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Qince the discovery of the two-pmn a.nd ﬁ;he three -pion resonances, 1_7'3"

the . search for four-pion resonance has vauired much imere st. The intexe st

s three fold:

1. Chew and Frautschi, 4 using the "Regge poles" theory,-? predict a possible

o v resonance (or unstable particle) with spi.n 2 and with the same ofcher quamﬁu*n

. numbers as the vacuum (T-—O, parity 'evenll at the region of 1 Bev. . This
parﬁcle-could deca.ymto two. four. oz. aam -pmnb. Butlthe four-pmn decay

' could be favored because a two-pion decay would reqmre a d wave, vehema,s‘ -
a four-pion decay would need only two pi@n sets in p wave,

™,

The four-picn resonance could also came from a decay of xo. the pwudo«
: acalar mesgon w1th T=0 formulated by gnamy thecreticiazw. >
2. The omega mve_éonv('r=0 thfée~pion resonance aﬁb'?s(?).wMev) hé,a been

attributed the spin and pazrity 1” &tha fzrs‘e. aup@vsczipt refezm to the pamtyg
-and thf-‘ gecond to the G parity), 1f the decay is through st*ong m’ceractm"m, 6
But Duerr and Heisenberg suggest tha‘t a g™ meaon oF & l meson can w.ola‘ce
G parw,r a.nd decay mto three pioas. 1 They even’ esﬁm«ate that the three»man |
decay could 1 be much stronger thzm the four-pwn decay for the la&ter Mesons,
and, since the & meson has a small vndth ( I‘/Z 12 Mev a,nd cauld be 0 Mev}, 2

{1, they preduzt for this meson a spin and pa.mty 0 a}ndvmt 177, However,

the decay of the 17" me son into four pions woul_d be _,,completely negligible




-
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_Bev/ c in the 72 -inch hydrogen bubblra cimmber.
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compar ed with &he three-pxon deca,', So s:he very emsteme of a fou.r -pion

resanam@ at 780 Mev would rule out the’ 1" spm parxt*y aseignmenﬁ:g its

‘nomexistence would rule out the poambﬂﬁzy cf the ' 1 Spin pa.mty, but not the '

DGSuibﬁlW of the 0 - spin parity,

'3'. Kt vmuld a.lso be incerestmg to see the decay of a g; "meson into four

‘ :picns. This decay is allowed by stron~ imeractwns. bat is act as favozable .

as the mo~pwn decav._ Of specml mtes:e,st iw i:he deca.y moae p - 7r+ ﬁg

cwith - wt o+ 1:‘ tw (n bemg the T-O 550- I\ﬁev th;ee-pwn resonance chs-

' Levered by Pevsner et al ) E’aecause tLe G parz‘*y of p ig +1 and that of

w ig -l. this decay 1s allowed if the G pamty of % is -1 and forbmden if 1t

is '{'10 ’

wp
K4

We ha.ve analyzed 595 six-prong ,r‘\vents proéuakcd by antlprotons of i, 61

9" As we hava smted before,

 these events are a very pure sample of in.volvmd anmhila‘aion six cna.rge

pxona.z' R AL U T L
"ptp-=dw 43w +anv,

After fitting these six-prong events by using the kiﬁezﬁza‘d; program KICK,

153 that fit the hypothesm p p - 37: + 311' L
let us call t?neri "6 events. = | o
o .239 that fxt tha hypothesm P 4- 'p - 31r + 3?: «%~ WG;"._': C

| 1et ug call them "77:" events. ;o e

139 that do not £1t the two precedmg hypotheses emd hav»a a l’ﬂlSSlng mass

280 Mev. {within 1 atandard demtwn} and could ha,ve two or more
" missmg, Iet us ca.ll thcm "8::“ events. o
Most of the remazmng 64 have 2 negaﬁve zmsexing énergy or 1maf"xna,ry
nmsamg mass, ami can be attmbuﬂ:e& to Da,lit... pamrs assovzaﬁed w&i.h fcmz'—

