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THE K'p = R%"p REACTION
'~ FROM 1.0 TO 1.7 Bev/c*
Stanley G. WojcickiT
Lawrence Radiation Labouz_'_ato'ry ' L -

~ Universityiof California
Berkeley, -Californ{a

s

.Decembu; 5 1963

ABSTRACT
.Thie report summarizes the study of the reaction K'p = R°w'§
over the range of energies from 1.0 to 1.7 BeV/c. The reaction i; shown to
be dominated by the K"p finalcstate from threshold '(1.08 BeV/c) to the ‘!;‘
' highebt energy available in this e:ﬁperiment. " The best values for K" ' .
parameters are shown to be 891 and 46 MeV for the central yalue and full
width of the resonance, reape.ctively. |
It is shown that the one-pion-exchange contribution dominates o
the low-momentum-transfer events at the higher energies. On the assumption
that T=3/2 Kvu interaction is negligible, which is strongly indicated by tk;e
“data of Galtieri et-al., the T=4/2 Kn S-wave phase ehift is shown to be small
i and positive and roughly linear with the center-of-mass moment‘um in the

" Kw 'éystem. Influence of gther unstable meson and baryon states on this

reaction is discussed, o S S N

by o

]
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1. INTRODUGTION

The reaction K-p -R="p providee a convenient process to study

e pion production by K™ mesons by using the bubble chamber technique. In

L this paper we present the reeulta on the analyeie of 5165 examples of this

reaction in the energy range from i 0to 1. 7 Bev/c. 'I'he reaction is dominated

' by the K production from threehold up to the highest energy accessible in

\

- this exper.,iment, : , ' S !

o Section II discusses brie‘ﬂy'fthe details of the expoeure and _the

: data-analysie system used in the experitnent._ In eections 11 and IV we diecuse ,

: .the cross sections and the gross features of the reaction., Sections V and VI - |

deal with the applicability of the one-pion exchange model to this reaction. ’

T N.-Uemg the Chew-Low formaiiem. we obtain cross sections and phase ehifte(‘

e e s e n T e o T T B

for the K scattering. Finally. the laet section discuaeea the effect of the :f ‘ f.- '

other £inal state interactione upon the reaction in queetion., e )

L= Coa B . . . -
ot . . ' . . .

II. EXPERIMENTAL ME'I’HOD

.The. experiment wasg performed by exposing the Lawrence Radiation o

. Laboratory 8 *2 in. bubble chamber to a high-energy, 2-stage, eeparated

K" beam designed and built under the direction of H. K. Ticho. 1 Q'I'he exposure :

: lasted from September 1961 to June 1962, Altogether eight different momenturn o -

L settings were used, ranging from 1,05 to 1.7 BeV/c. The lowest two (4. 05 and o

- 4.41) were obtained by tuning the beam for tranemiesion of 1,22~ BeV/c K

“‘mesons and then degrading them to the desired momentum by means of an

o w.uranium or copper absorber placed in front of the chamber. All other energies - .
."i;‘ 'h:w‘."'.’. e s o . : ' " . '"'*"[)L’i f!'))

7 were obtained by tuning the magnets for the appropriate momentum.. The

i
!

'typical momentum epread wae €=t="3‘ or '4%. The pion contamination was alwaye
= ~ less than 15%. and eince it cannot contribute eignificantly to the topology

“under study. it doee not concern ue here. - 'I‘he typicai K glLux per pi_cture

. ‘1‘"'..“._- .i' i E i e .’ -
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ranged from one at the lowest momentum to about 10 in some parts of the
film at 1.70 BeV/c. o

The events under study include only those in which R® decayed in
the chamber via the two-charged-pion mode. All of the film was -ecanned at
least twice for that topology. A subsequent check of bona. fide K%%" events
indicated that they were miaaed less than 5% of the time on each scan. For
‘three of the momenta~~1, 32, 1‘.42. aed 1.51 BeV/c-v-‘part of the film wag
subsequently reaca.nned to reject thoae eventa that mvolved a sure A decay.‘
in order to reduce the number of measurements required. It was veriﬁed
that this procednre resulted in no loss of genuine Ro%pn” events. |

An IBM card was punched for each event found. and these in turn
were converted mto a magnetic -tape master list by uemg Alvarez Group library
program LINGO. Under control of the LINGO prOgram. cards were then ..‘l" v
generated for thoee events that one desxred to have meaeured.. These carda
were used to control the measuring projector (Franckenatein) to the extent
of stopping the film at the correct frame, centering the stage in the vicimty
of the vertex. and entering the correct indicative information on paper tape.
An operator recorded on this paper tape coordinates of several points on each
track along with the appropriate reference points {fiducial marka) on the |
surface of the crxamber glass. 'I'ypicai measuring time. for ; v .Z-prong
event was of the order of 10 min, |

After conversion of paper tape to magnetic tape, the data were
processed through the IBM prog‘ram PANAL. PANAL edited the data into
a more compact format and also performed some basic checks. The PANAL -J
output in turn served as the input to the spatial-reconstruction and kinematical«
constraint program PACKAGE. The first part of PACKAGE reconetructed
- all'tracks in space and calculated their curvatures, taking iﬁto ecco\rot energy

loss. Errors on all quantities were alsc calculated here.. In the second part -



© . that passed previously were rejected Thus the DST was protected against‘
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e of PACKAGE, k_ihematical fits were attempted to all hypotheses involving
a A or‘K°. two charged prongs, and one or no missing neutrals. The
PACKAGE output was in the form of a binéry tape which contained a anmma'ry; .
'of all attempted fits ae well aé the fitted quantitias for those 'hypotheses that '

| gave a.succesaful fit. This tape sei‘ved as the input to a FORTRAN language

E program EXAMIN,. which decided on the basis of ¥ 20 g for various hypntheses
o whether the event '"passed" or not. In addition it, also calculated quantities |

