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....... _ .. ' -.---- -----------------
Peripherai interactions of 8- to t6.BeV I c " mesons in heavy-liquid 

bubble chamber. have been studied by Bellini et all t and HU80I'li'l and 

Z ... + ~ 
Fretter. Both groups observed significant ehhancements in the " " " 

effective-mass distributions in the i.O- to i.4 ... BeV region; however; it ,'/'" 

was not possible to determine whether the e£!ec::t resulted from the production 

of a new resonant state or from kinematics of diffraction dissociation. '. 

+ ++... 36 I' Recently, in a thorough analysis of the " p-" 11' " P reaction at • 5 BeV c, 

Cioldhaber et all showed that most events could be classified into two 

distinct, groups, ,pON*++ (1238) and p°11:+P. ~ .TheY,observed the ~.O .. ,to, 

t.4-BeV enhanceme!)t only in the pO 11'+ p events. We have studied this. 

strong ""p i~teraction in '~.p - 1I'+" .. ,,-p and ibid th8.t the enhancement 

cansista ~f two clearly resolved' peaks. In addition, decay of the higher

mass system into 'K'R is observed in the KRN final states. Possible spin 

and parity aSSignments for the two states are discussed. 

The film wa.s obtained in the course of a systematic study of t.5. to 

4.Z.BeV/c ".p interactions in the Lawrence Radiation Laboratory's 7Z .. in. 

hydrogen bubble chamber. Approximately 30000 pictures at 3.22 BeV/c with. 

an average of 10 pions each were scanned for, interactions leading to four 

charged secondaries} 7500 events were measured and processed. Where 

possible, ambiguities were removed by comparison of trac~ ionization on 

the fUm with that calculated from the kinematic fits. For the remainder of 

the events, the fit with the highest confidence level was used. In the present 
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Letter, we, discuss only the i 967 events fitting 'II'-p - ""+'II'-w·P. Since tnts 
,/ 

final "state represents the only four-constraint fit. these events cons~tute a . , " , 
.... " 

particularly pure sample. 
• ' ' \ , : I 

The 1f+P' effective masses; M(1t+p),' are plottedin'Fl$p 1, a and b. ." .-" -- , + ' ' 2 + 2 
, At low momentum transfer to the ,.. psystem. A ('II' p) .r; 0.8 (BeV/c). . " 

1 i 

, *++ ' 
the events consist almost entirely of N (1238)., Figure i. c and d shows 

the,distributions in M("'+""-) " In this case,! a strong' pO' poak is observed" 
..., + *++ .. ; 

only in those ,events not .containing an M("" p) in the N intel'Val. Conse-! .,' 
2 + 2 '; " 

quently. aU events, with M (w p) in the interval i.30 to 1.79 (BeV) , have ' .. , ; 

been ,suppressed so that background in the pOw·p final state Isgreatly !" :iu'",. 

reduced for, the subsequent analysis. The ,shaded part of Sig. id indicatei ' I 

that mos~ events with low momentum transfer to the proton •. A2(p) lIGO.65' :, '" : 

(BeV /c)2, contain at least one M(""+w", which may be ascribed to po decay_ '> 
.. + .. , The; 1f "" w, effective ~mas s distribution is given in Fig. ,2b. 'Two 

'" clearly r~solved peaks are observed above the 3'11' ,phase-space backgroundr 

the first at 1090 MeV with full.width ,r"::: 150 MeV. the second at i310 MeV 

with, r::. 80 MeV. , It is impvX'tant to note that ae long a8 the trend of the ,', 

background is ,as indicated, the exact normalization does not affect the' , ,:,.' . " 

existence of the two peaks: however, the wioriths ~iU be ,underestimated 

if the normalbation is too large. To demonstrate that the peaks are &s80(:1-

ated primarily with po,,-, events with A2(p) ~ 0.65 (BeV/c)Z are shown, 

separately. Although the background has been markedly decreased by this " " 

, .; selection, little reduction occurs in the peaks.: ' 

, '" : In order to search for KR decays that might be related to either 3" 

peak. ~ candidates for K-K~P and KtK1n final states were measured in ' 

\" '120000 pictures' at 3.2 BeV / c a..11d 60 000 pictures at 4.2 BeV / c. The effect1~e-

mass distributions for the fitted events are shown in Fig. 2a., The combined 

K-K~ and KtK; distributions show an enhancement of approximately flve 
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standard ,deviations in, the 1.Z60-through, 1380",MeV interval., ' , This ,peak:, , :, 
r • • . 

