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' ABSTRACT
~The resﬁltsfof'a Study ofjsﬁrang¢¥particle prbddctidh'in n+p interactions_
at 3.7‘GeV/c ére presénted. Crosé sections for a iafgeinumber of strénge-
particle final states are given; the overall strange-particle production
érdss sectiop is about 1.3 mb. Compérison of cross;éectionvresults on
‘two-body and quasi-two-body final states with'correspéndiﬁg 7 p data shows -
no evidenée.for.éxotic exchanges. Comparison of the peripheral cross sec-
tions for p o K5 and x1'p » K'5T(1385) with those for the line-
reverséd'reactions shows reasohable agreement for.K+Zf and‘grogl,diéagreé;-
mént for_KfZ+(l385); SiﬁultaneoﬁsVK*+(891)Z+(l385) production occurs; but,
unliké_its nonétrangé counterpart, it is_not’dpminated-by'pseudoscaiar.v
exchange. There'is'significant ¢(lQl9) production viavthe reaction .
n+p_—* ®n+p, bgt none of it appears to be associated with ¢f+(1236).
Cross sections for'resonanée production in &arious thfeé—-énd four—bddy

final states are presented.
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I. INTRODUCTION o
Although ﬁt—proton interactions leading to nonstréngé final'states havé
been systemaﬁically studiea in the multi-GeV energy éémain, £here.is fﬁr'
less complete information oh the prqductibn of stranggfpdfficle fihal statés,
, particulafly for n+p interactioné. This ié a conseQuehéé of fhe;fact that
the crosé'sections for production of such states are Sméller by'more than an
order of magﬁifude than thosevof final.sfates of similér multiplicity without
strange.péfticleéf |
In this Papér we‘describe'thevresulfs.of a bubblefcﬁamber study of
strange-pgrtiéle'production by‘pbsitive'pions of mom¢h£umjabout‘3.7 GeV/c,
The events to be.d13cussed, with one major exception, ali involve a topology
with a strange-particle signaturé, either a kinx in a »c.:h.a'.rgved track or a vee
decay. The exgeptidn; included for completeness, is the final state K+Kfnfp
which, exceét in the rare ihstances in which a Ki.r decays in flight, has a 
simple four-prong topoiogy.'_
In Sec,_II{IWe,pfesént gxperimentalvdetails‘with particular.émph§31scon |
‘the data-handling_procgdures. ~In. Sec. ITI, we’discuS§ £ﬂe determinétidn Qf-
cross séctions for.the various strange—particié finaikéfétes. In Secs.xlv
and V, we present some of.the more detailed features; inciuding angﬁlar,and »
mass distributioné, of two-body, three-body (Sec..IV);‘four-bédy and five-
body (Sec. V) final states. Finally in Séc. VI, we sumﬁérize our results _'”

and conclusions.

II. EXPERIMENTAL DETAILS
A. Exposure
The data deséribed in this paper were obtained in a 180,000-picture

exposure of the LBL T2-inch hydrogen bubble chamber to'é separated beam of




- menm
- positive pione-produced in an extemnalxtarget;: fhe beemttransport syetem
is de'soribed.elsetzhere.l | |

‘Runs.werevmeae at five ciosely—spaced momenta,:namely 3.56, 3.67, 3.73,
'.3.82 and 4.00 GeV/c.: Unfortunately the beem had a nonfnegliéible proton ,
;contaminetion, perticularly et the highest momehtum. Foh thie reason the
N—GeV/c film was not used in the analysis of the strahge particles, anq
several'rolls,éththe.loﬁer momenta were deleted if the cohtamination exceeoed
limits Vhich wiil bé described beloﬁ. " Because of the limited stetistios”ahd
the rather small varlatlon'of any s1gn1f1cant parameter over the momentum

range studled, the data for the four momenta used were combined, and corre-

"~ spond to a mean momentum of 3.71 GeV/c. ‘

'B. Scanning and MeasuringiProcedhres
‘.The most commOn strange-particle topologies studied in this'experiment‘
are shoyh in Fig.zl. To these must be added the ordinary.four—prOng.t0poiogy
'.from'which our.K+K-n+p sample was drawn:
Approx1mately Log of the Pilm was scanned for all interactions within
a given scannlng fiducial volume, 1nclud1ng ordlnary topologles (the term
ord;nary here and in the following discussion is used to denotetnomstrange-
. particle events). in:the remainder of the film, ordinary two-prong events
without etopping protOns were omitted from the scan. |
' The first measurement of the events was performed oh the LBL Flying-
Spot Digitizer (FSD). Geometric reconstruction and kinematic enainis were :
done throughhthe.program SIOUX (combined TVGP and SQUAW).;2
The_beam”momentumvprofile for each section of‘filmvvas obtained by fmtting
‘the ordinary four-prong events to'the'four—constraiht hypotheses,

+ 4 -+ :
TP AT AD (1)
o N
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n+p,—> K+K-n+p ".m : ,iV'; o o (2)-
o A - (3)
The mean”value.and root-mean-square'(rms) width of theiheam momentum-stectrum
were determined from the sample of events which’ fit reaction (l) unambiguously
The value of the width was typically = 9.05 GeV/c. -The average value and
rms w1dth of the beam momentum were then used as input to the fittlng proce-
‘dure through.the usual'beam¥aVeraging'procedure;x |
' For the strange—particle events, the output from tne SIOUX programﬂwas
compared to each event at the scan table in order to make v1sua1 1dent1f1ca-
tion of tracks by ionization (track bubble density) and to correct mistakes
made by the 1n1t1al scanner. Interactions having only;pl decays and/or |
electron tairs Were‘removed from‘the‘strange-particle category}' Except‘for '
iabout thirty percent which were remeasured on the FSD;-failing strange-
particle:events were remeasured with'on-line Franckenstein measuring projec-
tors. A second measurement was performed on the Franckensteins for those .
events,which:failed again. |
| An acceﬁtedjstrange-particle event nypothesisiwas'required tO'satisfyl'.f"
the following criteria:‘. o | .. |
1. The coordinates (x, y, z) of the interaction vertervmust:lietwitnin
a given fiducial»volume. | | |
2? The measured beam track momentum as vell as the amimuthal and.dip'
angles_must lie within three standard deviations of the mean beam
momentum vector. Before applying these criteria,zthe values of the
momentum, azimuth, and diprare extrapolated to a standard location in~
the chamber to correct for energy loss_and the:curvature due to - the

magnetic field.
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‘ 3. The gébﬁétric féconstruction is adequate in the,sense that.the point :
scattér oh'éach track is consistent with.the sétting errbf plus multiple
séa£tering, and that the tracks come togéther atvthe vertex within the
errors:“ |
h;'_The hypotﬁésis is consistent with the track'bﬁbﬁle:dehsities as seen
- .on the séan table;_r | |
5; _If thé'h&bothesis is a constraihed fit, then fhé éonfideﬁce‘level.is
vgreatér tﬁén 0.01. If the hypothesis is not #onstrained at the pfimary
-vertek, fhen the missing mass is consistent with the presehce of two
'.of more missing neutrals and the missing'momenfu@ has a magnitudem%v
‘significantly different from zero. |
When tﬁd .ovr‘ mére hypotheses are -acceptable, we aéc_ept only the one corre-
.sponding'to phevhighest constraint class. For the moé£ important case, namely
Ethe_AvZO ambiguity, a more detailed'justificdtion‘of this procedure is given
'further’on. if sevéral hypotheses of the same constréint class afe accepéable,
all are recordéd énd the event is tagged as ambiguous.‘m | |
. The séaﬁﬁihg efficiency for all event types waS‘deférmined by a second
scan of ten f6lls. The rescanlevents were subjected to;the samebacceptagce
critefia as ﬁhé first scan. After cérrection for very low-momentum-transfer
elastic scatters, the average_single-scan efficiency for"finding any evenf _
Vis 98%. The‘sgannihg efficiencies pertinent to the stréhge-pérticle topol—.

ogies are discussed in the next section.

