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ABSTRACT 

Production and decay correlations for the TI'W resonance at 1220 MeV 

(B meson), the . Tl'p state. at 109~ MeV (A1 meson), and the -rrp state :.1.t 
! . 

1310 MeV (A2 mer.on) have been studied in detail. Interpretations arc pre-

sented in terms of possible quantum number assignments. In addition, 

evidence for the existence of other decay modes for the 

i.e., A 2 - KK and A 2 - 'rr11 are discussed. 
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!n a continuing study o£ the intera.cttone:· of_ 1r meson~ at i. 5 to 4. 2 

GoV /c, we have invcotir;atcd production and decay o! str~nge.ncsa :S = 0 

bo~on :re::;:onnnt oyctemo. Wo. diacucs the significant ·reaulta obtained t'J clatc. 

The cfiective.;maas distributions were plotted for all pion combi:nv.tionG 
~' 

at 3.2 and 4.2 GcV /c~ 
. . .I- - " '--' 

Mn.rked structure waa oboerved only in the !v!(ir \~ 'iT") 
. . ' 

distributions shown in Fig 1, a and '1?· The w meson is produced copiously, 

althoueh the intermediate-state w N*(1238) does not contribute otronz;ly t.s 

. h 1 + + . _1n t_ e ana ogoua 1'1' p- w 'tT p reactton. As report~d earlier, 1 the pos:::::-

bility !or a reaonant 'tl'w. interaction was investigated by plotting sep~.:t·::tdy the 
\ 

+-o- '·.. · · +-o 
M('!T 'IT 'tT 'IT ) diatributionu !or events with either of the two M('IT T.' 'll' } co.m-

binations in the w interval (7 50 to 810 MeV}. The results are given i;.1 

c and d. At 3. 2 GcV / c, a large peak is observed at 1220 MeV with fdl-width. 
' . 

r= 1.80±30 MeV; at 4. 2 GeV/c, the. effect hae esscp.tially disappea:rcC.. To 

illustrate that thio peak, called the B meson, 2 is aasocit~.ted with. w cver:ts, 

a detailed plot of the dat"a is ahown in Fig. 2, c, d, ~nd e !or ocveral intc:r­

valo in M("'l' + "'T- 11' 0 ). 

General studies of the production and decay correlations for the ,. w 

·I 

peak have t·evealed no convincing evidence !~r a unique Jp aasig.nmcnt. 1• 3 

Se\·eral groups have looked for "11'::1: ,.o enhancements at i220 MeV in the reactions 
' , 

:~ ± ~ • d -rr p _. r. 'T:' p, out observe none. The decay :a- KK it.J more clH.ficult to detect 

than E.- 'll'tl.) {zee discuoaio·n below); no evidence for the decay B- KK h~s been 
4 . 

o~taincd. :N.~ither decay is forbidden by Q or A parity. alone,. eo that i! the 

B enhancement represents a pure state, such decays arc li1~ely!o:-b1'-'.d.er.. by 

.· PG 
con!lervation of J • Since the neutral 'tl'w ayotem has C = - i, decay into 

'll''tT and KK would be a.llowe·d for Jp = i-, 3-. etc; in addition, decay of a o+ 

.. ,·.·. 

. j 
' I 

,i 

': 
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state into row io forbidden~ . Consequently, comparison o.f the obtJcrved inten•d 

,. 1 · ·t· th ·d. t' ~ JP · o· 1+ z- · . · d z.+ · · . f-' , • corre atlons Wl n e pre lC 1ons .~.or :: , , . , an ar.e par -lCU.\ar .ty 
. . ) ·. . . 

: intcrcGting~ The predicted co.rre1ationa f.9r the simplet;~t forms for c~cc~.y 

... 
'..,· 

matri:' elementa are summarized in Table I, where e is the angle bctv.;ccn 
.. 

the normal to the w decay plane and the momentum of the recoil pion e;r:il\.i.ated 

in the to> rest frume. 

Table I. 
. . p . 

Internal correlations !or several J assignments for the 
B meson .. 

.= 

State 

\ .. 

e :==c 

An~ular Correlation 
. 2. 
cos e 

,.,·--~- 2 
a+ b cos 0 

t .• 

2. 

The data are shown 'in ·Fig. 3 for several intervals of ttw m,o.ss, In . . 

each case the M{'IT +'IT- 'tl'
0 ) combination closest to 784 MeV wa.e ar.bitrarily 

considered ao the w; however, the result is insensitive to this choice. As a .. 

crude correction for background, the average o! the distri b~tion$ f.;,r the two . 

2-djaccnt intervals wao subtracted. The remaining events give poor f5.ta to -::::,, 

~ither the sin2e or cos 2e diatrlbution£1 •. 

For completcnes!l, the. 'ITT1 maos distribution is !;hown in Fig.;. 2, a 

~.nd b together with a control region~ Althouzh a alight enho.nccm~"-~; ~pp.-:a:r!l 

nr::azo 1300 1v1rJV, the data suggest that the observed '!TTl events do not result 

. primarily from decay o£ an unstable boson •. 

