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The product of the coupling constants for e xm and e 2y is estimated from a super-
convergent sum rule obtained from the helicity-flip amplitude of pion-Compton scatter-
ing. It is then used to show that the contributj. on of c (even C) to the process e+e —z x y
(to order u ) is about two orders of magnitude larger than that when the pions are in odd-
C states.

Recently it has been suggested' that the reac-
tion (to order e')

e '+ e —m'+ n + y

can be used to study the di-pion system in states
of even charge conjugation. In particular, it
would provide reliable information about the
existence of the e (4 =O', I=O) meson resonance
at 760 MeV. The diagram contributing to this
process is shown in Fig. 1(a). However, to the
same order cl', the diagrams of Fig. 1(b) would
also contribute where the two pitons have C odd.
The differential cross section do, for e 'e
-w'w y is proportional to (A+B~ . Under the
exchange of two pions S changes sign while A
does not; so dv„+do, is [A('+ ~B['. The mag-
nitude of B is known from the knowledge' of the
pion form factors. Thus from the measured
cross sections do, +dc + the amplitude ~A (' can
be isolated, and if ~ exists it would appear as a
resonance peak in A. Until such an experiment
is performed, it is worthwhile to give a theoreti-
cal estimate of the contribution of e to (1). This
requires a knowledge of the coupling ~- 2y, a
reliable estimate of which has not been given
previously.

In this Letter we first obtain a superconvergent
sum rule from the fixed-s dispersion relation
for the helicity-flip amplitude of pion Compton
scattering. Then saturating the sum rule by
appropriate meson resonances we estimate the
product of the coupling constants for e- mm and
e-2y. This, along with the assumption of vector-

{A)

e-

FIG. 1. Contributing diagrams to the process e+e
g+x y (to order e ).

meson dominance of the electromagnetic cur-
rents, is then used to calculate the contribution
of e to (1) when the colliding-beam energy is at
the p-meson resonance, for comparison with the
contribution of the diagrams in Fig. 1(b). It is
found that the former is about 10 times larger
than the latter (in cross section) and is a.iso
peaked [depending on the width I'(e- ww)]. Thus
a measurement of dc, +de, of (1) would un-

ambiguously settle the question of the existence
of e and determine the width of e-2m.

We consider the pion Compton scattering w'(q)
+ y(k) - w'(q')+ y(k'), the helicities of the initial
and final photons being denoted by A and A'. The
Lorentz-invariant helicity amplitudes are denoted
by M„„.(s, t, u). ' It has been shown' that the
amplitude M, ,/t is free of both s and t kinemat-
ic singularities and, further, sufficiently well be-
haved at large t so that one can write a fixed-s
unsubtr acted dispersion relation:

M, ,(s, t) 2e m, ' 1 ddt' 1m', -~(s, t') 1 du' ImM, ,(s, u')
t (m 2-s)(m, l-u) w J t'-t t' w u'-u 2m 2-s-u' (2)

where the first term on the right-hand side of (2) is the one-pion Born contribution. In a purely Reg-
geized world, the large-t behavior of M, ,(s, t)/t is given by t ' ', where the trajectory e(s) is one
for which o.(m, ') =0. Since the slope of a is positive, n(s) &0 for s &m, ', and M, ,-/t would decrease
faster than t ' for large t. Thus, from (2) we obtain a superconvergent sum rule4

1 1 ",ImM, ,(s =0, t') 1 ",ImM, ,(s=0, u')
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where we have put s =0 in (3).
We saturate the sum rules (3) with e and f meson resonances in the t channel and A, and A, mesons

in the u channel. We define

(2~)'(4q.q. ')'"&~(q), ~(-q')
I ~(p) &

=g,.
(2m) (4kpo')'~~(y(-k), y(k') I e(p)) =emg, »[k k'6„, .-k„.k„]e„(-k)e, (k),

(»P(4q.q.P"&~(q), ~(-q) If(P)) =g„.Q,Q, ~, „(P),

(2m)3(4k@0')'~'(y(-k), y(k) If(p)) =e (g&2 [k k'6. ..-k„k, .']K+, , +g» ' [(k k')26, ,6...,

(4)

(5)

(6)

-k k'(5„,k,. , 'k„,-6...,k„'k, )+k„'k,k, , k„,]

x~, (-k)~. (k)~„(p), (7)

