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' 
bubble c.hamber. We nl:)W· wish to weport t.he results o£ the study of the three 

reaction• .. •• 

- + - • + K +p- Z +11' +w +• (1) 

- • + + -K +p ... Z +w +w +·tr (2) 

,. 
.. . . 0 0 + ... 

K +p-· ~+'It +• +1r (3) 

A1though reactions (1) anc1 .(2) are rea4ily ideatitled and measured, reaction (3) 

· eanaot be identified .unambiguously. Accordinaly. \ve discuss first the results 
~ ... I 

pe~aining to reactions (1) an.d (Z). Nineteen events of type (1) and 13 e-vents of 

type (2) were obaerved. correspoacUng to cross section& of 0.19•.06 and 0.12:«:.05 mb, 

respectively~ In a search for possible Zw resonance•. we have plotted in Fig. 1 

histograms Of the in.iant maeaes of the Z and each of the three pions in reactions 
~ -f' ~ 

(l).and (l).. Figure Uri ·refers to the 2: and pion o£ like charge; .Fla. ·la to the E 
• . • ! 

ancl each ol the pions of unlike charge. Stnce the.re ar·e two unlike .. eharged pions 

in each event, t'iv.!ce as many points appear in i'ig. la as in Fig. lb. The plotted 

·. curves. are m~e• distributions expected on the baale of a uniform ph.ase~space 

.' population. The histogram o£ l'lg. lb agrees with the phase-spaee curve, but the 
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~ and unlike-charged pion distribution appeara to exhibit an anomaly. auggeeting 

, . a c:oncentratton of event a with a ~w) mas• of about 1405 Mev. 

'l'o explore this anomaly in more detail, we use the following representa.tioft 

'of the data. Siaee. aaco:rding to Fig. l,b. the 4oubly charg ..... E1f' eyt\tteme do not 

depart eipiflcantly ftoom the expected phase-apace distribution. we eliminate the 

like•chargecl pion from further c:oneideratton.. We then transtorm the :E and the 

re~atnifii two pi one (both of charge opposite to t~at of the :&) into tb"e center .. of ... t 

mass (c. m.) ay4,m of these three particles and.determtite the total ene.-gy available .. '· . 

~9·'ll!i''ihis partictdar coordinate eystem. For each event we can then calcuta,te a Dalite 
' ~ 

"··,plot ,of the available phaae epaee. Howe~~r. to permit the comparison of evente .. ~ .. ~.' ··." 

that involve cti£ferent amoui\U of c. m. energy, "'• can conveniently telabel the axee ,. 
~· oi the .Dalits plot to c:orrespoad to the invariant ~:11 mus squared, which is linearly 

. ~tJtr~~~- · 
~ .... ---" ... ·· :l~r;VJ~'~·· . . 

. related to the kinetic el'lergy of the other pion,. The pbaee .. apace eUipeea obtait'led 

from individual eveAts aro then added to obtain a composite phaee .. epace proba'bility 

eoatoUl' map in the mass-squared space. The result ol this procedure is shown in 

Fig. aa. Only hal£ of the plot ie ehown, since it is symmetriC\ about the 4S-deg line 

. 'bei':~¥•e the two pions c:onaidered are indistinguishable. 

The experl~ental points arrange themaelvee in a ,._.,ueal and. a. horizontal 
. . ·. ' .. '.· 6 2 . l . . .. 

baad, both centered along l.97X 10 Mev = (1405 Mev) • ae i£ the Z: resonated 

With either one OT 'the other of the two pions. Ill ol'der to e1ehtStt the reeonanc~ 

with better atatiatice, both the distribution of e-xperimental poi.llta and the prune­

space contour map are projected onto the axes: t~ ~et:t.th to the right of the 

dotted line oa.to the ordinate, the t:J'Oi'6a:fi. to the lett onto the abecieaa. The rea~lting 
... . . . ... 