III. CROSS SECTIONS |

A. General Considerations

Cross sections for the production of various strange—particle final

states were determined from the relation, - -
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-0.. _ i s S _" o | ’ | (Ll-)

where 0, is the cross section for channel i,

3w,

5 is the number of evéntS’in channel 1 and

| _ Ttot
which is taken to be 28.1 mb,

TNtoﬁ the total number of events. The next few sections‘discuss in some

detail the inputs into formula (k).

B. Proton Contamination
: EVents-whi¢h fit uniquely the reaction pp —>'ﬂ+n-?p- weré”taken as a
measure . of thé_proton contamination. Events produced by protons‘were sdb4.
_tracted out étatistically using the information fromvtﬁbjrolls of pure protdn
£ilm and scaling according to the number of unigue n+g’p§_f1ts in the pion

film. Furthermore rolls where the ratio of pp - n+ﬁ_§pv fits to all unique

four-prong, four-constraint fits exceeds 20% were déleted‘from the data.Sémple{

Fortunately, the strange-particle production due to proton-proton interac-

tions is small in the momentum regioh of our experiment. Therefore the majof-;

effect of the:proton correction on the pion strange-particle production cross

sections is through a correction of N, . in formula (4).

tot

Ce Normalization

In principle, the determination of the factor 0ot/ Viop 10 formula (L)

involves the StraightforWard procedure of counting all events. Ité'impléméntar

tion is complicated by the two different procedures used in'scanning the film,
as mentioned earlier. A.detailed discussion is‘givéh:elsewheré,u'and it
suffices here to give the results in_Tabie I. The 98%,ééanning efficiency
for ordinary evenﬁs discussed above has been incorpdrateé into Ntot,'and
appropriate correction has been made for the substantié;vlqss of elastic

scatters with very short recoil protons.

is the total n p cross section
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D. Strange-Particle Scanning Efficiency

Losses of:strange-perticle events due to scanning inefficiency,arise
. from either’the’complete missing of an event or the failure to recognize a
- strange-particle;signaturevin an otherwise‘detected eveht; In‘order.to
examine thevscahning efficiency specific to strange perticles, a special
scan.wes conducted over ten rolls. EFEach of these rolls was rescanned by
two differeht.scanning technicians searchingvonly for strenge-particle ewent
types. Comparison of the results of these scans with that of the original
scah'provided_efficiency information. With the decay cuts to be discussed
 below, efficiehcies varied from 93% for vee and ol f*iﬂﬂi decays unaccom-
_panied by other decays to 98% for events with.more théh.one decay. Sincev
. the efflClency for detectlng Z decays dropped off somewhat in the reglon
of the fllm where most two-prongs were not recorded, only that sample of
fllm where all events were recorded was used in determlnlng cross sectlons

involving Z »decays unaccompanied by vee decays.

| E. Decay Corrections

1. Decay of Charged Hyperons

. For cross- sectlon determinations involving Z hyperons, only the nﬂ
- decay modes were used. To correct_for inability to detect Z_ with very
short decay times, we removed events in which the & travels less then‘5 mm' o
before decayihg, and weighted the remaining events appropriately.; The loss
of evehts»duevto long decay times is negligible.

To correct for‘the loss of events in which the projected decey angle
is so small as.to be difficult to detect, we_consider the scatter plot of
decey cosine in the sigma rest system versus decay azimuthvabodt the sigma

direction shown in Fig. 2. The azimuth angle is twice folded and i. defined



such thaﬁ 90° represents a gedmetrical situatiqﬁ~wifﬂ'the degéy.Piéne pefpen_.
dicular to the camera film plane. Although this plot should have uniform
density, Fig. 2 shows a definite dépletion_of évents’fbr-forward decays.aﬁd
for décays.with azimuthS’negr 900. Tb,correc£ for tﬁis'déﬁletion, we have
_eliminatedvevents_which are éifher in the region from Q;f_to‘lfQ'in dégay:
cosine,vOr thé feéion 800'to 90°_ih azimuth. .The reﬁaiﬁing efenfs Qere »
appropriately weighted to take accoﬁnt of these cﬁts.
2. 'vees"

All:accepted,veejdeéays were reqﬁiredvto be_withiﬁ:a-fiducialjvoiume
whose béundariés'are'subsﬁantially be&ond those.used férrthe interaction
fiducial volﬁme’and to have a minimum decay path of 5.mm. :An appropriafe '_
correction was made for correéponding event loss. AiSQatter plét»of decay-j
cosine versus deéay'azimuth did nqt reveal ény apprégiable loss of vee events

'due to small angies.

F. A_vs Zo |
We havelinvéstigated.fhé_validity bf aqcepting'theAﬁigheStjconstraint

class hypothesis by studying in some detail the reactions

R e N N O R
.and . n+b . K+n+zo' A  ,  . o B 4(6) 
We:theréfore«initially accepted both fits if both passeé;the:criterigvget ‘ 
forth above, even though (6) is a lower-constraint class than (5)..;
Each of fhe:events ambiguous between hypothéses”(5) aAq (6)'is‘trahs-,,
formed to the I° rest frame. For this set of ambiguous_évents, we fhen
examine the‘distfibution of the decay cosine of the phdton frdm'the 5°

decay with respect to each of the three measured trécks at the primary
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vertex--the béém, the,dutgoiné pion and the kaon. The se distribuﬁions (Figs}
3a,b,c) have:éktremely sharp peaks in. the forward direcﬁibn, whéreas for pure
Zo decay each should be uniform. Figure 3d shows a-scatter plbt of the decay
cbsine with resbect to fhe‘outgoing pion versus the‘decay‘cosine with respect
to the kaon, where events in the'fbrward péak'of the béam'distribution (Fig.
3a) have been exéluded.' Almoét all the events lie near.the forwérd boundaries.
We concludé therefore that all these events belong té hypothesis (5). Figure
3e shdws.the distribution of the decay éosiné with respeét to the beam for
those evénts ﬁhich fif (6) unambiguously. There is né abbreciéble loss of
events in the'forward direction suggesting that the ;éparation_pf the two
| hypbtheses is‘complete. The cross section for reactioﬁ’(6) is determined
from the évents'which fit it unambiguously; all of the ambiguous events are
aSsigned to reaction (5).

The sharp peaks i#'Figs. 3a-c are qualitatively ekpiained by the fact
.that the momentum uncértainties of the beam and outgbiﬁé charged partiéles
ére'oftenziérgé:enqﬁgh to hide a TO-MeV photon movingiﬁeér‘thé'same direction
aénthese paftiéléé; Coupling such a photoh tobfhe'A can simulaﬁe a Zb decay

and produce the observed ambiguity.

G. Other Ambiguities

For evénts ﬁhich fit more than one hypothesis of»the'same_constraint :
class, we express the number of events assigned to a particular hypothesis
by an equation of the form,
where U is the number of unambiguous events for that hypothesis, A is the

number of events ambiguous with that hypothesis, and f is the frartion of

ambiguous events which actually contribute to the hypothesis. Sometimes f .
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. can be-determinéd from special topologies (for examplé, with vee decays) in

 which no ambiguities occur. If there is no expérimental basis for determining-

f, it is aésignéd the value 1/2 for doublevambiguities, 1/3 for triple ambigu-

ities and 1/l for quadruple ambiguities. The error then assigned to f is

+ 0.25 for all three cases.