(2m)'(4qpo')' '(w(q), y(-k. ') IA,(p))=eg„,y[q k'6, .~-q.„.k ']e„.(-k)e„"&(p),

(2~)'(4qp. ')'"(~(q), y(-k') IA, (P)&=eg~ .,'~. .~„q.k ~'~„(p)(q+k') „
(8)

(9)

where ~ "~ and &,„."' are the polarization vector and tensor for A, and A, .
The contributions of e, f, A„and A, meson resonances to ImM, ,(s, t) are then calculated to be

Indm, ,"(s, t) = ,'ne'tg„—,g„~6(t m, '-),

ImM, (s, t) = Bmetg» g'» [(s-m, ) +t(s-m, )+ ~t(2t+m, )]5(t-m& ),

ImM, ~~"~~(s, u) =-w4e~tg~ ~&2u6(u-m„m),

ImM, , 2 (s, u) = -m3~2e'tg, '[(2m, '-2s-u)u+ m, '(s+u-2m, 2)]5(u-m ),

where gf 2 y gf 2 y gf 2 y'.
Using (10)-(13) in (3), we obtain

(10)

(12)

(13)

(14)

&g~,,&'= (0.462+ 0.069)/GeV',

g„,,&'= (0.04+ 1.14)/GeV', (15)

where we have used the experimental informa-
tion I'(v -my) = 1.19+0.33 MeV. ' From I'(f -2&)
=151+25 MeV and I'(f-2m'2m ) &6 MeV, ' along
with vector dominance, we get

Ig...I =(1.82' 0.14) x 10'/GeV,

Ig& &I &0.845/GeV'.

Now using (16), (17), and (15) in (14), we obtain

(16)

(17)

g«,g„zg-2.056+ 0.60 (dimensionless). (18)

where we have neglected terms of the order of
m„2 compared with mf2, etc. From the Pagels-
Harari' and Singh' sum rules, we obtain

! tribution of e to the process (1). As already
pointed out by Creutz and Einhorn, ' the contri-
bution of Fig. 2(a) can be enhanced compared
with that of the diagrams in Fig. 1(b) by setting
the colliding-beam energy to the p-meson reso-
nance (1020 MeV). To minimize the contribu-
tions of external bremsstrahlung from pions one
has to observe a hard photon at right angles to
the beam direction (in the e+e rest system) and
the pions coming out symmetrically about the
photon direction. In this configuration we write

We should point out that the superconvergent re-
lation predicts g«~g, » to be a constant, while
from perturbation theory one obtains g,» to be
proportional' to g,

%e are now in a position to calculate the con- FIG. 2. c- and p-meson dominance of Fig. 1(a}.
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g. w mgerpy cos
gq

(20)

where 0„ is the ~-p mixing angle and ip given by
cos8& =0.768 from the mass formula. Using (20)
in (19) and taking t = m, ', we obtain

(21)

which is an order of magnitude larger than the
corresponding expression given by Creutz and
Einhorn. '

The spin-average contribution from the dia-
grams of Fig. 1(b) is given by Creutz and Ein-
horn and is equal to (approximating the pion form
factor by p meson resonance)

e ppl
(22)

= 2e'/r, ', (23)

where we have used m, =mz in (22). Using 1 ~
3.9 MeV, rp=125 MeV, 'and r, =300 MeVln

(21) and (23), we get

I&l'/I&I'& 8.98»0'. (24)

Thus, IXI' is about two orders larger than I BI'.
The reason for the relative enhancement of the
term IX I' in the present paper over that of Creutz
and Einhorn' is our estimate g«„'g«„'/g~'

the contribution of the diagram of Fig. 2 as

g g, 1 m (my-t)
8 (t-m, ')'+ m, 'I', ' g~' I'q' m ~'

where we have set the beam energy to m&'

From (18), and the assumption of vector domi-
nance, we have

~ 0.163 IEq. (20) ], which is about 2—,
' times the

value assumed by these authors. We also ob-
serve that the expression (21) is inversely pro-
protional to the width f'(e -2&), while the corre-
sponding expression given by Creutz and Einhorn
is independent of &(e —2&). Moreover, expres-
sion (24) is peaked between 0.6m' and 0.9m' in t
depending upon the width 1 (e —2v), 500-300 Me'ii'.

Thus, a measurement of do+ +do' + of (1) would
determine the width &(e - 2&) unambiguously.

Details of this work and also that of kaon Comp-
ton scattering to find the effect of & meson reso-
nance on e e -KKy and e+e -&'g'y will be pub-
lished elsewhere.
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