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THE K·p- R0,rp REACTION 

FROM t.O TO t. 7 BeV/c* 

Stanley G. W ojcickl f 

Lawrence Radiation Labo~~to'ry 
. Univeraitytof California 

Ber.keley, ·California 
' 

December 5, t 963 ... 

ABSTRACT 

· Thia repOrt aummarizee the study of the .reaction K-p - .R0 w • p 

over the range of energiea from t.O to t.7 BeV/c. The reaction is ahown ~o 
• . 1! 

be dominated by the K ·p finalcstate from threshold (t.OS BeV/c) to the \1 

highest energy available in this experiment. · The beat values for K•­
parameters are ahown to be 891 and 46 MeV for the central value and full 

. -
width of the resonance, reapectively. 

It ia ahown that the one-pion-exchange contribution dominate• 

the low-momehtum-tranafer events a~ the higher energiea. On the assumption 

that T=3/Z Kw interaction ia negligible, which ia atrongly ·indicated by the 

. data of Galtieri ~t·al •• the T•t/2. Kw s-wave Pba:·•e ahift ia abo~ to be amall 

and poaltive and roughly Unear with the center-of-maaa momentum ,in the 

K,. system. ~fluence of OtA.fto..unatable ineaon and baryon atatea on thia 

reaction ia diacuaaed. . 

': 't l ... \ . ·. . \ 
' 

\ 

,.., . 

•• :., .I • ·"~··,. • , 
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. L INTRODUCTION 

T.he reaction K•p -R» 1r·p p~ovides a convenient process to study 

· r·· . · pion pr~duction by K• mesons by using the bubbl~ chamber technique. In. 

'~i ', 

~his paper we present the results on the analyaia ·of 5165 examples of this 

r.eaction .in the energy ran~e fro~ t.O to t.7. BeY/ c •. ·. The reaction ia dominated' •· · 

* ' " by the K production from th~eehold.~p to the highest energy accessible in 

' 
this exper.~ment. I 

Sec~ion n discusses briefly~the details of the exP<>sure and the . . . . 
. . 

data-analysis system used in the experiment~ In sections Ill .and. IV we diacuss 

. th~. cross sections and the gross features of the reaction~ Sections V and~~ 
' ' ' 

deal with the applicabiijty of the one -p~on exchange model to this reaction~ . 
". . . . . . ' 

.. :Using the Ch~w-Low f~.r~alism, we obtain cross sections and phase shiftai\\ 

for the K1r scattering •. Finally, the last section discusses the effect of th~ \ . . . . ' . . . . 

other final-state interactions upon the re.action in question.' 

• 
':i ·' 

n. EXPERIMENTAL METHOD' 

. The. experiment was performed by exposing the Lawrence Radiation 

. Laboratory1·s .. 1.z~in·: .bubble cha~ber to a high-energy, Z-stage, separ~~ed 
- ' . i ' '' ' 

K beam designed and built under the direction of H. K. Ticho. . The exposure 
I .._ o I 

. lasted from September 1961 .to June 196Z. Altogether eight different momentum 

·settings were used, ranging ~rom 1.05 to ~o7 BeV/c. The lowest two (i.OS and 

1d.1) were obtained by tuning the beam for transmission of t.;ZZ-BeV/c K, . ' . 

. · ·mesons and then degrading them to the desired momentum by means of an 
. ! 

' . ' 

r .•• 

· .);,uranium or copper. absorber ·placed in front of the chamber~ All' other energies . .· 
.Mi .. .... ,, .. ., ..... , · · · · · · · •r<:~mui1!~M~~;~· 

· ·:· were obta,ined by tuning the magnets for 'the appropriate momentu1n. . The 
J . . . . . . . ' . 

typical mhmentum sprea.d was ':t:. 3 or .4Cfo.: . Th8, pion contamination was always · : · 
.· I . . . . .. · . . . . . . .. 

. ;: . less thM 15o/o, and since it ca~ot.eo.ntril)~t~ aignif~can~ly to the topology ··; · ·: .: 
. ; • I , \ ~. , ..,. ., \ • 
. j. 

under study, it does not concern us here.... . The ~yplca~ K ~,ux per p~cture 
.f ',. . • . , ,\ :· :.·-.~-· ·.' • I ,· ··.\· ' "', , :_·. •. • . ~~1 •. . . ·. . •. 

-~-, ·. __ . .. . . I ~ . ""'·· .. }:, ..... .. , __ ~.. ·• '\.. .. h 
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ranged from one at the lowest momentum to about 10 in some parts ol the 

film at 1. 70 BeV/c. 

The events under study include only those in which .R0 decayed in 

the ch~mber via the two-charged-pion mode. All of the film was ·scanned at 

least twice for that topology. A subsequent check o£ ~ ~ R.0 p'l1' • events 
. . . . 

indicated that they were missed less than So/o of the time on each scan. For 

three of the momenta-•1.3Z, 1·.4z, and 1.51 BeV/c•-part of the film waa 
• I 

. . . 

subsequently re.scanned to reject those events that involved a sure A decay, 
' . . ... ·. . ' . 

in order to reduce the number of measurements required. It was verified 

that this procedure resulted in ~o l~ss of genuin~ R0 p'l1' .. ~vents. 
I ."• 

An IBM card was punched for each event ,found, and these in turn 

were converted into a magnetic-tape master list by using Alvarez Group library 
'• . . . . !I . 

program LINGO. Under control of the LINGO program,. cards were then :' 

generated for those events that one desired to have measured.· These cards 
. . . 1 

. . 
were. used to control the measuring projector (Franckenstein) to the extent .. 

. . \ . . . 
of stopping the film at the correct frame, centering the stage in the· vicinity 

of the vertex, and entering the correct indicative information on paper tape. 

An operator recorded on this paper t~pe coordinates of several points on each 

track along with the appropriate reference points (fiducial marks) on the 
. . . 

surface of the chamber glass. Typicai measuri;lg time for a V0 Z-prong 

event was of the order of 10 min. 

After conversion of paper tape to m.agnetic tape, the data were 

processed through the IBM program PANAL. PANAL edited the data· into 

a more compact format and also performed some basic checks. The PANAL 

output in turn served as the input to the spatial-reconstruction and kinematical• 

constraint program PACKAGE~ The first part of PACKAGE reconstructed 

all tracks in space and calculated their curvatures, ~aking into ac;count :energy· · 

loss. Errors on all quantities 'were also calculated here.~ In the se~ond part 

. ' 

• 
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of PACKAGE, kinematical fits were attempted to all hypotheses involving 

a A or K0 • two charged prongs, and one or no missing neutrals. The 

.~ . ., ........ ~ . 

-r PACKAGE output was in the form of a binary tape which contained a summa.ry .. 

. .., 

..... 

o£ all attempted !ita ae well as the fitted quantities for those hypotheses that 

gave a ·SUCCessful ~it. This tape served as the input to a FORTRAN language 

. program EXAMINe .. which decided on the basis o£ x z, a for various hypotheses· 

whethe·r the event ' 1passed" or not., In addition it. also calculated quantities 

'o£ interest for passing eventeo The ~XAMIN program wrote a bin~ry tape 

(data ... summary tape) with this information (typically several hundred words, 

i.e., numbers per. event) which was uoed to update a master data-summary 

tape (DST). This latteJ" operation was perfol'med under the control of the .. 
. . 

LINGO program in such a ·manner that events not on the master list or events 
. . . . lj. . 

.I 

· that passed previously were rejected" Thus the DST was pl'otected againsr 

having duplicate good measurements of the same event entered on ito The · • 
DST ·was then.the master tape serving as the input to vario"!a FORTRAN 

. . 
programs which either swn~arized (e.g. in form of histograms) the data. 

as it was on the tape, or used these data to calculate new quantities. It · 
i . 

should be mentioned that at each stage in thia analysis system some BCD 

(printer tape) output waa also generated to allow one to check the whole 

z. 
operation. 

. . 

The separation of the R0 p'll'- reaction from others o£ the same · 
. . . . . 2 

topology could ordinarily. be achieved, by reference to x only. Even at the 

highest momentum,; th~ number of ~mbigUities w~s only of the orde~ of. 
. . . ' . \ . ' . '· ":. . 