H. Results
L= wn))/Iny

[r(a = pr)]/I0(a - all)] = 0.642 and (s’ - m’:ff)]/'['r(z-+ - all)] =

Using the branching ratios, [I'(K —?_;all)] - 0.689,
_ 0.48h,5 plus all the corrections discussed earlier,'wé arrive at the croés
sections stmari#ed in Table II. The errors quoted.areistatistical, inqlﬁding
ﬁhe statisticé_of rescans and corrections. In sdmg channels there may Be
soﬁe additional'Systématic errors arising from the undeftainties connected
with the treatment of ambiguity problems. The total'strange—particle produg—
tion cross sectiqn-is about 1.3 mb, of_ﬁhich roughly.ﬁo%-is KK and 70% is YK.
Two compafisons involving these results aré of particular i@terest- 
First of all, ingofar'as energy depéndence is concerned,'comparison with
the results of an 8 GeV/c ﬂ+p experiment6 shows'that (i)'the three-body
final state cross sections dfoP by about a factor of 3 bétween 3.7 and 8.
cevV/e, (ii) the!four-body cross sections remain flatiin the same énergyﬁvf
' interval, (iii) the five-body cross sections rise byrrdughiy a factor of'2
.in'this interval. | v
Secondly, we have compared our n+p data with n_p_data_at 3;9 GeV/é'
examining the relative cross sections for similar final staﬁes as shown

in Table III.7 The results are perhaps most remarkabie for the_closehess'

+ - o L -
between corresponding  and n cross sections for many of the final states.
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_ _Iv. wa- 'AND THREE-BODY FINAL STATES_
A. Kz
The reaqtion vn+p - K+Z+ has been éxtensivély_studiéd”in several
_counter;spafRQChamber eXperimenfs with staﬁistics'far gréater than the feﬁ
v hundred'évents:in the.present e#pgriment.8’9  we justify a discﬁssion of our
own daté for‘;ﬁié reaction by phe strong control oh éyétematic errdfs'typiéal
of a bﬁbblé‘éhamber experiment.
The diffefenfial cfbss section.based on a sample df'lhh events Wifh
Z+ —?‘nn+ décéys, suitably‘weighted to take account of scannihg ineffi-
ciencies and'geometfigal corrections is shown in Fig. 4a. The t distribution
'fof fofward angleé’and the u distribution for Backward ahglés are shown in,.
more detail in Figs; 4b and Lc. These data are in reasonable agreement with
thosé of Bashian_etiél.,9 and, insofar as shape is coﬁCerned,.with those of
Prusé'et al. and Han et al.8 However the magnitude of dc/df in the low t
regionvappears £6 be’abdut_25% higher in our data than in thefresulfé of
PruSS'et al;'il |
:A The strikiﬁg féatures of Fig. U includé: (1) a fofﬁard peak'going frbm
~about 600 pﬁ/(GéV/c)2 in the fofward direction to very.lbw values at v—t S 2
'(GeV/é)z,.(ii) a region. 2 5 -t s 4 (GéV/c)e, whefe:nO'éventé were detected
. and the average cross section is therefore significéﬁtly less than 1 pb/(GéVﬂﬂ2
[one event in-that’t region would correspond to an aygrage cross section of |
0.4 uv/ (Gev/c)gl', énd (iii) a marked backward peak contributing about 10% of
the total K &' cross section. We now consider both the fofward and the»back—

'ward'angular-regions in somewhat more detail.

1. The Forward Region

A fit to the angular_region -t = 0.4 (GeV/c)2 of the form,
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do _, Bt -
B Ae

yields for the parameters

O.6hio.i5-mb/(GeV/c)2.
8.4£1. (Gev/A)’e

A

g

Near the forward direction, the K'e' productionvis:expected to be -
dominated by exchange of KV and KT’ the strange members of the vector and
tensor nonets. An immediate consequence is that the reactlon T p - K T
should be highiyvsuppressed, and that by isospin invariance,

g%(n+p > K'zh) = 280 "p - k%% ) L (8

. t small _ t small

It is in fact already well established that the K Z flnal state is hlghly
suppressed in the forward direction. 10 However deviatlons from (8) may
depend llnearly on any eXOth exchange amplltude whereas ‘the K Z rate
itself depends quadratlcally on such amplitudes. Hence careful tests of -
relations such as (8)_are worthwhile even if the forward,cross'sect;onvfor
the X'z~ state”is known to be small. A further_relationship}involviné |
near?forward cross sections follows from the Regge renresentation of‘the

amplitudes for K and KT exchange coupled with the notion of exchange

v
degeneracy, namely the expected equaiity of the trajectory functions a(t).

for KV and KT.

direction for reactions related by 8 ¢« u crossing:

This relation equates the cross sections near the forward

gt > €| dt<xp—>nz> I ON
t small t small

To test relations (8) and (9), we have arbitrarily defined the forward

region as the t-range- 0.02 < -t < 0.60 (GeV/c)2, the lower limit corresponding -
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et a.l.l2 are very nearly equal to the cross section for K p = =« £ in
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to a forward emitted K ‘at incident momentum 3.7 GeV/c. Cross sections for
thé various relévant reactions integrated over .this ‘t-range are given‘in
Table IV. To permit direct comparisons, data from:other'experiments not'
precisely at 3.7 GeV/c have,been scaled to that.incident momentum using a

depéndendé.ll To the extent that (8) and (9) are valid, all numbers

in the foufth column of Table IV'should be equal. Inspection of the Table

leads to the,following Observations conéerning‘the cross sections scaled
to 3.7 GeV/e.

(a) Relation (8) seems reasonably'satisfied,”due‘éccbunt being taken of
the disagreéments between various experimental'measurements of the same
quantities. - -

o hw ' , o 0.0 .
(b) Both our K & cross section and twice the K'X~ cross section of Dahl
. : 0.0 L . 13
this same t range. On the other hand the KX~ result of Abramovich et al.

and the counter data of Pruss et a1.2 bvotn suggest that the left side of

‘relation (9) is, at this energy, somewhat lower than the right side. It

: : . . -+
should be pointed out that the chosen t range, when applied to the = T

final state,\ekcludes, by virtue of the mass differenées, the very forward

" end of the differential cross sécfion. Evidently there is considerable

uncertaintyvag-to whefher a comparison over just the SAme.t range ié tﬁe'
proper way of dealiné with the differiﬁg.kinematicsfof'the>exothermic ana
énaothermic,reactipns.

Consequéntly'it is difficult because of both experiméhtailénd theoret-
ical uncertainties to draw_any strong conblusion as to ﬁhe validity of the

exchange'degenéfacy relation (9) at'the"energy under étudy. There certainly

is no evidence that (9) is significantly violated.
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- 2.  Backward Reg;on

As is clear from Fig b, the K Z final state shows a significant‘back-‘
ward peak. The Cross sectlon integrated over the backward hemlsphere but
receiving contributions exclusively for -u < 115_(GeV/c) is 11%3 ub. Again

o ST « T « BN - R . 0.0
comparison with K2 and K Z data is of interest. At 4 GeV/c, the K2 has
no significant backward contribution, whereas the K £ has a cross section

1 Do .

in the backward hemisphere of 5.3t1.1 pb."" At 3.15 GeV/c, the K°z° is still

negligible and the K Z has a backward cross sectlon of 15 8x1.3 pb. 12

Interpolatlng to 3 T GeV/c the K = Cross section is lO 312 ub in excellent
agreement with_ourvK Z value of 11*3 ub. These results-are strongly sug-
gestive of u-channel isoscalar hyperon exchange as the dominant mechauism

' for the backward peak- Indeed Barger,l7 and more recently Kayser and Hayotl8

and Eisner et'al.l9 have had success 1n account1ng for other backward scat-
tering data in an SU(3) symmetric way in terms of exchange4degenerate A and
AY exchanges. It can easily be shown that in the context of such a model

.’w1th a d/(f+d) coupllng ratio of 1/2, (3) symmetry predlcts

§<Kp~>x~> 1
u small o w small : .

