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rt/_:'/-::;;::J)~:x.-,<·· .-·~,::.'- '. • . . :. . ; . . . .. ' . . . . . . : .. ·. ' ... ,· .... · .. ' . ' :. . . '.:~~-~- .... '1• 
.. · ... ',:·.::·•. ::Y>.·:wc_prcser1thei·e additional infol'lnation on the:959.,MeV:Ttt'~~'. rnc.sori~ ' 

.··:~>;:-'·~;,··h.·::· .. ·.~''.-~ th~·t'th' ·-in~_sonprobahl_y has tl~~-quantum_ .. n_um~·~·-;s·.·_~JP_G_ L:6o · ~;::.>''· e., ave:. o~n .. a.· 1s 
• i •.. :. .. '· . . • • . . . " . . ·.1 '•. + . . . ' ... '+ . . . . . . ;. . . '·. > · ..... 

'::,and that it decays via all_neutral~;.-. 'II' r.-~. and 'lT_ -rr·'Y modes •... · ... :, ·.·: 
~ .. . :. /, . 

·.· · . ·: .; . : In the ·cu~rcnt 72 ~inch hydrogen bubble -chamber. experiment, the · . · · • 

~--.··::>,':cha~ber has bee~ exposed to 2.45-, 2..55··-.· 2.63-, and.2.70-0cV/~-~~- ~e,son~;·:_,"~ 
'\· ....... ·:·. . . : ' . . .. :.. . ' .. ·. .. . :, ·.· . 

. . ·. ·. . . . : "\ ·} 

from the Bevatron~ ·Approximately. 5 00 000 pic.ture.s have been taken to date.,::.: . : . . . . . . . . .. : . . . . • . . . : .~ :·r '.··. ; . 
: .. ' .. . . .. . · .. The reactions of interest in this paper arc · 

: .. · •• ~~·: ·. J '·:t i 

.' .· . .. K:" .. +p~ A+_n(1r++ 11',.;,) < .... !or n ~f. ··~.····(1_):~;'. . 

r 

'" ··.· ••..•.•.. .·· .• and •• •·.···· < .. :··;···· ·. =.:.: :::::: ~: ::~;r;y}z:::i~'.: .;i ' • :·~.· •::.::; 1·/~}if~?r 
·.:·. i./\'' whc re· "MMu --denotes missing mass in those. channels which ·are. kinematically,· : .. :\.~:F\:·i;::·,;;:z;.;... : 
'. · \:-;.~;); ' . • •. · • · . · ·" :. · ·.' r' • . · ·. · · . : " . . ·. . . ,. .• ,. · •·· - . .:,;'•:·}::{;'/~i~;·~·~F:t·.':i';: 

:: -:'lnderdeter.min~_d, i,._c:; where two or more neutrals ~re mi.ssing~ _We have ._ .. ::;:.~-:.-:_:::.··/:.·· .. :~,:·. 
··.· i._' :· .;··.~ :· . .. • . . . . . < • , • -:· •• ~ '• '.: .·, • ·: :~.'-: .:./'~:~.~ :·.=:~.,) ~·\· .. :.-... ;:_., ' 
: ·. ~ :·, :· sciectccl as'ubset of the events f1·om reactions { 1) .~ ( ~) .. il,_· which the. mass o£~·:.~;: ,\.::.:.:::',_Yft;> 
. :~ ... < .. ~ ~ .-~.· . . . . . . . : ·.:.. . ~ ·. . . ' ' . . ." ": . .. . ~ "-: : .".:·. '. ·... ··.. . . . ·::\.~~~~:~::.:,~-~~·~;/~~~~}~:~·~··(<··~ 

. : . > .• . the' system recoiling against the A is in a wide band about 959 MeV.::' .. ·. . . ·.~_:·,_.\:1(.~·\.~';~:,·::?.'-t 