, ·histograms ana the diauibuttou e~epeete4 from phase spac::e are then added. The 

· ·result~ are ahowa in l"i&• Zb. Although the position o£ the dividing line \3 chosen 

in such a way as to exhibit the resonance most clearly, it appears rather unttkety 

'-
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that the diecrepancy ~etween the e~pected and Gbserved cU.atributions ia a statiatical 

accident.. eepect.aUy in view of the two-baftd atructue of the eve-D,te lu Fig. Za. U 

osie interpr~ta the obaerved ~let~ibution ae a reaouuce. lta .-ak co:rreapoads ~o 
' ' ,., ~ ;. .- '~- ;._ ~ • I ~. ~- /; • .:· ' • f' . ' • 

a maea,,qf.;;.l40S ).4ev.,i;:a'ti~::i.t1' tuUwiclth at: half matet<Mum is about ZO Mev after un-
.~ c ·:f\', ' --~~~~1~·;·.~. '. d:~~· ''• . ~· ·. 1 

•"':."'i-old"lng e1eperlmental err~.-:.:.~:. 
. ~ ., . ' 

~ .. 

To,lnveatigate fu~ther the possibility of a resonance :in the ~ eydtem. we 
"•;;"··' • •• .' .... :·\~:'' ~ l -

,at~i,~d t~e 39 two•pl"Olll evet1te aeeociatecl with a A ·that did Dot tu a 
1~ . , 

~i~~~ ,... A + w + + ,.. or K"' + p .... 2:0 -+: "+ + ... 

,, 
~ . )'. --~- ''• I K"' +p .... Eo +, + + ... + ,o • 

,J., •• 

. '· 

... 
o + · o o· 

- t: +" + .- +" +., , 
. ' ' 

: : ;; . o.t:. ~~- . 

_ 1*!1-t~~r..;r:i , 

~3) 

fi) 

(ft 
. ' 

· ··Iiieatifteation i~ 'very ditftcult bec~uae only reaction fl) is sufficiently over-
~ ' . ~; 

c:onetra'i~ed to perndt a ldne~atlcal fit. Fur·thermore. moat ctt the events tnt 

are a.ctuaUy exam plea of ~eacttou (~) wUl tit. hy-pothea\e <4) , 'but pro'bably with a 
z larger x. value. 

~,~~.j';'i:;'',;~:' Of the 39 events: lo 'had XZ ~Z when Jdne(Datically fitte4 to the 0'88 .. 

constraint hypothesis (8). Moet &f th~se events are pJ"obably due to reaction (f).. 

sir.u:e i! priori only 17% oi the eveate due to reaction (I) should have x 2 ~ Z. 

. . • ... + - + .. 
Also, only one eumple of the reactum. K + p - A+,.. +" +,.. +, and no 

' ·..-eltai!Sple8 Of I('"' + p ... )';*" + ..,+ + "+ + 1r- + flo were observed; tbtis reactions.~)_ 

and (EO are probably rare. Even though a kinetlla.tieal fit to hypothesis (.i) is 

~., impossible, one c:::R obtain the invariant masa of the z0w0 eyetem from the 

.. -~ 

.. ·,..·• 
t : • ' .. ' 

I 
·, ..... 
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in~i.d-eut K .. momer.rtum and the measured momentarn of the two charged pions. 

Howe•er, since ne kinematic constraints can be imposed on euch events, the ex .. 

· .> ~~ertmental erl'ora will, jn general, be larger than fol' fitte4 events and lluctuate ~ 

,_ 

more widely. Therefore, the data are better represented by ideo1rame. 

Fig~re 3a shows the hleogram of the ma.ea clhtri'buticm of the 16 events with 

x 2 .; l. The three events with M<13ZO Mev can be interpl'eted aa the tail of th$ x Z 
. ~ . . .. ' 

distribution of reaction ("'}~ the four events with M > 1-450 .Mev are proba~ly due to 
: ., •'· '. ~ ' 1 ' . ~ 

reactions ~) ~nci. (6). The rernalrdng nine events taU into~ narrow band centered 

at ab~ut 1386 Mev and are m .. det probably clue to reaction (;) •. The plotted curve 

is the mass distribution of r.0
1r

0 ~tyetema batied en ~base apace and not"mali:od to 
' . 