do, +
EE(T.KP Z)‘

The K+E- cross.section (wbich is esseutially;all_in the backward“direction)
atv3-9 GeV/c is reported by Eisner et'alel95to be.l7.8i3jub. This is compat-
ible with ourfmeesured value of 113 ub for K'S' . Since the appropriate‘» |
,d/(f+d) ratio may be slightly differeut from the value of 1/2 and in view |
of the statistical llmltatlons of our data, these results should only be
1nterpreted as showing that the size of the observed backward peak in K Z

is of the expected‘order of magnitude.
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The'Dalitz”plptﬂfor,2h7 events of the tyfe n+prfa K+“+A- ié shown in
Fig. 5.' Tﬁe significant features are a sizable st (1385) sigﬁal and an absence
of events 1n the region of the Dalitz plot adgacent to this Z (1385) band
The se features are eas1ly seen in Fig. 6 Whlch shows the An progectlon of
the Dalitz plet.' There appears to be a pure Z'(l385) reSQnance peak followed
‘by a gap of abeut 150 MeV and tﬁen a fairly.strﬁcturelessvpopulation extending
over the mass regiOn from abouﬁ 1600 to 23OC MeV. -Abfit.to the Dalitz plot
using -a sum of phase space plus a relat1v1stlc P- wave Brelt ngner glves a
~ cross section for -nvp > Kzt (1385) of 2915 ub, ‘this process accountlng
for 26tL% ef the K’z A final state. This cross sectlon includes all decay:
 modes of the L' (1385).

"The diffefential cfoss section.is shown in Fig.A7 as a fuhetion of t',
whe;e £t =t -ItainQ The distribution shows a fdrward'flattening-off or
:dip_characterisfie of dominance by helicity-flip amplitudes, a result already
esﬁablishedlat;5 GeV/e'by Kalbaci et al.?® and anticipated by analogy to the

' ++
magnetic dipole_(Ml) p-exchange models for reactions such as p = nOA

0.+t
and K p 2 K O 21
The decay dlstrlbutlons in the Gottfried- Jackson frame are shown in

Flgs. 8a and 8b. - The curves shown are based on the predictions of the M1

model, which can be expressed in terms of the spin density-matrix elements

93;3 e 0.375 , Re P31 = 0.216 , h Re]p3,l =0 .

'the.cos a distribution appears to be more isotropic than the 1 + 3/2 Sing_a
implied by the model, and the measured density—matrix elements averaged over
all |t'f'§ 1 (GeV/c)2 are

P33 = 0.24£0.08 , Re P3,.1 = o.19ie.08 y Re,p3’l = 0.07%0.J6. .
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Presumably the domlnant t-channel excha.nges in K Z (1385) pfod’uction are

agé.ln those of KV and KT By arguments 1dent1cal to those used in Justifylng

- relations (8) and (9), one can obtain the analogous expressions,

R~ K2 (1385))| -2 fap - K%2°(8s)) | ()
t small o - t small
$Ge > KETases))| dt(K P 7L (1385)>| L (2) -

t small t small
Tor the purposes of .testing (11) and (12), we have integrated do/dt from .
-t = 0.0lv{ (GoV/c) ,‘ correspondlng to the forward dlrectlon in the kst (1385)
~ final state at our momentum, to -t = 0.64 (GeV/c) ' The results are shown
" in Table V, ‘in. which the validity of relations (11) a.nd (_lQ) would imply the
_squality of all the numbers in the fourth columr_1. 'Whils relation (11) is
.s.atisfied withi”n'the sizable statistical u_ncerta.inties, .tk.le exchange degeneracy
prediction (12) 1s violated by about a factor of vtwo. "This violation appeafs,
at leiast a.t ouf ﬁ‘;oméntum, to be much more marked than‘ w_hé.tever violation of
relation (9) "might seem ini_pli_,ed by the data. It is ,iinter.'est_ing fco note th_at-
"a sirhila.r situation exisﬁs with: fe_spect' to. analogous"‘react‘ions involvingi_ P
and Aé excha.nge. Thus the line-revorsed r’eé.c’tions K+n - Kop .a.n'd K-p A—'-> Fn
do seem to satisfy a.rel_ation similar to (9)-24 whereé.-s 'the_» reactions K+'p
- K°A++(1236) and K n - I—{—OA-(1236) show a gross violation of a z.'elation
similar to (12).7F |
We _conclude this discussion of the K+Z+( 1385) final_"sfate by'considerir;g
briefly the t-chamnel SU(3) relation |
49y » K'E(1385)) -1 9960 - P8 (1236))] (13)
: t small . 't small

Although the da."_t'fa. for the right side of (13) are somewhat sparse , an interpo-
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lated value for the total K n - K A Cross sectlon at our momentum amounts
to about:3OO ub-v5 One- third of that figure is 100 ub, a factor of about
three larger,thah;our Tt p > K's (1385) crossrsectlon of &8 ub. Although
(13) applies.ohlyfto the~forward t region, the dominance of the peripheral
cOntributionwimpiies that itvis.alsobapplicable to the_ihtegrated cross
' section.,gIt.has been noted elsewhere that this'factor of three discrepancy
cah be uhderstood in terms of barrier effects cohnected-with mass differences

between members.of Su(3) multiplets;26

f_ - ' o + +
C o c. Kzl
' N ' ' : + o+ +0 . e

The Dalitz plot for the reaction = p - K n Z is shown in Fig. 9,
and the Zon mass spectrum in Fig. 10. The other mass projections show no
significant structure.

Although the statlstlcs are somevhat weak, Fig. 10 suggests ‘some struc-
ture at £° n" mass values of 1660 MeV and 1950 MeV. The Particle Data Tables5
show T states at 1670 MeV (probably consisting of several resonances) and at
. ‘ : .. ' + : '

1915 MeV which may correspond to the Zon enhancements.in Fig. 10. It is
‘also worth notlng that although the An mass reglon above 1550 MeV in F1g 6
does not have obv1ous structure, the marked dip for M(An) near 1500 MeV sug—
gests low background; hence the substantial population for M(Ax) around 1650-
1700 MeV may‘be resonant. This ihterpretation is in good agreement with the
: + + + 6 .. . - + ‘
8—GeV/c n P = KnA data of Aderholz et al.  which shows a marked An peak
“at 1698 MeV. It therefore appears likely that the state responsible for -the

. N + ) N .
1670-MeV z°%" enhancement also has a strong An decay mode-

The Dalitz plot for the reactlon T p - K K p is shown in Fig. ll,

and - the K K mass spectrum in Fig. 12. The only clearly dlscernible structure
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is the A; meson-with perhaps a hint of a bump.at.l560 MeV. The»branching

ratio estimated from a comparison of Fig. 12‘with'our data on pn and nn modes

of the A2 is | | .
r(a, - KK)
T(a, = all

) = Q.Oh»i0.02 o
in good agreement with the world everage value of 04058i0.008}5.

E. K 7 Z and K X Z :

Of these flnal states, the only one which poses no ambigulty problem 1s
the K°x Z state with a visible Kl - n T decay ‘The Dalltz plot for thls
final state is shown in Fig. 13, and the Kon mass prOJectlon is given in
Fig. 1k. It.is elear thaf the K*(89l)2 channel domlnates very strongly 'A
it to the Dalltz plot of Fig. 13 glves a cross section for = p > g*F (891)2 ,
vduly corrected to include all K decay modes, of 93*19 ub.

To enhance_the statistics on the productlonvangular dlstribution of
K*(89l)2+, we include evehts ambiguous:oetween KOK+Z+ aﬁd Kfn°Z+ for whioh e'
the Kr maSs'(whose'velue is_approkimately independenﬁ-of,how the.ambigﬁity |
is resolved) lies in the K" ‘mass range, 840-940>Mev. ZThe'resultinget"diStrif_

bution, shOwn in Fig. 15, has the following features:

(1) A peripheral part which dlps in the forward direction and has a maximum

near -0.3 (GeV/c)
(ii) A marked‘backward contribution which rises to about 10% of the peri-
pheral méximum.

