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'' 

Since the disco~ery of the,two-pion and the three-pion resonances, 1 ~"3• 
the search for four~pion resonance has acquired much interest. The interest 

is threefold: · 

. 4 
1. Chew and Fra.utschi, using the "Regge poles" the~ry, predict a possible 

resorknce (or unstable particle) with spin Z and with the sar.ne other quantum 

. numbers as the vacuum (T=O, parity even)1 at the region of 1 Bev. This 

particle ·~ould decay_'int~ tw~~ four, o1• .. siX pions •. _But \the four -pion decay 

could be favored because a two-pion decay would require a d wave1 \vhe1·eas 

a four-pion decay w<;>uld need only two pion sate in p wave. 
·"'~. 

The four .. pion resonail:ce could als.r> carne from a decay of x0 
f the pseudo-

scalar meson with T=O formulated by .rb.any theoreticians .• 5 

2. The omega meson (T=O thre:e-p!.on resonance at 780 l\4ev) has been 

attributed the spin and parity ! ..... (the first supersc:dpt refers to the parity0 
' . 

and th~ second to the a pal·ity), if the decay ;is through strong ii&teraction.tt>o 6 

But Duerr and Heisenberg suggest that a o·+ !meson o:r ell. 1 ++ meson can v-iolate 

G parity and decay into three piona.1 The}l· even estbn;ate that the three-pion 

decay could be much stronger than the four-pion decay' for the latter mesons, 

~- .. ·• and, since the w· me son ha.s a small vridth ( r/z 12 Mev a~d could be 0 l\1ev), 
2 

. ' 

{ ~' ), they predict fo~ this meson a spill and parity o""+ and not 1··. However. 

the decay o.f the 1-- meson into four p·ions would be c;ompletely negligible 
' .. ·' 
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compa.1·ed with the three-pion decay,. So the very existence of a. four-pion 

resonance at 780 Mev would rule out the ·1 ..... spin parity· assignment5 its 

nonexistence w~uld rule out the possi'bility_of' the 'l++spin parity, but not the 

pos~ibility o£ the 0 ·+ spin parity. :, ... , ··· . · · '' · 
. ·~ ' ·. . ' . ., '. ' 

3. lt would also be interesting to see the decay of a p ··:meson into four 

pions. This decayis allowedby strong interactions. but is not as favorable 

as the two ... pion.'de~a.y •. ·Of *pecial interest is the decay p:1ode p 4 tr+ 'fl~,:, 

·with -rl- ,/+·'IT-t 11° ('1'1 be~g the T=O 550:::: M~v ~ree-pion resonance dis­

covered by Pevsner et al~3)·. Because the G p~rity of p ·,·is +1 ~nd that of. 
. . 

Tt ia -1, tbi~ decay is allowed i£ the G P!1i-rity o£ '11 is -1 and forbidden if it 

is +1. · · 
-.-.t~ ' 

We have analyzed .595 six.oprong·;,ave~ts produ~c~ by antiprotons of 1.61 
. : . •," ' ' ' • -.~.. . ., . ~ .t. :t . . 

Bev/c in the 72-inch hydrogen bubble chamber. 9 -~'.Aa we b~ve stated before, 
' .• '! • I ' · .. • 

these events 2u•e~ a. very'pure sample:o{ i.D.volving annihilation six cha:rged 

pions, 2 · · . . . · :,. .Y . . . ·· '· 
- ... ,. ·. ·; ... · ... :.... 0 

· p + p - ·3w · + 3tr + mr ,. 

:After fitting these six•prong events by using the kinezr:.ati~ prograr.o. l<!CK0 

.,-:'': 

we found 
. . .· . . .· . . . . .• . - .. :~. ·.· ... of ·. ... 

153 that fit the hypothesis p + p - 3w + 3tt ; 

let us call them 'f6w'~ events: ·< . . . 
. . . .. ·. .. . . · . ..:... . ·.'... .... + . .:. : 0 

. 239 that fit the hyp.othesis p +. r>',7" .~'IT • + 3w + '!r = 
·:,: . ,~· . ' .. 

let us'cail.them ''7.frnevents;< · ' ( ·' 

139 that do not fit the two preceding hyPotheses and have a 1nissing muss 
• .I ' 

Z.SO Mev{~ithin !~standard: deviation) and could have two or n'lore 

'li"O missin~z· let us call the:rr1 "avn events. 

Most of t:he 'remaining 64 have a. negative missing ~nergy or imaginary 

missing mass, and can be·.at.t:dbuted tio'·Dalitz pair~ as'sociated wit..~ four ... 

prong events. 
·.~, .... 