Zo/o~ and those co~ld alw'*ys be· ~eao~v~d by inepec.ting the. i.onization of the two 
. • .. ',· ... ":~:- \_: . . , -... :· ·:.... ~ .. ·.·._._._,·~-··.··c.-~\ .. _· ... ' 

positive tracks. .. ' .. : .. ' .·. ·, 
{. .. ..· .··~ •\. 

I '_• 

' . .'<.( :. : .• . 
. . ' 

f • •• 

\ } ... ' 
. :. . . ~ ' . ·.' 

· .. _·,· .. ··.·.' '. ! ~ l ·_. 

• ~- • ,j ;.,.,. • ":"1., • ,•. 
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III. CROSS SECTIONS 

The path length in this experiment waa determined in the following 

manner: 

~-~ At the lower two momenta (1.05 and t.U.) all 3-prong eventa were 

measured, and thu& an accurate count of .,. decaya waa obtained. For··all 

practical purpoaea, acanning efiiciency for 'r topology a~ theae momenta waa 

100%· becauae of relatively low energy of the beam and low track density. 

b.· At the higher momenta (P beam ,;. t.ZZ BeV/c) two independent method• 

were uaed to obtain the path length. The firat method involved counting all 

3-prong events, and. then correcting for scanning efficiency and 1-prong 

· decaya with a Dalitz pair. The aecond method was baaed on counting all 

interactions in approximately every tenth roll of film and then normalizing,to 
. . I 

. the total film sample by the use of thoae interaction• that were acanned for in 

all of the film (e. g. , V0 Z prongs). The path length was then obtained by 

referring to the counter meaaurements of the K .. p croa a aections in this 

energy region. 3 The number~~ pion interactions was ·deter~ined m~inly from 

the number of obeerved double-V asaociated production&. At the higheat 

momentum, where the pion contamination waa the largest, thi1 number waa . . 

checked by counting the Z-prong interactions with energetic 6 rays. 

The data on the path length, as well as on the number of eventa 

observed at each momentum setting, is summarized in Table I. The &ize of 

the discrepancy between these two method• of obtaining path length givea ua 

some idea ~f the absolute accuracy of these methoda. 

The croaa aections for ·the reacUon under atudy are diaplayed in 
-. * Fig. t. Above the K . threshold, the erose aection appears to stay reasonably 

constant, with a poilsible slight rise at the higher energiea. To obtain t~e 
. . 

crosa sectiona~ we m_ultlplied the raw_ data ~y· 3 to allow for the K~ and neutral 

decay modes of the ~ • by about. t.06 for very abort R0 (thie numbe~ ·waa 

.I . ' 

. ... 

i.i.: ... •.•t 

., ...... 't·,····.r." 
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. : obtained by studying .the lifetime: curve of the R0 ) and by t .. O to t.~s at various 

. , momenta for events that failed to go through the syatem6 A study of re- · 

measurements at !o~~ and tco5~ BeV/co wber~ exteneive eecond and third ": -.: 

'. ' 
· · ·. · , .. · · • measurements were carded out on. £ailing ®ventee indicated that the absence · · ' '· 

· ''".· · of the events that fail on the first pass doem not bias any of the. distributions · 

s 

1V9 GENERAL .FEATU}\ES OF THE REACTION. 

Except lor the lowest mcm~mtum (1.,05 BeV/c) all oth~r momentum 
. . . . .· . . . . . . . . : 
intervals under study lie above· the K threshold. The opening up of this new 

. . . - ~ ., 

. . 
· channel is clearly seen in Fig. i as a sharp jump in the cross' section in the 

. . - . 
vicinity o! 1. 08 BeV /c.. The extent to which thf! ~ dom~tes our reaction ,can 

. . . . . ·. ' 1\ 

be seen from the ma'&e plot of the K1r system (Fig<> Z)~ as well all in the Dalitz 
l .. 

plots of this reaction (Figs. 3 through 8)o ~a· the Dalitz plots we have divided 
-:.•·.· ' 

~:~ ';'!,!~ ~i~:;; ~~ :~-~~ ~~~- . the data into three m~mentum intEntvalo···i.tS to t.,45 BeV/c, .. 1.45 to 1!'55 BeV/c, ~:·~~.':;:;·;: . . . 
. . . . . . . . . 

and 1. 55 to .1. 7 BeV /c.. Clearly, the K ia just a& dominant right above threshold 

(the.lowe~t mome~tum inte~l) as it is at higher .energies •. To· first order, 

there are no other effects (which would exhibit themeelvea aa bands on the 

· Dalitz plot) contributing to thb reaction.. In a subsequent section, we look into 

the question of a~eondary resonances ·in more detailo but for the purposes of 

this discussion it is clear that other effects do not eerioualy influen.ce the study 
. * . . 
of K production and decay. The curve drawn over Fig. Z repre.senta a. mixture 

.>_ - .. :~~ ·~:. 
·.~ ' . * . . . . . 

·. of 7 5o/o K formation (represented by ~ Breit· Wigner curve with a central value : ;.·· 

. of 891 MeV .and r of 46 MeV) and Z5o/o phaae space., The fit ie very goodo and . . . . <i . t· . 
~ . ' 

···. 
this 3:1 ratio seems to r0present the data quit~ well at all energiem in this . ' ·. .· .. :· .. 

. . experiment& 

, The higher~ene_~_gy :region in tbia experiment •. PK > t.4.5 BeV/c, · 
·: .. · . . ·. . . . . 

. should give a fairly a_ccu~ate ce~~ral'·-value e.n~ Widtb.ol the K " . F~~·t~y, aa · 
. . .· :' .. :\_' ·',,,., __ . "\.·, .. ··:·\:···' ' '•;·.·, . '•\, \'·- .. :· ... \ . 

.. - . . .. ·:.:~ . . . ....... ·- . . .: · .. ·: .. ·' ... _ . \.. ·, ... _ .. ; .. : - ..... · . 'l -· 

. .. 
·' 
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remarked previously, we observe no other strong effecta in the reaction. 

* -Secondly, the K occurs roughly in the middle of phase apace at those energies, 

and thus the kinematical factors do not influence the parameters in question• 

- * The K1r mass spectrum in the vicinity of the K is displayed in , 

~ig. 9 in 5-MeV intervals. The data were divided according to the incident mo-

mentum;~!those with 1.45 < PK < t.55 BeV/c in Fig. 9a, a~d the ones with 

:1. 55 < P K < 1. 7 5 BeV / c in Fig. · 9b. After aubtrac
6
tion o_f the estimated back· 

ground (straight dashed line)', the data were fitted with a Breit-Wigner curye 
" * ·, with two parameters, the central value M and the full width r r. _Both subsets 

of data gave the beat fi~ to identical values of these·parametera,. n~melr 

* . 4 M = 891:1:1 MeV and r = 46:1:3 MeV. .The quoted errors are only statistical . . . 
. 2 

and do not include the·uncertainties inherent in thie procedure. The x for 
. • l1 

the fit using these parameters corresponds to a probability of 50 and 6% for-
' 

the lower- and higher-momentum data, respectively. 

• 
V. ONE·PlON EXCHANGE MODEL 

In 1959 Chew and Low proposed a way to analyze experiments with 

virtual particlea as targeta (aa for example pions in the cloud surrounding the 

5 ' nucleua). They conjectured that the cross section& and scattering distributions 

for reactions of th~ type ,, ~ 'lt'11' or wK - wK could be obtained by measuring 
· · 2 2 2 ·2 2. 

the two-dimensional distribution 8 CJ(A ,w )/8w 8A , where w is the mass of 

2 the 1r1r (or K'lt') system, and A is the invariant four-momentum transfer squared 

. ... 

given to the nucleon. More apecifically. it applied to our reaction; the conjecture 
. . 

' 2 2 Z/ 2 2 states that the distribution in queation, 8 CJ(A , w ) 8w 8A when extended to 
. 2 z 2 

the nonphysical value• of A , will have a pole at the value t:J. = -~ where fl. '-· 

is the maaa of the exchang~d particle--1r0 in this caae--and the residue at this 

pole is related to the 1rK croaa aectlon at that ~alue of w2• Quantitively, ·if . 

applied to thia reaction we have 



. ., . 

8
.)

8
Az ,; Z i z:rf 

- ·A..--... 