The peripheral part of the distribution can be compered'withvthetifof

i p - K*°(891)5°. For lt'l <1 (GeV/c)e, our K*+Z+ cross section is 601k |ib,

whereas the date of Abramovich at 3.9 GeV/c give a_K*QZO cross section in the

27

same t' range of 275 pb. The ratio of these is in satisfactory agreement
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- with the vaiuelof 2 expected invthe absence'of exdtic exchanges.

o ' o +_+ . L
For the study of the-K* decay, we confine ourselves. to Kon Y~ events with

o]
S

Yang angle ¢ éfeishoyn in Fig. 16. The corresponding density-matrix elements

viéible K decays. The distributions of Gottfried-Jackson angle o and Treiman-

for ‘lt'l <1 _(G_e\;/c)2 are,

= - 0.02£0.09 ', Py -y
. 2

. = 0.49%0. o= . +0.
P50 | 0_49 0 09',’ Re p;, = 0.03%0.05

The almost total absence of natural parity exchange is evident and in good -

' : 22
agreement with the results of Abramovich et a.l.e7 and Crennell et al.” for

the k*°s° final state. This absence can be readily understood in terms of

" the known.very small pr coupling. Indeed the smallness of this coupling has
already’manifeSted itself earlier in this Paper in connection with the absence

.of u-channel Za exchange in the backward KZ production.'

V. FOUR-BODY AND FIVE-BODY FINAL STATES
A. KnanZ

o - . + 4 -+
Figures 17, 18, 19 show Zx, Kn and nn mass spectra from the K « x I,

- + o+ ' . ' .
K and,Kén 75" final states. The major structures produced are A(1k05),

A(l520);wK*(89l); and p(765). Cross sections for these are given in Table VI.

"It is worth noting-that the production of these resonances accounts er_almost

thé totality of fhe cross sections for all the KanZ states studied.

- . + + -+
As is clear from Table III, the cross section for K n n £ - is substan-

“tially larger than that for the correspbnding state made by n—p, namely

+ - -+ : ‘ _
KnxnZ . The strong po production which accounts for almost half of the

B e ' ' + -
K n'n 2 cross section may be the major reason for the n n asymmetry. It

' + ' + + - +_+
is also possible that Q production via the reaction = p = Q s - (Knr) =
may help account for part of the asymmetry. Indeed Crennell et al-22’28 have

reported evidence of‘struéture in the Knx mass spectrum producéd in the reaction
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T p - (Knn)oA at 4.5 aﬁd 6 GeV/c. Figure 20 showbs.Aourv.(K:r'}t)+ mass épectré
from the combination of K'n'x ' and K%'x°s’ final states. The effect of
K* selection ié‘shown in the sﬁaded histogram.

No structﬁfe is evident from Fig. 20, altﬁoﬁgh,:because of the relatively
low energy of.this experiment, the Q which extends from about 1100 t6'1500
MeV would, if‘present, occupy almost the whéle.extent.of the Knn mass spectrum.
We can therefore only give a rough upper limit to Q prﬁduction.in thev(Kn¢)+Z+
final states.. If we assign all events for which the'appropriate Kk combina-
tion is in the K* range‘and for which M(Knx) falls in the mass interval 1100

to 1500 MeV .to the Q, we obtain for the sequence,

+ + + ' +_+ + + -+
ip = QL - (K)o Kxxzn

a cross section upper limit of 356 pb, and for the sequence -

+ + :
Ap - Qr - (K)'E - KOs

a cross section upper limit of 33*7 ub. It is worth ﬁoting that 1sospin 1/2
for the Q predicts equal values for these two cross ‘sections just as obtaingd.
Thus an upper limit to Q+Z+ with Q+ decaying via K*t to the Kfn+£—‘and K°n+n°
Pinal states is given by a cross section of 68 ub.

| It is interésting to compare this experimental_upper'lim;t to what might
be expected-in terms of real Q+Z+ productidn. Brandenbufg et al.29 have
shown the existence of a crossover in the differential'cross sections for
the K% - %p and K°p - 53p reactions. From this one can antigipﬁte
a finite Q production in charge exchange and hypercharge exchangevproéesses.

From the results of Brandenburg et al., plus the aséumption that the couplings

of EQ to the vector and tensor nonets are the same as those for KK, we can

estimate the expected cross section (see Appendix A for details) to be compared

with the above 68 ub, namely 48 ub.  Thus our upper limit is completely
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‘consistent with the expectations and suggestive of the idea that most of the

. o .
(K*x)" observed between 1100 and 1500 MeV may indeed be Q+-productipn-

" B. vggié

Figureé'Ql, Qé‘and‘23 show An, Kx ahd 814 mass'speétraifrom the K°n+ﬁ+A
and K n B¢ A flnal states based entlrely on events for whlch the A decays by
its pr mode.‘ Flgure 24 shows a M(An ) vs M(K T ) trlangle plot for the
K° b1 n A state with each event plotted twice. It is clear that productlon
of &' (1385), 20(1385), (891) dominate the KnnA flnal state, with a signl—
ficant amdgnt‘of_K*+(89l)Z (1385) 51multaneous productlon also being present.
Cross sectionsqur these channels are given in Table VII.‘ | ”

We have'attémpted a study of the K (891)2 (1385) final state by selecting

1A

events for which 1.33 5 M(Ax") S 1.4h GeV and 0.83 = M(K°x" or K'x®) 5 0.95
GeV. We estimaté that the sample of 82 events so obtaiﬁed cbntains about 70%
actugi K*+(891)Z+(l385) events, the remainder being priﬁcipally sihgle re§0ngn¢e
production. FWith a 30% béckgrouﬁd, it islclear that sdme_caution must be
exerciséd in‘thefintérpretation of the results. Figufé 25 shows the t' distri-
bution for tﬁe"gé events ée;ected in the manner justvdefined. The'déta afe
clearly qﬁite péfipherai with about 2/3 of the évents-having ft;| s

(GeV/c)2. Densify matrix elements fof the Z+<l385)'and K*(89i) decéys_afe
given in Table.ViII, with twq'choices of t' cuts. The spin orienﬁatioﬁs‘of
both Z+(1385) ;nd K*+(89l) appeér to be essentially'raﬁdOm. 'Whereas double
resonance production without strangenesé exchange ié éffongly ddminated by

pion exchange, pseudoscalar exchange in the K" (891)2 (1385) process appears

to be llmlted to roughly no more than 30% of the cross section.
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C. Kﬁn+2
L + - 4+ 5 +
1. General Features of KK n p and KoKon el

Figure 26a shows a triangle pldt for the final State K+K-g+p. Figures
27, 28, 29, 30 show px', K'K , K« and pk mass projections. Figure 31
shows a mass projection of the KK systém recoiling against the A(1236).
The main features of the data are.the following | |

(i) There is substantial production of Af+(1236); ;;3(891), A(152Q),.énd
p(1019). - ”

(ii) In assbciatibn_with £?+, there is some.K+K-.strﬁcture in the mass
 region 1200-1350 MeV plus a broad enhancement near threshold.althéuéhﬂthére
seems to be'essentially no ¢ production. The étructure arbuﬂd 1200;1350.MeV
presumably represents a superposition of f and Ag decays. |

Figures 26b -and . 26c show triangle plots for the final state'KdE6£+§ with
.single-vee and double-vee events respectively- Figufes 32, 33; 3&, 35 shéw
. pﬁ+, KOEE, K.onfr and pk* mass projections for (é) KgKgn+p (2 ;ee deéaysiéeén),
() KgKon+p:(one vee decay seen), and (c) KgKgn+p (by'calcﬁiation'frOm‘tﬁo-
vee and one-vee events).. Again production of Af+(1236), K*+(89l); and §(1019)
is.clearly in.evidenée. Cross séétions for’resonance_pfoductibn ih both .
K+K-n+p.and'K°E6n+p-ére given in Table IX and accoupt-fof.a‘large:fraction
of the ovef@ll cross section. | | |
2. 9(1019)x'p

