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SEARCH FOR A FOUR-PION RESO'\IANCE v '
AND SOME DEGAY MODES oxs‘ 'mE 3 AND @ m;scms

_ Nguven-ﬂuu Xmong anei G}erald R, L*ynch .'
Lawrance Ra&iation waoratery,
Univermity of California,

.. Berkeley, Califorma - | ) -
E’ebmagy iz, 1962 , ,.  S
Since the chscevery of the -ewc-pion a.nd the three-pion reeona.nees. 1-3 ’ ) )
the scarch for a four-pion resonance has acquiree% much interest, The intereae q v |

is threefcldz . o ’

1. Chew and F::'am.gsaﬂ:a.x,,é usiﬁzg the "Regge’ péléé" theiorﬁ, predict a poesiblé;-
resonance {or unstable p&?ﬁiclé‘) with spia. 2 and with the same ct}xer quantum
numbers ac the vacuum {T=0, parity even) at the iegﬁon of 1 Bewv, Thia particle
could deeay imo two, four,‘ or six }g‘lcms'. _ Bat the £our-pirm decay could be
favored because a two=pica decay would reqmzre a d wave, whereas a four-pmn v
decay would need only two picm sets in p wave, | |

The four-pion resonance col:ld also comc from a decéy of XGO ﬁhe.pséudo-— |

scalar meson with T=0 formulated by many theereticians, 3

2, The wmoson bas been attributed a cpin and parity 177 (the first syper-

cript efem to the parity and the second to G parity) if the decay is through

1]

cirong mteractzons. Buat beca,ue;e of the smali width of this meson (I‘/Z < 12 Mev,
and could be zerc ), Duerr anc’a Heiaenberg @udgcst the possibﬂity of electro-
magnetic decagr with nonconservai:iom of G panty. 7 Four more stactes must then L
be considered: GH', . l . and 0° (wevconsider cﬂy states with spin € 1), -
Duerr and Heisenberg eliminate the states 0° @ and 177 be’causé their tbree-pionv
decay would cither not occur 65: bé e:;ﬁremely weak, 7 The aagignme ats 17 and
0"* would lead zo Dalitz. plots with uniform density and cannot be eliminated by

the present data, Therefore, the w meson can still have one of three assignments
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17°, 0°%, or1¥t, Bue Duerr and P’eiaeuberg point out tha.t these three states

chave differently wx.ﬁh re aoecﬁ: ?:o the £our-pion decay, 7 For 177 the four-pion
decay is strongly forbidden and tlw;efoze is compieteaiy negh.gible compared
with the t}ﬂreeapion dacay. For the O the four-pmn decay is an allowed. transie
tion, but reduced to small va.lue by the fact that ﬁ:wo d states and G® p state are |
required for the cutgoing %avea. Fox‘ 1 &he four-pion decay is allowed. and
can be iarge: 'Z’harefore. the very emstence of a 2‘3811?:1"8.1 four-prong reaomnce |
at 780 Mev would rule out the 17 spm-pa.nty. ite nonem.esi;ence would be’ an -
argument against the 1 aésigpment. but hot against the 0 assignment.—

It would also‘/be intercsting to scé the decay of aé 'inesbn iutofé@r pions;’g e
This decay is alléwéd by séi‘baé interactions, but is not as fé&bfabl‘%'a's the two-
 pion decay. Of special intgaree‘t is the decay rnode p I 8 gith
q = o +a” tal (g being the T=0 550<Mcv three-pion resonance discovered
"by" Pevsner et a.l.s).,' Becauée' the G parit'y' ofp is +1 and that'of w is -1, this .

- decay 19 a.uowed i the G panty ‘of nis -1 and forbidden if it is +1,

Ve have analyzed 593 sm-—prong @venf;e pr o&uced by antiprotons of 1.61
Bev/c in the 72-inch hydrogen bubble chamber, 7 as we have stated before,
these events are & very pure sample mrolwnr' annihilation o£ esix charged pmns,z

p+p~e3*r 4 3'? +n'?0. :
After fitting these sm«pronﬁ evenw by uamg ‘Lh@ kmemﬁ;zc pr@gram RICK, -
we found . .

53 that fit the hypethems P+ p - B'cr + 3—: e

let us call them "6m" evenw, N
'239 ﬂmt fit the hypo%heszs prp- 3-:; + Bw + Woa
let us call them "7a' events; . |
139 that do not fz@ the two pmce&img hypo;ﬁ:heses. and h&w;e a‘z;nissizzg'

NP

mass 2 230 Mev (Awithinzlvstandvard déviatiézi). e,né could have two ox -
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| more wo missing; k | ‘

let us éall them "8x" éfénts.