" .of interest for paaaing evems. The EXAMIN program wrote a binary tape
(data-summary tape) with this information v(typically several h‘undr&i words, -
i, e., numbers per event) which ‘wata uged to update a master data-summary
tape (DST)o This latter operation 'wé.a performed under the control of the
LINGO program in such a manner that évents not on the master list or events

Iy

having duplicate goqd measurements of the same event entered on it. The R
DST ‘was then the master tafze eérving as the input to various FORTRAN
v.pfograma which either summarized (eg. in form of hiatogra{ms) the data. “
.ﬁs it was on the tape, or used thesé data to calculate new quantities. It - |
should be mexixtionéd that at eéélx etage in this analysis system some BCD ;
S (printer tape) output wao'a@ilao generated.to allow one to check the wholc; -
operation. 2 . | |
| . The aepéﬁ#tion of the R%pn~ reaction from others of the same -
toﬁology could ordinaruy'be achieved by referénce to xz only. Even at the :
_‘ highest momentum,' the number of ambiguities was only oi’ the arder( of

: 2%. and those could always be reaolved by mspecting tho tonization of tho two h

'v positive tracks,

. A0 ™ Y. : - L
oG s e
1 .
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IIl. CROSS SECTIONS

The path lefxgth in this experiment was determined in the following

manner: -
a.} At the lower two momenta (1.05 and 1.44) all 3-prong events wer‘e

measured, and thus an accurate count of 7 decays was obtained. For all
practical purposes, .scanning efﬁciengy for 7 topology at these momenta was
100% because of relatively low ‘energy of the beam and low track density.
" b. At the higher momenta (P beam > 4.22 BeV/c) two independent methods
were. used to obtain the path length. The first method involved éounting all
3-prong events, and then correcting for scanning efﬁciency and i-prong |
" decays with a Dalitz pdir. The second method was based on counting all |
interactions in apprqximately every tenth roll of film and then normalizing!fo
. the total film sample by the use of those interactions that were scanned fo}' in
all of the film (e.g., V°® 2 prongs). The path lehgth was then obtained by .

referring to the counter measurements of the K p cross sections in this

energy region. 3 The number of pion interactions was determined mainly from

the number of observed double-V associated productions. At the highest
momentum, where the pion contamination was the largest, this number was
checked by counting the Z-prong interactiona with energetic 5 rays.

The data on the path length, as well as on the number of events
observed at each momentum aetting. is summarized in Table I. The size of _
the discrepancy between these two methods of obtaining ‘path _iength‘ gives us
some idea of the absolute accuracy of these methods. '

The cross sections for the reactioq under study are displayed in
Fig. 1. Above the K‘, threshold, the cross section appears to stay reasonably
constant, with a posible slight riase at the higher energies. To obtain the
cross sectiopa.. we multiplied the raw data by 3 to allow for the Kg and neutral

decay modes of the B, by about 1.06 for very short R® (this number was

)
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s measurements a.t 4o 22 and ﬂe54 BeV/c, where exteneivo second and third ’
S - fmeaaurementa weré carried out on fatling oventl, indicated that the absence B
o of the events that fail on the ﬂmt pasa does not bias any of the dﬁstributiona

‘ .. studied,

. plots of this reaction (Fﬁgm. 3 through 8); In the Dalitz plote we have divided

* (the. lowest momentum intefval) as it is at higher energies. To first order,

Hrmdaeiig 0y

‘experiment,

«$« .~ . UCRL~-41438

. obtamed by studying the lifetime curve of the K“) and by 1.0 to 1.25 at various

momenta for events that failed to go through the system. A study of re-

“
8

iv, GENERAL FEATURES OF THE REACTION

Except for the lowest momentum (1.05 BeV/ c) all other momentum

intervals under study lie above tha K" threshoid. The opening up of this new S
"~ channel {s clearly'aeexx in Fig. 4 as a sharp jump in the croses section in the

vicinity of 1.08 BeV/c. The extent to which the K dominates our reaction <‘:an

- be seen from the mase plot of the Kn system (F£g¢ 2), as well as in the Dalitz

‘%% . the data into three momentum intervala--4.45 to 4. 45 BeV/c,, 1.45 to 1,55 BeV/ c. e

B and 1.55 to 1.7 Bo’V’/ Co Clearly. the K i8 just as dominant right above threshold |

- &

© it pdhta,

there are no other effects (which would‘ exhibit themselves as bands on the

Dalitz plot) contributing to this reaction. In a subsequent section, we look into
the question of s_econda.ry re‘aona.nceo in more detail, but for the purposoa of
| this discussion it is clear that other effecte do not seriously influence the otudy '
of K" production ond decay. The cgrvo drawn over Fig; 2 represents a mixture .
of ?5% Km formation {represented by & Breit-Wignez curve with a o‘onéral value

" of 891 MéV and T of 46 MeV) and 25% phase space. The fit is very good, and B

this 3:1 ratio seems te represem the data quite well at au onergies in thi.s :

The highormenoegy region in thie oxperimont. Py > 1.45 BeV/c. <

'.v-\ IR e i ot ‘ n
Y L »\:\_“ g‘ :‘:f._‘ . 1'_..‘\ o ‘._.,‘ . .\‘:“, g

e should give a faix-ly a,ccumte cemral value and width ot‘ the K o F&ratly, aa
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remarked previously, we observe no other strong effects in the reaction.
Secondly, the K'.l occurs roughly in the middle of phase space at those energies,
" and thus the kinematical factors do not influence -the parameters in question.
| The Kw mass spectrum in the vicinity of the K"l is displayed in SN
Fig. 9 in 5-MeV interv‘ala. The data were divided according to the incident mo-

LS.

mentunmi+« those with 1.45 <P, <1.55 BeV/c in Fig. 9a, and the ones with

1,55 < P, <41.75 BeV/c in Fig. 9b. After subtraction of the estimated back-
! .