'_Figﬁres,28 and 33‘show clear evidence for broduction of ® mesons. Figure
36 shows a @x p Dalitz plot, using both K K n p and Kd£6n+p final states with
a.mass cut 1.009 < M(KK) < 1.029 GeV. There is noAsfructure,‘and, in parfic-
ular, a 90% cqnfidénce upper limit to @A(1236) production of 2 pb can be set.
Using the vaiue:(o.70i0,08) mb for the n+p > wat cféSs section aﬁ this

energy,3o wé obtain an upper limit to the cross-section ratio,
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o+ ++ , ) v '
R2 - o(n p = @b ) < 1 L - (1k4)-

0(n+pb" waf+) 350

In the'framgwork of the quark model, the smallness’of R? can be inter-
preted in terms of the quark content of the ¢ and mAmesqns;‘namely_they are
'almost'entireiy N andvdﬁ'+ pp respectively. Alexander et al.3l_have.related

R to the - mixing_angle‘el by,

;,l°°s 6) - V2 sin &

(" ploa™) - tan (8
+ | A+ = tan (6
(" plaa™) 1

- 6)) 5 (1)

: ,sin 6, + Jé cos ©
where 96_= taﬁ-l(l/fé) = 35.30.. This relation giveglé modeljdependent deter-
"-minafion of thé_mixing_anglevel, but is independent of ﬁhe mésses bf mesons
bélonging to.theivectqr'noﬁet. Fromrdur uppef limit'on:R, we find that
IQS - 91|'<>3-i°, and hence.that, tov90% confidence-levei,.32.2° < 91 < 38.h°.
This resuit‘is iﬁ_good agreement with the values based,dp the Gell-Mann-Okubo
mass formula, hgmeiy 39.5°+1.1° for the quadratic fqr@.ahdv36.hoil.l° for the
o linear‘fbrmév‘It_iélglso gompatible with the squared_coﬁblingrconstant-ratio
%ipn/%ipn ~ 1/6002 determihed colleétively from the experimentgl w gnd»@
widths, the o —?‘pn. branching'fragtiOn,;aﬁd'thevrétiq between the,phase
spaces availablé for 9 @ pr and o —élpn-3?”
It is worﬁh pointing-qut that @'pfoéuction in théi@ﬁfp final state‘haér
~a-flat angular distribution; énd, in partiéular, shows no_peripheral péaking,
This feature, élreédy observed in thevreaction"vn_p‘f?j¢ﬁY(Ref. 75 seeﬁs to
be charactgristic of @ prbduction by incideﬁt»pions;_ |
3. kﬁaf+§1236)

. As'shown'by.Téble ar production represents a ;ignificant paft‘of the
Kﬁn+p final state. The distribution of t‘ between'incident proton and final |

++ ‘ v
A is shown in Fig. 37, and indicates strongly peripheral behavior. The
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?Qistributions of,Gottfried-Jackson and Yanngreiman'ahglés for the'éf+'inA

the low t'-région.(lt'l <.o.3,(Gev/c)2),are shown iﬁ,Figf 38 and are very
suggestive of'dominaﬁdé by.pioh exchange. The COrresanding deday diStfibuf”
tions for the K+K— systém are shown in Fig;'39.¢ To the eXtent thatipibn'
exchange domiﬁatés these corréspond roughly-ﬁo'the inéiastic_érdéesé' .

}

o - KK Unfortunately the present statistics are too limited to

warrant a moré détailed study of this process.

. + + - +
De Knn n°Z

The croéélsections for the five-body.final statés.are sufficiéntlj.émali_
that it is unprofitéble with the présent data sample to attempt detailedugtﬁdya
-We confine ourselves to examining the n+ﬁ-n° mass spectrum which is%Shown=iﬁ |
Fig. Lo. There:is clear and sﬁbstantial w_productioﬁ; the cross section forv
' the K+@ﬁ+ finélvstate (including only the n n 7° décéy’moée)_being-8i3 ub{'t
This is to bevcompared'with the khOWn significanﬁ w.prductiop in the‘reaption

7 p - K%' n 2% at 3 to u‘cev/c,7'

VI. SUMMARY

We havé<madé a fairly détailed study:pfsétrange pérticle pfoducfién;ih'.
_ n+p collisions at 3.7 GeV/C- The majofvresults can Bevsﬁmﬁafized és foilows:‘

(i)-The overall strange particle prodﬁction:crosé §§étion»i$'abduﬁ 1.3 @b,:
of which roughl& 30% is KK plus anything and 70%vis YK plus an&thing. ;

(2) For three final states looked at in some detail; Kf2+,’K*+(89l)Z+ and
K+2+(l385),:é¢mparison with cross sections for the gérrésponding KOZQ st#£es
produced b&:n;p col}isions.shows results consistent-with‘the.absence‘of

exotic meson exchanges near the forward direction.

' + + .+ - -+ : L
(3).Comparison of n'p—= KZ with Kp —= n £ 'shows no strong disagree-

ment with the expectationé from KV’ KT exchange degeneracy. On the other hand,'
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compériéon of' n+p - K+Z+(l385) Qith K p - n_Zf(i385) véhows gross viola;
tion'of.these_expeétafiohs. ‘

(k) Resonance production is signifiéant in all multi-body final‘states:‘

Re sonance produétipn for at least one outgoing\particie pair accounts for
most of the qrbss sections of the four—body~final states. |

(5) The only clear example of double resénéncé~pr9ducti§n seen waé

*+(89l)2+(1385), but unlike its honstrange'counterpartsz this process is not
dominated bjﬂbseudbscalar ekchaﬁge. | | - |

(6) Theré is a small but significant amount of @ production in the reaction.
n+p - ¢n+§. 'Within’the‘Statisticgl unqertainties,‘none of‘that ¢ production
is associated with A (1236) _‘

() The productlon and decay angular distrlbutions of the K" 2 (l385)vand_3
‘ K*(89l)2 .fipal states have the follow1ng main features;. |

| (a) The‘K+Zf(l385) production is qualitatively similar to such prééessesf
asv K+p.—> Koéffflé36) but appears to deviate more~ffomvthe Stodolsky-Sakurai
model predictions ‘ | | -

(b) The K’ (891)2 productlon seems ‘to involve practlcally zero pseudo-f-”
scalgr‘exchgngefb Ihe.result,»in agreement with = p ~? K* (891) data, is »
presumably a gonSeqUeﬁce of #hé smallneés of the ZKN:coupling.