:. : ·.· 
:•, 

'.: :. 
} :.~ ~- • i 
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Pill. event, is considered fitted to the hy-1:>othe sis p + p - 3·l + 3w ... 

when it has a x2 ~ 30.0 for this hypothesis. It is considered fitted to the 

reu.ction p + p - 31/ + 3'1T ... + 'rio when: it has a 
. . 1\~ . ' 

hypothesis and a x2 ~ S.l for the-latter •. 

2 X ~30.0 £or the first 

We believe that about 85o/o o£ the 139 "Str" events actually do have tvJo 

missing pi,ons, because the missing mass distirubtion of these events follows, 

within statistics, the effective mass dlstributiqn. of two charged pions cor.oing 

f:t·om the same events~ · ' 
' ' 

For all categories of events we have ev3.luated the £our-body effective 

m.ass: 

for each pion quadruplet. '' i' 

For the "6wu and "8~,. events we can get only the combinatioils Q = 0 . 
and · Ja I= 2. ·.For the !'7wn events we can also get the· 10 I='! combination. 

·For the ur.hr01 events we can also calculate the e!£ective mass of two cha:rged 
' ' 

pions and two 11eutral pions by calculating the n-rl.ssing mass o£ the s-:rstern 

consisting of the incoming antiproton,· the pl"oton target, a.."ld the four re:n.'1<li:ning 

visible charged pions: 

• · ·(< : · - . . · z 1 - ~ - - - - 2 ) 1/z: lv.t 4 = Ep + Mp ~ E 1 .. E 2 - E 3 - E 4) ·\Pp ... pl ·Pz ... p 3 .. i2~) • 

F?r l194' we can form only the a ~ 0 ~'ld,, to I= ,z .combinations. We calcu­

lated for ~ach valu~ of ~v14 or M•4_ ~- uticert~nty 'aM4 or 5M1
4 by using the 

error mat*ix propagat~:a by KICK,., F.o~ the "811'0' events~~ half-width f'/2. 
·, 

of the resolution function of M4 is 14.5 Mev, and that of M 1
4 is !5 ~~~ev (at 

, ' . '· . ' : .. 

the region of 1000 Mev) •. However, because of systematic errors known to 
; I ; ,':- ,• • ' ' ~ • .·.' 

exist in ou.~ track re~onstru~tion. our e.stbnate of r/z probably should be 

multiplied by .vJZ to give r/z = 20.5 Z.:~ev fo~ M4 and r/2 ::: Zl Mev for lvi'.dl" 
• • ' ',••.' • ;·:. • •'' . •• ' # • " Jll 

· For the "6'n'" and the "7w" events r/2. is a little amall.eJr., 
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l. Figure l.a is_ the histogram. o£ the .M4 dis~ribution of the Q :: 0 

combination of the~'6,'lT" events.· The solid curve represents the background· 
I 

distribution e stim~ted from the I Q I = l distribution of the same events. 

(S:~.·nootb curve drawn th:rou,glt 10 I= 2_distribution).;_ . 

Figures lb and lc are the histograrns of the 1'~4-_distribution o£ the 

i,17Tr91 events, :respecti~ely, with Q = 0 and 10 l = l.· .We use the 10 I = 1 

and jo I= Z distributions to estimate the phase•spac:e distri"bution (solid 
. l .. . . • .. 

curves). In Figure ld we renormali,;e tbe 10 I'= 1 distribution of the 
·,. 

'*7w" events and plot it against t'b.e lleutral distribution o£ the same events. 

None of these histograms shown any strong disacc:ord With the backgrou&'td 

distributiono 

In Fig. 2 we plot separately the bistog:~.·:un of the neutral distribution 

+ - + - . . of M4br -a w w ) {Fig. 2a.) and the hiatoga-am of the neutral distribution 

of lv1'4 ( w \r ... 'll'o w0) (Fig., 2b). The solid.curvea represent the background 
~ . . 

distribution estimated from a smooth curve drawn through the sum of the 

• .• :.t::t:::i::? . ±:i:OO. II clistdbut:~.ons of M4( 'll' '11' '!r w ) and of M't!.( r. ft w 'if ) w1th p = 2 cf th.e 
. ~ 

ear1.1e events (Fig. 3a). Figure 3b is the h.istogra:rr1. of the sum of the neut:i.~al 

distributions of M
4 

and Z.A•
4

• 

Vle clon1t .find any statistically ·significant peak. but the neutral distribution 

shows a suggestive deviation £rom the bacl!-.g:round at the region of 1040 £v1evo · 

. I£ thi:;l.peal" really exists, it ma.y be a. resov..ance with T=O or T=L ·It could 

come from a possible decay of the xf'l.l meson (spin =·o,. T=O, parity· odd} or 

the particle predicted by Chew and l;"'';rautschi (spin = 2, T=O, . padty even). 

tn the latter case, it could also decay into two pions or two kaons. 