K
ground (straight dashed line), the data were fitted with a Breit-Wigner curve

with two parameters, the central valu; M* and the full width I',” Both subsetes
of data gave the best fit to identical values of these parameters, nafnely

M* = 89141 Mev gﬁd I' = 46+ 3 MeV, 4 The quoted errors are only statistical
and do not include the uncertainties inherent in this procedure. " The )(z for

. . f!
the fit using these parameters correasponds to a probability of 50 and 6% for

the lower- and h{gher-momentum data, respectively.

V. ONE-PION EXCHANGE MODEL
In 1959 Chew and Low proposed a way to analyze experiments with o

virtual particles as targets (as for example pions in the cloud surrounding the
nucleus). 3 They conjectured that the cross sections and scattering distributions
* for reactions of the type =nr *» ny or wK ~ nK coqld be obtained by measuring |
the two-dimenato‘nal distribution 8 zo (Az, wz)/ 5w28 Az. where w i3 the mass of
the ww (or Kn) system, and Az is the invariant four-momentum transfer squared
given to the nucleon. _Mqre specifically, if applied to our reaction, the conjecture
states that the distribution in queatiot;. 8 Z0'(15'?’. wz)/ Ouszz when extended to )
the nonphysical values of Az. will have a pole at the value Az = -p.z where .
is the mass of the exchangéd particle--n° in this case--and the résidue at this
pole is related to the #K cross section at that value of uz. Q@ntitively. Af

-~

applied to this reaction we have
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2. 2 &n

' o ‘(W)c -
0w 0a% AZeop® T (a%4u%)% Ka®

4
Y where By is the mass of the incident particle (K ). p.z the mau of the target
| particle (1r ).qu‘ the laboratory momentum of the K meeon. and ‘2 the pion-
mxcleon coupling constant equal to 0.08. In other worde. we poetulate that .
one -pion exchange (Fig. iO) muet dominate the reaction at Az 8 -p?‘. The

\

" same general etatementa can be made aboust the three-dimeneional distribution '

8 O(w. 2

.con)/&m 8A38c009. where 6 m the angle between the incident L
K" and outgoing K" as deﬁned in the R°w barycentric lyetem. Thus the Kw |
scattering diatribntion can be obtained in a similar method hy the total cross

- eection by extrapolating this three «dimenaional dietribution to the pole. . .

R . In practice. the extrapolation experimente have proved to be very o

: difficult eince very large amo\mte of data at very low momentum transfers’
are required to. make the extrapolation reliable, 6 On the other hand, ‘the onea

pion-exchange mechaniem may domina.te the phyaical regiord, eo that extrapolation
would not be neceeeaty. ’I’he Chew-Low preecription then could be ueed to }
o relate the laboratory quantitiee to the quantities in the Kw (or Li eyetem) "
:‘g; e Baeicauy. thiL amountn to eaying that juet & linear term: is eufficient in G H
o . extrapolation. ~ | ' h
- ‘I‘he etudy of pion production by pione has indicated that at low-j
A momentum transfers to the nucleon. reactione like 1r+N - 1r+1t+N can be '

-. interpreted as the interectioo of the incident pion with one of the pione in the

5 cloud surrounding the nucleon. i. 6, pion-pion ocattering. 7 Even though

| 3 detailed inveetigatione of thie phenomenon heve lhown that othor mechaniems ,
‘also contribute.g it ie clear that. at leaet at e eemt-quantitative 1eve1. the ’|
one -pion-exchange (OPE) model givee a faithful representation of the low- .

)
,.‘. Pev

momentumbtranofer da.te in wN interactiom, 4-
1 g . \" LT ':n" ; '-L‘-m.' 3 A
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There has been considerably leas work on the mechanisms involved
in pion production by K mesons. The OPE model appears remarkably succeufull
in explaining the behavior of the reaction K' + P~ K" + N*** studied by

10

Chinowsky et al,, 9 Kraemer et al. ’ 4 and Ferro-Luizi et al, On the

other hand, in the three-body states arising from K+p collisions, a much

more important contribution appearn to come from the p exchange, 10-13
Thia can be attributed at leaet partially to the fact that the OPE model cannot

| lead to an N" , along with a K meson, and N* production appgars to dominate
the KrN final states, | '

In this section we would like to discuss the data in light of the OPE '
model, Since, as mentioned.before. the K appears to be the only strong
final-sfate resonance, a priori we might expect this situation to favor stuc:ly
of the pion-exchange mechanism much more than in the case of K+ intera‘ct‘:.ions.. “

In the region of validity of the OPE model, the data must satisfy -
several conditions. Firstly, the recoil nucleon in general exhibitn backward
peaking, It is difficult to state this requirement quantitatively aince.

‘general, the form factors at the two vertlcea on each side of the propagator
have some A dependence,

Secondly, there'can be no correlation between the orientations of
the particles forming verte;: A and those forming vertex B (see Fig. 10).

This obaerQation was first made by Treiman and Yang and stems from the

fact that the pion is spinleu and thus can carry no orientation miormation '
from one vertex to another. 14 Quantitively the requirement can be stated

that the distribution in angle ¢ must be isotropic, where ¢ is the angle between

PN

Pin X Bout

refer to the momentum vectors of the target‘proton and the recoil pr_oton,'

and K° x 35‘ in the incident K™ rest frame,.  Here P,  and P ut

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

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

: ‘, further here. eince we are studying only one charge etate.

o be characterietic of the predominant angular-momentum etate.
e -

Fourthly. the ecattering diatributionl for the Krw final etate muet S

v

For this discueeion we have divided. the data into three momentum R

. '

- intervala--i.is < Px- <1, 45 BeV/c. 1 45 < Px- < 1 55 BeV/c and .

