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' SE,ARCH FOR A FOUR-PION RESONANCE, , 
AND SOME DECAY MODES OF THE p·, AND w MESONS(; 

' ' . . ' 

Nauyelt-Huu Xuong t and Ge~ald a. Lynch 

Law~e~ce Radiatio~ Laboratory
University ·of Californi~ 
, . Berlteley, California. 

. Februa,ry lZ, 196Z 

Since tha discovery oith~·-t;o.~piem and the three.·pion resonances, 1• 3 . 

the seal."ch fo~ a fou.r-pion resonance has ~cquired much interes.t. The interest 

is threefold: 
• . . '4 ' ·, . 

l. Chew and Fra.utschi, using the "Regge. poles" theory, predict a possible 

resonance (or uncrts.ble particle) with spin Z and with the same other quantum 
.', ' I • 

numbers ao the vacuum. (T=O, pu:ri~J even) at the region of 1 Bev. This particle 

could decay into two, four, or .ab: pions •. But the four-pion decay could be 

favored becauoe a two-pion decay would r~quire a d wave~ whereas a. four-pion 

decay womd need only two pion sets in p VJO.Veo ·.' ! .• 

The four-pion reao!ia.."lce co:tud also 6o:::r.::c fror,.'l a decay o£ x0• the pseudo .. 

scalar me eon vJith T.=O fo1•mulated by many theoreticiG.no. 5 

z. 'l'he w meson has been attributed a cpin and parity 1 .... (the first super

scJ>ipt rc£ero to the. parity cmd.the second to G parity) if the decay ia through . . ' 

:::t::on3 iro~tcractions. But bccaue1e of the small v.tidth of this meeon (I'/2 ~ 12 Mev. 

and could be zero2). Duerr and Heisenberg suggest .the possibility of electro• 

Ir..agnctic de~ay with nonconservatio~ of~ p~rity. 1 Four more states must then 

b 'd d o++ -+· 1. ++ · ·+ ( . .:_, 'th i 1). e coo.a1 ere : • 1 , • and 0 we consider OUJ.y states Wl sp n ~ • 

Duerr and Heisen~rg eliminate the. states 0++ a.nd 1•+ because their three-pion 
' ' ' . -. 7 ' ' ++ 

decay would either J;!Ot occur orbe extremely wea..lt. The a.asignme::1ts 1 · ru.1.d 

0 •+ would lead to Dalitz· plots '9rith uniform den:sity. and c~nnot. be elin'linated by 

the present data. There£ore, the w meson- can stUl have one of three assignments 
. ' 

• ' I> 

. •, 
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1 ...... 0 "'+, or 1 ++ • .But Duerr and Heisenberg point o~t that these three states 

bt.:have differently with respect to the four-pion decay. 7 For 1 ':";,. the four-pion 
,· !• 

deca.y is strongly forbidden and therefore is completely negligibl~ compared 
' ' :+·· .. \.' .· .. ' ... 

with the three-pion decay. For the 0"": the four.;.pion decay is an allowed tra.nsi.~; 
: : t f .' ~.. I , 

tion, but reduced to small value by the fact that tWo d states and ~ p state are .. · '. . . ; . ++·· ! ... · . . 
l"Sq\lircd for the outgoing waves. For 1 the four-pion de<::a.y is allowed, and 

can bG large •. Therefore, the Very exfat~nce ofS;'neutraJ. four ... prong r~sonance 
. . -

at 780 lv!ev wou1d'rU:la out the 1·· 'spin.;pa.rity;'lts nonexistence would be'a:ti. .,, 

· · t th 1++ · i b - t · t th- o·+ · i argument a.gaJ.ns e ass gnn;1ent, ut i'lo agcuns e . ass gnment. 

It would also·),e inter~ sting to a~~ tb.~ decay of a p ·meson into four pions.\-
( . . . . ', ' . . . . . .. ' . . . . : . '. . '' . ~ ' . 

Th1s deca~ is allpwed by strong 1nteractions, but is not as fa.vorabl~ as the two-

pion decay~ . 0£ 'special interest is the.'decay' t.o.ode p - w + ~.a \vith ' 

\'1 - tr + + r. ... + itO (t). being the T~O SS.O~l~<';;V thr.ee-pion reso~ce discov~red . . . 

by Pcvsner· et al. 3) •. Because the 0 parity of p is +1 and that of 'if is· ·1. tlus 

decay hallowed if the_ G parity.o£ .11 is~~ and. forbidden if it is +1. 