8
2(1 : .2 . ·~' ~~ 

~ ' ' ' - . 
whe~e ~'t is the mae a of the incident partic~e (K ), V.z the ~as a o_f ·the target 

p~rticle. (~0 ), q~L th~ la~rat~·ry ~omentum. ~t th.e. K me.~o;~~ an~ r ~he: pio~~ 
nucleon coupling constant equal to 0.08. . In oth~r words,· we poetulate that .. 

1 • 1 , ' I ~ ' ' ' o ' ' • \ ' ' ' ' ' • ' 

one-pion exchange (Fig. iO) must dofn:inate the re~ction at A~ ·':2 .. .,._z.. The 
. ~ ~ , ; , • . I· 

. ' 

same general atatementa can be made about the three-dimen~lonal distribution 
0 

' 
0 

' 
0 

I • • 'o 0 • •, \ \' I ' t t z·z·z· ·. z z · · ··. 
8 (1 (w , A ·, coa8)/8w 8/l. 8coe8, where 8 !a the anglo b.etween the incident 

' . ' i • • • ~ 0 0 ~ ', 0 ! I : ' ' : : 1 ' 0 ; ~ '• • ', 0 ! o 4 d 

K. and outgoing R0 ae defined in the RG,r • barycentric eyetf!rn.:. Thue the Kw 
• • ' ; I •: f ' 'o • ' ; ' ! 'o I l ' ' ' • · .. I '' ' . • • • 

scattering .. diatrlbutlon can be obtained in a aimllar method a,. .the total.crosa 
_; • • ' : ·• • •· • .I ' • : . •• • • ' ; .4 : • ' . : ·''•' 

·· section by extrapolating this three-dimensional dbtrlbutton to the pole. 
• : . ' .• ~ . ' . . . ' • :. : I. : . ~ . • ~ . ' • • . • ' 1 • • I • ;. I • 

· · •• • "' 1 .· In practice, the extrapolation experiments hav~ prov:ed to be v~~1y ........ ~.~~·~:;;;· 
' ' '. ~ ' , ! , • • I 

1 
,, ' ' I ' : ' • .. J. ~ • • ,.,lo, 

., 

· difficult since ve.ry large amo.unte o£. data at very low momentum tranafer.a' 

~re .requlr~d to. ~ak~· ~he extr~polati~~ reUa~le~ 6 ·~ th~ other hand, , the one ... 

. pion-exchange mec~i8m may dominate the physical regiorf~ so th&:t extrapolation . ~ ' . . 
. ' ' \ . 

.. · would not be neceesary~ The ·chew-Low prescription then could be used to, . . 
, , • 

1 
, , '" 1 ; • 

0
' ' ' •, ' , , ." , , I • j ' , , I ~, I •, l. ( ,·: . : • • .. 

·. · · relate the laboratory ·quantitiea· to the quantitlea ln.the Ktr (or ""' ay·ateln) •.. ; ··~.~"··.'·r 
) . I . .· ' . ' . ' . ' . I . . ' • ' .. : ... 

~:· · ' Basically, thla amounta to eaying that Just a linear term~ie eufficient .ln. , . .. 'j 

\·~ • . . • . •. ,' . • I . ; . • . , • ' ' ,. . I . • ~ ' I • I' . I I l • ' .. I. I '.\. .· 

.. ( . . ·· ~xtrapolatlon. · · 
1 

. 
1 

. 

l · . The etudy of plon production by pions ·baa indi~ated that at. low~: ... · · ' 
1 ' ' • 'I ' • f t'l 

momentum tranaferi to the nucleon~ ·r4lactlone like tr+N- tr+w+N can be 
' .. 

interpreted aa the interaction of the incident pion with one·of the .pions in the 
l • , I I .•, . . .. . . 1 

cloud· surrounding the nu~leon, i. e .. · pion-pion ecattering. Even though 

·. · detailed investigation• ·ot thia ph~nomenon·ha~e ehown.that other._mecbaniama · 

also cont~ibute, 8 it le ~lear that, at .leaet at a aemt~q~n~it~~~~e; ~evel, th~ · 
• " I ~ I • •' . •. ,:, • • ; I : . : 'l • I 

one•pion-exehange. (OPE) model give• a t~ithfW. repreaentatl~ o{the.low~ ... · 
' • '., • '., . .: .; \'' ·~ ,,··· .: . ,,'::.:· ~-, .: : ~ ·: .. : .~·_,·..,·.· .••.• t· •• • • .' ' • ', ~ • • • .' 

momentum•tranafer data· b1 vN interaction• .:.·. ·l ~~·.· '.~.\··~·:·:,. · · !·:·:·~ ·· ........ · ' .· .~ 
. : .. ' ' ' .. :: :\' ...... ·.~·.·; '.\:.~·· :.:·· .. : ......... :< \. :· ·.~ .. ·:. ~~ .. ::-·: ,. . . · .. 

'' ,~ '., -~ ,t,•' t' :.- -~~· ~• '\ • I~· 4, ..... ·,.:·~t','•~ ~~ ~ • • ,~f ,', 

• • • 1- ·~ .~ f .. '. ...:: • ~ • 

·. '~· : ' . , .. \ 
' • ~ •. ..l . ~ - .......... ~- ·' "- ' ;, 

' .. ... ~ ¥.--- -~·-·· 

,· 
• _.:...:. _,_ R~:....:-~~: ... .-\._ :. .. ~. _ .• :,~-~- ~• ·'-.: 
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There baa been considerably lea a work on the mechanisms involved 

in pion production by K meaona. The OPE model appear• remarkably successful 

. + *o *++ in explaining the behavior of the reaction K + p .- K + N studied by 
9 4 . iO 

Chinowsky et al., Kraemer et al., and Ferro-Luzzi et al. On the 

+ other band, in the three-body state• arialng from K p colllaiona, a much 

t0-t3 more important contribution a.ppeara to come from the p exchange. 

' This can be attributed at leaat partially to the fact that the OPE model cannot 

. lead to an N*. along with a ~ meso~, and N* production appear• to dominate 

the KTrN final atatea. 

In thia aection we would like to dtacusa the data in light of the OPE 

model. • Since, as mentioned. before, the K appears to be the only atrong 

final-state r_eaonance, !. priori we might expect thia aituation to favor atu~y 
+ . 

of the pion-exchange mechant.m much more than ~n the caae of K inter~ctiona. 

In the region of validity of the OPE model, the data· must aatilfy • 

several condition•. Firstly, the recoil nucleon in general exhibit• backward 

peaking. It is difficult to atate thia requirement quantitatively sine~, in 

·general, the form factor• at the two vertices on each aide of the propagator 

have some AZ dependence. 

Secondly,· there can be no correlation between the orientations of 

the particles forming vertex A and thoae forming vertex B (see Fig. tO). 

This observation waa first made by Treiman and Yang and atema from the 

fact that ·the pion is apinleaa and thus can carry no orientation information 
14 . . . 

from one vertex to another. Quantitively the requirement can be stated 

th~the cliatributlon in angle • muat be ilotropic, where+ ia the angle between 
/~ ~ 
fin X !out and ! 0 X '!• in the incident K- reat frame •.. · Here ~in and Pout 

refer to the momentum vectora of the target proton and the reeoU protone . . . . 
respectively. 

' 

• I. 



'.,J 

. ·' .. ,. 

·9· UCRL-11138 

. Thirdly, the relative cross section for the production of the various 

possible charge state• is no longer arbitrary, but represents the requirements 

of charge independence at both vertices. This point need not concern us 

further here, since we are studying only one charge state. 
I • ' 

Fourthly, the ecatterlng dlatrlbutiona for the K'IT. fina~ state must 
. . 

•."·• I 

.;., 

....... ~ .·· ,., ' . 
.. .. be characteristic of the predominant angular-momentum state. ..' .. :· .. ,..,,.,

1
;, 

l1t ".: • o '• 
1 

I .' 0 ! 

For this discuaaion -we have divided,the data into three momentum .. · 
' I 

0
: , ' 'i 1 ~ • ·, •' • _. # . I 

interv~ls·-~.15.< PK. < 1_.45 ~~V/c, 1.45. <.PK. < t.s~ Be-y/~ and .... , . 
. . . . '. . . . . • ·,. 2 '0 . . I. • . . ' .. ' 

: 1._55 < PK. < 1;.75 BeV/c·. The .. ~ cll~tributlon for eacb.of~hea~ lDterval~ as .·.,. ~ ·· 
• o ,. 