\ ( o. so < + MZ ~ 1. 04 ( Ge viZ], · a~d fitted these events to. the final stat~~ i, •,. ·~ ZJ0~;C:{;i~~f{i 
,:·.:-~::<,\,··and A 'II'. 'II'-Tt (including the ·subseq~entdccay of. the 11 for·reaction (2) with . -. :~';';.:i(/{·>;i::;,~:{:L\ 

'i':.·~...:-.·~·-;.,.',,_ · · ·· · · . · ·: ·.. · ... · .· . ', · .· : ., .~. '. ~·· .. _:·:( .. :.c'~f\~~~· ... :·L'~ . .;::~~~t'~!:(.·~.:.::·t 

.·)· .. >·· n=.zl 1~ addition to the usual hypothc~·es. 1 ·we.can-~eparate out-th·c -a11'+11'~y·.)~).~,i:i:;:?~;:,·::·t:::z:;·:2(\. 
, ·; . ·,·. ·. , .'. . . . . . . . . : . : . , .. · . . -~ ,·~, < . . . • . . . . : .. .' . > ,'_.:,_··.;~~<·-~~.~-:~~~~~~:\::~:~-:-~t:);:·r 
: -~?:. > and .. A1r + 'II'~Tt final states without a .mo~entu~.;t'ransfcr. selection: in this w~y.":<:,r<;/)t-' .. \:fLU'5.•.;':~i 
~-··1' '/'· :··," .· . '. '.. . '· .. : . ·.. . . '.· : ·. ; . . .. · . . . .. ... . . .. ·.·. ' . . .· ': . ... . ; ... '. :·, .·~·~:~·~;:~;?;<.!~~~{~;_;~~{.:~~:-~[ .; .. ~~-· 

.··J :.<_·?:>. Ho,vcver, for thc::analy~is of th~ Daiitz plots~ we use 'oz\ly those _events with· ... ;~;~/:~(:J·:~t:·~~/~{,f..:• .. 
;-, ·.;' ~-· .. . . I , . . • ;,;-'./E-}<::~~;r_;:?\0.:·, 

·, I ·•' ·'•, ·~·..,l.,•: •. r: .: r+ 
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".·_ 
I ;,. :;_.:·~~<., . .;\' ~ ' , .. / ·,,. •, >' 

.:: .. ··,_. 
-~-~-" ______ _..;., .. --~--!-~ "1~--~~--~-"·-~·-.:-· . . . : .· ,(. ' - •. ,·. ·~ . 

low m::•n:~t:~:~::~a~~~~c~·.o;. 5 _< o:V)
2 ) .• in· or de rt:·~~.·::ti~~y-~e~:;:•,J~\~~:;J:~,\ • 

·.·The dr~t~ "for the 1T 1r· 1'} dcc<:iy ofthe.959-MeV meson are shown·ln F~g~ 1.:;:~-::.:_,f)~~-:;,,;. 
. ) ' ·-. ; . ' ' .::·:· ~·-~:: :-~/:.'··,~ .~_:·.:?: ~ 

.. ·.,( ba~kground is l~ ss~ tha1~· ~bout'S'o/o)>:. ·The rpr= svstems show no apparent ...... · .-· _,'-~.:.;_·:·:::;:> ' 
.. J :' --~-~-.·.· <-~ .':··: .. _:~-~~-::·· .. ~-. .<~~::'::: ~-0 •• • 

\~l~er~as the 1T + 7r-: systc1~ .(Fig. "ib) .. iltdicate~· a pos~ible peaking> ·'(<~<{ .. :.~·~r'};:';:i·, 

O:round 35 0 MeV; ·.We consi.dc r U>c ~2." system :• adipifn ~net an ~· and./ f{,!;~~~vf•;;,.;~).; · 
::denote the arl.g~lar momentum o£.tl1c 'dipion-- as J.; and that between the· dipion\t·'.:fi::~·;.:·. :/. • 

P . . . . . + . : ·-. ·.. . . . .. ,::<:·\'I:) .. :-·;:; •. ::- . 
·.:>and the. 'l'l as L. .All J statc·s except 0 arc allowed~ For. J ~- 2, · thq .·. · · · ·•·· .. . ,• 

. ·,, .... 

simplest matrix eierrtents and angulal· depenclenc'ics of the' decay arc given 'in . 

