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We show that the asymmetry in e + e ~2m, 3m due to interference between one-photon and two-photon terms

is quite large near the f, A, , and A2 resonance positions', but goes through a zero. The analysis of this

asymmetry can yield important information about the resonances and theories describing them.

I. INTRODUCTION

The lepton annihilation process is a very rich
and relatively clean source of information about
weak, electromagnetic, and strong interactions.
For example, the study of asymmetry in ee anni-
hilation into hadron resonances can provide evi-
dence for parity-violating interaction due to
neutral currents in gauge theories. 2 It can also
provide interesting knowledge about the interfer-
ence between the charge conjugation C = —1 had-
ron states produced by the one-photon intermedi-
ate state and the C =+ 1 hadron states produced
by the two-photon intermediate states. The ob-
servation of this effect in terms of asymmetries
in the states produced is important for several
reasons:

(i) It would be a test of quantum electrodynam-
ics.

(ii) It would allow us to determine the properties
of C =+ 1 hadron resonances, including their quan-
tum numbers, without having to worry about the
side effects due to "nonaligned" hadrons.

(iii) At the resonance positions, the interfer-
ence depends only on the absorptive part of the
two-photon amplitude and hence can be estimated
reliably, without having to depend unduly on the
strong-interaction models.

(iv) Away from the resonances, it provides us
with a test of the validity of the techniques for the
off -shell continuation of photon amplitudes.

The asymmetries due to the interference between
the one-photon and two-photon amplitudes are
generally expected to be of the order of the fine-
structure constant n, i.e. , about 1%. However,
because of some infrared effects, these asym-
metries may be significantly larger. ' For exam-
ple, the forward-backward asymmetry in
e+e - g++g, due to the interference between the
one-photon amplitude and the nonresonant two-
photon amplitude, and the interference between
the electron and pion bremsstrahlung amplitudes,
is about 3.5%. It is interesting to note that the
asymmetries may be considerably enhanced near
the C =+ 1 resonance positions and may be as

e(p, )+ e(p,)- v'(k, )+vgk, )

-v'(k, )+v (k,)+v'(kg

(1)

(2)

in the region of C =+ 1 resonances with J= 0, 1,2.
The lepton mass is neglected in all our calcula-
tions.

One first notes that the spin-averaged interfer-
ence between the J= 0 resonance term and the
single photon term is yroportional to the lepton
mass and is neglected for the processes (1) and
(2). The main results of the analysis are the
following:

(i) The asymmetry in the forward and backward
events for process (1), near the f -meson reso-
nance, is of the order of 15%, but goes to zero
within about half a width from the resonance.

(ii) The asymmetry, as a function of the azi-
muthal angle defined later, for process (2) near
the A, -meson resonance is about 20/q under cer-
tain restrictions, and goes to zero within a width
away from the resonance.

(iii) The corresponding asymmetry for process
(2) is nearly zero at the A, -meson resonance, but
is expected to be quite large, about 15% away
from the resonance.

(iv) The asymmetry for process (2) has another

large as 20/o, in which case they would be easily
observable.

At the C =+ 1 resonance positions, the one-pho-
ton amplitude interferes primarily with the ab-
sorptive part of the resonant two-photon amplitude.
Away from the resonance, however, the dispersive
part of the two-photon resonant amplitude, which
is quite large, will give the dominant contribution
to the asymmetry. Unfortunately, the evaluation
of the dispersive part of the two-photon amplitude
is quite complicated. However, one can obtain the
leading contributions coming from the soft-photon
region, and the implications of these results are
expected to be fairly reliable.

In this note, we discuss the results of an analy-
sis of the asymmetry due to the interference
between one-photon and two-photon amplitudes
for
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zero in between the positions of the A, , and A,
resonances, because of interference between the
contributions from these resonances.

It would indeed be very useful to observe these
effects, i.e. , the large asymmetries and the
zeros in them, experimentally.

T, =& (p,)(k, -k,) (p)
(

. ' . ), (3)

where p =p, +p„"=p', m, is the p-meson mass,
and I'~ is related to its width. The region of major
interest for the analysis of the asymmetry in this

II. ASYMMETRY IN e{p1) + e( p, ) n'(k, ) + m (k& )

With the assumption of vector-meson dominance,
the one-photon amplitude for this process is

process is around the f -meson resonance with
I= 0 and J= 2, which is produced through the two-
photon intermediate state. Therefore one must
calculate the two-photon amplitude inelu6jng the
final-state interaction in the I= 0, J=2 g3 state.
It may be noted that at the resonance, the asym-
metry is dominantly due to the interference of the
one-photon amplitude with the "absorptive" part
of the two-photon I= 0, J= 2 resonant amplitude,
while away from the resonance, it is doe mainly
to the interference of the one-photon amplitude
with the "dispersive" part of the two-yhoton, reso-
nant and nonresonant amplitudes. VVe evaluate the
required absorptive and dispersive parts of the
two-photon amplitude separately.