';'155 <P,

K.

i a function of the Kw mau ie ehown in Fig. ii. It is clear that the number of

--:.)éif .

" low-momentum protona increaeee as the energiee of the incident K~ become

, greater. This is easy to underetand since, as the energy increaeee. the

physicai region approachec the pole at Az = -“z. S o ‘ B .'l\‘ S

Low-momentum-transfer evente are defined here as those with con K°p -0.9. ‘

1

The dietribution in the Treiman-Yang angle for the low-momentum- e

t

L -'Itranefer evente for theee three energy intervale is dieplayed in Fig. ' i?.. L ‘
- .‘Within each momentum inter\fal we have divided the data according to the

" Kw mass apectrum into three bine--below. at. and above the K resonance,

: ‘--fThie cutofi' was obtained by inspecting the variation of the dietribution inthe

. K scattering angle as a function of the production angle in the K ‘mass band.

: "865 <M(Km) <910 MeV. Since at greater anglee the cos OK term appeare to

significant departuree from iaotropy at the two higher energy intervala but are :

vanieh. the OPE diagram could not be«bminant (at leaet for thie mase intervai)

; We conclude from theee dictributione that the data do not ehow any atatieticany

, inconsistent with the OPE diagram at the loweet energy.

o The Kw ecattering-angle dietributione at the two higher energiee

‘are shown in Fige. i3 and i4. N Their general behavior ie again consietent

\.v x’ DR '_, ‘7,,:.'_'“. ‘.h

T s o : . C
cen ’-".f'i‘.\‘."“ !' d¥uead papia. s

-
reibst anys,

poasible charge etatee is no longer arbitrary. but represents the requiremente

L T
R B M
3t

<1, 75 BeV/c. The A dietribution for each of these intervala as [

. =0,8, and «0,7 for the lowest. middle. and higheet momentum bine. respectively. -
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e " with the peripherai mechaniem. exhibiting an S-wave background with a \
“ o ‘strong P-wa.ve. characteristic of K regonance in the middle mass bin. The S
| scattering-angle dietributions at the higher momentum tranei'ere (not ehown) _ff- .
agree ‘with ieotropy for all mass intervais. The data thus appear to be con+ h
" sistent with the statement the the OPE diagram dominatee the reaction under "
; _ study for low-momentum-tranefer evente above 1.45 BeV/ ¢. Low rm'.nnem:\im‘_i.l?i'f"zv
transfer here means coeoK < -0, 8 (A S 9m, ) at *~ 1.5 BOV/Ca and »
cos Ogep < 0.7 (A < 14mP)at 1.65 BeV/c. B R

VI. Kn CROSS SECTIONS AND PHASE SHIFTS
In the preceding eection we have shown that the low-momentum-
transfer data at the higher energiee appear to be dominated by the OPE diagram. _ .

l Subiike

- .
Here we would like to interpret theae data along the lines euggeated by Chew and

'. . N oy b .,)_
[ TR VIR A ” AR

- Low to obtain Kr croex eectiona and phase shifts in this energy region. ..
The cross section for the Kw scattering obtained by using the Chew- -
’ Low prescription is ahown in }'?ig.‘ 15, The dashed curve indicatee the behavior

" of a resonant T=1/2 P-wave cross séction for a reaction K'n?«+R%", The " )

' w”;‘.’.“'*_ ,. factor of 2/9 arises from Clebech Gordan coeificients. That the numbera Goew

o , came out quite reasonable gives us an added assurance of the validity of our - )

‘ .I:;Procedure. o ‘ . T . L v ,
To arrive at numbers for the i:haae shifts, we must make certaiti B
‘basic assumptions as to the behavior of Kn system. . Firat, we aes\ime that L
" the phase ehifts are real, i.e., there is no appreciable absorption in Kr |
' collisions. This ae‘emr_lption is probably quite good in view of a much lower :
.' cross eection for double;-pion production by K mesons in this energy region f
e and a very low K - Kmr decay rate. 15 Second.:we auume'that the only -
‘ - partial waves that contribute significantly are s wavee in the T= i/Z and

"1‘==3/ 2 atatea. and a Tai/ 2 P wave. Theng under theee aeeumptione the angular o
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E distribution for the process K 0 - R"w is given by
A g% = 2 {%— {inzéoi+ein263 a Zainao1 ein&oscoe(lioobg)} R -

; Lo

-t

ainéicoe(oo-a )~ ein&ieinagcoo(ai - 60)] cosl + Zein 61 coa 9} g

K -‘.,fj.'_ : EARE

| o+ %[sin&‘

where X is the reduced K wavelength in the Kﬂ’ eyetem. and the phase shifte '

°

v ' The scattering distributions for the Kw eyetem are iuuetrated in
Figs 43 and 14, The curves are a fit to the data up to and including the -
‘quadratic term in cosf and appear to repreoent the data quite well. However.
‘because of the amall nuxnbe'n of events, we cannot construe 'th_i'e'né a very ,' |

strong orgurnent lagainet' D waves. The coefiiciente of the power series . 'l‘a

: 4 -‘m—d" - xZ‘Z-.A coa™9: i e e
. . n-o - R L . N o

-~
) !

: resulting from this fit are given in Tablee II and IIL . 'rhe general behavior of

(24 hewsvidianig

ww " the data appeare coneietent with a dominant P wave at the resonance and 8 il
L v RTINS . i ! -

reasonably constant S-wave background.