Table I. 3 ' The a~g~lar dist;~bution of the dcc;y· as v:ew·ed in the dipion r.cs~ .. 
·'l . ··· .. ' . . . . . .. 

"'frame i,s csscptially isotropic, ~:s· is shown in Fig. 1c~ .·This r\lles out .Jp =· (' .. 

:.and 2~- fo.r C ·= :::1,: and 0- for C = ~ 1. Of the remaining states shown in .·. . 

-: ·, < > Table l; the Jp;;; ~ + state for C = :!:1 peaks. th~ Mz {'IT +.,r --) d~stributions ~t. :.·:·::_-.:·./·::'::~.:.'::~~:<. : . 
. :: :· ,.~ . . . . . . . ' . ' . ·. . . . .. :_:~:}/:)::::t,"::. ' 

· .. , .: ·;..·· either the low or the high end •. Apart from a small peak around 350 MeV, .·the·_.:.;_;::.'<T:.>·: 

_. .. data do not indicate th~t Jp = 1.+ i~ likely. . . . . . '· : ';:.; :,.:·}·\.;.':~::, .. 
' .. ·::·· 

. ,·, .. ..+ .. 
· r. · • .. We now turn our attention to the evidence ·for. the 'IT. 'IT. 'I decay mode~ 

. ·.,. . '•. ', : :· ? .1. . + . . . ' ' . + . . + . . .. -~- .. · 
· ·:.<· The M-{1T''rr-'V or 1T 1To1T-) distl'ibution for all A1r 'IT-'{ or A'IT 1To'IT: .even_ts·:. 

: .... ::··:·.::~- tha~ do not ii~ A1r+1T-· and{or) :E 0 :rr+1T- .are.~how~ in Fi~.-.2.b~ ·These event~·: 
. . ' . ' ··. ':·~ .: ' . . . . . . . . '. . . ~ .... 

. > ·.'· · .• both hypotheses. 
- . ~ \ . . . . 

. . ' .. ·. 2 . ' 
The better fit is c-hosen ~s correct, however~- .·The. MM · .·· ·· 

· distribution {n~t ~hown) for these. events show. t'wo just~resolvcd peaks at Je · 
·' , t i •' ' ' I ' ' ' ' ." ~ • • ' • ," • ' 

' .. , ... ... 'I a~d ir~ masses •. ~hus w~ see th~t the 'M (~+'IT -'{}peaks at~ mass of 959 Mev'·· 

.··> [0. 92 ( GeV)2 ], wh.ere.as t~e · M( 'IT+ 'ITo 1T "') does not. In add~tion. we searched. 
. .. ' . . . '.. . . . . . . . . ' 

:: ... :.::·:,··gammas which are "visible" due to pair cony<!rsi~n or··compton scattering ·i~ 
. · .. 

··. the. liquid hydrogen of the c.llamber. The ~e;;:.l·ch has yielded thus. far four .. 

,·~:events that fit the.4·-constraint A-tr+~-'V hypothesis, -~nd cio~n~t £~(either !: 0 
' . . . ~ . ' .. ' . . . . . 

''•. 

·.·. J :.";,:~ •. or ATi +'rro 1T -:-,' where the 'ITO: dec~y yields a nonz.e_l'O energy fo;r: the second 

J .... : .. :·.".invisible'.' ~amma.·· _These .four ev~nts aUhav~. M2{1T+ 'IT ·y) :in the range . 
. ..,. ·: . . . 

