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Due to a typographical error, a aentence in the aetoncil paragl'aph on 

page 5Z3, llao Z6, ls lncortect and should read: 

We find the J'&tio of event• with I I I< 0. 5 to all eveate b 0. 355. 

The concl&&aiona o£ the pu&&l'aph remain v.nchallged. 
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A RESONANCE IN THE A w SYSTEM* 

Margar~t Alaton, Lub W. Alvarez, ~~iP• Eberhard,t Myron L. Goodf 
WUUam Oraziano, Harold K. Tlcbo, and Stanley 0. Wojcicki 

Lawrence Radiation Laboratory and Department of Pbysic:a 
Univereity of California, Berkeley, California 

October 2.4, 1960 

We report a study of tbe reaction 

- 0 + -K +p-A +w +w (1) 

produced by 1.15 Bev/c K. mesons and obaerved in the Lawrence Radiation 

Laborator)ls 15-in. hydrogen bubble c:b.amber. A preliminary report o£ these 

results was preaented at the 1960 Rochester Conference. 1 The beam wae 
z 0 observed 3 

purified. by;two velocity spec:trometere. A a hyperon/durin& the run and 

the preliminary croae section• for various K- reactions at 1.15 Bev/c:4 have 

been reported previously. Reactiol\' ( 1)- waa the first one eelected for detaUed 

etudy, because it appeared to take place witb relatively large probabUity and 

because the event. a Z -prong interaction accompanied by a V, was eaaUy 

identified. In a volume o£ the chamber SUfficiently reetricted so that the 

acannin& efficiency waa near 100%, 2.55 such events were found. Tbeae events 

were measured, and the track data eupplied to a computer which teeted each 

event for aoodnese of fit to various kinematic hypotheses. The possible re-

actions, the distribution of eventa, ancl the c:orreepondlng croea aectlons are 

given in Table 1. An event wae placed in a given category of Table 1 if the 
l t proba'bUlty for the other hypotheses waa < 1 ~n. lt appear a likely that the 

majority of the events in grou.p(e) •re also reaction• o! type C 1). This belief 

is baaed on the following arguments: 
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1. Since the kinematic• of a A ""' fit (four conatrainte) are more 

overdetermined than those of a r.0 
1nr fit( two constrainta), it is 

relatively easy for a A,., reaction to fit a -s;0 ww reaction, but only 

very few t 0 configurations can fit tbe An reaction•. 

0 2 z. The events of group(e) when treated as %: '"'reactt.one atve a X 

dietrlbution which ie much wor ae than that obtained when they are 

treated. aa An reactions. 

lD what follows, the 141 evetlte of groupa (d) and (e) are treated as 

examples of reaction ( 1). We estimate that 10 to 15% are actually r.0 events. 

The energy distribution of the two picme in the l'C -p barycentric system 

is ehown in J'lg. 1. U the erose eection were domlft&ted by phaee space alone, 

the distribution of the pof.Dts on the two·d.irnensaioaal plot o! F.ig. 1 ahould be 

+ Wliform. Thle is clearly not the c:aee. On the contrary, both the ,. and the 

, • distribution a have peaks near Z. 85 Mev, such as would. be expected from a 

quasi·two-body reaction of the type 

(l) 

the y* having a mass spectrum peaking at -1380 Mev. U the y* of mass 
• 

1380 Mev breaks up accor<ling to 

(3) 

the ploaa from this ~l'eakup are expected to have energies l'&ngiug from 58 to 

175 Mev in the K-p rest system. ThoM pions from (l) are well separated 

from the pions arising from reaction (2.) in the enei'&Y hlstoll'ame . 

The 1 spin of this excited hyperon must be one, since lt breaks up 

• into a A and a w. Si.Gce the Y is produced with a pion, aleo of 1 spin one, the 

reaction could proceed either in the 1=0 or the lal state. Therefore the ratio 
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UCRL-9456 .. ·-of Y to Y wUl depend on the relative magnitude and phaae of the two 

' ~ 
l·epin amplltudea and thua could differ from unity. We observed 59 Y 

·-events and 82. Y eventa, ualna the criterion for separation that the high-

momentum v meson ia the pion from reaction (l). 

• •+ Figure Z. shows the distribution. t.n mass of the Y state (both Y 

·-and Y ) indudlng all 141 evente, again ualng the higher·energy pion in each 

• event to calculate the Y mae a. The experimental uncertainty ln tb.e mas• for 

each event is small compared to the observed width of the curve. The curves 

of Fig. 2 are discussed later. 
Iii· 

:Flaure 3 shows production angular distributions for Y~ iUla Y - in 

the K"" p rest system. Partial waves with 1 >0 appear to be present, as ·would 

be expect-ed elnce ftk/m,e approximately equal& 3. The difference between the 

·~ .... Y · and Y angular dietrlbutione may reflect the different euperpoeitione of 

the 1- spin zero and one amplitudes for the two caeee. 