We have analysed 595 · six-prong events p1·oduced by antiprotons· of 1.61 

B':.v/c in the 72-inch hydrogen bubble chamber. 9 As we have stated before, 

... · 

.• 

tb.0oe events are a very pure sample involvili.'li anW.hilation 'of. six charged pions, 2 

- .1. - • 0 p + p :- 3tr' + 3w + nw • 

A£tc~ !itting these six' ... prong events by using the kine:matic program KlC!<:.; 

we found 

153 that fit the hypothesis p + p ·~ 3rr + -+-~3~-; 

let us call them "6wst events; 

Z39 that fit iha ·hyp~thesis p + p - 3w + ,+ 3w • + 11? ~ 
I 

let us call them 107wu events: 

139 that do not fit the two preceding hypotheses and have a missing 
·- -

masn ~ 280 Mev (within 1 standard deviation), and could hatre two or. 

~ . . . 



.• 

· .. 

. -3- UCR.L-10089 Rev • 

.. ' . '. 

let us call them "Sw" events. 

Most of the :remaining 64 have a negative misaing energy or imaginary 

missing mass,' and can be attributed to Da.litz pairs assoCiated with four-prong 
:: I' 

events • 
i . . ·. . . ,· . . . 

An event is ccbnsidered fitted to the hypothesis p + p ~ 3t/ + 3Tt ... when it 

has x2 ~ 30.0 for this hypothesis. ·It is conaidere~ fitted ~o· the reaction 

p + p ;4;. 311'"~"' + 3v .. + w0 when it has X?. ~ 30.0 for the first hypothesis and x2 ~ 5.1 

for the latter. 

We believe that about SS~ o£ the 139- 8-:: ~vents actually do have two missing 

pions,· because the missing-n1.a.ss distd.bution of these events follows,· wifuinr;~ 

statistics, the .ef£ective-rr.:.ass distribution of two charged pions co1ning from . . 

the srune events. 

For all categories o£ event.$ we have evaluated the foux· ... body effective .mass, 

. . ( .... 2 . - - . . - - 2 ') l/2 
. M;4 = (El + E2 + E3· + .t:.~4) • (pl + Pz_ + P3 + P4) • 

• • 4 ' ' . 

f.o-: each pion· quadruplet. 

For the 6'ii' and Sw events we can get only the· combinations Q = 0 and· 

jol = 2 • .;,For:,tbe' .• 7-re.events we can also get the 101 = l ccnnbination. 

Fo:r the Sir events we can also calculate the effective ~ass 6£ two charged 
.... 

pions and two neutral pions by calculating the missing mass of th.e C)' .:·.:~m consia~ 

. ting of the incoming antiproton. the proton target, and the :four :rer..'laining visible"· 

charged pions: · , · . 

. M'4 =(<E- + M ~ El .. Ez .. E3 -E4)z. <P".:;. .. Pl- Pz- P3 .. P4/a) l/2~-
P p ·. ·, . P . . . . 

For M'·i* we can !orm otUy the Q = 0 and (a I= 2 combinations~ We, calculated. 

£or ea.ch value o£ M4 or M 0
4 

an ~certainty. Sl\.1
4 

or 6M1
4 

by using the error m.atr~ . . 
- . . . 

··propagated by KICK •. For the Sw events the ha.l~-width rjz of the resolution .. 
. . ' ' 

,-·· 
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function o£ M4 is 14~~ Mev, and that of Mt4 is 15. Mev: (in the region of 1000 
I 

Mev). However, be~ause of systematic errors ~nown to e:rJ.st in our t:ra.clt recon-
... 

struction, our estimate o£ r/Z probably should be mu.ltipli;d by tffto give 

r/2. = 20.5 Mev forM~ and I'/2._ = 21'.~ev for .M•4• For the 6'11 and the 7Tt events 
. ; ' . 

r /2 is a little smaller •. 
. . 