, . . • + • 
c,orresponds closely in,position and width with the higher peak in the "." ", 

events, providing additional evid~nce for the presence of two distinct effects. 
'" 

Consequently"we conclude that a previously unresolved mesonexists,.wlth 

'M:: i3iO,MeV., r:', 80 Mev'. , and 1::1., which.decays into ~p ,and K'R.~, No 

significant enhancement is apparent in the :region of the.t090 .. MeV. 'II'-"+~-, 

peak.. " ; i : I 

" ," Decay ,of the 1310-MeV,peak into K-Kt is ap.owed for ,spin-parity , . " 

assignments;rP,a 0+.1. -. Z+. 3-. ,etc;. KlKl decay can, occur, only; for ", 

, ;r~ a 0+, Z+ •. etc.4 It .has been note~ that both '11''''''+'',- peaks persist,at low 
.'" Z A (p),so production probably results from peripheral collislonsinvolving 

.. :I: • p, exchange!" In this ,case we maY,expect 'II' pOp: '11', p+n: 1:,Z ;andcorre-

apondingly K-Kl,:, K!K!. in good agreement witq ,the ,observec:lrelatlve,";, 
. 0 

enhancements after correctif>n for K1 detection ,efficiency. Since ~e 

K-K! and KlKl distributions peak in the same maCs interval. the' data 

strongly suggest that decay ~to K!KO
t is allowed. However.I<~ K:' events 

'may also result {,rom decay of the I:;: O. ;rPG:: z++. fo meson with ,;,' 

/ 

M:: 1.250 !-A:aVand ,r::. 1.40 MeV. 5, A,fit of the observed K!K: distribution ",; 

to a phase-space background plus a Breit-Wigner resonance centered at 

1.Z50 MeV ylelds a confidence level ,less than.5%., Cons~quently.,itis ~likely 

that the K!K: enhancement arises entirely from. fo decay.', 11\ this case" 

the lowest possible aSSignment is, ,;rPG, =; 2'+~, since 3'11' decay of ,a JPG=O+~ , 

state is forbidden.,· 

. { 

; It, the assignment. J PG :: 2+-. for the' i3iO-MeV state ,ls eorr~ct, the ' 

dominant features ,of the DaUtz plot are determined.,!! 'l'o minimize .bac;kgr~und, 

, we show only events with A2(p) ~ 0.65 (BeV/c)ZinFig.3c; for convenience, -: .. 

in comparison with theory, each event; is plotted twice. The general propC!lrtielJ 

of 3" decays of Unstable particles have been discussed by Zemach for arbitl'J:'ary 
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spin-parity assignments. 6 . He shows that the matrix element for decay of 

an I = i or 2 state through an intermediate 'ITp may be written 

(i) 

where M
k

, 1m. is an antisymmetric function in 1m. If momenta in the 3'IT 

center of mass are !!i'!!2' and!!3' and for !i = !!1X!!3' the si~p1est matrix 

.p - + . 
elements for the J = 1 and 2 states may be calculated by using 

(2a) 

+ 
~ . M k , 1m = a.k (W + !il!k)' (2b) 

where a. ~(r /2'IT)1/2 [M 2 _ M2+i M r + (r /2)2] -1. 
k p 1m p p p p 

The presence of the axial vector !i requires that the density vanMh at the 

edge of the plot in either case. However, fori -, the density must also 

vanish along the entire line M2('IT;'IT;> = M2('IT~'IT3-)' 7 Explicit:! calculation 

indicates that the width of the destructive interference in the overlapping 

p bands is r r . In contrast, for 2+, the density is a maximum where the 
p 

p bands overlap. The substantial background in Fig. 3c tends tormask the 

vanishing of the p bands towards the edge of the plot; however, within 

statistics, the highest density occurs where expected for the 2+-· assignment. 

