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IS THE '11 M;ESON THE 0 -+ X MESON?* 

Arthur H. Rosenfeld,· D. Duane Carmony, and Remy T. Van de Wallet 

LCl,wrence Radiation Laboratory 
· ··University of California. · 1 

Bel"ltel~y, California 
' ,\' 

Feb~ary 20, · 1962 

Pevsner et a1. 1 discover~pd a. n1eson of mass 550;Mev which decays into 
- . . . ) 

+ - O d h ' ' 0 2 Th ' - 11 • . t . ..t.. ' b c - 1 . • v -rr 'IT at"'l. as 1sosp1n =· • . .. ey C<ll..!. ea. 1 'II, ~1.e name gtven y .... ~tura.:t 

·to his proposed second vector mesor1 (i. eo, a meson whose spin, parity, .and· 

0-parity we write as 1··). 3 . However, any 1= 0 con£igu1·ation of three pions 

must be antisymmetric in all pairs of pions. The original data were insufficient 

to make this test, but Bastien et al. later reported additional 7) events whose 

Dalitz plot tended ~otto satisfy this I= 0 symmetry. 4 Their alternative postu-

late was that 11 had po~itive G-parity and that the G·forbidden decay 11 -.. 3'ii' 

occured only because virtual photons carry off one unit of isospin. They 

concluded that Dalitz plots did seem to rule out all assi.gnments e:::.-::cept l ~·-

. -+ ··+ . . . . and 0 , and that, of these two, 0 fttted thc:n:r data shghtly bcttez·. /~.t c·.1;;ou~ 

the same time, Feinberg (unawaJ:e c.{ the o-+ evidence) poil:-~ted. ou.t th.at 

. u--) T) should be present in a so far Ul'l.I'eported mode of fJ cle:c;:;;y~ 

p - 11 + '~~'• 5 We find experimentally t11at this r.n.ode has a b:ta~1.chi2~.g f!·c":'.:~i·:>n 

f less than 0.6o/o and ooint out that this may be evidence that .1"~. hCJ.o e~;~-e;;l;, T)'il' . 4 . 

r! • · • i o·+ ~ w-pal·lty, lo e .• , s • .. 

It is well-established that p is a il .. + :mee6n with. mass 750 lviev, wicll:h 

r:: 100 Mev, and a two .. pion decay m.ode 0 

+ 0 . + p _,,. 11' ·r 'IT • 

via a p-wave. Each w has a. c.m. t.no:Li+,entum p = 350 Mev/c •. If li i~ 
1r. 

· 1 .... , then the 'l"fTr decay mode of p is allowed, 

+ + p -T}+r., 
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again via a p-wave with p ::: !23 JNlev/c. A crude estimate of ·the decay rate 
2 

is r(p- 11 w) ·'il:: .,· P 2 • __E_ (2S + l) R3, where the first factor accounts 
. . 1 +(pR) Inp 11 . 

£or p-wave barrier penetration0 p/n:i ·is the Lorentz-i~variant phase spacG. 
p 

(2S + 1) = 3 is the multiplicity of the . 1J spin;, and R. is some radius o£ 
'11 

interaction. We can write a simil<:l.l- expression for T'(p- 2'11"). X£ we assun1.e 

. equal radii R = 11/im for both processes, then ·,;ore £in.d6 
' ' 11' . . 

f'(p - 'l"l'il')/r (p - 271") ~ 1/4. . ... 

To compare the two decay modes. we chose a sample o(2000 events 

·, .·::- ' + + . 
'TI' · + p ,....;. p + •w · + neutrals 

produced in the 72•in. hydrogen bubble charnbar 7 by 1. 25-Bev/c + ·_r. ... 

. . + '~ + 0 
0£ these 0 l68~ fit the hy,poth.esis w · + p- p + -rr + r. , and 1100 of the 

16fH have a two-pion raass m+O frulil.'ll.g in the p pealt. v\re attribute 500 c£ 

these to p production 

+ ... 
'iT + p - p + ~ . (5) 

and subsequent decay according to l·eaction (1). 8 Corresponding to theae 500 

p - 2'R' ~vents, our estimate (3) calls for 5D0/4 ~ 125 fb-<> ~Ill' evm.1ts., a\i'oy; i:;.!.~ 

. ·. . ;· . -'~ .. 0 
Wlth £charged R:~ 1 4: :mto 11'. y; n • 

two-prong stars fulfilling the t•..vo condH:ions: 
( 

(a) ·1n(neutra.ls) = 550 :::· 7Mev, (b). m{ +, neut:i·als} = 750:.1: 50lvre·v. 