2 
Figure 3b abowa the corl'esponding cliatJ"ibutioll f'or the eveuta with ~ < !. 

• I 

ln order to permit a direct comparison with the previoua ftgve. again only the 

measured momenta of the charged ptona were uaecl to obtain the maae ideogram~ · .... ,._. ... , 

The measured diatributi.on appears to agree with that expected fr~m ,pha.ae space 

for 0 + -A w v 1r events. No anomaly a.t M ... 1390 Mev is observed. Thus there 

doe_s not appeat" to .be an.y evidence o£ the T = 1 y•O reaonanae in the A. trOw+, ... 

d.ata. Furthermore, il one fits aU 39 events to the Aw0w+,.· hypothesis and then 

calculates the (Aw0 ). (Aw + ), and (Aw .. ) masses from the ftttecl values. there i.e 

still no evidence fo-r the T = 1 y* resonances. In particular, the peak of Fig. 3a · 

vanishes. Thus we cannot attribute the observed peaks in the mass distribution 

shown in F.igs.' Zb or 3a to the Y~ resonance, especially .bt vJew e! the low ~ /A 
. ~ 

branching ratio of this resonaaee previously reported.·,·. Because 0£ this and the 

eelection CJ:iterion used in isolatiag the events of Fig. 3a it seems probable ~hat 

· the nine events represent a z:0w0 resonance linked by charge~~ independen.ce to 

the 1;+ 'If- and 1:-, + resonance already 4iseusaed. 

It is easy to show that the branching ratio (S « N:£Ow0 I (NE+w· + N,; ·,+ ) 

uniquely determines the isotopic spin. of the resonance. For T = 2. 1 or 0, we 

have f3 = 2, 0, or 1/Z. respectively. Neglecting possible backgrounds. an.d 
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cotreettrig for _neutral .decays and eaeape of the A hyperons in the %.0.,0 case, 
' T. .... 

·VIe: have t3 = 0.5 = O.t. He.nee. the iaoto~t.e spin. of the indicated reatmanee ie zero, • . » ' :· ' . * ,,. 
· > ·and' we will call it Y0 • 

One <iifficulty of our inte-rpreta.t.l:~tt 0! the data is.~the difference in mass of 

. Ji,Mev.e6 Mev betweea the two peaks of Figs.· 2b atul 3-a·. However, since there 

.~-~~~ ~o ld~~i~~·l ~iona in tb~ c"iia~ged . t ·~ cuee and not in t~e , E 0 . cases, it ls 

pps,ib'te tbat. the effect of Bose ~tatiatiee coutd·~~uee a shift o£ the ~eaka •. A lao, 

rr~m the fact that the charged z can. retonate with either o£ the twc unlike charged 

pions. one w~uld expeet lnterfere11~e effects betw~en the two"'"!ii~tt~rib~ aftlpUiJudes. 
•(.._ ~,w,o,:•· )< • • I .f.. • ' • ' -\ -~.~; 

, ., · · An'Otber poaeibUlty {hs lnterlet'eace between the reeona.ace and nonresonant back .. 
~. 1 ; \ -.. .• • \•. • \ .. .• 

r. · '):. ; "Jt"Q~a. Both· thea·~ interference a might alt-er the obae~tved positions ot the peaks. 
t .~ .... .l. ... j:. •' .. ~. . ~· ,;~ . • • . ~ \ ~ . • 

. ;·~, :: ~'it'&t;:trtJOl"GI electromagnetiC: fn&88 difference8 _ib. the !:+tf-, ,;·..,+. and I:0tt0 ~" ··"'/V'i~ 
/~ ·.: ~4\V.~-~r·t'·~·.·. _; ··. ,. · . . · 

·, • ,'·' "-
1'syetema c;oul4 affect the observed mas a spectra la the thr·ee c.aaes. Alintuming 

... . ~ . ·that the p•obability ot decay into. any mode is proportional. to the moment11m available -~ : 

: ... · :Jn ~;at mode (as expected for aa S-wave resonance). we lind t~t the ehifting of the 

i• ~·~~-~:/~~~te!.:·due t& mats ifw~~ ie n~gliaible. . .. 
; ::'.4 ~:· .· .~ '•. . .· * . -. ."·.' . . . . . . . . .. 