Figu~e ·1a. _is a histogram o.f the M4 distribution of the 0 = 0 combination of ~ 
. . ' , A 

6'iT events. The •olid curve represents th~ backgro~d distribution estimated f~fm · 
~ the jo I= 2. distrlbu~on of the same events.· (Smooth cun;e drawn through ~ ~\~ 

lo I= z distribution.') · 
·~ 

Figures lb and. lc a.re the histo~ra.iris of the M4 distribution o£ the ?1r events, 

·respectively, with 0 ~ 0 a.nd 10 I= 1.: ·We u~e the Jo I ci_ 1 and Ia I = 2 distributions 
. . 

to estimate the phase-space distribution (solid curves). _In Figure ld we renor• 
. . 

· malize the to 1·= 1 distribution ot the 7w events and plot it against the neutral. 

distribution of the same eYents. 

None of ~ese histogra..."ns shows any strong disaccord withthe background 

diatribu.tio~ . 

!n Fig. 2. we plot separately the histogra;:n of the neutral distribution of 

M
4

( 'i'i + w-11 + 1r -) (Fig. ?..a) and the histogram of ~he neutral distributio~ of 

M1
4( ~+ 11'-11°w0) (Fig~ Z~)~ Th~ ;olid curV\l!!S represent the background distribution 

estimated from a sn1.ooth curve drawn through the. sum of the distributions of 

· . ::§: = ::~: + < = = o o ·
1 

I . · . . · · 
M4(w Tt "' w ).and of M*4 w 1r w w ) with . Q = 2 o£ the ~ame events (F1g. 3a). 

Figure 3b is the histogram of the swn of the ne"U:tral.diatributions oi M4 and M'4/ 
'. 

Th~ neutral distributio.n sh~ws a. suggestive but inconclusive peak iri th:e region 

o£ 1040 Mev •. I£ this ·peak really exists. it may be a resonance .. with T=O or T=h .. 

It could come. £rom a possible decay of the XO ~a son (spin = 0; T=00 parity odd) . 
' " 

' . 
or the particle predicted by Chew and Frautschi (_spin = Z• T=O, parity even). 

• I 

In the 'Latter case, it could also decay into two pions or two kaons •. 
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2, ·To estin'late the 'ratio .R(w- ·4w/w- 'n:+ 't1' ...:,.0) we nota that w~,ha.e seen in the,. · 
• \ ' ,.,,.,, --·•--...., • ' r o !i: • 

ea.mpla o£ p•p interactions 79:.~: 18 .interacti-ons of the .form , , :· .h,. 
• • ' ' t 

• •• f 

··- . + ·.· ... · .... -- .+ ..... ·oz. .:-... 
p + p - Z-a + 2.w + w With <~J -. w · + w. t .'iT " · 

If the(;.) producedby'the:preceding reaction~~e;e to decay bi w~ ~++ w~ft\0 +"w0 / 

. vve ~ould see the ~esults in our .8w events· •. >aut the distri~ution of M'4(~/ w ~~o;o). 
. . . - . . . . ' . ' . . . · .. 't. 

(Fig • .2b) does not ·show anything greater than the phase-space calculation in the·, . . - . '·•. 

region 780:£::20 Mev~ At this ene'~gy· th.e.backgr~und is about .26 pion quadruplets; 

therefore we can estimate~ maxim~in of 10 pion quadruplets that.cocld c6me 
from the decay of the; w., and the upper limit' ~f the' ratio o£ R(w ~ 'if+ 'ir-w0

Ti
0 l 

!· 4 .. . . 

w .... Tr + w- '11'
0) is about 12o/o., 

l .·,.. It the ~fme.sons produced by the reaction p + p _.; ~-ir++ zw-- + w·were to decay 
' . . " "+ •. ·'. • .. ~- + .. 

1nto 211' + z,. ., we would see them 1n the reaction p + p - 4w + 4ir • Ws have . . 

only 4:2 of the latter reactions. 10 'rhia giv:::s a maximum of so/o for . 
+·+~ +-0 . 

R(cd- "iT 'IT v _w /w- w tr w ,. We can then conclude that the ratio 

.R(w- 411'/w ~·'I/ 'il'·...: 'll'~~lv£is less than 17%, and can vezypol:lsibly be zero •. 
. ' . .. .., . - + ' - . ' ' 

lf the w produced by p + p - 2"« + 2Tr -:- w were to ·decay in the neutral mode, 
' . '. ~ . 

it would show in tho distribution of the missing mas~ of the rea.cti.oi.'l 
- + . . 0 . . . . . . 0 
p + p- 2w + z .. - + nw ., By w- neub:al, we :~J.cn.n the dec~ys w- 3-.T , w- Zy: · . . . 
and w- w0 + 'I• Looking at the latter distrib·dion, J. Button et al. 1 reported 

seeing no "peak''·at the region of 780 M.ev, and, using our vaLue of' 0.6:~:.15 mb ·. 