Instead, if the events are plotted in a two•dim.ension.al m(neutral. m( +. nm1t::cl) 

space, we ihl).d a fiat distl"ibution containing in the area of interest only five 

events, all of which appear to be pw+ 2.·rr0 background a1:1d of which at rnos'i: a 

few ( ~ t../5) can be attributed to p - TJ 
+ 9 + 1i • 

In summary o£ the experir.ae11tal ~S~itt1'.ation: 500p yield$ ,g ·q decayir1g 
'· 

via f , ·and thor. efore .S:. !3 ,.[5 = 3 ""'altogether; i.e., neutral ~ "1 
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r(p- 11 'ii)/r(p- 27i) < 3/500 = 0.6o/o, ~vvith an uncertainty o£ O.Zo/o. Since our 

estimate (3) was 25o/o· instead of 0.6% ~-- we COl'!clude either that our estimate 

must be too .high by a .factor !::! 40. or that p ~. 11 + iT is forbi~den by G parity 

and hence that. r~ is 0 ·+. 

In our expei·ienc~,Cirude phase ... spac~ estimates such as e;;.:pres:::don (3) 

are seldom wrong by large factors: -In other words, . where strong inte1·actions 

are involved. rates are uaually controlled only by phase-space factoi:s and 

selection rules. However, in this case we must point out that a..n independent 
. ' . . . 

, 
estimate o£ the strength of the p1r 'l'J

1 
..... vertex can be made based on the known 

..,o decay rate r( w0 - 2y) via the dispersion ~heory diagrarn of Fig. l,o (If. 'll 

is ~-a vector meson, the 1·-:- leg of tl~e diagrar:'l can be or..ly the w, and Ctell-
\ ' . . . .· ' . . ' 

·Mann et ale already used this diagram to calculate the strength, of o£ the 
. . ' . . . . l . . . • 

. . 10 
'11'. p w vertex. Xi the 'l1 .!!, a vedor mesqn, then the 'IT p n 1::-:- ve1·t~}>: will 

presumably be the dominant factor in 11° d(~cay). Glashow and Sakurai have 

used the 1rp, 1-- verte: as c~culated by Gell .. Mar.m et al. for the w meson ·~o 

calculate ~ ~idth for, the reaction we f.! ought. 

Since we know ,I1P ~,Z'iT) ~100 Mev. their version of our estirne.:.tc C)} is .::-J::r::::tt 

lo/o instead of our 25%, and we would ha:~na i8~l:;?ected to see O!!ly 300 X E.J ~< 3/tl::.: :~ 

events even for .a 1·- '1 meson. Hcimce~. as we warned, if aU t'b.ese co~-::.~L~';:c;.:.~.-:-::.::.a 

involving Fig. 1 are correct, fuen Ol.U" expe:r:i.m.ent rP..ay not be sufficiently 

sensitive to rule out the vector 'I!· 

As an alternate explanation for the slow rate of 1TO decay, Chew points out 

that the coupling between• ~ state of odd 0-parity necessarily involves heavy. 
• .•; •• ' '1 :" ~ • • I· • ' ·• o 

0 

intermediate pa.1•ticles~. ~d tha.t consequentLy the tll-a'/ mat:ri::( element cot:'.ld 
. . ....... ·'· ·. 

. . 11 .· 
be SUbStantially leSS than. e. rJ:'hen fue' ~fi '\1

1 
.. ., COUpling CO'I.Ud be 111:1.0r:::naJ., II 

and our estimate ( 3) would still be justified. 
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VIe conclude that·~'lis e:;:perirnent suggests th.at TJ, has '7ven Q-parity, 

but theoretical uncertainties are ~uch that, with .our data alone. we can. claim 

; 12 
no proof. 

. . 13 . . . I 

. In the "S ... :fold w'ay 01 Oell·}-vfa.nn predicted the four atrangeness ... zero 
. 11 . 

mesons listed in Table I, and named thenl 1r-p .. X -w.. Accordingly, it 

begins to appear as though the 11 should b(l'J :rechdstened X• Independent of the 

details of the eight-fold way, we note that these four mesons have spins, paritieso 

and G-parity consistent v.ith the model in which they· can dissociate into 'NN 

pairs, bound in -ls or 35 states. 
·. 0 1 

Table 1. Stra!!,g~~of zero mesons 

·Spin I 

0 

1 

J.> ... ( pscudoo.~_C)lar} 

~(.(0-+) 

w(O .... ) 

=============·----=============== 

and J. J. Sakurai for helpful discussions • 
. :·.r. 

Fig. 1. Decay of ·u.0 via vector.r.nesol".H3. '· ,, 

.I. 

. . ~ .. ·. 
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FOOTNOTES 

* Work sponsored by U. S. Atorr.d.c Energy Conunission. 

+ . 
·• On leave o£ absence from the Inter-University Institu.te for Nuclear Sciences, 

Brussels, Belgium. 
. . 
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