2 •. To estimat~ the ratio R.(w- 411/w;..... 11'+-r.'"tr0) we note that we have seen 

in the same sample of pp inteh·actiona 79 i: 18 interactions o£ the for:rn 
' - + - •' .. t.. . + ... 0 2 ... ?.. d p + p - 2w + Zw .+ w W1w.& w- 1r. + v + '1'1' • Xf I.Ue wproduce by the preceding 
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. d ' b + - 0 + 0 . uld ' 'tl: ! • reactlon wer~ to ecay y tl,)- tr + w + iT 'IT we wo see . lem 1n our 
. . 

· "81'l11 eventso But\the ~istribution of M',
4
( tr + 1/"v0'l1°}( Fig• .:?b) does not show 

ew,"'lything over the pha.se space at the region 780 :.t ~:0 Mev. · At this l;lnergy. · 
-...... 

the background is about• Z6·pion quadrUj?leta: so we can estimate a ~dmum 

of 10 pione qU:adruplets that could come from the decay of the. w. and the upper· 

' +-00/ +-0 '. lb:nit of the ratio of R(w- w r. 'il' 11 w ...:r.. iT 'ii 'li' ) is about 12%. 

If the w meaons produced by the reaction p + p - z,/ + 2-a .. + w were to 

decay into Z1,+ +. 2w ·, we would see th~~rn in the reac.tion p + p ~ 4,/ + 4v-. 
' . 

Vle have only 4::1: 2 o£ the ,latter reactiono. 10 This givef;J :a. ma.Y..im,um ofSo/o. 

( . +-+-/ +·O· . for R w .~'If 71' 1f 'lY w- Tl'. 1r 'IT )~ \Ve can th.en concl~de that the.:ra.tio 

. ( I + - 0 . . M ' R. (Aj- 4rr w -w '11' '" ) is less than 17-,o, and can very po:ssibly be zero. 

- + - . . If the w produced by p + p - 21!' + 211 + w were to decay in the neut~·al 

mode, it would show in the. dist:dbution o£ th.e missing mass of the 1·eaction 

- '+ .. 0 ' 0 
p + p- 2u + 2w + nw ~ By w- neutra~, we :mean the decays. w- 3-n: , w- 2-v; 

. ' 

and w- rr0 + "\{.. Looking at the latter distribution, J •. Button et alo 1 reported 
' 

seeing no "pGaku at the region o£ 780 Mcv0 and, using our value of 0.6 ± ol5 mb 

. . - + - . + - 02 for the cross· sect1on of the react10n p + p - 2'ii + 2'ii . + .w w1th w- n + w + 'iT u 
' . 

l . R( I + d 0 1 tley estimate w - neutral w - tr.:. 1r: ·1r' ) ~ Oo5 • 

The small value of R(w- 4rr/w- 1r\r ""·~r0) agre~s with a spin &ld parity· 

assignment of! ..... and rules out the l++assignment, but does not rule .out t:.".i.e 

possibility of 0 ~ for the spin and parity of the o1nega n;teson. 7 

The ratio of R(w- neutral/(TJ- w\r -Tro) is estimat.ed by ·Duerr and··. 

Heisenberg to, be larger than 3/Z for tl1ie 0 ·+ assignmerrt and ve1-y s1nall 

{ 1 ... &. > _.. 1 ·. < I + ... o \ 0 - for the l __ assignm~nt~ Our "talu.e of the two ratios R w-; 4'!1 w- 'i1 'ir 'ff ) 

and R(w- neutra.l/w- 'IT+"lf~'l'i'o}, wbic::h can be very amall, agreea.with the 

1-- assignment and disagrees with the 0 -+ a.esignment £or the spin and. parity 
' 

of the w meson.. Since all other interpretations of spin and parity (with :spin 
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equal to or less th.an l) can be ru.led out by the present data., we conclude 

that the spin and pa,rity of the w meson is n-:.oat probably 1 ·-. This agrees . 
with the conclusion reached by Stevenson et al. 6 .·· . ~ . . . 

3. To estimate the ratio of R(p-> 4w/p- 2r.) we use some results from 

J o Button et al. 1 They find about 386 p 0 with p o_ w+ w • and about 2. 74 p ± with .. 