. The. :t0_· could also be produced lathe .evente'in which 'the fil)81 state co~~let-. 

of a: :& 'aatl'two pions. Jt it ie p~oduced~ it, should ap.p~ar bt. the {2;-w )0 ma~i pLot . . . 

, 1:.. .; ... :·;aiv~~J~ ..F~g. Zc of 'ou.l- previous letter·. 2 N~ .significant Pe'ak ~-~ ·obee~vec.t 1 b~~ever. 
:-~ ..• ·~{._· .. ~:;_.~~·~.'~~\_·~ '"._ -~- T • ~ ,' • • • 

. .. · ::+ .. ~; . ?; th¢ !lumber of eyeJJ.te in thb region ~ the m~as plot ie uncertain because .,of the 

"c,;;~7~~J~~~ji(lt~~lty of corre~ii~~~j~~'<:;,z-:a:>:,_ • ~ + tt0 '+ ~O ·pitod~c~i~~~ ·:. 'fb~~.'~beenee of the ~..;;: ', 

l 
I 

-~~-~-.. 1 .. 

. . . . * . ' * . .. 
Y 0 in this final state (Y 0 + 1r) cotdd be easily ~nderstood if the i~ter~ction took 

place mainly through the T = 0 initial channel. Thi·s hypotheaht can b~ telted by 

analysts of the interaction R:0 + p (a pure T = 1 state) curt'ently. beiug atudi.ed 

l 
bY; ~~~!~~ f·'. :·· . , . t: . . .. . · ... : ~r~ :. r . ~ ... ' 

We believe that our data for ~ ~h- three pions are moat naturally 

• · interpreted by invoking a T = 0 Ew resonance. However. both because of the 

· ... -\· 

. ~ : 
'··<:.; 
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small numbe.r of evente involved and the eomple'kity of the final state, we ca.nn·ot 

regard. the evidence as concl~.:~sive at present. Evidence for a (E:t~ .. ,..+) re1onance 

has been· obtained by E~aenberg et at., who have studied K- -m~•on interaction• 

in emulsicm and fh\d. a peaking in the (1;11')0 mass epectrum at 140S Me·v. 4 This 
. . . . . 
peak~ng eo_ul4 be attributed to a Y 0 • In addition, Schult and Ca.ppl have recently 

lnv~ked. a T = 0 resona12.ee at a masa .of about 1410 Mev to e~plain the hyperon 

branching ratid in low-energy K .. -d interaction•. 5 . . 

DaUtz and Tuan haye shown that the (b ... ) solution for the scattering lengths 

6 
in RN low-energy interactions will reault in a l:w reeonance in the T = 0 state. 

~ 

Recent valuea for the zero-energy RN acatterinl lenstha obtaine4 byDali.tz 
7 

ueing 

the data preeented by Alvares at the Kiev Conference, 8 indi~ate that thb resonance 

~in be at 1415 • 3 Mev, with a hall-width ( r /2.) of about ZO Mev. U thia e¥· 

p4\D$tion oi the T = 0 reaounceo ia correct, it should haye J o 1/l• the observed 

T = 1 resonance could be the resonance predicted by global e,ymmetry with J = 3 /1.. 9 

Dalitz has pointed out that the values of the (a ... ) solution given in reference 7 are 

1 
. 10 . 

consi.stent with both a T = and a T = 0 (Y ... ,..) resonanc•; both of these reeo11anc:es 

should have J ~ 1/l.. 

The authors wish to thank the many members of the Bevatron and bubble 

chamber crews ~nd the aca.nnere who made thie ewperiment possible. We al~o 

·'··thank Ptofesaora R. H. Daiitz. A. Paia. and B. Sakita for teveral·helpful diaeueaiona. 
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could have .e.nythi11g to do with global symme.try as well. This is certainly not 
. ' . ' 

the eaae be<:ause, if the Ys ls related to the global eymmetl'y hypothesis. then 
n . . 