Absorptive part. The absorptive part of the
required two-photon amplitude is obtained from
Cutkosky rules':

2

absT, =, Jt d'q, d'q, 5 (p —q, —q,)5(q, ')8(q, g5(q, )8(q,gv(p, )y, „y„u(p,)B„„,2 8 2 (4)

B~.=(q. q.ks. qqi)-Bi+((q. Q)'g'~. -QsQ. qi q.+Q~qi. q2 Q-Q. q2sq2 Q)B2,

where Q = —,'(k, —k,) and B„B,are invariant amplitudes for the process

y~(q, )+y, (q2) -v'(k, )+w (k,)

described by 8„,. The helicity amplitudes are related to these invariant amplitudes by

(5)

S S —4'
T1 1= —— 81+ B,

T, , = (sin' 8')B, ,
s(s —4p

where the subscripts for T describe the helicities of y„(q,) and y„(qg, is is the pion mass, and F' is the
scattering angle in the center-of-mass (c.m. ) frame. We have used the representations

c„(q,) -=(0, —1/M2, —i/M, 0),

e,(q, )
-=(0, 1/M, i /M, 0)—,

=-,.(q.) = —&.i(qd

for the photon polarization vectors with helicity ~ 1.
The Born terms for the helicity amplitudes, due to pion-exchange diagrams and the seagull diagram,

are

a 2 2 2 I 1 1T»= —e'~k, ('(sin'8') + + 2e',

Ts, = e')k, ('(sin'8')
k

+
'Vl 1 92 1

where (k, )= —,'(s —4g')"'.
For obtaining the contribution of the f meson to Tj 1 and Tj 1 we first carry out the partial-wave projec-

tion of T„, and T~1, and retain only the J= 2 term. This results in

1
2 2-2. 2 1 1

Ts&,= ——,'(1 —3cos'8')I dcos8(1 —3cos28)(e2(k, ('sin'8) +
-1 ~1 1 72 1

(10)
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which tends to zero as p- 0, and

~l
T~z = ',—,'sin'8' dcos8(sin'8)(e'~k, ~'sin'8) +

"-1

these relations, according to (7), lead us to the corresponding invariant amplitudes

30e' 10 s s ' 2)k, ]
s~' —2]k, ]

s(s-4 ') 2
+

2/k i'+ 4/ki' sV' "s~'+2ik
/

(12)

and, for p-0,

BB BBs
2

However, this B, , which is independent of the scattering angle 8, does not contribute to the absorptive
part (4) of T,

The final-state interaction of the two pions is incorporated by writing dispersion relations for
sB2='(s)D~(s), where B2='(s) is the I= 0 projection of B, and D~ (s) is the D function for the I= 0, / =2 par-
tial-wave sr scattering amplitude. 'Ibis is justified by the analyticity properties of B, in (12). Approxi-
mating the left-hand discontinuity by the I= 0 projection of B„we get

( ) ( )
2 (' s'D~(s')ImB, (s')
v . s —s (14)

where the factor —, is due to isospin projections. Now, because of the steep behavior of (12) near s= 0, we
may put D (s')=D~(0) and obtain

(15}

We saturate the ss partial-wave scattering amplitude with the f meson so that we have, in the region of
interest,

2

B,(s)=, . -',B,(s),2 2 'p 3 2 y

where m is the mass of the f meson and I& is related to its width, and this allows us to calculate the ab-
sorptive part of the amplitude in (4). Finally, in the limit of g- 0, one has

10 ' 8
absT, = e'v (P,)((f, jf,)u(P,-)—s 9 ~ —s-fTy

where o. is the fine-structure constant, and 8 is the scattering angle for process (1) in the c.m. frame.
Dispersive part. For evaluating the dispersive part of the amplitude, we use the soft-photon calculation

of Brown and Mikaelian. They show that, in the soft-photon approximation, the amplitude is essentially
a point-pion amplitude multiplied by the single-photon form factor.

Consider the point-pion two-photon amplitude without the final-state interaction, which we call T,:

ie dq, dq, ~ 1
T2 (2 4 2 2 5 (ql + q2 P) U(P2} Y D 2 Yp (Psl)

27Kp Cx™
(2k, —q,}„(-2k, + q,}„(2k,—q,)„(-2k„+ qg„ (18)

where mis the lepton mass. This integral is quite complicated to evaluate. However, one can easily ob-
tain the leading contributions which one expects to come from the soft-photon region, i.e. , q, = 0 or q, = 0,
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or the soft-lepton region, i.e. , q] py or the soft-pion region, i.e., q, = k, or q, = k, . The leading contri-
bution, including the soft-photon bremsstrahlung processes, on multiplication by the pion form factor
will give'

2 2

P P

(19)

where X= 4(n, E)', b,E is the maximum energy of the soft photon emitted, and is taken to be 1% of —,'s&'. The
leading contributions of the in(s/m') or 1n(s/p ) type are not present in the soft-lepton and the soft-pion
contributions to the amplitude.