prong events. }
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' multmlicd by Rf— to nge r/z 20 5 M«w for M, and I‘/ = 21 Nev for ¥ 1%,
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- An event is conszxdered fiﬁ;ted to t"me hy‘pothesis ptp-r 37:' 4 317-

when it has a xz £ 30.0 ‘for.thi'* hypom@ms. it is congidered flttcd to the |

. rea.ct%on ptp - Sw{’ + 317' " 7:0 wher it has a x‘z 230.0 for the first"

hypcﬁ:heszs and a ){_ 5 1 far the-latte
‘We believe that about 85% of the 139 "u‘ﬂ'." evente actually do have two
missing pione, because the misaimg maes distii'-‘ubﬁt'on. of these events folléws, |

within statistics, the effective mass distribution of ‘two,cha.rgecji pions cbming

. from the same events, -

For all categories of events we have evaluated the fdur-body effective
mass: | | R o o
&ié :((E +E2+ES+ 4) »(pl 9p2+p3+p4) )1/2 _
for each pion quadrualet | o

For the "67' and Hg L events we can get .cnly' the c‘omb'inaﬁoﬁé Q=0
and |0]=2. : For the !Ver';evem:s' we cz.m'éi:so'.get the @] =1 combination, |

l' For the "8x" ewfrents we can also caiculate the ei:'fe;:tive mass of two charged

pions a:id two xieutral pions by calévﬁating the nﬁssihg mé,ss of the sysiem

cons mtmg of the mcoming anixprat@n, the p¥ oton ta.rget. :md tbc. four remaining

_vzszbiechargedpmns. ' SRR S

2@4 ((E + Mp - E; - “E - 53 4) -(:-;,,,‘- pi B, - pz' '54)?- )3/2. |
For M',, we can form only the: Q=0and I 2 combimuons. We calcu-
lated for ea,ch va.lue of M.g or M! 4 20 \mcert«.mtv 62\&4 oz 6M by usmg the
error matrix propagated by x{Ithi B For Lhe "8-::" events i“.hc half—w.dth r/2
of the resolution funcuon of M4 is 14.) Mev. and that of M' ty is 15 Mev {at

the rcgmn of 1000 Z\f ev) Eiowever. becamse of systemuc errom known to

exist in our track reconstruction, our esumate of T’/ 2 pvcbably ahould be

il

- For the "éw" a.nd ﬁxe “‘?~" events 1"/ 2 is a htﬂc emalle: .
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1, Figure la is the histogram of the ) VL‘% diutributian of the Q = 0

combination of the,_”éar" events.  The solid curve repre...emo the ba,ckground

distribution estimated from the {Q | = dmtx*xbutxon of the same evenm. .
{Smooth curve drawm through Qm! =2 rhstmbution) S R .' R ‘

Figures 1lb and ic are the hlutograms of the M4 diﬂ:mbutwn of the

_ el events. resp@c:tlvely'. wath Q= 0 a.zxd ]Q! = L- We use the [QI =1

and ]Q§ = 2 dzstribntions to estzmate thc phaae-apace d:.stmbutzon (mohd

curvea). In I?.'Lguz'e 1d we renormalue the iQ! =} distnbuman of the

Hgh évems and plot it agamstﬂw neutral dirﬂtmbuticn cf the same events, - B
Nene vaﬁhése ‘histograms sthé; any strong dis_écéo'rd 'v‘vieh.the .backgrouﬁd

distribution, | | | | |

In Fig. 2 we plot separatew the histogram of the neutral distribution

of M 4( w‘%w'w{.'ﬁ") .( Fig. 2a) and the histogram of the neutral dis%ri’outiqn

of M! 4( n’+w”w9wo) (Fig.- 2b). The solid curves represent the backgraund.
distributiah estimated {rom a smooth curve drawn ﬂx*buvh the sum of the
distributions of M (?r n&w w } and of M.'A(v' " -:r T )wﬁh f@i = 2 of the.
same events {Fig, 39;.). Figure 3b is the histogram of the sum of the neutral
distributions of M " and M 4° o