The Dalitz plot for the .1090-MeV peak is given in Fig. 3a •. In the 

projected distribution, Fig •. Zb, a marked enhancement is apparent at low 

M2('IT+ 'IT-}. Since this peak is concentrated in the pO bands, it is probably 

not associated with the small background of non-po events. Consequently, 
, 

- + . 
both the 1 and 2 assignments must be rejected. With no observed decay 

into KK, other pos~ib1e assignments are JP = 0·,1+,2-, etc. The pertinent 

matrix elements are obtained by using 
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::, (3a) 
~ .' ", 

',I I 
:,' : . '. ; !, ~, , \'",' I." 1 ~~':: 

" " \ ~'. : 

" '; t"):' ',',; I" " , .... \'.' (3b) 
• c' ':.',,' 

. ,' . 
~ '._.' ..... ::.. : -: . 

, , , .. I.: .. I ::. I • 
~ , :.~. ': • . ~ i ~ !~ j.... .~;',' '; :. : ' 

'1 I, \. 1 ,.,' , • . - " • '. • '. '. .',', •• : .,;., ~ ':: ; 'j ,::, ~. 1" '. . '~: • " (1.'. :; .J 1 I, : 

, ' ,'~ ~ Z ~' ,,~, '1m' = (\k [fl<' (fl .. Em) ~' (J!:,'. Em) • h· (2/~) ~~; l!k. (EJ ~ im)]' (3c) 

\ . .,,' 

.'; ,'; 't." , I I' • • I, ' '. \ \. '. j •• I' 

'\ I." 

'where',H."!8 a Wiitdyadic. ',TheexPecteddensities,in th~ 'pi banda ~ro'r~adlly 

i" ~ e8t1ma.ted~' In the' ab~ence of Bose statistics (approxima.tely" valid outside 
, ", ' " " ,', " " " " ,', ... 2 
'the overlapping p, bands) the decay angular correlations are: for 0 ~' cos 6, 

";,1'-;" for'1+, lsotr~plc; 101'2-,1+(1/3) c'os
2

91 where cos9 ~ ~~'(l!:l.fm)/fJ!kf f~~~1 " 

as measured in the 'I1'lTrm rest frame. Since the Dalitz plot 1s linear in cos6 

• +' • ' 
for a given, '11'1 '11'2 '11'3 energy and £1xert Pl' the density distributions for low 

',," MZ('rr;'II'3·) ~re ,apparent. The strong depopulation observ~d1n the p bands 

at M2(11'+'Il'-) ';"0.32 (BeV)2 is expecGedonly for JPG := 0 .. •• Both '~e 

•• 1.. •• 

I';" 

PO +- .... " , , 8 
J ':: 1 and Z a~pear incompatible with. the data. 

• • 1 • . ' \ • .' 

The possibility for peaks in meson systems due to the Pei'erls mechanism 

h8.s been discussed by Nauenbe~g and Pais 9 'aud Oakes. 10 They 'predict an 

enhucement in the 1I'P' system in the region i090 through iiZS MeV. How-
, p 

ever, thepealt will not represent a state of pure J or ' It' The present data 

are not sufficient to determine whether, the,lower 'II'P enhancement arises from 

this mechanism. For convenience, we shall retain the term !! 'meson used 

by Goldh~ber et al, for this peak. 3 It the A meson represent8 a pure state 
,',' PO .... 
with MA = 1090 ~eV and r A :"iSO MeV. ,the assignment J., , ~ 0, is pre--

ferred. .' .. " , > , 
, .' 

, , . '.: 

Since the Peierls mechanhm cannot generate two peaks, it is ltk(lly 
\ . 
i 

that the enhancement at 1.310,MeV. with r #!. 80 MeV represents a pure state, 
'., 

i ',':, with ~e data strongly favoring the assignment 1 :; i.- and Jp'G == Z+-. i It haa 

) J • 

, 
; ;. i 
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recently been pointed out by Plgnottl that if bootstrap dynamics can account / 
,,' ' ." ' !,,' + ii' ,', \ 

for an octet oti,e 'melons. the existence of a Z octet is implied. Conse~ ';, 
. . .., " . 

quently, ,we shall ,use the narneR meson for the i3iO-MeV state, aa 

suggelted by Pignotti for the S = 0" I = i member, ot the octet, ' , " ! 
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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 proyides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 



I 