(8)_we are,unéble to obtéin ﬁore than an uppef limit.tovthe‘crbss section -
for Q+'productidﬁ via the process n+p - Q+Z+ N (Knn)+z+. This ﬁpper limit
lies close to the value which might be expected from the crossover seen in

k% - and Kp-* Qp-
We want tq express our appreciatibn to our séanning, measurihg and

programuing staff, and to the FSD Operations Group under Howard White.
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_ APPENDIX A

' : L 4+ + .+
Estimate of Expected Cross Section for the Process a p = Q X
o+ ' . o - + L4+
We estimate ‘Q production to ‘be expected in the reaction n p = Q I

from the croés-over observed by Brandenburg et al. in their study of the

- reactions
KOP - QOP - K T'p Kgn Tp : (16a)
Kop_ -» Q% - K*n p - Kgn n+p . N ,(16,b_)

over a range of incident momenta whose avérage is about 7 GeV/cs ‘Brandenburg,'

et al. determined the forward differential cross sectibnS'for (16),.defining
‘ o | ‘ o )
. the Q by the mass region 1.1 < M(Knn) < 1.5 GeV and the K by the region

0.86 < M(Kx) < 0.92 GeV, with the following results, .-

, , N o 2
e )Vt'='O = 0.83 _m,*’/(G‘?V/?)
%Z_'(Elsp) = 1.36 mb/(cev/e)® .
: t'=0 . :

. | o : ,
~ Isospin conéidéraﬁioﬁs lead to avgorréctidn factor of"?/z.to take éécqunt of -
the undefectedtK*n‘décay modes of Q°. B |

If we assuﬁe that the t-chahnelvexchangesvrelevaﬁt £§ Q:producfion are
the same as thoée‘relevant to K production in the corrééponding reéctions,
andvif we negiect the éffecté of mass differences betﬁéen Q and K, we éanfv
write, for small t' | | |

do , + 4+ "6 do , o " 0..)° do -0

a%T(ﬂ P> QZI) EET(K p Qp) - EET(K P > QD) EET(K P "_K P)' o
do ¥ o x5 |9 (% - ©p) - (kO b - K°p) (k% - Q) G
dt’ . dt' ‘ dat : dt

The squaring of'the bracketed quantity on the right side of (17) reflects the

fact that its dominant contribution is an interference between non-pomeron
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and pemeron exehange and hence is linear in'the-non-pbmeron'amplitude 29’
We substltute for-——T(K P~ K p) and agT(K p - k°p) the optlcal p01nts, '
taking for the total cross. sectlons at 7 GeV/e, o (K p) =0 (K n) = 21.0 ‘b

and Ut(K p) = 0, (K n) = 17.2 m,b533 Thus we find that the right side of (17)

ol
amounts to 0.41, from which o(x'p -» Q= - (K'x)'z") ~ 0.1 o(x'p - K'T)

= 43 ub. Taking_acconnt of the fact that the channel K n?noZ+ is not detected,

and of the fact that the K. mass'intervalein'our anal&sis (0.84 - 0.9% GeV) is

somewhat larger’than that nsed in the work of Brandenburgiet al. (0.86-0.92

GeV), we predlct for our effectlve a( p - Q Z ) the cross section of 48 uv

. glven_ln.Sectlon V-A. It should be noted that in (17); we have evaluated

the right side'at the . mean momentum of Brandenburg et'eir, namely'7 GeV/c;

"and the left 51de at our momentum of 3.7 GeV/c on the assumptlon that the

' ratios 1nvolxed are essentlally energy independent.
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Table I. Microbarn equivalents for different sections of the film.

Total sample - : : - (0.230t0.004) ub/event
Sample where all events were recorded - _'i, :  (0.542£0.009) ub/event .
Sample where not all events were recorded - o ‘(0.399i0.0Q7) pb/event»,

*Q—prongs without stopping protons were not recorded.




Table II. <Cross sections.

©LBL-13T3

_ - Cross

Final state section

S - (ub)
K's" 104217
KOs 12723
K 50 Lhits
KOyt 99+17
KA _99:7
K+E3§ 71%9 R
K x5’ 110t15
Kt 194
Ko x5 62+13
K% x50 2046
K A 14520
Ko 1 A ' 6li‘
K'Kn p 818
K K% P 57+8
KKx'n 4ot8

. : Cross .
Final state section
. . (ub)
KéKEﬁ*p»' 2lts |
K’ (total) ‘  667 .
K+n+n-ﬁ02f‘ 259
K0 351,02
K% 513
K°n+ﬁ+nfz+v 5¥h
KO o L2
K nn A ©20%3
Kot 2616
K+Eamfﬁ-p lﬁi
KgK§“+#°p 3%1.5
KK 1541
SR 18tk
K+K+59 | h1.3
KKt 121
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Table III. Comparison of n p and s p cross sections..

Final state nxpat3.90V/e  x'pat3.7GeV/c

K+ni20 B . 437 : L ks
Ot e  > &2¢8 o o geey
K ems ooy
K'K% .__ .  8ox13 IR 19
e O noms
Knn'sT . ooth | }: , 19&# 
kbnfnéif S 34%9 ' o | 62:13f
K°nin+z°, : s | — :.2216
YK+nin°AY1;  - |  103¢13’ B _:v",,ih5¢26 g 
Y B -0 Ceirg
K+K'nip-f‘ h  ‘ S '63t20 ﬂ S  ; 818
e o S o .., s L e 57i8'
ot om0 s
KgKgniﬁ resy | ) ;' ; 3'21:14 o
KgKgniﬁ. S :' 326 ,‘ 7 o |   -:gd§j v”

Ko}{ﬁﬁip L ’ B 56i. : : . , ‘.661{ ..
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?_ Table 'IV. Tests of relations (8)’andu(9);

Correcteda

o ' -0.02 © A=0.02. S
*. Momentum U/‘ 49 40 [T 40 g ’

at J at . .
0.6 Oﬂ6 ' Technique 3PReference»>

Reaction ‘ v
(GeV/e) (ub) )

p o KT 3.7 7etl2. . 72t12 - Bub. Ch.  This expt-
ip o KE b 51£3° 56+3 Counters ~ Ref. 8.
ap - k2% 0 3.9 22.5t4.5 . L4Bt10 Bub. Ch. . Ref. 13

7 p o k%% ko 3345 72t12  Bub. Ch.  Ref. 12
Kp— x5 3.5 88 " 79t8 Bub: Ch.  Ref. 1k
Kp - 2 3.9 70tk | 755 . Bub. Ch. = .Ref. 15
Kp—- x5 = i 69t21 . 76(23 - Bub. Ch. Ref. 16

. Correction consists of two parts: (i) conversion to 3.7 GeV/c incident -

momentum assuming P-l'g dependence of the cross section, (ii) multiplica- .

“tion of'KQZO final state cross sections by a factor of 2.

Extrapolated to -t = O.O2_(GeV/c)2 since measurement goes down to only‘.»

0.05 (GeV/c)é.
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Table V. Tests of pe}atioﬁs (11) éhd (12).
Corrgcteda _
-0. ou'__ . -ofou v
Momentum -0.6k4 at 2o. 64 dt v : o
‘Reaction ‘--(GeV/c) " Technique = Reference
| (ub) (ub) E A
+
Tp > L ) . S i
k'st(1385) 3.7 | 19%6 19%6 ) Bub. Ch. This expt.
n_p - o _ DA o
°z°(1385) . &,5 - 102 - 265 | gub. Ch. - Ref. 22
-n'z+(1385)’f7 3;5 }- : 6011 55110 :  Bub. Ch. Ref. 1k
Kp - I ) | S
n"z+(1385)_ 3.9 | §9t6 547 ) Bub. Ch. ‘Ref. 23

Ca. Correctlon consists of two parts:

' momentum assumlng P

-1.5

tion of K z‘(1385) final cross section by a factor of 2.

(1) ¢ohversion"to’3.7 GeV/c incident:

dependence of the cross section, (ii) multiplica- _:

1



_ Table VI: Cross sections for resonance production in Kmxf states. . = -

‘Final state . . ~ ‘Cross section . (ub) - L

COAS), ) (0° s
. K+7{+A(i5éo)" A(1520)_, ():n)° : . 1&: _
K%o<.8_9‘.l.)._7(;2f1 L R @15

Ot (765)5" o S P V.'-élivil-fi_"i_ L
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Table-VIIQ-vCross sections for resonancevproducﬁiQn in KnnA states. -

——

Final state _ . ‘ o  Cross section (ub)

K05 (1389, sTasls) - <t e
K°ﬁ+2+(l385):>}_ =7(1385) - Ax" SR o 35¢7

K n'20(1385) ,  5°(1385) — Ax° T V- Y

R o’ , kB9 o k) s11e

K" (891)5¥(1385) , [ K¥B9L) - (kn)* | |
ST | }-, s

Us*(1385) -» Axt

T o . o B _ I AR
a. This includes all K_no states, resonant and nonresonant. The same
convehtion'is.followed for the other final states. -~

et A Attt e e et e S ——
e ——— e ————— —— —




_Table VIIT. Density matrix elements for K* (891)z"(1385) final state. .~ =+~

el <03 (eev/e)® el <10 (cev/e)®
oo 0.30%0.10 .. v'33 v: S Of3é§0'981.'

