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0 

Maraaret Alaton. Lui a W. Alva~ez, PhUt~r Eberharcl, t MYJ'oD L. Gooct, § 
William Graaiano, Ha.rolci K. Ticho, and Stanley 0. Wojcicki 

Lawrence Radiation Laboratory and Department of Phyeica 
Univezoaity of Califorala, Berkeley, California 

January 30, 1961 

In a contiruaation of the etudy of the interaction of 1.15-eev/c K- mesons 

in hydroaen by meane of the Lawrence Raclf.atioa Laboratory 15-lnch hydroaen 

'bubble chamber, we now report a atwly of the reaction 

K- + p - gO + tr • t P• (A) 

Example a of thia reaction were eaaUy identified in thoee c:aeea ia which the 

R0 decayed into char_ged pions and appeared in the chamber ae a two-prong 

interaction aesociated. with a V. A kinematic analysis isolated 48 eveuts of 
,. 1 

reaction (A) from other event• with elmilar topoloay. In only one case wa.a 

the identUlcatlon not unique. Correcting for neutral decay• of the R0 and for 

eacape from the chamber, we find a total croae sectiotl of Z.011l0.3 mb for 

Reaction (A) • 

• Work done uncler the au.pice• of the U. S. Atomic Energy Commission. 
e 

t Presently a.t Laboratobe de Phyalque Atomique, Colleae de France, Parta, France. 

§Presently at University of Wiaconain. Mac\iaon, Wiaconaln. 

•• Preaeatly at University of Calilornia at Loa Aqelee, Loa Anaelea, Calltornia. 
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The events are shown on a .Dalita plot in Fig. 1. If the reaction were 

entirely dominated by phase apace, the Dalitz plot would be uniformly populatecl. 
'· 

lnateacl, a •trona elumpina around proton ldnetic energy of ZO Mev is observed. 
t>"· . 

Thla effect ca~m.ot be explamed by an btteraction mMrbt element that increases 

monotonically with clecreaaina proton energy. Whereas an extrapolation .from 

the region 15 Mev ~ T ~ Z5 Mev would lead one to expect a minimum of 16 events p . 

in the reaion TP 5 15 Mev, only three are found there. No experimental biae 

aaaia~ very·low-·energy protons in the K·p center-of-maas eyatem can exiet, 

since such protons have lalaoratory-ayetem momenta of approx 600 Mev/ c. and 

aJ'e easily ic!entifi.d. The observed distribution can beat be explained by a 

quaai-two-bocly reaction of the type 

followecl by a decay, 

·- ... K + p- K + P• 

o*· nO 
"'" -A + 

.. , . 

(B) 

(C) 

The J .. 3 J'08on&nce of the pion nucleon ayatem would show iteelf on the 

Dalit.a plot as a concentration of pointe alons the diagonal line drawn through 

Fla. 1. The absence of any evidence for thia reeonance in our d&ta can be 

explained if Reaction (A} proceede primarily throqh the l = 0 channel, which 

cannot pS'oduee a p•w .. ayetem. in the I = l/2 atate. F'u.l'ther. even in the 1 = 1 

channel. the 3-3 resonance favors (A .; w0) + R0 ovel' (p + 1r ·) + R0• and hence 

pS'ovidea additional eu.ppreesion of tbia reaOD&nCe. 

·-The maae distribution of the K u ahoWD in Fig. Z. The mean value 

ia 885 • 3 Mev. After removiq the number of background events estimated 

from the pbase-apac:e distribution and unfolding the experimental error on 

each of the remaining 1~ eventa (typically 3 to 4 Mev). we obtained a full width -
at hall maximum of 16. Mev. corresponding to a lifetime of 4X lo·Zl seconds. 

The angular distribution for Reaction (B) ia c::onsietent with isotropy. 

·-Aaeuming that the K system is produced pS'edomiuantly in thee state (which 

appears likely both because of the cloueneaa to the threshold and becav.ae of 
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the laotropic d.latributlen), we can obtain &D upper limit of the R spin S. 

US== 0, then the reaction can be produced only through the pl/2. tngoing 

channel: il S= 1, through al/2. a.nc.\43; 2.- etc. In any caee the decay angular 

diatributloB2 ia givea by 

1>,..(1) 

with tal Z +I bl 2 = 1, where a= 1 for S = 0. Here 8 is the angle of the 

30 ·- . -.n. 1B the K rest system with respect to the incoming K direction. The mean 

value of cos1.e, based on the distribution fan.etion (1), is 

• (2) 

Experimentally, ( coa28) for the 21 event• lying in the K.*- mass range 

between 870 and 900 Mev ia 0.2.15. Using S = l in Eq. (Z), we fluci the expected 

value of (cos~ 9) ~ 0.42.9, with a standard deviation of 0.051. The experimental 

reault thua deviates from the ranae of values expected for S = Z by three standard 

deviations. For S > 2 the discrepancy is even greater. On the other hand, 

the experimental r·eeu1t is consistent {within error a) with S = 0 or S = 1. It is 

worth noting that an ilotropic decay distribution is obtained both for S = 0 and 

for S =I if the dl/Z input cbarm.el cloea not centribute. For thia reason, for 

S = 0, experime nta at several momenta wiU be requ:ired to settle this problem. 

