-

_ L e ‘ o
(see also Ref. 2). FngIZI(a) shows the production distribution of ¢

2

events {1.02 (GeV/cZ)2 < mg+- < 1.06 (CeV/cZ)%j and fig, 21(b,c) shows

the decay distributions.



L

Table X contains the ¢ dehsity mﬁtrix elemehfs. The pfoduction is ;onsiStent'
with an isotropic distribution; even with the limited nﬁmbers.of eventé avail-
able, however, it is clear.from the decay distributions fhag the ? is produced
highly aligned; ' The curves plotted over gig. ZI:(b,c) corréspond to the density
matrii elgments;éf ;able X. 1If the f'weré produced by ;g-exchange it would be

highly aligned; however, simple p exchange without: absorption predicts a deéay

distribution of the form sinze, completely different from the observed distribution.

This failure of a simple p-eichange model is very similar to the situation seen

in production of the w meson (which has the same quantum numbers as the ¢) where
v : [

the density matrix elements are similar to those of table X.

«©
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Figure Captions

"Fig. 1. (a) Scatter plot of the decay cosine of the A vith re- .
spect to its dine of flight versus the A laboratory

momentum.

- Ab) Loss of events as & function of A laboratory momen-

. tum,

" Fig. 2.:Missing mass squared for events with a best fii to

oK " or (n7)AK+::J." The missing-mass-squared distribution

-—

for (n7)AK+n: was assumed to be of the shape given

"by the curve.

Fig. 3. Distribution of the y ray in the ZO rest frame with
respect to theigf line of flight: (a) odd-prong events
(events with an invisible proton), (b) even-prong events -

(events with a visible proton).

W SISM"



Piq. 4, Totnl Cross ;Gétlon 4s a function of incide nt

momentum for(a) pAK (b)P§ K nd(c ?f$ Ko
rum this exnerlment (Olo;ﬁd p01nta).' (pen
oointc nrevthe PPFTE“)ﬁnulﬂ“ Crnss éecttonj

from Refs; 2 and 3 and oapere qtoth therein,

Fiq. S.Totql cCross sectlon as a function of inC1dent
'momer tum for(a)FJ\K+ (b)Pfﬂ<° , and(c K
‘final states from this experiment (closed noints)
Open points are the corresoondinq ocoss sectlons
from Refs. 2 and 3 and papers quoted therein.

Fig. 6.Tota1 cross>section as a function of incident

_"momentum for(a) n./\.i(+ﬂ* .‘ o and(b) h§ Ko TT
final states from thls exneriment (closed ooints).
Open points are from Refs, 6 and 7,

Fig. 7;Tota1 Cross seCtion ae.a function of incident
momentum for(a)FfKEﬁﬁ(b)PFKkKh and(c)Prﬂ<*E¥
_final states.

Fige B.Total cross section as a funct1on of incident
momentum for(a) ‘//\ K* "’ ” and(b) P/\K"‘T "final
states from this experiment (closed points).
Open noints are the corresponding cross sections

from Refs. 2 and 3 and papers quoted therein.



Fig. 9. Laboratory momentum distributionrof neutrons ffom

nAK'n" final state. The curve is the prediction of

e

the Hulthén wave function.

Fig. 10. Dalitzfplots and effeétive—massfsquared projections
for AK+ﬂ+ﬁfrom nAK+n+ final state. 'Center—qf-mass:

energy less than 1.98 GeV and 1.98 GeV — 2.06 GeV.

Fig. 11. Dalitz blots and effective-mass;squared projections

4+ + + '
for AK n from nAK  final state. Center-of--mass

—~—
L — L —_—

energy 2.06 GeV — 2.16 GeV and 2.16 GeV -~ 2.36 GeV.

L A ) ' % '
Fig. 12. Production angular distribution for Y (1585) in the reaction

p—

+ o by A ¥
n p—=Y K. Angle plotted is between the Y and the target

proton in the Y K center of mass.(a) Ecm<'l,98,(b) 1.96<

E_ <2.06,(c) 2.06 <E__ <2.16,(d) 2.16 <E__ < 2.36 GeV.
em  C cm ! em -7

Curves are predictions of p-photon analogy of Stodolsky LoA
-_ r

and ‘Sakurai.

.. . . A *
A‘F1gf 13, Coordinate system used for Y decay distributions.
A ' . . A .
z:incoming nucleon direction; y:normal to production

‘A A
plane; %:¥yx2

. * _
Fig. 14. vy density matrix elements. Straight lines are pre-

dictions of p—phofon analogy.

@
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Fig. 15, Dalitz plot and effective mass squared for X Koﬁf

.

from nszpn+ final state.

Fig. 16, Center-of-masé energy for ZfKon% from nZTKOn+ final

— o e ——

stéte.

Fig. 17. K {890) production and decay distributions. (a) pro-
duction cosine. (D) decay cosine. (c)‘Trgiman-Yang
angle. The curves correspond to the density matrix

elements of gablé VI.

Fig. 18, CehterfofLmass energy for pK+K_ from ppK+K- final.

state. .

Fig. 19, Total cross section for pK+K;'as‘a function of center-

of-mass ehérgy.