Mbst of the z‘emaining 64 have a nagative misaing energy or imaginary
- missing mass, and can be é,ttributed to Dalitz pairs aséo&_:iated with foﬁr-prong
events, | I | o

An event is cénsidered fitted to the hypothe sxs Ptp-=3n+ 3n~ when it’

has 2 < 30,0 for this hypothesis. It is conszdered £ii:ted to the reaction

L

_ p + P e 3?rw¢ 3+ % when it has X 330 0 for the ﬁrst hypothesls and x $5.1

]

‘ for the latter, _ -

| We believe that about t—'BIEa‘Zo of the 139 8= cvents actually do have two nnsszng

~ pions, because the missing-mass distribution of these events fouows,--wi&hingg;
stéfistics, the effective~-mass distribution of two charged pions coming from

the same events,

For all categones of events we have evaluated the four<body eff.ective mass,‘
M, = ((31 +E, 4 Ey +E )2 (B) + B, + By + By’ ) 1/2
 for each pian\ quadrupl)et | ‘ R i
I‘or the 6w and 8’? events we can get oz'z_y the’ combmahons Q= 0 and'
j2] = 2.5 Foxt the.7r. events we can also get the [Q]=1 cambinaﬁion.
For the 8w events we can also calculate the effective mass of two charged
| pions and two neutral pions by calculating the missing maés of the cysiem consi.s;u
. ting of the izicoming 'a.ntiprotoix, .the ﬁréton target, and the four remaining visible "
. charged picné'; I’ : - I l, o | ,‘
o, ”(ﬁE- PN, 2By - B, - By Gy By - By - B - By )3/2’{ |
P : Z. 3 74 Fl o F2  F3 -@ .
For M',, we can form onl;y the Q=0 and |el=2 combinamo%. We calculated
for each value of M,ﬁ or M"4 an nmcerta.inty oMé or 6M' by usmg the exroxr matrix

A propa.gated by KICK. For the 8w events the half-wzdth I‘/ 2 of the xesolutwn
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%

function of M is 14.5 Mev. a.nd that of M, is 15 Mev (in the region of 1000

4
Mev). However. beca.use of systematxc errors known to emst in our track recon-
.s:,ruction. our estimata oi I"/Z probably should be mu.ltiplied by «l'— 2 to gwe ‘ |
/2 = 20,5 Mev for M, and r‘/z = zx Mev fo,. LA
F/Zis.alittle smau.er..’ S

For tha 6% and the Tw events

- Fxgure laisa histogram of the M dastnbution oﬁ the Q : 0 combinataon of
6w events, The solid curve represema the backgmund distnbution estimated frgm'

the lQI = 2 diatnbutnon of the same events. (Smooi:h curve drawn through

<._w
o
;;5‘;::&3:(;3:

lel=2 distnbutiom) | _
Figurea ib and lc are the his‘;ograms of the M dwtrzbution of the = events,
'respectively, with Q = 0 and [Q [=1.° ‘We use the IQI =1 and lQ[ = 2 dlstmbutlons'
to eatimate the phaae-spe_ce chstrzbutzon (solid curves) In Figure ld we renor~ |
" malize the lQI =} dlstrxbuﬁon of the 7w events a.nd p:.ot 1t agamst the neutral
vmstribuﬁon of the same events. | | ’ o
" None of these his;og ams shows any atronw di ccord thhthe ba.ckground _ |
diatributzon. | |
In Fig. 2 we nlot separaﬁ:ely the hasﬁogrmu of th.e neutxlé.i distribution of : -
M (’7 S ) (Fig. 2a) and the histogram of the neutral dxstnbutzon of |
MY (*r T 'rr T )(F ig. Zb). The sohd curves represent the backgmund distributibn _
@"umted from a smooth curve drawn through the sum of the dzstributieﬁs of
M (wﬁwﬁw*w-) and of M! (w r w 7 ) with [Ql = 2 of the same events (Fig. 3a).
Figure 3b is the histogram of the sum of the neqtral ‘distr‘ibutxons of M 4 and M? 4
The neutral distribution shoﬁvs a sﬁggea‘*‘ive but incbnciusive peak in‘; i‘ne region
of 1040 Mev, If this peak z‘eally exists, it mu.y be a resonance thh T=0 or T= 1. -
it couid come from a poasible decay of the xo meson (spm 0. T= 0, parity acid)
or the particle predicted by Chew and Frautschi (spin = 2. T= 0. pa,rzt.y even).
in the Latter case, it could al.so decay into two piona or two kaone,
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2. To estimate the ratio Rlw. - 4?7/(0 ='w " a0) we nom that we: have seen in the
) ¥