· ~ ,···: .. ··_, 0.88 to 0.94 (GeV) 2 ,~:·with two als~ having A 2 A~ 0.5 (GeV)2• 
p, ' 

.. •. ~ .... ! 

. ' 
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·, 
;I; t 

.. : : ---.· ·The Daiitz plot~of the 1r +~-'I system is-show~ i:O: Fig. Za .. The events 
. . --~ 

T' . have a: background of l~ss th~n~30o/o (see Fig. Zb},. The data' show a s:triking 

deviation from uniformity, The simplest matrix elements and angular 
' . .:• . 

. • dependencies for electric (E. D.) and magnetic-dipole (M.D.) transitions into" 
' . :.~ . ~-' ~ ,• -~ ... 

1f+1f-'l are given in Table II.4 Only JPC =0-+ vanishes all around the boundary.-> .. 

of the Dalitz plot as do the data. However, the observed depopulated area at . . r:· 
~ f 

..... ·· 
.·., .. 
' 

high gamma energy requires in addition a' str~ng 1r +1f- interaction, which can · .. · 

+ -only be the p forthe (1r 1r ) masses available in·the decay. Thus C = -1 

appears to be ruled out by the 1f+1f-'I·Dalitz plot. With a strong p final-state 

interaction, vanishing of the density on the boundaries can be tested only along 

the 1f±'l axes, The observed dtbnsity 'of points decreases along these axes, 

· PC -+ + -+ . We conclude that J = 0 is consistent with the 1r 1r-'I data; the 2 state 1s 

possible, whereas 1 ++ and 1-+ appear to be ruled out. 

If 'd b th + - d + - d d JPC · 0:-·h. we cons1 er o 1r 1r 11 an . 1r 1r 'I ecay mo es, = ·. 1s 

probable, although 2 is. possible for C = +1; C = -1 appears unlikely. For the 

1121r system, C = G = +1 implies T = 0 or 2 for the final state of the decay. The 

absence of 31f decay (see Fig. 2b) implies that the decay into 11Z1r is not 

electromagnetic. Thus the 959 -MeV meson decays strongly into ,;+ 1r-11 as 

·- well as electromagnetically into 1r;1r -y. Then the 959-MeV meson hasT =0, · 

. ..... - "· "' . . ·' ~:. 

.·.' ' 

. -~· .. 

since T = 2 is ruled out by the production reaction~ The branching ratios .will '··. , .... . 
. ' : ~ ':- / .\ •. -· .. '>.:·· ... ~ 

not-be discussed here due to lack of space, However, they ~ppear to be roughly .;· .. ·•·. ;': .: : 
. . . ,, ' . " ~ 

.. PG + .,, .. 
consistent with the theoretically expected rates for ,TJ = 00- . .- · · 

In summary, we conclude that the 959-MeV meson is consistent with the 

assignment of the qua:ntum numbers TJPG::: oo::\ a heavier eta-like meson. 

It remains to be seen whether it is the ninth pseudos.calar mes~n, i. e .. ~,· 

a· unitary singlet a~ conjectured by Gell-Mann5 and Sch~i~ger, 6 or the .. '.·: 

. ~ . ~~ . 
'·,'- .. 

- " 
T = 0 member of a heavier pseudoscalar octet as conjectured by Zemach, 7 '-'·: · '. ,. ·.·· ;; 

'; .~ .c •. ' •. ·· 
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Table I.· Simplest' ~atrix elements· for' ~·e.cay into the ""+~-11. system. 

Here we have · p = p - p , · p· 
- --rr+ '~'11'-

= .- ( p + + p ) = p Y~' and _q - p X Pi 

+1 

! is the unit dyadic. and .e is 

-"'T .,..,.,. - --.. ,.... ... 

the angle. between the ""+ and 

· the . 11 in: .the dipion rc:~t frame. {See· reference 3.) 

0 

-· 1 

+ 2. ·. 

L 

0 0 

0 

2.· 
.·; ' -~ ~-: .' 