• _. · tbere ahou.ld be a.;correspondin.g T-= l/Z tr·nucleon rea~nance with Q ""'160 Mev . 

( ,. t 
i 
I 

J. 
I ' ti 

'· 

J 

... 
Thus the-existence of a Y0 may indicate that the assumption of global symmetry 

i~ wrong. However, another poseibility is that thie symmetry could be valid 

in. th• P-wave ..... baryon interaction but 11~t in the s .. wave . 

. f~"fo.-!l. H. Dalitz~ Enrico F..erml Institute for Nuclear Studies, University ot 

· Chicago. private communication. 
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FlOUR:&: LEGENDS 

Fis. 1. · -Maea plot• of the neutral and doubly charged Ew tystems. 
'" . . . • + + .. . ·. 

Fig. z. Oalitt. plot of the E + • + w + « eveata ,£or the eyatem constating 

ot a E a~4 .two oppositely chargee! pions. For diacua•ion see text . 

. Fig. 3. 14eogram8 of the miesifll maaa for the 39 eventa ta which a A lind two 

fi~4;~~Z{'\~~· A~~~: 

' 

charged J!tiona w•~e observed and. neutral pione were alao produced. (a) 

ltve~ts with x1 ~2 for the A w0
fl+ft .. hypothesis; the superimposed 

·•' ; 0 0 + .. 
cu,rve ie the phase -ap~ce distribution for the Z tr w ., reacttoa normalhsed 

i 2 0 + .. tw aine ·events. (b) ~enta with X < Z for the Aw 'II' 1r hypothesis • and 
,._ 0 + / 

tll.e expected Aw tr. !ff'- phase-spaee curve. 

\,.:.,.·· .. .... .... 

f \ 

\ ,, 
\ 
\ 



-<D 
•o 
X 

N 
> 
Q) 

~ -
0 -
~ 

V\J -
'+-
0 

N 
{/) 
{/) 

c 
~ 

{/) 
~ 

c 

2.20 

2.15 

2.10 

2.05 

2.00 

1.95 

1.90 

1.85 

1.80 

8 

~ 6 
Q) 

'+-
0 

Q) 4 
..0 
E 
::l 

z 
2 

-- J· 

... 

(a) 

Relative weights of contour . . . . . . . 0.0 ---- 5.0 
9.0 

lines 

• 
• • 

• 
• 

. ··. ...... .. .. .. • .. .. .. .. · ... . .. . ·· .. 
----· ----~ ................ -._·~----·-- --. ·.. -• 

• • 

( b) 

. ···· ... 
• • 

.... ..... _~ 

··. . . . . . ·. • ·. . . . . . . . . . . . . . . . . . . . 

o~--~~~----~--~------~~~~----~----------------------~--
J.75 1.80 1.85 1.90 1.95 2.00 205 2.10 2.15 2.20. 2.25 230 2~5 2.40 

Mass 2 of ( 2 1T) o ( Mev 2 x r <56 ) / 

' ' 
·~ e 

i 

t>· -



~ 

~ 
-~ 

)"-._., 
t">. 

't-.j 

Number of events 
N 
0 ~0 (J1 0 (JJ 

Nr--r----------.-------------~------------~~-------------
0 rt==:::::=~ 

-M~ 
~ ~ 
-0 0 

~ 
-00 

~ 0 1-----., 
(1) -
< (J1 
-N 

0 

(JJ 
()) 
0 

~ ~ 
0 0 
(J) 0 (J) -M~ 
~+~ 

I+ 

- ~ 
00 

~ 0 
(1) 

< - (JJ 
N 
0 

~-,....(]I 

"gj 
()) 

0 
0 

0 -

.....-... 
o--



I event 

I event 

1200 1240 1280 1320 1360 1400 1440 1480 1520 

Mass of the neutral system {Mev) 