y E

" sample of P F-p interactions 79:‘: 18 intera.ctmns of the’ form

pi‘p-az'a + 29" +wwiﬂzw»w++w .Vﬁoz

i the w produced by the: preceding re'\.ctwn were to decay by W w4 L8 "t 7:\0 ¥ ﬂ,O
| | we woald see the results in our 81: events. But the distmbutzon of Mt 4,(“ w ﬂoﬁo)r o

" '(Wzg. 2k) does not ahow anything gz-ea.ter tham ﬁ;he phmse-s;)ace calculaﬁ;ion in the - |
region 780%20 Mev. At &hia energy the: ‘ba.ckgremnd is abou& 26 pmn quadmplcta. ’
_th.ereiom we can eetimate a maximuin of 10 pion qua.drunieta ﬂw.ﬁ coa}.d come
from the decay of the Wy a.nd the uppcr limit oE t}ae z:atxo of R(w o wowo/
W == ?r+'r 'r: ) is about 12%, . ; ; |
; CIf the o meso:).s produced by ?;he reactmn + P Zvr + zw !- v'ui"wlclre ic: decay'
into 21r v 2%, We wo;ﬂ.d see ‘:hem in Lze reaction ptp=- 4?: + 41: . Wa have -
only 442 of the la.tter reactions. 10 This gives a maximum of 5% for '
 Rle—=a'w ‘Jfﬂ&/ = ﬁ‘.-ﬁog. ‘\a'fa’;e can then conclude that the ratic -
R{w - éﬁ/w -{zrﬂr‘w%:ms less'than 17%, and can veW'po;asibly be zéi'o.

Ig tne « produced by P +p w2q" + 20" + wwere to ‘decay in the neutral mode,

it would show in the distribution of the misamfr mass of the reaction

P rp 2w ?.- 2w”  + nu-q, By W= neutrzu. we :ncan the dec?ys w = 31?0. (5] - 2y

and w - w0 + v.. Looking é.t the latter distribution, J. Button et al, 1 reported

seeing no Uoeak™ at the region of 780 N’.ev, and, using our value cf‘ .6::,15 mb
for the cross section of the aeaction P+ p ~- 2:: —3- Zw + wthh w - - T "+ -arO. Z
they estimate R(w-w neu&ra./w - tn” w ) s 0 5.1 .

" The small value of R{w -~ 4?!/M+'ir w ) agrees with & spin and parity
assignment.of 1°~ a.#id coul&‘rule‘ out the i+* aséignmezit, bwé’i does not rule §ut' E
the possiblity of 0 for the spin and parity of the w meson, 7 . | _ |
The ratio of R(w - n@utral/ W T ) ia es&imm:ed by Du@z'r a.nci Heilenberg

‘to be larger than 3/2 fox' the 0 assignment and very smau (20 ) far the 17

o e AT
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assignment..? Cur valuas of the two ra&ms Mw - 4w/w - fr+':r -zr ) a,nd - AR ,
Rlw - neu«.ral/w - *u+1r ] ). which can be very smau agree with the 177 o
assxgnment and disa.gi'ee with the o** 1g;nment for the spin a.nd pa,rxty of the |
‘@ meson, Since all other imferpreeations of spin and parity (with spin & 1) can 'be R

ruled out by the pre sent data, 6 we conclude that the apm a.xzd paz-xty of th@ © me son

is most probably l -. This a,grees with the conclusion rca.ched by Stevenson et ?.l K

Table I gives a summary of.' the experimenﬁa.l determination o£ spin. parzty. and
‘ Gparityfor the mmesou. R SR e o ’ ’» |

| eE

To estimate the ratio of R{p) - 47r/p -~ Zw) we use some z'esults from o |
J’ Button et al 1 They find about 386 P 0 with p - ~r+w . and about 274 p with
pﬁc - *xéw ' by ana.lyzmg the rea,ctmn p +p - Zvr + 21r + -no from a smaller

sample of the same P pxcture of our exper:ment. In our larger sample this o ‘

0

wonld correspond to 482 P 'a'+vr and 323 p -4 ,“0 1 t‘he P meaons pz'oauced_

0.