I 

. ·,i 
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II. - . + - -
'jj p-1T,. 'lT.p 

The e££ectivc::maos diotributions>for 1T*p and Tr:!:n:- combinations 

· , · • + - - i h 4 ., G v·f · · · · 1 lnc:.J..cate tnat most '1'1' 1T Tr p evcnto n t.~ e 3- to .c..- e c reg1on arc p::-caucc( 
. . 

. - - *++ . ·.· 0 - . 
th:rough the intermediate states Tr. Tr N ( 1l38) and p Tr. p. In a Gtudy of 

+ ·'· + + - 5 -·-· . 
-rr. p-"'ii'r. '!!' '!l'·p finw.l stateG at 3.65 GeV/c. Goldhaber et al. demonstrated 

0 . 

. the e:'l':iotcncc of a strong -rrp interaction (the A enhancement) in the interva..l 

1... 0 to i.4 GcV, and au::meoted that it might represent two unresolved pea...K:e. 

The '1'1'-p 
0 

ma!HJ difltribution !or.the .3. 2-GeV/c events is plotted in Fig. 4, 

where two clen.rly resolved peaks are app3.rent. The lower peak. {A
1

) occurs 

at 1030 ± 10 M~V with r~ 1.00 '!-.~eV,. and the ":'pper (A
2

) at 1310 MeV with 

r~ 80 MeV. Since the peaks .. ar
1
e decreased little when events 'with 

~2 (p)::!; 0.36(GeV /c)'l are plotted separately, we asaume they are p:::oc:'._.,ccd. in 

peripheral collisions involving p exchange. 

Th~ .Dalitz plota associated with these events have been diac·u.o::<J~: 
6 u / 

elsewhere. Since the JJ; assignment for the i3i0-MeV state mo.y be ,det:.:.:r-

mined independently {see below), we comment only on the 1080-!vfcV enhance­

ment. Ba.eed on celcctio:u criteria which climir...:.ted (a). the N':=++ 'l'r- ;r- iina.l · 

z I z ~ staten and. {b) ev~nts with t;;. (p) >0.8 (GeV c) , the D:llitz plot appeared con-

c;bte:lt with Jp= 0-, under the <!.Boumption th:lt the 1.080-MeV peak rcp:t:czented 

s. pure Gtate. Ho-.:1ever, ouboequent study indicates that the dictribution in 

> 

!:_0 • 3. (w~cre 2. iD the normal to the '!rp. decay plane, and .2'o t}le momentum 

of th·3 incident pion in the "rip c. ·m. system) contai~s a significant admi::cture of 

i Zll • d' ' i · 0.. ' I ddi i . . f s n o, 1n contra 1ct1on w tn .a. asrngnment. n a t on, contamln.:l.bon rom 
. *++. . ·. . . 

events associated \Vith the high-energy tail of the N · tendo to populate the 

c~~ca o! the .Dalitz plot DO that ito oignificance ifl obt.Jcurc. 
•· 

"\"r'e ccn~lu.dc tl:~~t the 

· J?resent dn.ta. provide no convincing support for any particular Jp o.csig::L.-rnent. 

/ 
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+ 1\ Dt-;.1dy of thooc features of. the DaHtz plot co:tpmon to both 'IT p and r. p 

proch.1ction o! the 1030-MeV pco.k would be 't.tsc!ul. 

Ill. · 'tf-p - KKN 

Because of t..-.,e otrcng selection rules governing decay of unst~.ble-booonB 
/ 

into KK, t..l-te K
1
I<

1
n and K-r<

1
p events are eapedally important. The R N 

~.nd KR maco diatrib~tionrs at 3.Z GeV /c are given in Fig. 5, a, b, c, and d. 

In addition to RN pcz..ka corresponding to clccay of the intcrn:iedia.te st2..t.? -. 

~ * -K Y { 15ZO), strong pcnko arc observed in the !<AKA and I< K, syo~cms .:.t 
0 . . ~ ~ ~ 

1.31.0 MeV. Since (a} these peaks correBpond closely in position c:md vv:~:~·.:::-::- ;;i.? 

the 1310-McV 1Tp peak and {b) the distribution in nucleon momcnt1.L-:>tr;;.::l~f~r 
. \ . . . . 

(not shown) are a.lao similar, it appears reasonable to aszumc that t!:F::y :i:"(>.-

preaent alterr ... 'J.tive dec,,_y modes of the same unstable boson. Th<J c:<l~· ::~13-. . 

- p + + ".; .. !3icnmentc con~ictent with both K 1<1 and K1Ki decays are J = 0 .,, ?.. , J: , 

. p + 
etc;. dnce 3'1T, decay of a J = 0 state is forbidd.~:o., the' lowest n.llo·..r:cd 

The Dalitz plot: for the 1310-MeV peak is ccr:.;::;i~tcn'c 

.,. t' . . t 6 Wlch .f\lS a.sa1gn.men • A rcugh estimate of the rehtivc p.::1.th lcnzths ;:.:?.es.sured 

£or the 'IT- p and l·CK 
0 

events leads to (A~ - KK)/ (A~ _,. 'IT p ) = 3Ct :c 7o/~. · 
. . 