We don't find any statistically ‘sigmificant peak, but the neutral distribution

shows a suggestive deviation from the background at the region of 1040 Mev,

g ¢4 i:hiatpeakv really exists, it may be a rs:aaona%me with T=0 or T=1, It could

: {0 ' : :
come from a possible decay of the x"f' mesgon {spin 3‘0 T=O ‘parity odd) ox
the particle nrediééed by Chew an Frautschi (spin = 2, ‘1"‘-0, p«..nty eveza)

In thc lati.er case, it could alsco decay m@o two pionsx or two kacms. .

4

2, To estimate the rauo Ri{w - 41"/0.: Ak ) we *mﬁce ‘chat we have seen

in the same" smplc of } pp intemctfcmu 79 e mtexactwns of ihe form

Pip-= 20" + 29" A-%- w with @ -ﬂf ‘zi‘%"r T+ 1?0. 2‘_ If the wgroduced by the preceding
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reaction were to decégr by w > rr% +w 70 + _WO we would se.e them in our
CMUgpY events, Bub) the: distribution of M* (fr w 'zr w }(Fzg. Zb) doas not ahOW
anything over the paase wpace at the reazon 780 % 20 Mev. At this energy
the background is about: 26 pion qua.drupl@t's. 80 we can’ estlmte a maximum
of 10 pions quadrup}.@ts that could come from the: decay of the £ a.nd the uppez
limit of the ratio of R{w = L /o: e “r+'z" w ) is about. 12%.

if the W meaons produced by the reactwn B+p-—- Zw +2a + mﬁvere €§
decay into 207 + 24" . We would see thern in Lhe reaction p +p- 41r + 4u” .

We have only 4 2 of the latter reactiong, m T‘nis gwes :aa ma.ximum of S%t
for R{w ﬂ't' w'n+17-/w = atn"r’). We can then conch.de that the zatio .
| Riw = 47/w ﬁ+w T ) is less than 17%. and can very po:ssib!.y be zero, .

If the w produced by p+ p ~ 20" 420" + o were to decay in the _neutral
mode, it would show in the distribution of the missing mass of the rcaction
Pptp-— - 20 27" + nwo, By w -+ peuiral, we mecan the decays w - '.’m'o, w - Zy, :
and o - wo + y. Looking at the la iim:&' diste ibuﬁ:mn.‘ 3. Button et al, t reporied
seeing no "peak" at the region of 780 Mev, and, using our value of 0.6 .15 b
for the croeg section of the reacticnp + p = 2'?++ Za. +.wwith w - 'a'L w ot W, 2
they estimate R{w - neutral/w -l fxrg) 0,5 . 1

The small va}.ue of R{w—= 4ufw —~ ata"n ) agrees with a spin and parity -

'asaignmentmof 177 and zules out the '1 ,asaignmeni:, but does not rule out the -
pessibility of 0” for the spin and parity of the cmega mesoh,?

The ratio of R{w -~ neutral/w -9,17+-ﬁ'#0) is esﬁfnaﬁed'by Duerr and -
Hleisenberg to be larger than 3/2 for the o=t aaaignmem é.nd_ very small
(10,’4) for the 177 assignment, 7 Qur value of the two 'fa.t_idxa R{w-—= 4ﬁ/m*«>ﬂ+v.ﬁ0)
and R{w -» neutral/w - 'n+-a"'1i0). which can be ver?"smgll, ‘agrees with the
ams{ignmex:z"t and disagrees with the 0~ amaignmént for i:he_r apin and parity

of the w meson, . Since all other interpretations of spin and parity (with epin
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equal to or less than i) can be ruled out by the preéen& data, 6 w‘e conclude
‘that the spin and pa,ritiy of the w meson i3 most érobablyv 17, 'i“his agrees
with the conclusion realched by Stevenson et .a.l. »6 o |