.... .. ,.o · + · o· 
p""'- 11- w by analyzing the reaction p + p- l'it + 2-rt + 'II' • from. a. smaller 

sample of the same p picture o£ our experiment. In our larger sample this 

uld d 8 
0 + ... d ::t-: :t: 0 11: .. ,_ . . .· wo eorrespon to 4 2 p - w n an 32.3 p - 1r 'IT • .1. ~.ae p mesons pro-

d d b th h • . d . c· 2.. + ") - d :~:· + - :1: o uce y e same mee am.sm eca.y u1to p - w + c.w an p ;.: - '1'1' 11' w 'IT we 

would see them in the M4 distributions o! the "7w19 events (Fig. lb and lc). 
. . . . . . 

In the region around 75 0 Mev in these distributions we see nothing exceeding 

. • ' • (d. . . t:>l 0 + - + ·; 0 + -phase space~ and we eatunate a ma:snmum o.t z-,o for ... ~p: -. ~ ~ w w p - 1r 1r ) 

• ~- . :f: ::%: 0 + -; :1: ::!:: 0 . 
and a maxunum of 5% for .R(p - 11 'IT 'IT w p - .w 'II' ). To estimate the ratio 

:1: :!:: +-o;* ±0· . . II R{p - 1r + r 1, T1 - 'il' ·'II' 'IT p - Ti' 'IT ) we analyze carefully all the Q = l 
quadruplets with effective mass ?.1.1! in 'i:he region 150 ± 50 Mev (41 quadruplets). 

. . ~ . . 

In particular we compare the distribution o£ the effective mass of three pions 

+-0 ::1:::1:4 coming from these quadruplet with 0 ::: 0 ( w rr 'IT ) to that with lo·j ~ H 'ii' ,-; 'IT· 

and 1r:!:: ,r:t: w0) (the latter i·s used here as an e;stimated background).· In the r(egion 

of 548 Mev (±10 Mev) we have 19 neutral triplets and 15 charged triplets. 

This enables 'J.S to estimate the number of p::!::- w:± + Ti with 11- r. +'!!'-'ITO to be 
. . . 

· • ± :.t: +-0/± ::&:0 m 4 :i: 6, and .the rat1o R{p - '11' + T), 1'1 - Tl' -;r 'i.T p - 'IT. ~ ) to be 1.2 ± 2.0-,oo This 

result. agrees very well with the estim.ate by Rosenfeld et al •• who fbtd 

R(p+_ iT++ r1,11- neutral/p - w++ '1T0)~ 0.,6% !1 The actual data on the 'l meson 

. . . -- -+ 3 seem to rule out all spin parity assigmnents except l and 0 • The th.eo-

retical ratio R{p - w + 11/p - tr11') is very sm.all !or o-+ •. In the case of ! -~. this 

ratio ls not yet well deter1nined (25% for a simple phase-space calculation, 11 
. 

1 o/o after Gla.$ow and SakuraL 11), We conclude that the small. '~ 
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value of the ratio R{p - "'t' + 'r!/ p 
. •+ I . . 

- w + w) favors the 0 assignm~nt for 

the spin, parity, · and 0 parity of the '11 m.c son; whether this ~¥1 rule out 

the 1 ..... assignment depends on a. more pt·ecise calculation. 

:. ·' 
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Fig. 1.. Histograms o! the dist~fbutioniof the effective mass~}s (M
4

) of pion 
' ' ' '. ' i ·, ' .. ' ·. •, + < . i ,; . . .. 

quadruplets; (a) is. for quadruple·ts of (p+ p - 3w ·+: 3w-)' events with 
.· . :• '.' .· ··. . ". . . . .. . . . .... ''<:A. .. + .. ·.' 'i. ··''· .:, 0 ; ' .. 

Q = 0, (b) and (c) are for quadruph~ts of (p + p ~. 3v + 3·w- + 1r · ) events 

with Q = 0 and 10 I = 1, respectively •. In (d) and {c) distributio~ ('shaded 
... 

area) is compared .with the (b) distribution.·. 

~i$• z. Histograms of the distribution of .effective masses of neutral pion 

. quadruplets of(~+ P.-:"' 3w + + 3'lT- + zw0) ~vents; (a) is ·£~~· distr~bution of. 

M
4 

(w+'IT.;.1/'1T·), tb) is for distribution o.f M'
4 

('1T+~·:w0~0)· •. The same smooth 
! • • ' • ' • • ' : • • ' ••• ,., 

curve has been drawn on (a) and (b). 
• .. 

Fig. 3. Hit:?tograms of the distribution of effective masses of pion quadruplets . . . 

of (p + p - 3'17 + + 3'1T- + zw0) ev~nts; hi) is £or quad~~plets with jQ I = 2D 

(b) is for quadruplets with Q = 0.. The same smooth curve has been drawn 
·, 

on (a.) and {b)" 
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This report was prepared as an account of Government 

sponsored worko 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 he 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. 