About half of the 'IT- p<:!.th lcngthbaa been ctudied at 4.2 GeV/c; consequently, 

the KR peak at i3 :LO.-l\1~V in Fig. Sf indicates that the production cro:>s 

section !or thie: state haa decreaecd by a factor of about ~hree. 

Ocsp3.te the large peak a.t i3i0 MeV, we have look~d for the decays 

£
0 

(:!.250 1\f:eV)- K1K
1 

and B(iZZO MeV) - K-K
1

• No shoulder is app.:t:rcnt on 

t:':;e low-m..:>.ac side o£ the 131.0-MeV peak either in the distributio:n.9 for all 

eve11ts in Fig. 5, band d or whc:1 the low momentum-transfer evc.,..d:s arc 

I· .. •, · . 
... ,::· 



. 
f/ 

~ . 

•' 

-s-

tba~'l. iOo/o. Since we havt:~ not measured two prong!~ at 3.2. GcV /c, a oim.ibl· 
. , r. , 

cstimr.tc for the f is riot pooaible. 
0 

. . 

The effe<:tive-maea distributions for all pairs in. this .find st::;.tc d:-z-m-

"'• 
/ 

cnst:rate that many events represent decay o£ the intermediate states I<rrY···{1.5ZO} 
. . . . D 

No cv;.dence _for production of the 1310-!v1eV :;or::: on (A2} 

_____ we.c <>bserved ln the KR distribution:~. 

To search !or bosons whose decay into Y...R might be forbicldcn, '':c 

· divid~d· t..~e events into (K!:<~'tr) 0 and (K::'tf)- and plotted these group sep?.:·~.'tc1y 

in Figs. 6a, b. The masG distribution for the neutral c.ombinat!o:is t.-::m.do to 

pe~Jc strongly at 1.430 lvf~V, producing a m:>.rkcd deviation frorn ~he :,~,:1:-:-.r. ~- ::: p::-.ce 

1" +" prcu.c .. 1on. 
7 . ., 

~ ... (n) ~ 1..2 (GcV/c)~... This enhancement can."'lot be a l~inernatic ref.lyction of, 

~:-.* .· * - ~ 
tb.c I'~ Y 

0 
(iS20), cince the Y 

0 
(152.0) ia ob~erved primarily in t'he rf< r'::<}" 

events. . If it w~re as::;ocio.tcd with the· K* produ~tion mechanism, it ir> Hkc.ly-.:,th<:.t 

n.t ~t430 M(!V with r.~ 80 MeV probably representll a v~lid !\Rrr or~:~ct. In a 

ztucly of pp ann.ihil.ationo at regt, Armenteros et a.l. 7 oboerved n. {Kh1!') 0 

p·~::-~.1:-. ~t i-!.::1.0 MeV with r:::s 60 MeV. It is likely that both peal's r!::pr~scnt the 

oc:~me effect. I! they :result .from decay of an unstable boson, the· absence o! 

;,;.roy el.".hanc~mcnt in (KI<::rr}- suggests the assignment I= o. 

.. , 

·, ·, 
. •'. 

i 
I 

I 
t. 
' I. 
I 
' 
' ,, 
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. .F!GURE LEGENDS 

ll 
AO Effective-mass diotributiono for 'li\r-'lt'0 combinations at (:l) 3.Z GcV /c 

and (b) 4. 2. GcV/c. The 'lt'W effective ina.ases are also ·plotted aoauming 

. 1 + - 0 -t.nat a1 i!' 'It' 'IT masses in the 750 to 310-MeV interval are po!>rd.blc·-

w meoons. 

Fig. 2.. Effective-maso distributions !or (.:ll: b} m,·c:om-binations a..~d (c, d, e)· 

'lt'W comb~nationa at 3.2. GeV /c. 

Fig. 3. Dietribution in coofJ for 3 .. 2. GeVIc evento with several intervals in 

'TrW mao a, and 770 ~ M < 800 MeV. 
w 

Fig. 4. E.ffcctive-mas3 clistribu~iono !or 'IT- p0 ·events 'at. 3.2. GcV /c ·;;:~::, 
i 

600~ M < 850 MeV. 
p 

eliminated. 

Evento with M('lt'+p) in 

Fig. 5. Effective-mass distributions for Nl~ and KR combination!:! .. in :i:~RN 

final states at 3. 2. and 4. 2. GeV I c. 

·' 
F'lg. 6. Effective -matHJ distributions for l<K Tl" combin:ationa in KR 'Tl'N fin1.1.l 

r.ta..tcs at 3. 2. GeV I c. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
m1ss1on, 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. 