0 0 
, ' , ' I , • ' • ' • i • I I, , ' ' ' ' ~ , :, 

, .. . . 

. · a function of the K1r mas a i1 1hown in Fig. 11. It ll. clear that the .nuinber. of: .:. 
' • I ' • \' I ' ' • I I ' ' ', o o ~ ' • I ' : ': ,: o} ;;;. ' ' 

low-momentum protons increase a as th~ energie1 of the incident K- become · ': · 
··: ,· .. ·' 

greater. This il easy to understand since, aa the energy increas'e•• the · . 
. . 2. ,·. ' .· . . '·: . . . ····! 

physical region approaches the pole at l:t& 2 = •J.L • · · · · ' · . \ 1 
, , ·,, '•· , ,I 

I 

.,· 

The distribution in the Treiman- Yang angle for the l~w-~omentum·· 
• o ; •, 'I ' • • i ~ I ' 'o .. :' ' ' ', ' ' o ' ' 

. transfer events for these three energy intervale ia diaplayed in Fig. t2. 
' • ' .. • ' ' , . : .• ' • 1 ,' ~ • • ' ' •• 

. ·Within each momentum interval we have divided the data according to the 
' I 1 , • 

. . . . . . . . ' . . .. 
K1r mass spectrum into three bins--below, at,. and above the K resonance. 

'' ' 

·_: · .. Low-momen~~-transfer .events are .definedber~ a~ those- witb c~~BK .. p < -0.9, .' · 
: :~ 

. -0.8, and -o. 7 for t~:te lowest, middle, and highest momentum bins, respectively.· . . . .,. 

This cutoff was ol?ta.ned by' inspecting the variation of the diatribution in the 
' ~ . 

• • • ' ~ ' I\' ' ' ' ', • : •. '. 

Kw scattering angle aa ~ ~unction of the production angl,~ in the K mas a band;·. __ .. 

·.·.· :_ '·,. 
. :. . . . 2 . . . 
865 < M(K1r) < 910 MeV •... s~ce at gre~ter ~ngl.e• t~~ coa ~11' te~~ appears to 

' . . . . . ' . ' 

· · vanish, the OPE diagram could ·not becbminant (at least for thia mass interval). :. · ;. 
', ;: ' ' ' ' : : • • ,: ' : • ._ : : • 'j: .::, I I:' • :, >' '• o. ' • •' f • • • •, 

We conclude from. these diltributions that the data do not 1how any statistically 
. • . . • . • .. : . . . . . • ; . . . ·. . • . ' ; .'. . . : . I . ' . ~ . 

-t . 

I 
' .. ' 

significant departures fro~ isotropy at .the two higher. en~rgy interval~ but are.:. 
· I , • . , · ! I ~ . • ' , • ; : ! , : '. • • • • : .1' ·• ' , • •· . 1_ r:· 

•! I 

. inconsistent with the OPE diagram at the lowe at energye · .. ·. · ..• 
! ' • ' \ : ' : . : • _; ~ • • '', ·., \ ' ' ' ' ~ ~ •' . :_, ', I:· :., . : • . ' • ~ .' ' "I ' ! r '~ • ; ,'!; 

The Kw acattering-angle d••tributlons at the two high~r. ~nergies · · ~·. :) 
.I ; <1• :. '• ' r ":,' . • •I , i 0. '"" .. ,O '·. . ~ .. ' , •. i ~:. ,: •;' • \, '. : 

1 

• • 

1 

I . ,.. _,; '
0

t, • • , ',~~ ~ ·•,,' ;; ,:· 

are shown in Figs.· t3.·and 14. 'Their gener.al bebavioi\la again· conaistent ·· · .· · .· 

. . . . . \ -~:: ~ ~:- L: ;··::"; :_ .~ .'.' .. !, . ·:::::'::~·:·:_ .. ,: ·-~·: ',_,'"_ . : , . . , , '2 . 
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with the peripheral m~chaniam~ exhibiting an S•wave background with a 

• ·strong P-wave, . characteristic of K resonance ln the middle mass bin.. The · -

scattering-angle distributions at the higher momentum tranafers (not shown) 
. •. . '! . .... 

agree with isotropy fo~ all maae intervals., The data thus appear to be con• 

sistent with the statement the the OPE diagram. dominates the reaction Under ····· 
. . . . . '·; . " " 

study for low-momentum-transfer events above t.45 BeV/c. · Low momen~um ·. ·-:~ 

. transfer he~e means cos8K. ·<· -0.8 ·(~2 S 9 m,2) at~- i .. S BeV/c, ~d · · 
. . . . z . . .f. . . . . . ; . ' . . ~ . 

. cos 8K... < ~o. 7 I~ < t4 m ) at t.6s BeV/c.. . - ·· · ·· · 
. p . . ., 11' .• , ~ ' 

,.h 
' 

VI!' K,.. CROSS SECTIONS !\ND PHASE SHIFTS 

.. . . 

In the preceding aection_we have shown th~t the low-momentum• 

transfer data at the higher energies appear to be dominated by the OPE diagram. 
' . . • . . - • • • . • ~ ~ -. ..... ' . • . t \ . . ~ . ·-~ ~ l -~ ........... _.~ 

. · . Here we would like to interpret thea~ data along the linea suggested by Che'Y' and · : · · ;. 
; • •"'1,9"'.b~·V-' .. H~Uj, • , ·; i . ~:_y.;, ~·1.\',\r~-:- • .~. ··'· , .. . 

Low to obtain K1r croaa sections and phase sliifta in this energy region. · , . 
I 

The eros a section 'for the Kw scattering obtained by using the Chew• ~ · 

Low prescription is shown in Fig. ts. The dashed curve indicates the behavior 
' . 

of a resonant T=i/Z P-wave erose section for a reaction K·,o .. go,..·. The · " 

·· · ·. · . ..:·;-/~ , came olit qUite reasonable ilvea ua an added aaeurance of th~ validity of our · · . 

' . . ~ 

' :. ' i ; ~: . 
· · · ,. ' · procedure. 

To arrive at number• for the phaae shifts, we must make certain 

·basic assumptions aa to the behavior of Kw system •. Firat, we ase~e that · ·. · 

· the phase shifts are real, i. e. , ther~ is no app~:"eciable absorption in K,.. 

collisions. This assumption is probably quite good in view of a much lower .. 

cross section £or double-pion production by K mesons in this energy _region 
' . * iS . 

and a very low K ... K,.., decay rate. Second,· we as•ume that the only 

partial waves that contrtb~~ ~igni!ic:antly ~re.S wave.e·tn the T=i/Z and· · .. 
: . . . . . : . . ·. t,l· .. ·· .... ''.'· ·. : . . ·.<·- .-: :· ' . . . • .. . :.·. . 

T=l/;t· states, and a T't!.i/2 P wave. · Thent under theee aaeumptionsi the angular · 
• · . .': ... • .· .. ,:·i ··,'(' .-)·_'.·:·, ' .. ·· .. '·, ·., .. :. I. • .. • . . .. 

~ .. .. . ' 

' . . ) 

.·; . '.l:' . ., . ~ ~ 

..... : •• • - •• ~ 1 .. _·,... ~.:; - • - • : ~ •' J • 
..~ .' . .. 

~:o' 



.. 

,( ·": 

-it.· 

distribution for the process K·,..o - go,..~ le aiven by . 

dO' . z { z . [ . z t z 3 ' . t 3 i 1 3 ] . : 
ail ~ ~ 'f sin .6o ~sin 60 it _z.sin60 ain6o. ~o~.(60 ~ .. 6o) : ·. 

. . • ! : .... ,.. . I. • : .,,, . I . • . 
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. 4 [ 1 t · 't. t · · · t · 3. . ( t 3] · ~ ·z· 1 : · z } 
.. ~. ~ ."in6·0 sin~~ ~~8:(6~--~t.) • .·~~~ .. a~6~.~~~ 6~ ~ 60) . ~~~8 +:Z a1~: ~~- c_~.~ ,.9 , 

where·~··ia the reduced K .. w~v~·lengt~ in the ·::s~· ayat~m, '~a-the .ph~se' s'bifts . . , . 
are denoted by 6~T. :· · · ··· .. ·.·~ · · ·· ~ .· · 1 

;' ' ': -:· • 
., 

' ' • ' • , I ·· ' : ··' · ' 't ' '• • 

The scattering distributions for the Kw system are illustrated in 

:F'ig~~. 1.3 and i4. .The _c'urvea are a fit to th~ data up to and includ~g the · . 