' .- + .. - .. •. - 0 2 
for the cross section o£ the :a.·ea.ction p + p ~ 2-rr + 2-.r + w with w _,. ·;-.· · ·. w + w , 

they e stir.aate R( w ~ neutral/ w - w + w ·'iT 0) ::; o'.s ~ 1... . '·l • 

' . . 

· The sxr..all value ~f R(w- 4w/~+w-vr0) agrees with a spin and pal'"ity . 
assignment o£ 1•• and could· rulG out the l ++ assignment, but does not rule o.ut 

-+ . 1 the possiblity of 0 for the spin and parity of :the ~ meson\" 

Tlla ratio o£ R(w- neutral/(~)~ w+w-w0) is estimated by ~err and Heisenberg:,: 

to be larger than 3/Z for the o-+ assignment ~·very em~ {l0-4) for the 1~· 
' ' ..... ' . ~ 

.. 
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7 ' + - •0 ' assignment. . Our vcluGs o£ the ·two ratios R(w- 4n/ w- w. w 'It ) and 

R(w- neutra.l/w- 'l1 +',.. ... w0), which can be very small~ agree wtth the 1"'~ 
• --.- rl 

, I: · . •+ · . . . i. . 
assignment and disagree with the .0 · . assignment for the spin and parity of the 

w meso~ Since all other interpretations of SJ?illl and. parity (with spin~ 1) ca.n be.· · ·· 
' .''' ' 6 ' ' ' ; ' ' ' .·· ': i 

ruled out by the present data., we conclude that the spin' and parity o£ the w mes~>n 
'· ' • . ' ' ' :! • 6 

'is most probably 1...... This agrees with the conclusion reached by ~tevenson et f.l· 
. '' '' ' ' .· ' . '' ·. ' ' ' . ' " ' ' ~~ 

Table I gives a summary o£ the experimental determination o£ sphi, parity, an~~·. 
• • . . U;;! 

·.~:~~ 

G parity £or the w meson, 

To estimate the ratio of R(p)··_. 4Tr/p - Z1r) we use some results from ~ . . . . 

J. Button et aJ.. 1 · They find about 386 po with p 0 _. w+w·, and about z7~ p::t: with 

p::l:: ~ w='il'ot by a.naiyzing the reaction·p + p- z,/+ 2'11'- +~ .. ~from a s~ler 

sample o! the same p picture of our experbnent. In our larger sample this 

wohld ~orresp~>nd to 482 p O - t/ w • and 323 p ~ ·- w* TrO • .If the p m~So~s p~oduced 
by the s~me mechanism <j.~cayed into p 0 :..: 2w + + 211' ... and p = -· -r/ 1t 1i1: ·rP we would 

~ . • . • • * . 

see theni i~ the M4 distrib~_ticns of the 71f events (~ig." lband lc). ln the region 

around 750. Mev in theae. distributions we see nothing exceeding I>hase .. space 

al ul • d ti t • f ~ ,... f nl 0 '' .. + - + ... I 0 + ;.) . c c at1on, a.n we oa 1na. e a ma..~mum o l'Y" or ....... \P ·(!" 'lr w w w 1 p - w w 
' ·- .. . . ' .. 'i. • 

. · ul. . R(·~ .. :!: 0 + -; :1:: ± 0 . - . 
and a. maximum of S7o for p - 1r " 1r w · p - '' w ). ·To. estimate the _ratio 

"DI :l:: ± ' + _; Q/ :f . ::1: Q) . . f"· 11 ·-1 1"-t.: 1"1 1 •"Vf.P - w ~ ''1• '11 - w 11' w 1 p - 'IT w . we analyze care u.z. y <:.U "'e . '>w4 = · 
quadruplets with effective mass M

4 
in the region 750:!:50 l~ev (4:1 quadruplets). 