• of Y • 

The following two methode were used in an effort to determine the spin 

, . 
(at The anaular momentum of Y was investigated by mean• of an Adair analy-

sis. 5 VIe first reatrlcted ourselves to production angles with I cos 81~0.8. 

For this angular range the Aclalr analysis should be valid if only S and P 

wave• are preaent 1n the production procesa. We then computed ft for each 

event, where ,K_ . PA 

ri11c II' A' 
Of the 29 event& with ~oe 91 ~O.S, the fraction 0.6Z:t0,09 has 1111 ~0.5. U>'U'le 

above-mentioned restriction on the angular interval is sufficient to insure the 
J 

validity of the Adair at.l&lysla, this ratio is expected to be 0.50 for j= 1/2 and 

,.. 



0.73 for j=3/2. The experimental result is thus -1.1 standard deviation from 

both poaeibUlties, and no conclusion may be drawn faoom the data. Similar 

result• were obtained for several larger values of the cutoff angle. Presence 

of D waves, however. cannot be excluded by the production angular distributions 

{Fig. 3). U they are present, indeed, then none of these cbolcee of angle would 

be sufficiently restrictive to auarantee tbe success of the Adair analysis • 

• (b) Since Y may be polarized peropend.icwar to its plane of production, cor-

• relations can exist between the decay angle of the Y and the polarization of • 
the resulting A. Also, a net A polarization can roesult. With our limited data, 

we see no atatiatlcally significant' A polarization or angular correlations. 

However, one can also look for anisotropy, ~· a polar-to-equ.atorial 

• ratio, in the decay angle of Y with reepect to the normal to the plane of pro-

du.ction. For spin 1/2., the distribution must be of the form A + :B,t2 
by the 

i." 
6 • 

Sachs-Ebler theorem. independent of the Y parity, where we have 

PK- X PyJ!I • p .l\ 

IP"K-X~y<~IIP'.tJ 

··~ 

and Pa is the momentum of the particle a in the K. p barycontric system. 

Since the coefficient B is a function of the production angle. we want 

to restrict ourselves to that range of the solid angle where the polar-to­

equatorial anisotropy is probably greatest along the normal to the production 

plane.· For production angles near 0 deg and 180 deg (Adair-analy•b region), 

one expecte the polar-to-equatorial ratio to be most different from unity in 

another direction (namely along the direction of the beam). Thus the equatorial 

region of production angles is more likely to show a large anisotropy along the 

direction· in question. Therefore the production-angle range sln6 ~0 .866 was 
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selected for study. VIe find the ratio of events with I~ 1>0.5 to all even·te 

ia 0.355. If the cllatrtbutioa la isotropic, aa is required fo1' spin 1/Z, we 

expect 0.500 a0.063 for our 62 eventa. The result is thue Z.3 standard 

deviatlcme from isotropy. The 45-to-1 odds against isotropy overstate the 

case for higher apin because this is the fourth anieotropy looked for • 

• Sblce Y may be regarded as a hyperon isobar, which decays into a 

v and a A. it eviciently correeponds to a resonance iD pion-hyperon acatterina. 

The maea diltributlon of tt1. Z then invites a compariaon to the croaa section 

for pion nucleon acattering in the 3/2·3/2 state. For this purpose a p-wave 

resonance formula employed by Ooll-:Mann and Wataon 7 for pion-nucleon 

scattering was fitted to our 11' A data by uaing the elaht central hlatogram 

intervals of Fla. Z. In fitting the curve, it was fouad that the interaction 

radius (a) could be varied over a wide range without cbanlin& the goodneaa of 

fit appreciably. provided that the reduced width (b) waa also changed appro­

priately. The radius parameter was therefore fixed arbitrarUy at fl/m.,c • 

• Table U eummarbea our results lor Y , along with those of Qell·Matln and 

Watson for the 3-3 resonance • 

• Even if Y does t\U'n out to be a p-wave resonance. there are atUl 

many reasons why the 11' ... A reao~e parameters must not be taken too 

literally:· 

(a) There is a small contamination of r.0ww events in our data. 

(b) A nonresonant background may be present. 

(c) The production matrix element for reaction ( 2) might well depend on the 

• outgoing momoatum. and hence distort the mass distribution of Y • 

• (d) Two thresholcla !or Gther pGasible decay modes of Y appear within the 

mass intel'val covered by the resonance curve: ~· the 1:1T mode three-
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hold arOWld 1330 Mev and the RN threshold around 1•35 Wev. This 

must have some effect on the shape ol the mass spectrum &I observed 

via the A,.. decay mode. 