.;, 

quadratic term in cos9 and appear to repreae~t th~ data quit·e w~ll. However,· 

·because of the small numbe'r· of' events, ~e ca.nb~t ~onetrue thi·a··a~ a- very 

strong argurrie~t agaln~t· D iwav~ae· ··The coefficl.enta of the po~e:t a~ri~s: · .'.1.1
1
, 

I , 

. : , . ' .. i.! . : ;. . . •'\.· .... ". ........ . ·.; .. :. ·' .. 

~liE Jlz \ . A coan9: '!. • ·.·;· :' 
au 'L · n n=O · 

; ; ; '~ - -

.. 
I ! . . . . ' .. 

resulting from thla fit are given in Tables II and Wo. ·The general }Jehavior of 
I I • I:,' • 

·the data app~ara conaistent with a do~inant P ~a~e at the resonance and· a· 
. . . ' ,. ·' ., .;.\~ ~::~~~:·~~~ •. ·;:;·;. . .-

I. I . •. . . 

reasonably constants-wave background. 
• .t ' : 

In principle. one could. fit the phase-ehift expansion to the data 

and get the phas~_.ahift solutions by the method of least squares. However; 

· we feel that systematic errors would be ·introduced in thie manner because ·of 

additional small mechanisms (besides the OPE) contributing to the reaction·~ 

even at low momentum transfers. Thus, for example_, p (or w) exchange . 
* . . . z . " . . : 

·leading to K for~ation would result in a sin 9Kw distribution, as opposed 
2 t6 . . . . . . 

to cos 9Kw for t~e OPE model. . This would ba':'e. the effect o~.r~duc~D:g the 

P-wave phase shift and increasing the' S-wave C:ontributiono 
.. ·. ,, . , .. :. ; . 

.;1, ·:: , 

.. ' 

. ,, 
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and a proper behavior at low energies. The shape of the K . reaonance is 

_ ass~ed to follow a Bre!t-:Wlgner curve modified by "-~down to All 815 MeV, ··: 

. . . ·. -~ 

'.,I 

'. , . .' 

:'' 

. . . . . 4 . 1 • •. ,, • · ••• 

where it Joins smoothly with a q curve, which is the required behavior for · . , ... ~.;;;'":.:/.\. · 
. ' -~ 

a P-wave scattering erose section •. The point at 815 MeV was chosen because ,·· <.; ·,. . · · 
. . ' . •, 

at that point the two curves have :roughly the •a_me slope~ On the high-energy .·. · · 
' . .. .... . ., ,• . side we feel that the Breit-:Wigner curve should give a reliable estimate of · .... . \ 

the P-wave croas ... sectiol'l curve up to· about 960 MeV, 1. e.,, All 3r'/Z, but · 
' . 

· beyond that extension of the curve would not b.e justified. Accordingly we shall • '. -··<::. 
. . . . .. . . '.• . 

. . It . • 

not use the laet mas& bin, eepecially since above that mass v'!Llpe, D waves 

,. '
1 

•·· -~ .. _ might become appreciable, and the momentum transfer involved als-o becomes ... 
' 

•.'. •'· 

·., 

·'": , ... 

.. 
'• r : ~ • • ., ·.I 

Having obtained· a P-wave phase shif~ in this manner (Fig. 16a), we 
I • ... • ' l o _; • •' • f 

. . . . . II 
can calculate a T=1/l. or· T=3/~ s-wave phase shift from the coefficient of tl;le 

. . •· • ' • . . . I . 

linear term in cos6, U we assume th~t only Of?.e isotopic epln predominates. 
. ' . . . . ' . " ·." " 

This method has the advantage that most othe~ p~odu~tion mechanisms will be 
I , I, , . . . ~ . \. . 

incoherent with a one-pion exchange leading to a Kw atate in· a P wave, and · 
• I • ,, ' 

. . 16 

1 
I 

thus will not contribute to. A 1• ,. . ·.i , ,.· ... 
• •: ,•fi•_.~~~i'ritt.tl. ·:. 

Next,, we want to roughly estimate the ~~gnitude ~f. the ~=3/Z Kw · ... '·""" 

interaction. The 1tudy of the reaction K·n- K .. w .. p by Cialtieri et al. b&a shown 
' . . . . 

that there appear t.o be no strong .fina~ .. atate effects in the K-1r- (pure T=3/Z 
17 . . z 

state) system~ . For purposes of compariaonJwe show in Fig. t7 the A. · 

. _ .. · dependence of our reaction aa well a a o.f th~. reactio~ studied by Cialtieri et al~ · 

Since we ar~ 'intereated primarily in the relative size of the S·wave interaction _:· .. 

in the two isoapbi ~tateap W!l have displayed only the events characterized by · 

M(Kw) <.800 MeVo ·.we aee a much more pronounced backward peaking of the :·, 

proton in Fig. t7b, indicating that the peripheral mechanism playa a much 
. . . . . . 

' • ' ' . ' ' - I • ' ( ' ' \ - .' ' ~~ ' . •- ~· . 
. ·, atron.ger·role in the reaction K .. p._. ~01r;'p'than hi_the. reaetion K .. n .. ·K;'II'·p: ; . 
. , , . . r , . ·:~ ' . . : • . ·.··-.- '.' ._.· · •. . ··.·: '. ·.t\• :1. __ . ~ •. _. -<~· -.-·~ ~·_" ~·: -·' .:·.~· . ..... ·· .. · .. : ... . 

i, e.> the T=;l/Z Kw in~~-~act~ol:' hi: ~elatiyel~ weak. .... ,'" ·: · : .··< .. _, ,~~;,. ~ ~ · .. · .. · .· 
' • .. 

1 
, ·': -~ ~·· "\ • "" ,• f • ::, ~ ' " ~. , "' , ' 1 : ~ ' • 1 (• , 

0 'i~ 0 

' t' , .•. •' 0. ,l, • ,-.-.~ .• ,:.,;~-; ~ ".,.·, ; "\,. )·''I '.<_"..,;., ' !•' .. ·,•,·~·-.' ,:, 

. . ·•. . • .. ~~ : . ~- t ·,. ,. • ~·. • : ·• '· ~ • 
~ ,' . . . 
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To estima~e qua~titatively the size of the T=3/l K1r interaction_ 

we treat the reaction K"" n - K"" w .. p in the same way a.a K .. p - 1° tt .. p: i. e. , we 

aa owne that all of the events with A 2. < 9 are produced by the OPE mechanism.· 

· This aaawnption give a u.s a croas section of about 3 mb lor the process· ' · · 
' . K-,- - -K"'w"" in the energy range up to 800 MeV;,':· Putting in the £actor of l/9 

. \ 

• 
arising £rom the ~lebsch ... Gord.an coefficientl!!e we conclude that ·out ot'the total·­

erose aection of s:mb for the procesrJ·K .. w0 .,. go~·, _le~• than 0.7: mb is · · · · . • · · 

· ,., <contributed by the T=l/1.. state .. ' -Accordingly., in thG following diocuasion''we . .. 
--··.neglect the T=l/2 state and aslin.une. that only Tmt/2·contrlbutea:aignUicantly 

-·.- - to the reaction.:· The coefficient ·of'the lin~ar·t·erm·ln· ·eoe9 reduces then· to· 

•I•.' 

1, .· i •\: ·. : The plulae •hi!ts obtained under the11e amsumptlons are ehc)\Yn.in 
l, 

Fig. i6b ~nd t6c. It sho'wd be mentioned that thifi method t.nvolves a fourf~ld 
. ' 

ambiguity. Firstly there ie another solution ·t.n: which the phase shifts are near .. . , .. 

90 deg. Secondly, two more seta· ax-e obtained by adding t80 deg to these two 
... . . . 

solutions •.. The solutions near' 90 deg can ·be ·excludedo. since the_y require a 

much larger' isotropic. term than ie coridatont with the data tor low. K1r mass 
values. :We £eel that the· solutions 1Jh~vm in Fig. t.6 ·have the most 'likely . - ··. 

• ,. phyaical behavior. · , · ~ 1 
'·, ·-. 