by the same mecha,nism dccayed into gV = Zw + 2n” aﬂd p - 'ﬁ'+w w# -.vro_ we wouldl '

 see them in the M4 distnbutmns of the 7w events (Fig. b and lc) In the region

around 750 Mev in these, distmhfutmns we see nothing exceedmg phase-space
+ + .
A /pO-b % )

P e

ca.lcula.uon. and we estnnate a maximum of 2% for R(p S
and a maximum of 5% for R(p - 'ﬁ':h'To'ir ?r-/p - ). 'E‘o estimate the .;atw
Wp“ - + 7 'q-’- 1r+w w /p - )we azmly e carefully all &he lQ[* 1

| quadrunlets w;th cxfective mass M, in the regwn 750:&: 50 Mev (41 quadrunlets). _

‘4
in pa.rticulaz' we compa.re ‘the distribution of the effectwe mass of threa pions -’ 3
coming from theseé quadruplets with Q =0 (' ww ) with that for fo 1 (—r o -
and o ut @ )(the latter is used here as an estxmated background). Ia the region. |
. . of 548+ 10 Mev we have 19 neutral tripleta and 15 charged tmplets. This enables V

‘us to estima\te the na.mber of p - + 7 with n ~ w+-n- wo to be 46, a,nd the "l* -
ratioc R(p -at 4 n. n-b -tr w ﬁo/p -c-'rr o )to be 3. 2% 2.0%. This rosult

agrees very well with the est{mate by Rosenield et al. ’ who fmd

sy
[ . BT
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Table I, Summary of experimental determination of
spin parity and G parity of w meson (I=0, M_+_- 03 780 Mev)

. Possible aaaignmam L . T

| Eliminated by
{Spin & 1, parity, G parih{) _ o . '

R I Dalitz plot
_";,0% T el N i ,P'ari‘:y conservation .
1t .+ Dalits plot -
o~+ ~ Dalitz plot and small ratio
R{w = neutral/w - w+w'ﬁo)'
oft Parity conservation . _
' 2'+ | Small ratio R,('Zo - 4u/fw -“>~w+7r._1ro) 3
1 Dalitz plot; emall ratio '
| | Riw - 45/w - ﬁ+n-w0)
. S and small ratio R{w - neutral/ .
' ' 4+ - 0
W= a-ww)
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R(p - w+ + 'r,. q—wneuﬂral/p - sr + -er) as 0 6%.” The acmal data on the

-+ 3

meson seem to rule out all spin pa.rity asaignments except: 1"’ a.nd 0 ‘I‘he;. o

. thcoretical ratxo R(p -.m + r;/p - 'gr'.'r) ia very sm:a..u for o=, In the case of 1
‘thw ratio is not yet well deternuned (25% fox- a. simple pha.ae-space calculatwn, 1,1 =

'1% after Glaahow and Sakuz-ai. 15“)

We conclucie thafc i:he small value of th@ rannw S
_ R(p -~ + n/p - 1:) favora the O aasignment £or the e;pm. pa:city. and, G
.pa.rity of the 'q meson* whether this can rule out the 177 a_ss,ignment: d,epends org. -

a more pmciae calculation. ', o N T o -
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L FIG”RE LEGENDS - Sl .
: Fig:".}vl. I—iietogrmns of th; distribution of the effective masses (?v ) ;E.pzon‘
o , duadmplets. (a) quadruplets of (p +p-> 3? 4+ 317 ) events with Q = 0;
(b) and (c) quadrupleta of(p+p- 3w + 3n" + #9) svcnts with Q =0 and
'O‘ =1, respectwely. In{d) and (c) dist-ibuﬁion (shaded area.) is com-
. pared with the (b) distribueion. _ | '_ | ,
' Fxg. 2. Pﬁstograms of the distribution. of effectxve masses of neutral picm . ‘ '
. quadruplets of P +tp- 31r + 3'« + 2-70 events; (a) ciistnbutwn of N

M (vt w o ). (b) diatribuemn of M' ('7 -r ‘n'o'nfo . The same gmooth:

- curve haa been drawn on (a) and (b) |
" Fi:’. 3 Histograms of. the distribuuon of effcctive masses of pion quadruplets

E '_ of p +p-- 31? + 3?1 + 2-70 events; (a) quadruplets with IQ[ =2, {b) quad-

ruplets, with Q = 0, The sarme smooth curve has been drawn on (a) and (b), :

-11- T onuerooss Bev.
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