Aa•uming that the K .. and R0 are an. l-epta doublet, and I= 1/2 iif'? 

*· 0... • 0/ *- cO -the K I apin, the branching ratio R = (K - K + " ) (K - "" + " ) 

* equala 1/l.; for 1 = 3/1., .R = 2. In either case another charge state of R • 

namely ft*0, should exiat and. decay into K'"' + v1· or R0 + v0• The value ol 

• this branc::hiag ratio, also, depends on the isotopic apin of the R • 

To investigate the isotopic spin propertiee of the &41 
we searched for 

examples of. the following two reactions 
:);. ... 0 

K i· p - K + w + p, 

.. - + K +p-K +w +n. 

(D) 

(E) 
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Thoee eveate appear ae two-prcmg intaractlone al14 are much more ditt'icult to 

identtly than the events already cliacua•ed, siRCe there are usually several 

possible iaterpretatiOlUJ lor each inelaatic two-prong event. In particular 

there was a pioa contamlaatioa ol about 10% in our incident K- beam, and the 

inelutic pion interaction are kiaematic$l.ly very eimtlar to Jleactlona (D) ancl 

(E). .Both the kinematic lite · an4 the ionization of the tracks were uaed to 

ld.entUy the events, hut theae cJriteda were not a1wa.ye eutiieient to distinguish 

between varioue hypotheaei. At p~reaent we have proceaeed only about 2./3 of 

our two-prong imeractioae, but we feel that the data obtained are reaaonably 

unbiaeed. 

In both Reaction• (D) and. (l£) there are peaks tn the nucleon Jd.netic: 

• • eaeray cU.atl'i'bution in the R resounce region. On the baaia of the number of 

event• ill the proton peak of 1\ea.ctlon (D), eou1' present data allow u.e to make a 
' 

c::rucle estimate of the braaching ratio: R 111 0.75:tt 0.35. The data thus strongly 

favor the 1 = l/2. state. 

Tho experimental prod.uction ratio of it* via ReactioJUJ (A) and (E) is about 
:. . 

· 1, and la tluul coneietent wlth the produ.c:tioa of the it thl"O\IIh a pure isotopic 

apln state. 

An l = 1/'l. particle, called tbo l<' •. , with aesative parity with respect 

to the K melon, hae been invoked by 1'iomco to explain the backward A peaking 

in a•aociatetl pro4u.c:ti~n. 3 Oell-Matm poetulated. the exiatence ot euc::h a particle 
• 

to permit the co net ruction ot a atraqeneas -violating weak-interaction axial 

curr.S. 4 The K• that we have obeerved baa properties conaietent with those 

• poetulated for the K' • but, as cllaeuleed a'bove, the K apin and parity remain 

to be eatabllehed. 

Ae ia our previous communication, we acknowledge gratefully the 

asei1ttpce of. the many people who helped us to obtain and aulyze these data. 
' 

OAe of us (Pll!) la grateful to the Philippe' s Foundation, Inc. , and to tbft 

Commisariat a 1' Eners6 Atomique for a fellowship. 
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FOO'rNOTE$ 
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z. lUcbard Spit11er an<! Henry P. Stapp, Polarization and Angular Correlation 

in the PJ"od.uction and Decay of Particles of Spin 1/Z and. Spin 3/Z, 
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July 1917 (unpuhlishe4); aleo H$nry P. Stapp (Lawrence Radiation 

Laboratory), private communication. We are grateful to Dr. Stapp for 

eeverallllw:ninatiDg dJ.eeueslons on tb.ts subject. 

3. Jayme Tiomno, in Proceeding• of the 1960 ll~heater Conference, p. 466: 

also J. Tiomno, A. L. L. Videira, &1\4 N. Zoaury, Phy•. !lev. Lettore 

(to be publiehed). 

4. M. OeU-Mann, in P'roceedinse of the 1960 Roche.ater C.onfereoce, p. 508. 
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FIGURE CAPTIONS 

- nO Fis. 1. Pba.se·space plot of the 48 examples of K + p - .r.. + , + p reactions. 

nO • Fig. z. Mass spectrum of the A -w system. The solid line represent& the 

phase epaco curve noJ'maliaed to background event8. 
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