. I ''· ·' 

. . 
For comparison p'urposee we aleo •ho~ in Fig. t6 the center-of-mass 

. . . 

momentum0· .p · ' 'tn the K1r oyatem& It can be seen that·tbe"phaae ·ahifta appear c .. m. 

· to go roughly as P · -with the increasing energy.·' Tbla is the behavior expected c.m. 

·. ·, · it the zero•eflective.;.range approximation· l• valid. ·The acatterini_i length.· a then 

turns o~t'to be negative ·ana roughly one ... hal! of-the l(•rneaon Compton wavelength., 

· ... , ·In principleo we could cl" .. eck our·· phaae -&hift assignments 'by comparing 

the meaaured·Ao and_Az coeffldente'with the. values t~t we· would C!xpect from 
. .. . . . - \ . . - - . - . . . . 

_ .. the· phaae 'sbifte olrta~ed a~oxe~~ :It we do thte{·w~_a,ee tlult :the m~·aaured A0 is 
' ' ' i • I.·' -~ .. ',· ''•, • : . !··· ·•., •, ·,, ': : ~ ,~·,: • .: '' •.'' :·:· 
conaiot~nt~y:_ higher t~ p~e~~t~cl, ~d · Aa · b · c~~-~-i.at~nt1y lower •. ··One po·saible 

. . : ·• { ' . ~. • '.' - . : ·. . . : ;· ....... ~ .: .;_:' ~ . ~. • . _,~_ ' . ·, . . . \: _. !,·.· ~ '::;f. ·.-~ . ': ·.· i '·· ; ·( ~ • . ~- •. ·".: . \ ;' . 
.,, ·'· ... 

~~-·:·~'.·. ·.<·<:~ \ ;. , ·:. r ~~,~~·~;:.~-;-~\:~:-_~t ·-4L~ -,~~!:·'~--~::·. (:~. ~~ ·~ 
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explanation of thil behavior ia that aome p (or w or +) exchange contributes 

to the reaction even at the very low-momentwn tran8fera. We ehoul~ e~reaa, 

however, that the p exchange (o.r ita inter~erence with ,.e.xchange proceea~a) 

cannot contribute to ·At and thus doee not) invalidate our method. 

In eummary,. we would like to.empbasize that t~eee re~ults ehoulcl 

be interpreted only in a aeml·quantitativ.e way. There .are too many lntr~aic 

· cliificultie• and uncertaintiee to allow a completely quantitatiye argument. On . , . 
the other band, ~be fact that the al).•wera.do have reaeonab~~ phy~ical behavior 

.. 
and that the Kw croaa section at r~eonance. ~· ~~~ correct mag~~ucle·leade ua 

" 

" to 'believe that the overall procedure la reaeonably· valid. 
·I• l .. •,t,..Jl'f\f,.,r.A~*':• 

~,oJ.'f'.(4't\~.t:~lJ.V;t 

V1L '1NFLUENC1D OF. OTHER STATES . 
' 

It ia clear from the Dalitl!l plot• (Figs. 3 through 8) that ~o atron~ 

final-atate interaction• dominate the reaction under ltudy other than the 891-MeV 
* ' . 1. 

~ • On the other hand, a weak contribution from ot~er atatee would not readily 
.. 

exhibit itaelf on a Dalltz plot,· eapecially in the preaence of another; much .. 
atronger, reaonance. In thia aection we examine the niaaa plota to atudy any 

poeaible enbal1cementa due to other procesaea. 

A. Pion-Nucleon Sretema 

The o.nly plon.-nucleon iaobar acceaeible kinematically in the whole · 
• • • 

energy region under etudy b the iZ38-MeV N (3, 3 reeonance). The threehold ·· 

for the production of i5iZ·MeV pion•nucleon reeonance· occurs at t.S BeV/c, 

and tbua only in the bigbeat energy :t~glon WOuld We exPeCt it to contribute to 

the reaction. 

The. analogous K+p reaction, K+p ... K0 pw\ ehowa very strong N*(tZ38) ... 

· production in the comparable energy' region. Furthermoreo •tudy of production 

and decay angular co~relatlonl .btdicatea that the domlnani mechanilm ia p . . . . . 
1~13 . . . .. • 

exchan;e. · Accordingly, i~om the pure laotopi(:•aptn fac:tor 1 ~t the ppN vertex, 
·.· 

., 
. '. 
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* we would expect a suppression of N production in our reaction by a factor 

of 9, ·if p exchange were alao to dominate here. Indeed, we do observe an ... · 

. . * -
almost negligible contribution due to N 'production (Fig. 18a) of about 200 

-· 
events, approximately a 4% effect. Eliri,.ination ~~ K• events does not seem , . I' . - - - : 
to enhance theN (Fig •. 18b) •. Needless to say.· becauae of low slgnal-to .. noise ·· -\·r:~ 

. . ' .. · .. .' ... 
r~tio, we can not o~y anything definite about .the N production mechanism in 

this reaction •. For the tSiZ-MeV resonance, e'vep. the highest energy interval 

does not show any ·statistically aignificant enhancement. ., . .. 
B. R0p Systems 

The only. well-ee~ablished ·T=t reaonance that can be produced ln 

this energy region and subsequently de.cay into the ~ ayetem i8 th0 1660-~eV . 

hyperon. Previoua work baa_ed in part on a fraction of the data presented here 
. . . I! 

(approximately one-third of the total data at 1.51 BeV/c) indicated a very lo~ _ 

branching ratio of the 1660-MeV isobar into the RN system (r·.RN/r total = • 
18 . 

_ x--= 0 •. 04). The experiment of Bastien and Berge wae sho~ to be inconsistent 

with a value of x smaller th~ O.t6. 19 In apprai~ing.the aignU'ican~e of thia ·: 

discrepancy, we must remember the difflcultie8 aeeociated with studying a 

. . * weakly produc~d resonance in the pre.sence of a much stronger effect (K in 
. . . . . 

this caae). A small· alignment of the K along -ita line of flight can alter 

conaiderably the. expecte.d R0 p maae apectrum. . 

Two additional experiments have recently indicated that the decay 
.. . . 

rate of Y (1660) into the RN ay1tem is relatively low. Firstly, et\tdy of high 

energy 11' • p interactions at Berkeley ~as given a value of approxi~ately O.Z 

- ZO · Zi - + .. • 
for x. . Secondly, the_ work of Alston et al. on the reaction• K n - E w ,.. . 

• - + - - . • . 
. K n __ :£ 'If 'If indicate• that the neutral component of Y (1660) ia produced 

· by t.S•BeV/c K meeona incldent,on neutrons •. Furthermore0 the data o£ · · 

Galtieri et al. can be .uaed to obtain an upper -limit on how many e:venta in the· 
. -. ·_ -, . - . . . . : . - . 

-.reaction _ K•a:.. K·n·p ean be attributed to Y111
(t660). ~7 · Co~bining the_ numbers 

. ··. . . 
' ': . '. 

' .. 
'I ·' .. ; 

I .. <"\ .• !: '•' 
- '-- -· - .. -- •• -"'• , c __ .• :-. ··~'-·~:.. ~·-· 

• I ~ ' ;, ' 
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of Alston et al. with those of Qaltieri et al. • we obtain an upper limit of il 8 
. . . * 

on r (R.N )lr(:&w). Then,. if we· use the Y (t660) branching ratio 1given by 
· · ts· . . . . · 

Alvarez et al. • x tu.rns out to be lesa than or equal to 0.04. Thus all indi~ations . . . . . 

are that the Y RN decay rate is q~lte lqw, although the exact value is still ' .. 
' . . 

undetermined. Hence, conaidering the croes s~.ctiona for Y (1660) production 
' 

in this energy regi<:'n• we. would not expect a ~arge effect in the R0 p mas~ ... ' ' . 

• spectrum due to Y (1660) •. ' . 