A

In principle. one could fit the phase-ghift expansion to the data
and get the phase~shift eolutione by the :nethod of least squaree, However,
-we feel that systematic errors would beintroduced in this m'anner because of |
additional ernall mechanisms (besides the OPE) contributing to the rea'ction"“' i
even at low rnomentum tra‘nefere'.. Thne. for enatnple. p (or w) 'e:':change""'

| “leading to K formation would reeult ina nin 0 dietribution, ae opposed

to canOK for the OPE model. 1,6 This would have the effect of reducing 'the
p‘“’a‘"’ Pha“ shift and increaeing the S-wave contribution. o MU

ot
i 1

We feel that the following approach ie more eatiefactory. Wé take

1

the P-wave phaee ehift to be determined froxn the parametere of the K resonance ;

+
A e e . N N \i 1 ol
: L . R RS H v '. B oo

N
-
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and a proper behavior at low energiea. The shape of the K* resonance ig

e -_ _asaumed to follow a Breit~Wigner curve modified by k?‘“down to = 845 MeV,

PR et o L e -

o . where it joins smoothly with a q* curve, which ie the required behavior for .

g ""'_ ' a Pewave acattermg cross section,  The point at 815 M_eV was chosen because ‘
" at that point the two curves have roughly the oame slope. On the high-energy .
r e -side we feel that the Brei&-Wigner curve should give a reliable eatimate of S

*.._- the P-wave crosa section curve up to about 960 MeV, i. e, =3'/2, but -

%

beyond that exteneion of the curve would not be juatiﬁed. Accordingly we shall
“ vt not use the last masa bin, eepecially since above that mass valueo D waves

’ might become appz:eciable, and the momentum tranafer iavo_lved alao becomes'_{";".;i‘f
- 13;%3# “ T ) | . | o

| Having obtained a P-wave phase ahift in this manner (Fig. 16a), we

‘ Dcan calculate a T=4/2 or T=3/2 S-wave phase shift from the coefficient of the

linear term in cos0, if we assume that only one iaotopic spin predominates. -

4 <

This method has the advantage that most other production mechanisme will be '

B o

incoherent with a one-pion exchange leading to a Kw state in'a P wave, and SR

thus will not contribute to Ai' 16

'-'>«tfx IJ

Next, we want to roughly eetlmate the magnitude of the &’ 3/ 2 Kn :
interaction. The.etqdy of the reaction Kn-=Ka'pby Galtieri et al. has shown .—
 ¢hat there appear to be no strong finéxl«-atate effects in the K;ﬂ- (pure T=3/2 -
atate) system. 17 . For purposeo of comparison,we show in Fig. 17 the Az
) dependence oi our reaction as well as of the reaction studied by Galtieri et al,
Since we are interested primarny in the relative size of the S-wave interaction ° \_;‘; )
in the two igsospin eta.tea. we have displayed only the events characterized by S

o M(Km) <800 MeV., We see a much more pronounced backward peaking ofthe i " =

| _:;‘-,proton in Fig. 17b. indicating that the peripheral mechaniom playa a much

atronger role in the reactlon K p - R‘v p than in the reacﬁf N

B i‘ e.,the T=3/ Z Kfr interaction ie relatively weak.
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To estimate quaz;titatively the size of the T=3/2 Kv interaction

" we treat the reaction K'n ~ K ¢"p in the same way as K'p = R%"p; i. s we R L

aggume that all of the events with Az < 9 are produced by the OPE mechaniam.( :

: This anumptien gives ue a croas section of about 3 mb for the process

o K'¢® - K'n in the energy range up to 800 MeV, - Putting in the factor of 2/ 9

ariaing from the Qlebech«»(ierdm coefficients, we conclude that out of the total -

‘croass section of 5'mb for the process K n® -» Ren”, leas than 0.7 mbis '

v contributed by the T=3/2 state. -Accordingly, in the following discussion we
> A .

“.peglect the T=3/2 state and apsume that only T=4/2 contributes aignificantly

- to the reaction.: The coefﬂcienﬁ of the linear ternﬂ tn eoa@ reducee then to

- 4/3 ainéo eind

1
1 cea(&o - 61).

Pl * The phame shifts obtained under these aesumptiens are ehovm in -
Fig. 46b and_ iéc. It ehould be mentioned that this method involvas a fourfgld
ambiguity. Firstly there is another sclution ‘in which the phase shifts are ne‘a;'
90 deg. Secondly, two more sets sre obtained by adding 180.deg to these two . e
© golutiona. . The solutions near 90 deg can -be'exclucied,. since they require a
~ much largelrv‘\isotmpic'term than ie coﬁaietent with the data for low Kw mass
values. ‘We feel that the sclutions showi in Fig. ib have the most likely
physical behavior, - , -~ ' " " e '
| ' For comparison purpoeeu wo aleo show in Fig. 16 the center-ot-maaa

3 momentum, P in the Kr aystem. It can be seen that the phaee shifts appear

Co

o to go roughly as Pc.- m. -with the increaeing energy. This ie the behavior expected .

i if the eermeﬁective-’range approximntien'in valld. ‘The scattering length a then

BRI turna out to be negatﬁve and roughly ono-half of the K«-meaon Compton wavelengthe

‘In principlep we could ckeck oux phame -shift aseignments'by comparing

the measured Ao and Az coeffi.ciente with the valuee that we would expect from

o _ the phase ehifte obtained abm(m If we de thm,, we see that the meaeured Ao 1s

E consiatently higher than predicted, and Aa is comietentw lower. One peaaible

- R T P PR . . . [x] v : A AR
N A A LRI IRt R S U T S T PR PN A S|
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explanation of this behavior is that some p (or w or ¢) exchange contributes
to the reaction even at the very low-momentum transfers, We ehoulc; stress,
however, that the p exchange (or its interference with w-exchange processes)
cannot contribute to A 1 and thus does not)invalidate our method,

In summary, we woufd like to.emphasize that these results should

~ be interpreted only in a semi-quantitative way. Th‘ere -are too many intrinsgic °* °
~ 'difficulties and uncertainties to allow a comple.tgly quantitative argument., On
the other hand, the fact that the answers do have ‘reaoonab}e_’ physical behavior

. % .
and that the Kw cross section at resonance has the correct magnitude leads us

AR,
IRt ASRBNTAIL VY

to believé that the overall procedure is reasonably valid,

V1L ‘XNf‘LUENCE OF OTHER ST;‘\TES :

It is clear from the Dalitg plots (Figs. 3 through 8) that no stroxlx'.g
final-state interactions dominate the reaction under study other than the 89I1-Mev ’
K_*. On the other hand, a weak contribution from other -tates would not rea‘duy
exhibit itself on a Dalite plot, especially in the prelence of another. much
stronger, resonance. In this section we examine the mass plots to study any

-

possible enhancements due to other processes.

