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An approach to the g —+3m decays based on y-n mixing and resonant final-state interactions is presented. It
successfully accounts for the experimental data and circumvents the diNculties of the traditional (current-algebra)
approach. The value for the G-parity-violating coupling constant ~g ~

= 0.067 +0.013 is deduced from the data.

where s-=(q'+q )'=(P q')', s,-= s (M„'+2p, '+ ls,')
~0.12 GeV' corresponds to the center of' the
Dalitz plot and P(M„), q (p, ), and q(it, ) are the
ti, w', and w' four-momenta (masses). The
slope parameter a is found to be almost real and
its value'

(2)a= Res= -0.55+ 0.04

gives an accurate description of the amplitude in
the whole Dalitz region, i.e. , for 4ps &s &(M„
—p.,)s = 8.7 y. '. In particular, assuming that this
simple linear behavior can be extrapolated to
nonphysical values (soft-pion limits), one expects

A ' '(s = 0.030 GeV' =ps) = 0,
A+ '(s= M„')=3.0A.

(3a)

(3b)

By contrast, the density of points in the Dalitz
plot for the g- 3m' decay and the corresponding
amplitude A."' have been observed" to be com-
patible with a constant. The partial widths of the
p- m'm m' and g-3m' decays can be deduced
from the experimental result" I'(ti- yy} = 324+46

The understanding of the electromagnetic (EM)
decays g- n'm m' and g- 3n' has been a long-
standing difficulty' ' for current algebra and
partial conservation of axial-vector currents
(PCAC). Recently, ' ' the problem has been
reconsidered from more modern (and more specu-
lative) points of view and interest has been re-
newed in it. A definite and convincing explanation
for all the aspects of the problem seems, -how-

ever, to be still lacking. Our purpose consists in
presenting an unconventional description of these
q decays which circumvents the traditional diffi-
culties and accounts for the available data in a
rather natural way.

The relevant experimental information concern-
ing q- 3m decyas can be briefly summarized as
follows. There is strong evidence that the g

n+m' m' amplitude admits the linear parametriza-
tion"

A' '(s) =A[1+3a(s, —s)/2M„(Ms —2p, —it,)],

eV and the corresponding branching ratios. ' They
turn out to be

I'(ti w'w w')=200+29 eV,

I'(ti- 3w') = 276+43 ev.

(4a)

(4b)

[The Particle Data Group' (PDG) average for Eq.
(4b) is I'(tI- 3w') = 255+ 37 GeV. Our value (4b)
comes from Eq. (4a) and the mean value I'(ti- 3w')/
I'(ti- w'w w') = 1.38+ 0.08 deduced from all the
experimental results which are insensitive to the
controversial ti- w yy decay mode. ']

The theoretical attempts to account for the pre-
ceding data have been traditionally performed in
the context of current algebra and soft-pion tech-
niques. ' As Sutherland' first noticed, the applica-
tion of these techniques to either charged pion in
the g- m ~ 71' amplitude leads to the unambiguous
predictionA' '(s= it' ) =0, which is in excellent
agreement with the extrapolated value quoted in
Eq. (3a}. Such an impressive success of this
approach contrasts, however, with its inability
to account for the remaining features of the data.
Indeed, taking the soft limit for the neutral pion
leads to A. + '(s=M„') = 0, in clear disagreement
with Eq. (3b). For this and other theoretical rea-
sons, "a tadpole term" was added to the initial,
purely photonic interaction Lagrangian. ' As a
result, the successful prediction for s= p.' was
preserved and the vanishing of the amplitude at
s=M „' could be avoided, but the value of A' '(s
=M„'}was still substantially lower" than the ex-
perimental one. The strategy of the recent work
on the subject has mainly consisted in incorporating
the appropriate enhancement mechanisms into
the previous, traditional approach. Some interest-
ing examples of these mechanisms are the intro-
duction of large contributions coming from exotic
q'q' scalar mesons' or from threshold effects in
the pion-pion system, ' the use of SU(3) && SU(3)
chiral symmetry with large mass differences for
the u and d current quarks, 4 and the possible rele-
vance of the U(1) problem. '

In the present paper the q- 3m decays will be
discussed from a different point of view. For
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convenience, we perform an isospin analysis of
the I=1, 3m final states and distinguish between
two types of contributions to the amplitudes A. '"'
and A"'. The first type contains the channels with
an I =1 intermediate dipion system and con-
tributes exclusively to &' '. Being dynamically
dominated by the p'-meson poles, this I=1 am-
plitude will be denoted A~(s) and it will be shown
to supply the appropriate s dependence to A+ '(z).
The remaining, second type of amplitude, con-
taining the channels with I= 0 and 2 dipion states,
contributes to both A. '"' and A"'. Isospin and
Bose-symmetry arguments allow us to write

A' '(s)=A+Ap(s),
oooo= 3W

(6a)

where use has been made of our main assumption,
namely, that the non-p-dominated amplitude A.

is approximately s independent. The necessity of
such an assumption is obvious from the observed"
constancy of ~"', and its partial justification on
dynamical grounds will be attempted later on.