Galtleri e~ al. have recently oboerved an enbanceme.nt in the K-p system · 
. " ' . 

at 1765 MeV. 17 Furthermore, they.have shown that the exiating:K·p·~d K·n. · 

. data in the region from 800 MeV I c to ·1. ts BeV I c can be interpreted quite well,. · 

1£ one requires a T= 1. assignment for this effect. Ac~ordingly, it is of great 

intere~t to ae~ l£ a similar e~ect is present in the R0 p system i~ o;:.r reactio.n •. 
l1 

Assuming only production f~om the Tj%1 state, we would expect in our data a~ 
\ ··' ....... ' '""":. .... 

enhancement· of about 150events at ~.St BeVIc. Of course~ on~ could make this 

enhan~ement arbitrarily small by ·requiring the proper phase and magnitude for · · .. ' 

the production amplitudes from the T=O and T=t states~ 

.lf,w:• .•. , .... , The .R0 p mass spectrum from· all .. ~~~enta·under study is shown in . ,.,,,ov:>";,.t•~.".· 
I~J.".l'·:~.~ .. ·-.-~ ' 1)~ · ·' f,• ":•' '' •• ~,~,.'1\~~;\~ I• .:.~! ~ft.~' J~lr"-?;"<t,i''f':~ " 

Fig. i9a. There are no significant departures from the distrl:bution expected,. <_ 
l ~ • ·: ·. . . * •' ' 

if the sole contribution to thio channel were 7 So/o K production and 25% phase .. ' . . · ,· . 
space. 

.: ·: . 

On the other hand to see if there is any contribution from the above-
.:·.·:· . . . ; . . . ·. '. ::·' .' • • I '.: 

mentioned R0 p resonant states 'Ye are justified in reinov~ng the.' even~& which . 
. . . . . . . ; . 

would have !."priori small possibility of showing any. structure. in th.e R0 p system. . . * ' . . . ' . . . ·. . ... 
These would be the events ln the K band as well as the l~w~~ome~tum~tranafer . 

f I ,t ' 
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The K0p masa plot after· •ubtraction ol theee two groups of evente 

is shown in Fig. 19b. The curve again indicates the expected distribution i! 

one takea.lnto account the aubtraction of K* eventa. It is worth noting that · 
. I 

~he only positive departures from tbit ~lir.ve &l'e ~~•e.rved ln .. the region of · 

these two excited hyperona. rhe enhancement n4/)ar i7~0 MeV has a statistical . 
. . . , 'I ,,.; 

significance of abc:;»ut three sta~~ard deviations i! ~e .~einov~ ·the events with j . 

_PK. < 1.45 BeV/c (shaded reglo~), moat of wbi~b \le bel.ow the threshold for . · 

. the production o.f this. state. · We do not. however, ·believe that theae data ·.· . . . . . . .. . . .. . . . . 

neceoearily establish the exiatence of • T=1 reson~ee ln this region, even .· . 

if the effect la accepted aa atatletically aignlfieant.· An examination of the 
. . . . . . 

.·!• .. ,.~.,.,,,;_~r.:.tS•t• 

Dalitz plot at t. 5 lJeV / c (Fig. 5) ·~~· an eflect tha~ c~uld be interpreted· a'&T\"'.,....J: 
·.. . . * • . . . . 

a constructi..ve interference of the K with the N • That region of the Dalitz ··. ··• 
• • t I ''l' \;~Ot~,',·,~1't~ .,. . I . 

plot corresponds to the mass of the R0 p eyatem in the vicinity of 1780 MeV.: 1 

Thus an alternative interpretation of the effeCt ia that we are merely seeing the 
' ' ' I , •o 

p_roje~tion of these .event I on t~e R0p m~IS plotG ' Conaideri_!lg• however, th~. : .. 

narrow width of this enhancement aa well aa the relaUvely large energy region . . . . . . . . 

,, . 
.. ,:, ' 

··r . '., .. 

. ' 

in question (t.45 to t.75 OfJV/c), we feel that this latter hypothesis ia leas likely, .. 

.... 

·. 

~o .lummariz~ the dbcuea~on of .thfJ R0 p masa plots, we .can clearly, , 

.conc:lud~ that there are no strong contribution• to this reaction from any RN 

excited state. We- feel that the moat logical exp~nation of the data la that 
. . . . . . . ,. ... . . 
there are amall contributions to the re_action .from both _Y t (1660) and Y 1 (1765) 

productions am~unting to approximately ·z% and t% of tl;le total reaction, .. :··('I 

reapec~ively~ :However, there are enough d~ieultie~ inherent. in this analysis 
. . . _. ... . ' 

. . 
I 

. . 
\ . r 1 < ', • , , ·, • •• • ; ~. ~ 

·.-

.. 
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C.- Kapea Production 

In a previous communication wo have ehown that the data require .. 

a narrow~-, resonance with a central value of 7i3:t 3 MeV. 22 The £inal data 

presented here contribute Uttle new inforniatlon on this· phenomenon, because 

th"e only new data added since the last report come from momenta of 1.6 and 

•· 7 BeV / c, where the ct•oaa 1ection for « production is negligible.. Accordingly, , . 

- -~ 

·'" 

-
we only briefly aummarize the results. The lower part of ~ho K'IT mass spectrum . 

• 'ot 

is shown in Figs~ 20a through 20d, ·where the data are divided into the three 

momentum intervals .. - PK < 1.45 BeV/c, -1.45.< PK < 1.55 BeV/c. and 

PK > 1.55 BeV/c. To obtain a quantative estimate o~ the 1e croas section, 

we subtract from the three S-MeV binn centered at 725 MeV the average of the 
. . . . . . !t7 23 

six neighboring bins (three on each sf.de). Asawnlng the T=t/2 assignment,' •. 
, . I l 

and no appreciable radiative decay modeao we obtain 30, · 20, ~d 15 .,.b for the . . 
cross section in the low) middle, and high momentum. intervat. •. Obviously, . . .. 
these numbers should not be taken literally, but about~ serve merely as a rough 

indication of. the size of the effect. 

As shown previously,, any systematic effect• present are not large . . 
. 22 . 

enough to contrlbute,any appreciable broadening to the .c peak.. The experi~ 

·mental resolut.lon ln ~his maso regi~~ iDr~f.the o~der.,of 6 MeV(rR = 6 MeV)~ · 

We feel, howeve~, that·, because ~f limlt~d ... atatiatica~. lt ... would be. dange;roua to. 
• • 0 ~'~· >·· ... )'l' . .. \',_ .. ' ·. ~' · ..• · ..... '"( 

conclude that the width ~·~.f~t~e ·and that. ~h· data exclude zero._1'\Wid~~· 
- · .. , .. ·'.·. ·:: ... ··. >-'1_:::·. ·. . . : . ··~ .,_ · .. 1 ~· ' . ' ·.• ".' .... ~.~ .·' 

', ~ '1 ' 4 o • • ': ~ ,f. -~ o I ~ .·' ''I • I o " ' •• 

1;• •. '; ' -. • ' ' ~ 

:'; ·._ • .,..,t '~·:'t:~·".>~.·;\'~ ·'-., \ . ...,. . 
-# ~ • • " .. '· • ·•• .. 

.-·~:t.;\ ~ ... : ;, ·~·"~''·:\· . .~ ..... \'' ~ :~ .... 
.• ·t •• ,t :'·.,. __ ;,.:~·,·;_, · .... ·,~ ·~ t ~ 0. 
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Table I. 

K• momentum 
(BeY/c) 

1.05 

) t.tt 

1.215 
~ • t • I 

1.32 , .. . 
1.42 

t.5os 

1.60 

1.695 
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Data on path lengths and croso sections 

I Cross-
No. of event~t Path lengt~ (events mb) section 
(uncorrected) (from 'Y count) (from interaction coun~ (mb) 

56 141 ·~ . 9· 78:t:0.1 t 

?t · r·l 216. . I . t.51:tO.ZO . ' j... tJ. I , • · I I 
' 

. \ 
577 U.70 . 1275 : - ' ' . t.49:t:0.1Z ... ',\ i' " ' .... ~ f • l .. ,, 

.: 

587.7 .. ' -t475 1385 t.4tiO. 12 ""' : ·' ' . . \ 
,, 1 I f \ , • ~ t. I I 

tJ 

406·1. 800 810 1.81:1:0.15 .,. 
' ,,. ' 

25U. 't 
5090 5190 t. 7 3:t:O. 12 

'· - ' ! ' I . 
339 675' . - 730 1.85::1:0.2 

' . 
6t8 i065 1.085 Z. Z4:t0. 25 -

.; 

II 
I 

I 
I 

. 

-~ 

• 

.. 

,. 

. .. 

. ) 
I • 

• 1 
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z 

) 

Table II. Coefficients o£ .the power series [ A coan6 
n=O n 

fitted to the data with 1.45 < PK < 1.55 BeV/c. 

