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Recent evidence has indicated that the 550-MeV,
T =0 three-pion resonance' may be a pseudoscalar
particle of positive G parity. '~' Assuming the cor-
rectness of these assignments (0 +), decays via
the strong interactions alone are essentially for-
bidden since the first strongly allowed final state,
that of four pions, is energetically suppressed.
We consider the following electromagnetically
permitted decay final states:

(a) m++w+y, (b) 3m, (c) 2y,

(d) (E')+e++e or (m')+ p,++ p, ,

and find their partial rates to be consistent with

the rather meager experimental evidence now

available, providing that process (b) is enhanced

by a strong final-state interaction.
The 550-MeV resonance, called the 1) meson (and

by some authors X), was identified originally by
its decay into z++z +z' which has a rate propor-
tional to n' (o. =1/137) if q is a 0 + state. The
final state (c) occurs in the same electromagnetic
order, while (a) is of order u. As we will show
later, (d) is actually of order n'. It would thus

appear at first sight that (a) should be the predom
inant final state, while phase-space considerations
indicate that (c) should predominate over (b) by a
factor of several hundred. This would be in strik-
ing disagreement with the experimental indica-
tions' that

I' (~+& y)/I' (all modes) & —,',
n

and that4
I' (all neutral modes)/I' (m+E m') =3.

n n

However, the presence of strong pion-pion inter-
action can completely change the above theoretical
estimates.

Consider first the decay of g into three pions.
The simplest allowed final state has all the pions
in relative 8 states. Let us assume now that there
is a strong interaction for two pions in a T =0, J
=0 state. Or as an alternative simple model, let
us assume the existence of a "particle'" having
the spin and parity 0+, and call it a. Then the 3m

decay of the q would proceed in two distinct steps:
g«g+7t', g m++m or 2m', where the first step
is an electromagnetic decay, while the second oc-
curs through a strong interaction. This mecha-
nism would have a definite effect on the Dalitz
plot of the q. For example, if 0 mere on its mass
shell and had a zero width, one would expect a
monoenergetic n'. The Dalitz plot of the Berkeley
group' does indeed show a marked asymmetry,
most of the m 's having momenta between 65 and
115 MeV/c. This fits a g "particle" having a mass
of about 370 MeV and a full width of about 50 MeV.
H the decay is dominated by this kind of process,
the ratio 1 &(3v )/I'&(m+m E' ) is practically given
by the decay ratio I"o(2E')/I'o(w+E ) which has the
value -', .

For a crude estimate of the ratio I'&(2y)/I'&(3E),
we note that the matrix elements for q g+m and

g «2y are of equal electromagnetic order a, and
using the fact that a 370-MeV 0 "particle" is prac-
tically on its mass shell in this process, we cal-
culate the ratio of the relevant two-body phase
space. Thus we get

r (2y) Em '/2

I" (3&) (&/2m ')[m '-(m '-m ')'][(m '-m ~-m ')'-4m 'm ']~'
g 7 'g 77 0 0

This would give a ratio of I'& (all neutrals)/
I'&(m+m m') = 5, which agrees roughly with ex-
periment.

To compare processes (a) and (c), we use the
"p-dominant model" of Gell-Mann, Sharp, and

Wagner. ' That is, we assume an electromagnetic
vertex ("black box") in which q p'+y, with a vir-
tual p' which goes to a y (Vpy) for process (c) or
alternatively to a charged pion pair (Vpz~) for
process (a). We use the following gauge and Lo-

460



VOLUME 8, NUMBER f 1 PHYSICAL REVIEW LETTERS JUNE 1, 1962

rentz invariant expressions for the vertices:

"black box, " Ke e k p~Py~ ot P y
(2)

V
pr

(, 2/~ ), (p), (y).
p p 0 p

(S)

The p's are the momenta, of the designated parti-
cles, the e's are the polarization vectors, and

fp~~, fp, and K are effective coupling constants.
The widths of (a) and (c) come out to be

K'(f /4m)m 'm '
r (~+m y)=-, , "x0.4,

7l 3m'm '
p

K'm 'n

16 w (f /4m)
p

(5)

(6)

In our notation, fp~z'/4m = 2, as determined from
a po width of 100 MeV, and f =f, assuming the

p resonance dominates the isovector form factor
of the nucleon. ' For the constant K' we estimate
on dimensional grounds a magnitude of n/mp,
again assuming that the relevant intermediate
mass is that of the p meson. The resulting par-
tial widths, computed from (5), (6), and (1) are

I' (2y) = 160 eV; I" (m+v y) =20 eV;
n

'
n

I'(Sm) = 50 eV.

Evidently the ratio of the partial widths for proc-
esses (a) and (c) is independent of the effective
constant K', and thus agrees with the ratio pre-
viously given in reference 6. By an obvious anal-
ogy we can calculate the 2y-decay width of the m'

meson from formula (6) using the same value for
K', since the relevant intermediate state is p+co.
(Note that m p

= m ~.) One obtains I'~o(2y) = 2.6 eV,

in good agreement, fortuitously, with experiment.
Regarding final states (d) containing a lepton

pair or a lepton pair and one or more neutral pi-
ons, the essential feature is that the charge con-
jugation number C =1, both for g and for 7t'. Thus
the lepton pair must have C=1, cannot be coupled
to a single internal photon, and must be a process
of order n'. In fact, it is further suppressed'
compared to q ~2y by the factor (me &/m&) .

In summary, we conclude that I'&(Sm) may be
enhanced by the presence of a strong two-pion in-
teraction ("ABC particle"?) to dominance over
1 (m+w y) and to a magnitude comparable to
I'&(2y). This would imply, assuming other final-
state interactions are less important, I'&(Sm')
= 2~1'&(m+m n'), so that the 2y final state predom-
inates among the neutral decay modes. The total
width of the g is estimated to be about 250 eV,
giving a lifetime of -3x10
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