In particular we compare the distribution of the effective m..tiss o£ three pions· 

coming fro~ these quadruplets with 0 =0 (w + w .. w0) with that for jo I~ 1 (;r:t: ~± 1l'+ 
:t::d:O· . . . . .·.· .· . 

and 'iT w w )(the latter is used here as an e.sti:m.ated background). In the region. 

of 548± 10 Mev we have 19 n~utral triplets and 15 charged triplets<~! This (;mables 

us to estimate the number of' p = i rl:.t. + 1'1 with Ti- u + 1r-w0 to be 4± 6; and the 

ratio .R.(p :i':- w= +'1 • ~·- 'It+ 'IT;.w0/ p :t: - w:t: tt0) ·to be 1~:2 :l:: 2~0 %·. This result .. 
;;;.grees very well With. the~est!inate by Rosenfeld et al. ~ who find 
·~ - ' 

' ,. 

'· 
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Table 1., Summary of eX::perimontal determination of 

spin parit-":f and 0 parity of w meson (I= o. ¥'11' + 1r-wO :::; 78 0 Mev) 

. Possible aasignment ·-· .- ... -
(Spin it$ 1, parity. 0 parity) · . 

o·· Dalitz plot 

o+· Parity conservation 

I ~--
1+· lt . Dalitz plot 

-··-·-····-···--··-----·--·-·····-·--····--·-·--------------·----------

,• 

It 

Palitz plot and small ratio 

. R((A)- neutra.l/w- w+w'"'w0) 

Parity conservation 
J . + .. 0 

Small ratio R,(w- 4-:r/Cr.) -Goo w 'ii' 11' ) 

Da!itz plot~ small ratio 

R(w- 4w/CJJ- 1r+ 11-w0) 

and small ratio R(w- neutral/ 
+ - 0 w-www) 

.. , 

. ~· 
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R(p+- w+·~ 

meson .seem t~ rule out all spin parity a~~ignn1e~ts except 1••_and o·+~ 3 The. 

theore.tical ratio R(p·-·'lr ·+ 'rl/p -> vw) is very smau for 0..:~-~ In the ca~e of·! ..... , 

.this ratio is. not ,y~t well .deternune~ (ZS% for a. si:m.ple p~-s~-~p~ce calc.ula.tion. 1,1 
. ·, . . . " ' :'" ... · . it . : '' -•' '; ..... ,.. ,, . :. . ' .·. . . . . . . . . ·:'. ·,; 
1 o/o after Glashow a.l¥1 Sakurai. )•. We conclude that the· small value of the ratic{ , 

• . ' · .. , • ..• . : . • .. :· ' ' ' ; t· . • '.. ... ' :. ·, : :/ .•.•• : 

R(p- 'ft + Tt/p :""" w +w) favors ~e.o·~ assignment for the spiD., ·parity,. arid.O . . . ' . . 
l:'' 

. ; .. . . :- _; .. -- ' . . · . 
. p~rity of the 11 meson: whether this can rule out the 1 · , ass.ignment depends on 

I ' 
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·FIGU'B.E LEGENDS·.--·--,--,-->· 

Fig. 1. Histograms of the distribution o£ .the effective masses (·M4 ) of p~on 
. .. . + 

, .quadruplets; (a) quadruplets of (p_ + p -- 3w + 3w·) events with 0 = 0; 

.. _(b) and (c) quadruplets of (p + p . ..o .3w ~ .. + 3w- + wO) events with Q .= 0 and 

lo f = 1. respectively. ln (d) and_ (c) distribution (s}laded area) is co1n- · -. 

pared with the (b) distribution. 

Fig. z. _l-iistogra.ma of_ the distribution. of effective ·masses of neutral pion 
- + . . ·o - - . _ .. - -- -

·_quadruplets of p + p- 3w + 3w• + Zw events; (a) distribution of 
• . \ .I . • I 

( + - + -, ( ) • . "f (. + - 0 o, M4 w . 1r w w • b distribut1on o M' 4 w w w 1r • · The _same smooth . 
. . . 

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

Fig. 3. Histograms of-the-distribution of etf'ective masses· of pion quadruplets 
)I :•"f.. ,. ._ ' 

·of p + p- 3-rt+.+ 3'iT• + zw0 events~ (a) quadruplets with 10 I= z. (b) quad~ 

ruplets with 0 = 0~ TJ?.e same smoo~ curve has b!en drawn on (a) and (b) • 
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This report was prepared as an account of Government 
sponso~ed 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, cbmpleteness, 
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 
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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 contr&ctor, to the extent that 
such employee or contr~ctor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any infoimation pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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