Mass interval 
fto At Az. (MeV) 

638 to 800 O. 0 3:t:O. 0 t O.OU:O.Ot •O.Ot:tO.Ot 

800 to 865 o. 12.:1:&0.02.. ' o. t7:t0.03 0. OS:t: 0. 0 5 
I 

865 to 910 o. 33:&0. 04 0.07:0.06 . 0.34:~:~0.t t ·, 
~ 

910 to 960 0.16:~t0.03 .o. tO:t:0.06 · o. oa:~:o. oa· 
960 to 12.00 0.09•0.03 •0. tZ•O. 04· 0.20:1:0.08 

',.. 

.. 
' 

.. 

. . 

( . 
. . 

'• I ,., .. f 

t;·r.,. . ~ !"rPf; ,. I, '• ' • 

.f,. ······'.- •' 
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z 
Table m. · Coef£ieienta of the power aert.ea L A eoan8 . . ~o n 

. fitted to the data with t.55 < PK < 1.75 BeV/c. 

Mass interval 
Ao At Az lMeV~ 

. 638 to 800 o. 04:t0. 008 o.o3:to.ot ·, 0.01:1:0.0Z .. 
' 

800 to 865 0. t6:i:O. 04 ·. . o •. t7:tO.o4 O.tZz0.09 . 
' . '. ' 865 to 910 0.55:t:0.08 0.01st:0.1Z 0.85:tO.U . . . , 

~ 

-o~ t4:t:o.o7. 910 to 960 o.zz:~:o.os . 0. t8:t:O. 14 

960 to 1ZOO o. 09:1:0. oz -o. ta:to.o3. 0.11:t:O. 07 

. ' 

... ,. 

' ~· . ~ .. · ' ' . ' .. 

·• 
' ~ . 

' 
.. 

. I 
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.. . '• '. '. .. ' . .. 

'. .. ' .j 

' . ,· 
... , ' ! . /.\~ .. ; . .' .' ··.' 
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FlOUR.E LEGENDS 
••<flo\) 

Fig. 1. Cross section for the reaction K·p .. R0,tp as a function of momentum. 

The low-energy points are froM Bastien and Berge (Ref. 19) and Alston .. 
1
• •• m.,.~•!1o: 

et al., Phya. Rev. ·Letters~! 300 (1961). 

Fig. 2. Mass spectrum of the go,..• system. The curve represents 75% K• 

• production (M :c 891 MeV and r = 46 MeV) and 25% phase apace, 
. 

Fig. 3. Dalitz plot for the rea~tion K• p .. go pw ·.for the events defined by 

1.15 < PK •. < 1.45 BeV/~. Th~ e~velopea correspond to incom~~~ 

momenta of 1.15 and 1.45 BeV/c. 
,. 

Fig. 4. Same as 3. 

Fig. 5. Dalitz plot for the reaction K•p .. gop,..· fo.r the events defined by 

1.45 < PK .. < 1.55.BeV/c. The envelopea correspond to incoming momenta 
. . . ll 

of 1,45 flnd 1.55 BeV/c. \i 

Fig. 6. Same aa 5. 

Fig. 7. Dalitz plot for the 'reaction K• p .. Rctpw • for the events defined by .... -~., .. ..,.. .. 
• 

1.55 < PK. < 1.75 BeV/c. The e~elope~ correspond to incomi~g momenta 

of 1.55 and 1.75 ~eV/c., 

Fig. · 8. Same1 as 7. . 
Fig. 9. Mass apectrum of the R,ct,.. • system near the K* region for event a 

defined by (a) 1.45 .< P~. < 1.55 Bey/c, a~d (b) 1~55 < PK. < 1,75 BeV/c. 

The straight daahed line representa our eatimB.te. of the backgro\md. The 

• daahed.curvea repreeent a Breit-Wigner curve with M = 891 MeV and 

r = 46 MeV. 
·, . 

Fig. 1 0~ · One -pion-exchange Feynman diagram for the reaction K• p .. R0 1r • p. 
,·' ' . . 2 · 2 • DO • 

Fig. 11~ ·Scatter diaaram of IJ:.. va Cl) for the reaction K p .. .a. 1r p. The 
It· , · . . . . . . 

thrf!,~ parts of the j£iaure are defined according to the incident momentum: 
I . 

. ' . ' . . . ,, . . . 
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Fig. tz. Treiman-Yang angle for the.low•momentum .. trans£er events. 
I 

Fig. 13. DistribUtion in the Kw acattering angle for the events with inci4ent 
j1' 

·······: 

momenta between 1.45 and t.55 ·BeV/c. (a) M(K11') < 800 MeV, (b) 800 < 

M(K1r) < 865 MeV,. (c) 865 < M(K1r_)· < 910 MeV, (d) 910 < M(K11') < 960 MeV, 
''>:·~:··'?~~"' .. . 

and (e) M(Ki) :~ 960 MeV. :"1•: ..... 
,·.- ..... :.,: 

Fig. 14. Distribution in the Kn scattering angle for events with incident 

momenta between 1.55 and. i.75 BeV/c. (a) M(Kw) < 800 MeV, (b) 800 < 

M(Kw) < 865 MeV. (c) 865 < M(Kv),. < 910 MeV, (d) 910 < M(K1T) < 960 MeV, 
. ·! .... 

and ·(e) M(K1r) >: 960 MeVe .. 
Fig. ~5 •. ~rosa aec;:tlon for the reaction .K .. 1r0 -.R.~'R''"' obtained by using the 

Chew-Low prescription. (a) Events with 1.45 < PK .. :< 1.55 B~V/c and· 

(b) 1.55 ~ PK"' < 1o7~ BeV/ce 

Fi.g. 16. (a) Ass~ed T=i/Z P-wa.ve phase shift for Kw scattering, 

(b) T= 1/Z s-wave phase shift obtamefi by' using the data with incident I 

momenta between t.4S and 1.55 BeV/c, and (c), T=1/Z S·wave phase shift 

obtained by using the data with incident momenta between 1.. 55 and 1. 7 5 

' 

BeV /c. The dashed curve represents the c. m. momentum 'in the K11' system.. .. 

Fig. 17. The ~istribution in momentum transfer (Az) for events with 

M(K11') < 800 MeV. In Fig. t7a we show the data of Galtieri et al. (Re(; · 11r·· ·· 
,. 

for the reac~ion K·n- ~-11' .. P at 1·.5 BeV/cl in Fig. 17b are shown our data 
. . 

for the reaction .K"'p- R0 w .. p for the events with 1.45 < PK < 1.55 BeV/c •. 

~ig. 18. Mass spectrum of th~ p'lf • aysterri for the r~action K~p- R0 'tf"'p.from.· 

all energies in this exper~ment. ,Fig. i8a showa aU the data; in Fig. 18~ · . . ... . . . . . . . 

the events With 865 < M(Kw) < 9.10 MeV have been 8ubtr~cted out.. The eur~ea 
. . . ·. :. . ... ·, '· ''. .. \::··~· . . . . . . . '.- ·. :.- '·. 
show the phaee·a~ce preciictiona. i · .·.. • .._, , , 
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Fig. 19. Mass spectrum of~he 1t0 p system for the reaction K-p .. R0 1r-p 

from all energies in this experiment. Fig. 19a shows all the data; 

in Fig. 19b the events w~th 865 < MK1r < 910.MeV and cos9K•p < -.0.5 

have been subtracted out. The shaded region in Fig. 19b represents 

''· .. 

.. ' 

•• • • ~ ... ,.· .. ,}f. 

' only those data with PK < 1,45 BeV/c••.'···The curves show the. phase-apace·:_:.<·· .. 

predictions. · The lower curve in t 9b la normalized to the data outside. o£ 
. ' 

. · , the 1660 and 1780 M.eV ~egions. ' .. 
Fig. zo. Mass spectrum of the. R0 11'- aystem near the. IC region. The four. 

,. 
' 

parte of the figure correspo~d t.o (a) PK < 1.~5 BeV/c, 
' . 

(b) 1.45 < PK < 1.55 BeV/c, ~c) PK > 1.55 BeV/c, and· (d) data from .. 
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all energies combined.·. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to .th~ accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately ownea-iignts; ot 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, 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 Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
t~, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