Final-state pion-pion interaction could. disturb the apectrum. 

•+ ·-Even when the two resonances, T and Y , are well resolved in terms 

of intensity- -as in our experiment- -there can still be an appreciable 

interference b$tweea the amplitude in which the 11 + arises from reaction 

(Z) and tbe ,- from reaction (3) and the ampUtud.e in wh.lch the roles of 

the two piona are revel' sed. 

U we ~)ta.r all these uncertainties in mf.nd, the resemblance to the 
,, 

3-3 resonance la certainly remarkable (I'll· l). The resonance eneralea 

when expressed in terms of baryceAtl"i<: ldneUc: energlel differ 'by only 30 Mev. 

which 1s mu.ch leas than the ·Nidth of either resonance. Furthermore, the 

widths are at least comparable. 

These result• are atronaly reminiscent of tbe concept of pobal 

symmetry which predicts two spin 3/Z. pion-hyperon resonances, one with 

T = 1. the othel' with T = l. 8 These are the hyperon counterpart• of the 

' J = T = 3/2. resonance of the pion-nucleoD eyetem. On the other hand, the 

• posaibUlty that Y is a J = l/Z resoaance cannot be excluded ou the baaia of 

our data. The concept of pion-bypel'on re~onance in either J = 1/Z or 3/2 

state, hae ben 4iecueaecl ~ecendy by several author&. 9 

A study ol E+ •* .,o events ln our experimeat la wader way at present. 

Tb.e reaulta, however, are too incomplett~t for us to be able to draw any definite 

conclualons • 

The authors are greatly indebted to the bubble chamber crew un.c:Ser 

the direction of James D. Qow for their fine job in operati.Da the chamber, 
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of Dr. Edward J. Lofgren and the Bevatron crew, as well aa the akUled work 

and. cooperation of our scanning and meaeurlna staff. . Special thank• are due 
' 

the many colleagues in our group who developed tho PANQ and KICK computer 
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proarama·-eapeclally Dr. Arthur H. Rosenfeld, and to Dr. Fruk Solmltz 
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Table 1 

Distribution o! event& among different l"eactions 

lteactipn 

- ~o -(a) K + p - 1.'\i + p + , 

(b) 

(c) 

(d) 

(e) 

0 + - 0 ( h or 2: ) + 1r +1r +• 

"£0 + 1f + + 1J'-

A+w++,-

0 + .. 
(ll or I: ) + 11 + 1r 

Total 

No. o£ 
events 

48 

39 

?..71 
49 

92 

l55 

Croaa 
eecti011 

(mb) 

l.Ott0.3 

l.l:tO.l 

4.l:t0.4 

7 .Z:t:O.S 

" 
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Table U 

l 
Paramet6rs for 'II' ~A and 'If .. p resonance fitted to cro:lt.?.. r · 

(E-E\,)~+r2 /4 

where I'= b 

Parameter ,_2 v-A 

Interaction radius (a) 
in units of tt/m,e 

0.88 1 

R educed width (b), (Mev) 58 33.4 

.Resonance energy (E0), (Mev) 159 129.3 

Full width at half maximum (M~v) 100 64 

Lifetime ( aec) - to·l3 
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FIGURE LEGENDS 

,. - + .. 
Fill· 1. Energy t:U•trib\ltlon of the t!Wo pions from the react~ K +p-+A+w +w • 

Each event ie plotted only once on the Dalitz plot, which should be uniformly 

populated U phase apace domia.ated the reaction. The two energy hiatograme 

are merely ono-cUmenaional pl'ojectiorua of the two-dimensional plot. and 

each event la represented cmee oa. each hletogram. The solid U.nee super­

imposed over the histograms are the phaee-epace curves. 
• • 

Fla. 2.. Mas a distribution for Y aa.cl fitted curves for wA and wp resonances. 

The lower ac:ale refer• oaly to thew A resoaaace. Q ls the ldnetic: energy 

released wh•n either bobar dlsaocfate1. 

The curve for the ,. A resonance ie fitted to the center eight histogram 

intervale of O\U' data.. The w p curve ie the fit obtained by OeU-Mann 

1 
and Watsoa. to wp scatteriag data. '.Both tits are to the formula 

a = tt.2 r 2 I [ (E ~ Eo)
2 + cr2 /4)) 

where r 1111 Zb (a/)4)
3 I [ 1 + (a,h)

2
] • .. -Flg. 3. Angular dlstrlbuUon of Y ln the K p barycentric system for the 

.. .:!! * reactions K + p ... Y + w • 
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