' A. Pion-Nucleon Systems

The only pion_-nu;:leon fsobar accessible ldnematically’ in the whole - -
A energy région under study is the 1238-MeV N"l (3, 3 resonance). The threshold -
for the production of 1512-MeV pion-nucleon resonance occurs at 1.5 BeV/c,
and thus only in the highest energy r‘elgi'on would we eiqiect it to contribute to
_ the reaction. . " j '
The analogous K'p reaction, K'p = K%pn', shows very strong N*(1238) .
- production in the comparable énergy' region. ﬁrthemore. at\;dy of production |
and decay angular correlationn indicates that the dominant mechauhm is p

exchange. 0 iccordingly. from the pure iaotOplcupin factosr' at the ppN vertex,
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we wou.ld expect a supproession of N"’t production in our reaction by a factor
of 9, if p exchange Qéré also fo dominate here. Indeed, we do observe an
- almost negligible contrlbutioo oue to N*‘ productioo (Fig.. 18a) of about 200

- eventsa, approximately a 4% effect. Elirhination of K‘ events does not seem

" to enhance the N‘ (Fig. 18b). Needleas to aay, because of low sign‘al-to-noiao e

ratio, we can not say anything deﬂnite about the N’.l production mechanism in o
_ 'this reaction. - For the 1542-MeV resonance, evep the hlgheat energy interval
does not show any etatiatically oigniﬁcant enhancement.

B. R°p Systems

The only well-entablished T=4 reaonanco that can be produced in

e this energy region and subsequentiy decay into the RN lyntem ia the 1660-MeV

' hyperon. Previona work based in part on a fraction of the data presented hero

!
(approximately one -third of the total data at 1.51 BeV/c) indicated a very low

~ branching ratio of the 1660-MeV isobar into the RN system (P'KN/Ftotal .

x = 0.04). ,18 The 'experimetit' of Bastien and Berge was shown to be inconaistent "

with a value of x smaller than 0. 16. 19 In appraieing.the oiéniﬁcaﬁce of this "~ ¢

discrepancy, we must remember the difficulties associated with studying a £

weakly.producéd resonance in the pregsence of a much‘ stronger effect (K* in’ S

"~ this case). AAamall' alignment of the K* along its line of flight can alter‘
congiderably the expected R®p mass apectrum. |

Two additional experiments have recently indicated that the decay

rate of ¥ (1660) into the KN system is relatively low. Firstly, study of high

. e‘nergy #"p interactions at Berkeley has given a value of approxixriately 0.2

for x, ;2'0

-

Secondly, the work of Alston et al. 24 on the reactions K'n - E+v°jr :

" K'n- £ w'n" indicates that the neutral component of Y‘(1660) is produceci

L by 1.5-BeV/c K mesons incident on neutrons. . Furthermore, the data. of

e Galtieri et al. can be uaed to obtain an upper limit on how many events in the

: reaction K n - K n p can bo attributed to ¢ (1660). ‘ Cornblnmg the numbers
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| _ of Alston et al, with those of Galtier{ et al., _We obtain an upper limit of 1/8
on I‘(KN)/I_"(ET:) Then. if we use the Y*(i660) branching ratio'given by

. Alvares et al. P 18 x turns out to be less than or equal to 0.04. Thus all indications .

are that the Y' BN decay rate ie quite low. although the exact value is etill |

. - spectrum due to Y (1660). . oo

" at 1765 MeV.

- undetermined. Hence, coneidering the croes eectione for Y (1660) production |

~ in this energy region. we would not expect a lerge effect in the R°p mass roL
’
Galtieri ot al. have recentiy observed an enhancement in the K'p eyetem

17 Furthermore, they have ehown that the existing K p ‘and K~ n ~

' data in the region from 800 MeV/c to 1.45 BeV/c can be interpreted quite well, -

RS

if one reeuiree a Tzi assignment for this effect. Accordingly, it is of great
intereet to see if a similar effect ie present in the R%p system in our reaction. -

l
Aaeuming only production from the Txi state, we would expect in our data a.‘n

o

- enhancement of about 150 events at 1 Si BeV/ cs Of course, one could make thie

B enhancement arbitrarily eman by requiring the proper pheee end magnitude for

B 'm

B2

- the production amplitudes from the T=0 and T=14 etatee.2 v

The R°p mass epectrum from all momente‘under study is shownin . . .
§r i Patnayn sh
fﬁ,um*:« «xng'x

Fig. 19a, Thei'e are no significant departuree from the dietrtbution expected

| 'if the eol_e contribution to this channel were 75% K production and 25% phaee )

spa.ce.