3, To estimate the ratio of Ri{p-~ éﬁ/p - 2%) we use some resuita from

.3' Button et al, 1 They find about 386 p O with pg-b 1r+w and a‘oout 274 p thh- |

J.

p - x w by a.na,lyzing the reaction P +p —~ 27: + 2w + vro, from a smaller
sarple cf,uhe same P picture of our experiment, In our 1arger sample ﬂus ) E
- would correspond to 482 90 -** ‘w"!'ﬁ“ and 323 pi-@ s uoa If the p vmesous_pro-.."
duced by the same mechanism decay into pQ—w 2‘w+v+ 2% and pt-o -1r+wv"ﬁi -rro wé
would sec them in the M4 distributions of the "7¢" events (Fig, lb and lc).

. In the region around 750 Mev in these dzstm‘bumona we see nothing eaceedmg

&

phase space, and we‘estzmate,a maximum of 2% for R.(p: g ﬂ’+1\‘ W /p‘-? wow)
_and a maximum of 5% for- R(p&-» 'rﬁ noﬁ+w”/p=k» = 70)' ' .Tofestimat‘é the ratio
Mp - 4 Ty T =& g /p -y )we analyze carefuuy all the IQI
quad"uplets with effective mass m in the region 750+ 50 Mev {41 quadruplets)
In particular we compare the distribution of the effective mass of three pions
coming from these quadruplet with Q@ = 0 Qw+w'wg) to that with in }E(Wﬂ: % 1&';
'and w:k 1'::& wo) {the latter is used here ags an &zatimated’ba:,clk:ground);' In the region
- of 548 Mev (%10 Mev) we have 19 neutral triplets and 15 charged triplets,

This énables us to estimate the number of p ‘&» w& + % with 0 - T+w'w0 to be
4% 6, and the ratxomp -t m, - T T /p 4-& )tobe 1.2 2 O%., This
result agreeg very well with the estima,te by Rosenfeld et al,, who find ) |
R(p+'“ w+ + T;; -~ netttrai/p - zx.%w'!- vo)s 0'.,6% %1 The actual data on the v meson

+3

seem to rule out all spin parity assignments except 1° and 0 The theo-

retical ratio R{p - a ¥ n/p = ux) is very small for 0 . In the case of 1 '. this
' rai:m is not yet weu determined (25% fm:' almple pna.se-space ca.lculatxon, i

1% after Glachow and Sakural: “) We com:lude tha.t th.e small



~ .
2%

‘ ~Te o UCRL 10089
value of the ra.tzo R(p ~g+n/p > w + w) favors the 0 assignment for
the spin, panty, and G parity of the ¢ meson, whether thm ca.n rule out

- the 17 asszgnment depende on a more px ecise ca.lculation. :
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o FIGURL Lmemmns

Fzg. i. ‘%stcgrams of th.e dastnbutwn of u:ae effective masses ( ) of pwn o

P

quadmplets ; (a) ia fo:': quadruple&s of (p + p - 31? + 3-rr ) events thh
Q =0, (b) and (c) are for quadruplets of (“1“5 p e 3w+ + S;r v+ ™) evem‘:s
‘ wzfch Q = 0 and [Q] = 1, reapectwely. } In (d) and (c) distnbu‘aon (ahadcd

area.) is compared with the (b) distzibumon. , . | l (
I?ﬁxg. . ’Hmtograms of the dwtribution of effectwe ma.sses of neutral pion .

quadruplets of (1’)" + p - 311 4 37: + Z'ero) events* (a.) ia for dwtribmion of |

M ('n' w w T ). (b) is for dwtribution of M' ('n' " wowo) ’..'I’he same smooth

curve has been dra.wn on (a) and (b) | " | ‘ » o ; v
Fxg. 3. Histcgrams o£ the dxstmbutxon of effective maaaeavof pion qua;}ruplets -

of (P + p ~> 311 + 31: + 27 ) even&s' (a) is for qua.druplets with IQ[ = 2,

{b) is for qua.druplew Wzth Q= 0¢ The aame smooth curve haa been dra&m
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