‘Fig. 20_ Dalitz.piots and effectiﬁeémass-squared projéétions
for pK+K"from ppK+K_ final state. Center-of-mass
energy intervals 1.95 GeV — 2.10 GeV, 2.10 GeV— 2.25
GeV, and 2.25 GeV -~ 2.40 GevV..v =
’ " > ‘ cs“y\(ﬁvzﬂ .
v | : G;Ai |
Fig. 21 Production and decay distributions for;gfloeo). (a)
production césine. (b) decay cosine. (¢) Trejman-Yang
angle. The curves plotted over(b) and(c)»correspohdv

to the density matrix elements of table X.



Table I. Exposure size,.

Beam momentum

(GeV/e)

Events/

microbarn

1.12

0.43

1.30

~0.u3

2.53

-~ 1.58

0.46

1.70

2.91

2.90 -

~ZT7 -



-'23-

: ( . '”MV\“

Table II.. Total cross sections {ub).

Beam momentun (GeV/c)

Final :
state o laz 1.30 1.55 1.58° 1.70 1.86 2.15- cam
pﬁx’ 368 » 55 4TS5 £ 55 292 + 20 248+ 50 26 + 20 167 + 25 121 + 25 101 * 30
%’ W9-£45 178 £45 132 +18 135 # 40 106 £15 152 £27 1Mk £25 77 +25
e I +39 25 +90 2% ks 200+90 188439  17hr33 U e33 52 £33
pAc’s® _ 7910 8ys22 1Mbs 9 131+ § 151:12 150 ¢ 22
pﬁ:&‘ 9r T 69+ 7 73818 8ks T 10ks 8 160.:10 126 + 17
SO 21:1 0418 19+ 9 3410 . 55+15  Th .29
asx’c” 1Mt 7 T2:l2  65:22 108+12 13k +lh 18 .12 67 +16
o'’ Tt15 62:21 110 +26 160 + 60,
PR 1.9+ 1.2 0.0 b.0 17.5¢ 3.5 18.6% 3.5 28.6: 4.5 18.7+7.5
PPRsKs ' 6.2¢ 3.1 8.5r3.5 132251 5252
pax’i® 5.0t2.8 11 s+1l 202 6 25+ 6 K+ 9 6 +18

. &+ -
p!ﬂ(_zx 102 3 8¢ & T ¢ 7 58 15

+ 0 )
A 3.3t3.3  9.7¢5.5 28:10 632
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Table III. Y*(1385) amount, mass, and width.

——

N

_—

Center of mass '

energy (GeV)

threéhold(al‘ 1.98
1.8 - 2.06
©2.06 - 2.16

2.16_ - 2.36

Fraction

) Mass Width -
(cev/c?)  (Gev/c?)

' 0.92:.08'

0.80%.09
0.69+.07
0.39+.06

1.3866+.0044 0.0k +.011
1.3650£.0051 0.0b5 £.010
1.3828+.0020 0.0255+.00L46

1.3868+.0020 0.0217+.0062

—-—
-—

——
—

(a) We found no nAK x' events with AK s~

-

S—

. *
threshold'for Y K production.

cenﬁer;of-mass energy below




- Table IV. Y density matrix elements in

et o+

1(+p—-oY K.
Cehterwof-mass : :
: P Re(pz;) p

energy (Gev) 3,3 31 3-1
~threshold - 1.98 0.39+£.05 0.07£.05 0.17+.07

1.98 - 2.06 0.42+.05 0.022.06 0.27+.06

2.06 = 2.16 0.12+.06 0.07+.06 0.2Lk+.06

2.16 - 2.36 1 0.21+.06 - 0.18+.07

-0.05%.07




—26-

\ * - ' g 4
~ Table V. K (890) parameters in »n+p-—*2+_K *.

,‘;Fi."é.ct'ion | o Mass (GeV/cQ)_‘_:, : :Width'(GeV/ce)
0.75¢£.10  0.895+.006 0.051£.017

Table VI. K (890) censity matrix elements in

3%
ﬂ+p—'Z+K *
Po,0 s % s T ,Re(flzo)’

0.124+,082  0.438:.0b1  0.063£.074  0.097+.050

cha
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Table VII. Cross section for n+n-e»pK+K-.

—

Center-of-mass energy

o (GéV)’v' B '_éfoss section (&b)
L -2.10 3817
2,10 - 2.25 o 67410
g.éj.-“é;ﬁo 102819

o Wﬂjv‘\em\'

Table VIII. Fraction of @(1020) and A(1520)

Center»of-rass energy Estimated fraction

(Gev) Bloze)  p(1530)
1.9 ~ 2.10 0.5 0.0
2.10 - 2.25 0.1 0.3

2.2 -~ 2.0 0.2 o.1

fl
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Table IX. -Cross sections for x n-—-pg_
. .
and x'n—A(1520)K".
Centerv-of—mas”s;‘ Cross section" (pb_am

 energy (GeV)

£+n-opfg . _:;n —oL\(lS2O_)K+

1.95 - 2.10 3811 0t15
2,10 2.25 14 ‘:Qé 9k 36
2.2_5- 2.40 k2 +17 ks f ;‘”i

Table X. Density matrix elerents for $(1020). "
~ Po,0 1,1 P14 Re(Py,0)

0.6k, 1k 0.18#£.07 - -0.24+.09 -0.25+.08
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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