On the other hand to see if there is any c°ntribution from the above- -

'

- mentioned R°p reeonant etatee we are juetiiied in removing the evente which -

would have a priori small poeeibility of ehowing any structure in the R° P system,

Theee would be the evente in the K bend as well as the low-momentum-transfer

; evente. eince the latter are moet likely dominated by the K interaction (eee the e g

preceding diecueeion) Becauee the energy region under etudy liee not too far

. production mechaniemo :

above the threehold for theee two etatoe under diecueeion. we would not expect

LY

a aharp beckward peaking oi the nucleon. even if K‘ exchenge were the “dominant -

.s_-“},’_.“ -“ , /"
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Tize R% mass plot after subtraction of these two groups of events
is shown in Fig. 19b. The curva‘ again indicates the expected distribution if
R one takes into account the subtraction of K* events. It ia worth noting that
the only positive departures from this curve are obaerved in the region of -
. these two excited hyperons, The enhancemem: near 1780 MeV has a statietlcal
| significance of about three atandard deviations if we remove the events with , f‘
"P <1.45 BeV/c (shaded region). most of which lie below the threshold for
_the production of this state. " We do .ng't. hpvyever. ‘believe that theae data
necegsarily establish the existencel‘of & T=14 reaenapce in this 'regiox;. even '
., " if the effect is accepted as -tatiaﬂc_ally significant, Aq'examihatioﬁ of the N
o ;:"" . ~ Dalitz plot at 1.5 BeV/ c (Fig. 5) shows an effect that could .be' interpreted':;gé'\:m"
%i@!:istéf;;-.;ﬁ,{g_,;-g a constructh\.r'e interforence of the K" with the N’_.. Thef region of i:he Dalﬂ;‘lg.v.‘;;e:;m;
. | .‘:‘plot‘ cerfespends to the fxxens' of the R%p system in the:vicihity of 1780.M9V.;‘. |
Thus an alternative interpretatio_n‘ of the effect ia that we are merely aeei;xg .the"v .
I' projection of these events on the Rop meu plot. Considering, however, the -
~ narrow width of f:his enhanéen;eht as well as the relattvely la'rge energy region
L im queation (1.45 to 1. 75 GeV/c), we feel that this latter hypotheeis is less likely. .
'. To éummarize the discussion of the R°p maas plots, we can clearly
conclude that there are no strong contributionl to this reaction from any RN
" excited state. We feel that the most logical explanation of the data is that
.there are amall contributiona to the reaction from both Y 1(1660) and Y1(1765)
productione amounting to approximately 2% and 1% of the total reaction. .
reopactively. However. there are enough difficultieo inherent in this analysie
= hat we do not teel that the experiment can be laid to eatablish the existence

| 'of a th reeonance near 1765 MeV. ”; _.-; j;"",{
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e

" a narrow Kew raaodanco with a central value of 7234 3 MeV.

~ the only new data added slnce the last report come from momenta of 1.6 and

~six neighboring bine {three on each gide). Assuming the T=1/2 aasignmen

[ ' 1 . o
“

. ' . ’ . /

C. Kappa Production

In a previous communication we have shown that the data require -

22 The final data

preaented here contribute uttle new information on this’ phenomenon, because'

4.7 BeV/c, where the ¢ross section for « prodnction ie negligible. Accordingly,
. h .

we only brieﬂy eummarize the reaults. The lower part of the Kw mass spectrum :
]

is shown in Figa. 20a through 20d, where the data are divided into the three

‘momentum intervalg-- P <1.45 BeV/c, 1.45 < Pp < 1.55 BeV/c, and - -

P > 14.55 BeV/ c. To obtain a quantative estimate of the « cross section, .

K

we aubtract from the three SeMeV bina centemd at 725 MeV the ave rage of the

'17. 23

and no appreciable radiative decay modes, we obtain 30, 20, and 15 pb for the
LI

’ croas section in the low,middle, and high momentum intervals. Obviously,

-

these numbers should not be taken litorally. but should serve merely as a rough

~

| mdication of the size of the effect. = ‘ : ] Ce SRR

As ehown previoualy. any ayatematic effects present are not large

enough to contribute ,any appreciable broadening to the « peak. 22 The experia

" mental reaolution in this maas region in(of the order of 6 MeV(I‘R 26 MeV).

We feel, hovmver. that because of limited statistica. 1t would be dangerous to o

3.

' k conclude that the width u ﬂnite aud that the data exclnde zero "width.

1 |
i ) 1o A «3.
» : ;

T e P ' oA A
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_ aSle I. Data on path lengths and cross sections
K® momentum No. of evento Path length (events/mb) section
(BeV/c) (uncorrected) {from 7 count) (from interaction count) (mb)
.05 56 RN ¢ £ S . . ,0.78%0.11
;441 B £ P , 246 C .. 1.54%0.20
D ' . Ay Y .',;_ ' e L ,,' FIC O S .y ', . REY
‘24 87T 4470 . 4275 ., 4.4920.42
1,32 T I - 4475 1385 . 1.4420,12
e 1 “ o [y o y . ‘ N { A LIS ‘.
1.42 406.., . 800 .° . . 810  4,84%0.45
4.506 © . 2544 - "' 5090 5190 _ - . ' 4.730.12
1.60 - 339 . . . 618, .. T30, - 1.8520,2
1.695 618 1065 1085 . 2.2420.25 -
l| ,
\ |
) ’)' ‘.
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. 2
Table II. Coefficients of the power series ) A n cos”8
n=0
/ < 1.55 BeV/c.

Mass interval

Cre oyt

(MeV) B, L Ay A

638 to 800 0.03£0.04 0.0420.04 - ~0.040,01 ol
© 800to 865  0.1220.02 " 0.47£0.03 0.0820.05

865 to 910 . 0.3320.04 | 0.0720.06 . 0.34£0.11

910 to 960 0.650.03  °  =0.4040.06 © 0.080.08

960 to 1200

' 0- 09:&0. 03 *0. 52&0. 04

e A e o e P, A s T o e E B8 2 vt e

0.20+0.08

-
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. g 2 a
Table 1II. - Coefficients of the power series ) A, cos 6
- n=0

fitted to the data with 1.55 < P, < 1.75 BeV/c.

iMasa interval

Mev) . B A& A
. 638 to 800 0.04£0.008  0.03£0.04 . 0.04£0.02
800 to 865 0.46£0.04.  °  0,47%0.04 0.4220.09
86560910  0.5520.08 0.01s0.42 . 0.85s0.41
910t0 960" 0.2280.05 - ' -0.44%0.07. . 04820, 14

960 to 1200  0,09£0.02 -

- «0,40+0.03 0.112£0.07

1
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FIGURE LEGENDS

cqa

Fig. 1. Cross section for the reaction K'p -~ R%«"p as a function of momentum.
The low-energy points are from Bastien and Berge (Ref. 19) and Alston .
et al., Phys. Rev. Letters 6, 300 (1961). '

Fig. 2. Mass spectrum of the R%¢" system., The curve represents 75% K
production (M* =z 8§94 MeV and I"' = 46 MeV) and 25% phase space.