. R

0.0B:0.8 . 0.0820i06

,'pl’_lv: o o o B ) : )
| 0.17¢0:08 . .. = . . 0.20£0.06' . .

  Ré o

3,1 ,-5 , .~-o.Q6¢o.07_:::i f’;_ - ;-iiﬁf"”o'd&#QfQG :Q.;}fﬁa’”*“ o
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‘Table IX. -Cross sections for resonance "productiOn in'.m'i p..states. v

B Cross secfiqnv(ub)"

‘K N (1236)  '{. ,';1‘;» N ,‘. 3-]j;'"7 \%t:'1- ;]fg  'fuo;7;fg,['
.cp(1019)n P o q>(-_1_019) - all.’ S e

m o ’

3 O w0 f

v'K

N (1236) | v'i;f 3-; fQ5jf;:{;”;LF_Jf:»i;’?f  < 5_g_i,j**zw'

wanxp,li'x me _(m0f 'f{7J S ?;;* £§i@jj~75?"’"°
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FIGURE CAPTIONS
Fig. 1. Most COmmoh strange4partiéié topoibéies'sfudied. ‘

.Fig.ié;  Scattef plot of'azimuth'versuSJCQsihe of_pdlar anglé fér $+ - hn+_
decays. o | | - ’ o
Fig.'3ﬂ Distribution>of decayfcqsihe ofvphqtqh ih the'29 rest_ffa@e'with'.

respéct tb (a)vincident n+; (b)léﬁtgoing n+; (c):dutgoiﬁg Kf;-fdr;i76;:

- events aﬁbiggous_ﬁetﬁeen (5) and (6); (a) SCéttef ?lot of decay cpsine.
with respect td the outgoihg pion versus ‘the deéay:cosiné with‘fespect
to the kaon for ‘events not in the forward peak of (a), (e) same dlstr1~
butlon as in (a) for events whlch fit (6) unamblguously.

o ' + R
Fig. 4. (a) leferential,cross section in the center of mass for n.p = K I

' o+ + n - ' ' '
based on 144 % - ng  decays; (b)vt distribution near the forward direc-

:pion; (é) u distripgtion near the backward directibnfl Né_events_a;éu .
observed in the angular range  0.3 > cos eprod’> - 0,3.'
Fig. 5. Dalitz plot for the K'n'A final state.
' Fig. 6. An+‘mass spectrum from the K'n' A final state; 
Fig. 7. leferentlal cross sectlon for the K b (1385) final state.
Fig. 8. (a) Dlstrlbutlon of decay .cosine of 2(1385) in Gottfrled JackSOn
fréme, (b) distribution of decay azimuth.
Fig. 9. Dalitz plot for the K n'£° final state.
Fig. 10. 3°x" mass spectrﬁm from the K'n'£° final state.
Fig. 11. .Dalltz plot for the K'K° b final state.
- Fig. 12. K K mass spectrum from the K K p final state.
Fig. 13. Dalltz plot for the K T Z final state, 1nclud1ng both decay modes..
" of the .
Fig. 14. K°t mass spectrum from'K°n+Z+bfinal state.

Fig. 15. Differential cross section for the K*+(89l)2+ final state.
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Fig. 16. (a)fDeeay cosine and_(b)-azimuth inbettfriedFJackson ffamemfor
K*(891) from the X*' &' final state.
Fig. 17. ZIn mass spectra from KnnxZ final states: (a) Z 2° from K iy T opt 5
+ - + 4+ - : - -
(b) £'%” fromKn n £, (¢) £x fromKnan'L .

‘0 O

Fig. 18. Kr miss spectra from KnnZ final states: (a) K'n from K%x n°Z+3

: : o+ + - + 4+ -+
(b) Koﬁfvfrom K% %7, (¢) K'n~ from KnxmnZ.
. S e i PRI b ot
Fig. 19. =nn mass spectra from KnnX final ‘states: (a) n ' from K n ' Z ,
+ 0 + '
() = n° from-Kon Ozt
. . N ,
Fig. 20. (Knﬁ) wass spectrum from K n By and K 7 i Z flnal states
Shaded‘portlon has additional requlrement that one‘,(Kn) or (Kn) combina-
tion. be in the:K* region.
, . - | . e AN o.+ +
Fig. 21. An mass spectra from KnnA final states: (a) Ax  from K'n = A, o
+ + + ' 4% L ' ’ '
(b) An’ from K '« 7°A, (c) Ano from K 1 nCA.
o . ’ ‘.'o+' o+ +
Fig. 22. Kn mass spectra from KmnA final states: (a) K« from K'm w A,
() K n°. from K:ﬁ_noA.
. ' : R L ++ o+ +
Fig. 23. nn mass spectra from KnnA final states: (a)n n from Kz m A,
' + o + + 0. ‘ SR
(b) % 7° from K n nCA.
Fig. 2b.. Triangle;plet'fqr K% A system;_each event is pldtted tﬁiced
Fig. 25. bifferential cross section for K (891) 1385) final state
Fig.-26. Trlangle plots for KKn p final states: V(a)'K K n p,'(b)
KSK (unseen 1 p, (c KSKSn P |
‘Fig. 27. pn+ mass spectrum from K K p final state
'Fig. 28. K K~ mass spectrum from K K x p final state 'Inset shows spectrum
"in b-MeV bins near the ¢ mass.
S . , N . ,
Fig. 29+ K n mass spectrum from K K n p final state.

. - . 4+
Fig. 30. pK- mass spectrum from K K n+p final state.
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M

- - + - + N   ’ D -
31s KK .mass spectrum from K K & 1236) final state.  Shaded region .

has additional requirement that K¥(891) and A(1520) events are removed.
S o + . . A .
32.  pr mass spectrum from KoKon P final‘state.-3(a)_KgK§n p events,
/.y 0,0 + , '\ 0,0 + L o : .
(b) KSK (unseen)n p events, (¢) KSKLﬂ p events as deduced from (a) and (b)e
33. KOKolmass spectrum from K°K°ﬂ+p final,StatéL’5Categories'(a), (v),
(c) are the same as for Fig. 32.
o + ) : oo + ._" - .. . A o
34. K n mass spectrum from K K n p final state. .Categories (a), (b),
(c) are the same as for Fig. 32.
35. pKo'mass spectrum frOm.K°K°n+p final state;"categories (a), (B),
(c) are the same as for Fig. 32. .
36. @n p Dalitz plot taken from both K K n' p and KKon p_final states.
-37. - Differential cross section for N pfqduétion in the final state

KK A,

. 38." Distribution of (a) decay éosine~and (b) decdy-azimuth inlthe

Gottfried-Jackson frame for & from K K A @ final state with the cut
-t' <0.3 (Gev/c)2.
39. Distribution of (a)'decay-cosihe'and~(b)'deCay aZiﬁuth'in*the 'v'v'

' P o + - T = : TR
Gottfried-Jackson frame for K K system from K+K A - final state with -

‘the cut -t' < 0.3 (GeV/c)z.

. +. ' . : ’ . + + - 'O0_+ .
Lo. == 7° mass spectrum from final state K n x n9z o
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LEGAL NOTICE

- This report was prepared as an account of work sponsored by the -

United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any

‘information, apparatus, product or process disclosed, or represents

that its use would not infringe privately owned rights.
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