Matrix element 

1 

p 

... •' ·. 

. Ang~ar dependence··. 

. · ...... 

~- ' . 

1 

1 

• 21"1. 
s1n r;;}. 

",. 

···:-· -:: . L, 'I 
·.·,'·'pp-

-~· ·./ ·, 

. ·-· ·. z-
:.~1· .. , .. ·· ·o ... ·.: · 

·:·1+ 
··,· . 

',• ,.-,, 
• if'. .. 1 

•:.· 

. ,. 

, .. 
·._.· __ : 

~-~. ,; 

. , ..... 

0 

2. 

1 

•·,· .. 

i-~: 
·: :., .. · 

·".!. ·:: .',. 
.. _ ·- \ 

o .. 1 .· ... 

: .... 

p·P 
·:. --

.. 0 p 

; ...... . ~ ... 

''· .. , 
. ··:,·:, 

.. ·,· .. '·.· - .: .-. 

'·-··· 

. ~: 
Pq'+ - qP :.:· 

~--· :·· 

pP + Pp- 2Ip • P/3. 
~ ~ IN>,.,. 

.,_·, 
. '. .. . -~. ' 

'·• ._· .. 
' . -~ l· . 

. ·. ·.:· 

•.'-• 

~:·· .. :-.. ~ .. : .. .-· . 

2 ·.·· 
·:. . . · .. sin. (J ·; ··. 

:.-:- >_::· .. :1:+ cct_s 2e;' ;·>: }; 
: \' 

.. :· .. · 

.~· .. :._. ~ ... , ~ ·.· . ···~' ,•::. 
··:•:·. 

' .. ~ ··· .. · 
.. t.· .. 

. '• :-·, 
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r:. .. ( 

.. . e. 

,', 
. ; 

. :. 

'··''· 

', •',· 
:·,,.;,<I ··• ' '•.> • . .. 

'• -.;._ 

. -~: . ' : ·, 

. ~ .. 

. . ~ . ' 
·.:. 

•, ,· .. : : ::::.:. ...... ••• • .. -·:,: •· _·· •.. -· ··'·-·:. -~,. •. ·•· ;-::· •. ·:-~ .;···_·:, •'":.1 + ·-·: .. :_ 
Table II)~ Simples~ matrix~ cl'cments !o1·~dec;:ay into the 'II' '~~'. y system.; . 

. ·:'. (. 

Here wehave P. :i: E..rr+ ~ p_'ll'_, !s.::E = a Xgy~ 
' .. -~ 

k·~M· = <a·x. P > x P -, 
- ·. .· -Y · -Y 

.. ·,_ 

~ = P. X!s,;E' and .SM = P. X~M; a is a unit pseudovector along 

the. direction o£ the magnetic· !icid of the photon, and () 
. · .. : ·. . . + ·. 

'··· <'is the angle between the 'II' and y in the dipion rest frame (see reference 
-~... .:-· 

c J. -. 
+1 1 

Mode ~atrix element 

M.D. p•k 

Angular dependence · 

. 2ll s1n u 

·•·..._· 
':,·' 

'. ;-,' 

··-- .. :· 

. . 

.· .. , 

· .... 

;. ~. 

·., .... 
; ' ' .. 

1 

+ . . ·2 . 
. ,• 

1 E. D. 

1 . E. D • 

2 '· 1· . M.D •.. 
. ,_.· 

+· ' 
1 .. 0 M.D. 

1 o.· E. D. 

, 2+. 2 

·., ·z-
-2 E. D. 

·' .. •. 

','t .. 

·- -M 

·.I' S.M 
.I 

· ... 
'· .. -

·.··-... · 

.' ._·: 

. ) 

·, ·. 

', 1 + cos2e 
~. :- ' 

··: 6 +. sin 2e 
::·...-.6. + sin 2e 

~E f!Ef. -(2/3) IE·!E 

E~+~e -(2/3)I.f·!M . ..... ,.._. 