Fig. 3. Dalitz plot for the reaction i('p - R% ", for the events defined by

4.15 < P,,.. <1.45 BeV/c. The envelopes correspond to mcoming

K-
momenta of 1,15 and 1.45 BeV/c.

Fig, 4. Same as 3. L.

Fig. 5. Dalitz plot for the reaction K'p = R%pr” for the events defined by

1.45 < pK“ < 1.55'BeV/c.v The envelopes correspond to incoming momenta

. I
of 1,45 and 1.55 BeV/c, - , )

Fig. 6'. Same as 5.
Fig, 7. Dalitz plot for the reaction K'p = R%pn” for the events defined by -+
1.55 < PK_ <14.75 Bev/ c.. The enyelopee correspond to ‘incomiixg momenta
of 1.55 and 1.75 BeV/c.. - ' ~ .
Fig. 8. Same'as 7.
Fig. 9. Mass spectrum of the R%r" system near the K" region for 'evects

defined by (a) 1.45 <P. < 1,75 BeV/c,

K- K*
The straight dashed line represents our eetimé,te'of the background. The

< 1.55 BeV/c, and (b) 1.55 < P

dashed curves repreeent a Breit-Wigner curve with M = 894 MeV and
I = 46 MeV. o B
Fig. 10, One-piex;-exchange Feynman diagram for the reaction K'p - R%"p.
| 2 for the reaction K- p—~R% p. The -
three partn of the ifigure are defined according to the incident momentum:

{a) .15 <Pp- <1.45 BeV/c, (b) 1.45 <P

Plé- .< 1.075 BOV/COI L
/ ) ’

g- < 1.55 BeV/c, and (c) 1.55 <

‘.“ ‘l\"\ R . Coare ey L

R I T
' - -‘. ’

X 3 'Y ; . .
N . -
Vet R . - . s *
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i Fig., 12, ‘i‘reiman-Ya.ng angle for the 10w~momentum-=tranafer events, _

i-‘ig. 13. Diatribﬁtion in the Kr scattering angle for the events with incident
momenta between 4.45 and 1. 55 BeV/e. (a) M(Kw) < 800 MeV, (b) 800 < _
M(Krn) < 865 MeV, . (¢) 865 < M(Kw) < 910 MeV, (d) 910 < M(Kw) <960 MeV, ,

| and {e) M(Kx) & 960 MeV. i

o Fig. 14, Distribution in the Kr scattering angle for events with incident
~momenta between 1.55 and 1.75 BeV/c. (a) M(Kr) <800 MeV, (b) 800 <
M(Kn) <865 MeV, (c) 865 < M{Kv).< 910 MeV, (d) 940 < M(Kw) <960 MeV, B
and (e) M(Kw) >’ 960 MeV. .

Fig. 15, Cross section for the reaction K x® = R%r" obtained by using the

Chew-Low prescription. (a) Events with 1.45 <P . <1.55 BeV/c and

Ku

(b) 1.55 <P, .. < 1. 75 BeV/c.

o K-
Fig. 16. (a) Assumed T=1/ 2 P-wave phage shift for Kr acattering. |

(b) T=1/2 S-wave phase shift obtained by using the data with incident
momenta between 1. 45 and 1.55 BeV/e¢, and {c) T= 1/2 S-wave phase shift
obtained by using the data with incident momenta between 1.55 and 1,75

BeV/c. The dashed curve repreaents the ¢, m. momentum in the Kn system..
. .'Fig.r 17, The éistribution in momentum transfer (A?‘) for events with ‘ _
o M(Kn) <800 MeV. In Fig. 17# we show the data of Galtleri et al. (Reﬂ;ﬁ' 17)“‘"""""
for the reaction K'n - l{'w"p at 1.5 BeV/c; in Fig. 17b are shown our ;lata

for the reaction K“p -+ R%"p for the events with 4.45 < P_. < 1,55 BeV/c.

K

- Fig. 18. Masa spectrum of the pw ayatem for the reaction K'p ~ R°1r p from

_all energies in this expariment. Fig. 18& shows all the data, in Fig. 18b
' ~the events with 865 < M(Kw) <940 MaV hava been oubtracted out. The curVes'-'

o ahow the phaae-cpace P”ediCﬂome \t o .‘}, e E
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Fig. 19. Mass spectrum of the R%p system for the reaction K'p - R%«"p
' from all energies in this experiment. Fig., 49a shows all the data;
in Fig. 19b the eventg with 865 <My < 940 MeV and cosOK-p < «0.5
have been subtracted out. The shaded region in Fig. 19b represents
- -‘: only those data with PK < 1,45 Bev/ c.‘{"*'Thé curves show the phaee-spac"e"f.“‘;;:":

predictions. 'The lower curve in 19b is normalized to the data outside of

\
2

the 1660 and 1780 MeV regions, . |

' Fig. 20. Mass spectrum of the R°r" system near the «x r;gion, The four

%

: parta\ of the figure correspond to (a) PK < 1.15 BeV/e,

K

all energies combined.. = . . .
N

(b) 1.45 <P, < 1.55 BeV/c, (c) Py > 1.55 BeV/c, and (d) data from
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to .the accuracy, completeness,
or usefulness of the 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 owned rights; or

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
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