The p contribution proceeds through the decay
chain g-p'm'-m'w m' and is readily evaluated to
be

(&+a ) (e'-e)
m p' —(q'+ q)' —i m pr p

(&+e') (e -e)
m p' —(q + q)' —im

p r p

(6)

where Xg~„—=gz„, is the G-parity-violating
coupling constant associated with the first step
and~ gz«'/4g = 12 I'(p —n w)/m ~(1 —4 p, '/mz')'~'
= 3.0+ 0, 1 describes the final strong decay. The
p propagators appearing in Eq. (6) can be reason-
ably approximated by their common value at the
center of the Dalitz plot (the error introduced is
smaller than -8'fq) and, then, one obtains

m p
—So,—SPPSp, j.

p (So)

Therefore, having imposed the constancy of A'"
= 3A., the p contributions are able to reproduce the
s dependence of A' '(s) in the whole physical re-
gion, where no potentially dangerous extrapola-
tions are needed.

A more quantitative description of the q-3m
data can be immediately achieved by fixing our
two independent parameters A and A, = gz„,/gz„.
Neglecting (see below) possible phase differences
between A and A~(s)—as suggested by the experi-
mental results (1) and (2)—and introducing the
PDG-compilation values' for M„, p, , p.„m~, and

F&, one can deduce

IA I=0.20+ 0.02,

A. = 0.011+0.002

(Sa)

(Sb)

from the experimental values quoted in Eqs. (2)
and (4a). Similarly, from Eq. (4b) one obtains

IAI =0.23~0.02 (Sc)

A= X m, r, /Im, ''- s, —im, r, (s,)].32r
(lo)

The relative phase between the amplitudes A~(s)
and A, i.e. , the phase of a, can be deduced from

in reasonable agreement with Eq. (8a). Our result
(Sb) leads to Ig~„~ I= 0.067+ 0.013 representing a
rather safe and accurate determination of the EM
pg7T coupling.

In the rest of this paper we try to give some
plausibility to our previous assumptions and to
show that the values of A and X quoted in Eqs. (8)
could have been estimated from independent
sources of experimental information. To this end,
one has to introduce the well-known g-n' mixing"
which is directly connected with A,. In this context
the value of X is found to be" A. = 0.012 or A. = 0.0107
if a linear or quadratic mass formula for the
pseudoscalar-meson masses' which includes EM
effects" is used. From a combined study" of
baryon and meson mass splittings, p-~ mixing,
and g-3m decays one similarly obtains A= 0.013
+ 0.002. Finally, from the difference in binding
energies in light hypernuclei, one finds" g(AAn)
= —0.027g(AZs), which implies X= 0.012, after
correcting for similar AZ'-mixing effects. " In
summary, the available information on the param-
eter A. is consistent with our value quoted in Eq.
(Sb).

Similarly, in the present approach, it seems
natural to associate the amplitude A with the
contributions coming from scalar-meson inter-
mediate states. Some aspects of these contribu-
tions have already been considered by other
authors"'" when dealing with the g- Sm problem
and, with minor modifications, when describing
the related g'- gem strong decay. " The dominant
contribution to A' ' comes from the lowest-
lying e(700) state which couples to w'q through the
n' content of the physical g originated, as in the
pgm case, by EM g-w' mixing and thus satisfying

Zpq n /Zpn m
= Zev w/tn w

)
„32m m, I', (1 —4p, '/m, ') '~'

3 m, ' —s —im, I',(s)

independently of the qp or p'q' quark content of
e(700). The assumed constancy of A is now an
approximate consequence of the small range of
variation of s around s„4s=+2.6p.'«m, ', which
allows the transformations of Eq. (9) into
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Eqs. (1), (7), and (10) giving

3g,'vv M, (M„—3p) m, ' —s„—im, l', (s„)

(11)

which leads to the required small phase due to the
smallness of m, I', (s,) -m~1"~(s,) at s= s,. Final-
ly, for the reasonable input m, -m& and F, = 360
MeV, Eq. (11) reproduces the experimental re
suit (2) for a, and Eqs. (8b) and (9) give 4=0.20
in good agreement with Eqs. (8a) and (8c).

In conclusion, a satisfactory description of the
g- m'n m' and g-3m' decays can be achieved in a
simple framework incorporating g -m' EM mixing
and resonant final-state interactions. Among
these, a definite p contribution, which plays an
essential role in order to account for the w'-

energy dependence in the q-m'm m' Dalitz plot,
can be extracted from the data. It leads to the
accurate value for the modulus of the EM pgw
coupling constant ~g~„)=Xgz„——0.06V + 0 01.3
for which no other estimates are known.
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