. (forbidden via dipole mode). 
.··./ 

'', '• -;,1 •• 
•'·'· .. ·-· ..... 

··,'.· 
,f 

•' ... 

~ 

~ ~ .. -~ ~- ·'. ·t_ ·:· •. ·' .. 

· ... 

. , . 

:.· · .. : :·:. 

. RSM + .SME. 

ESE + .SEP. 

·., "J. 

· ...... 

·:'' 

,_-:. 

. :···· 
.. .. ·· 
. ,: 

..... . ,· 

·.·.·. 
~. ". ·. '· '. 

-:·· .. 
'.'·· .. 

''· •' 

.·,·,' : 2 
1. +cos .8 

· .... ,, . 
. ,! 

" ··:.· . .: 

'' . '•/ .; .. ·' .. · 
. . ·~ ~: ~· .. ·~.- .... 

:· ... ·· :v .. ,. 

· .. ' 
'· 

'•,,' 

.. ':'<, • ..... •• 
;· . 

··,,·· ... 
' ' ~ . ~· .. _, ~ 

'··· ,·· .. 
" ·.·· .. ·· ... .. i :·;... .• ~ ~. ' 

r. ·l 
: :-..· ... . ~~. '.' -· ~ 

.. _::, ,·,. 
. ~. . . . 

·· ... . -... · 

<:. 

. .: ' ~:' .. , . ~ ' 

. ~· ,. ·.. . . : 
; ~· ~ •.'' 

: ~ .. 

.', 
,:, ··,. '

/ ·,· 
;: . ~-

•.'• 

'. . ,. 

·.; · .. 
,•'. 

··. :-
., ~, ., 

·-··,:: 

'!' . 

·" 
· .. ·····: 

'.) ... ' ; . ~ ' . 
' ·. . . ~ ,. .· ·· .... 

. ·• ~ ' 

·• •. ! 
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. ~ -~ 
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7. C. Zemach [Fhys. Rev. 133, B1201 '(1964)] suggests that since t~e 
J! 

members of the ·rr, 11, K. octet m"ay he boundS-wave states of 

baryon-antibaryon.pairs, then the binding force is so strong there 

could be one or mo .. rc higher energy bound S states. These; would 
' ' . 

•r-• 

have the same quarl.tum numbers as the "ground-state" rr, 11, and K, 

but would be heavier. · .... 
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FIGURE LEGENDS 

Fig.· 1 {a). 
. + - . . 2 + -

Dalitz plot of those i1' i1' '11 events having 0.90 ~ M {'!1' i1' T))~ 0.94 

(Gevl and l:i 
2 

11 ~ 0.5 (G~V) 2 , where M 2 has been normalized to . p,.o. 

0.92 (GeV) 2 for the plot. + 0 - + -Here '11 denotes '11- i1' i1' i1' or i1' i1' y,­c 

while 'llN denotes .T)- 'all neutrals. (b) Projection of the Dalitz plot on. 

the M 2 ( i1' + i1' -) a...·ds. The solid curve represents phase space,· 

normalized to the total number of events. (c) Angular distribution, in 

the dipion rest frame for the same events, in the angle 0 + .between 
T)il' . . + 

the 11 and the. i1' • The dashed lines represent flat distributions. 

Fig. 2(a). Dalitz plot of those i/'!1'-Y events having 0.90 ~ M 2 ('!1'+'!1'-y} ~ 0.94. 

( GeV)
2 

and A~, A~ 0.5 ( GeV) 2 , where M 2 has been normalized to ~i 
. ' 2 . . 

0. 92 ( Ge V) for the plot. (b) The effective -mass-squared distributions 

for the. i1' + '!1' 0 i1'- and i1' + i1'-y events. The two dashed straight lines are 

approximations to the background, while the dashed curve represents 

the·resolution function for M 2 (i1'+i1'-y). 
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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. 
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