The final-state interaction is introduced in the I= 0, J= 2 state by subtracting the I= 0, J= 2 projection
from (19), and adding a. resonant I= 0, J= 2 amplitude, analogous to the absorptive part. The resulting
dispersive part of the two-photon amplitude is

2

dispT, = e'v (g)(P', —g,)u(p, )—s m&'- s-iI&
2 2

x —,ln — ~ ln(tan —,'8) + —,
' cos8- —,

' (cos8)
2m' ~ ~ L ~'- s-sP . (20)

Asymmetry. From the expressions (3), (17), and (20), one has, for the total amplitude for process (1),

2 2 2

T= e'v (p,)(g,—(f,)u(p, ) —q, . 1- ln — ln(tan —,'8)+ —,cos8- —,'cos8
s] mp2-s-irp v x mf —s —i ly

. 10acos8 ~'
9(~'-s-fr, ) I . (21)

The spin-averaged differential cross section from this amplitude, to order a, is

do 1+ Og+ 52dcos8 dcos8
(22)

where

Ggp

dcos8
ma'sin'8 mp

4& (mp'- s)'+ rp' '

8, = —2Re ln — [1n(tan28)+ —, cos8]2Q S 1

8, =+ 2Re ln — —,
' cos8+i, (m~'- s+ fr~)

2o s, . 10o.cos8

A more rigorous calculation should also include
symmetric contributions due to vertex and propa-
gator corrections which, as has been noted by

3
Brown and Mikaelian, may change the asymmetry
significantly, say by 20-25%. The approximations
introduced in the analysis of the final-state strong
interaction also may introduce errors of this
order.

At the f meson resonance, the contribution to
the asymmetry is primarily from the absorptive
part, since 5, is quite small, as also the first term
in 5,. The value of 5, for 8= 0 is 0.25 at s=mf'
which is in good agreement with an earlier esti-

mate' based on the universal coupling of the f
meson and another' based on the prediction of the
quark model, but disagrees with the estimate"
based on the Cabibbo-Radicati sum rule or finite-
energy sum rules and duality. Our result appears
to support the universal coupling of the f meson.

Away from the resonance, the contribution of
the dispersive term to 5, begins to dominate,
while 5, remains small. Furthermore, 5, has a
zero near s=~' so that the asymmetry itself is
found to have a zero at about s= m&'- 4I& . It is
convenient to represent this behavior in terms of
an asymmetry parameter
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F-B
A =F+B (23)

0.5

where F and B are the forward and backward events,
respectively. We find thatA 9% of the partial
cross section of 3X 10 ' cm', at the f-meson posi-
tion, with~= 1270 MeV and Iz= 17~ (MeV)',
but A = 0 at s' '= 1230 MeV. The expected behavior
of the asymmetry parameter near the resonance
is shown in Fig. 1, for two cases, one for 8& v/4
or 8& 3n/4, and another for all allowed values of
8.

The detailed observation of the rather striking
behavior of the asymmetry parameter which is
quite large, about+ 15%, but goes through a, zero
near the position of the f-meson resonance, would
provide important information about the amplitude
for f- 2y and a test for off-shell effects.

III. ASYMMETRY IN e(P I ) + e'Qz ) ~ m'' (k, ) + 7I (k2 ) + 7I' (k3 )

With the assumption of vector-meson dominance,
the one-photon amplitude for this process is

0.2-

Ol-

0.0

-0.2—

-0.3

FIG. 1. AsymmetryA in e+e 7I'++7(' . The dashed
line is for all allowed values of &, while the solid line
is for 8&x/4 or 0& 3r/4.

1
T~= ef v(p2)y&u(p~) e~e&k—~~k2ek, &

with

where m is the cg-meson mass, 8 is the mixing
angle for the vector nonet, s, = (p-k, ), and fo is
determined from &u decay to be fo /4m= 2/p . Here
(I| coupling to Sn is neglected. The region of inter-
est for the analysis of asymmetry in this process
corresponds to the positions of the A, and A, res-
onances. These resonances are produced through

e(p, )+e(p2) -p'(k)+v (k,), (24)

where k = k1+k3 Tbe absorptive part of the am-
plitude for this process, with two photons in the
intermediate state, is given by

the two-photon intermediate state. They decay
into the zp state and then, subsequently, the p
meson decays into 2p mesons. We first consider
the region around the A, resonance.

Az region. The two-photon amplitude is calcu-
lated in two parts, one for the absorptive part
and one for the dispersive part.

For calculating the absorptive part, consider
the helicity amplitudes for the process

abs+ '(k k2 pl p2) Is 2 g ~ 2 2 4j (ql q2 pl p2)+Qk k2 ql q2)& (p-q, —q2)
1 "dg1dg2

~ 4

m n - 010 ~20
(25)

where the A's are the helicity amplitudes for e(p,)+e(p,)-y„(q,)+y„(q,), the B's are the helicity ampli-
tudes for y„(q,)+y„(q,)-p„(k)+ v (k,), and i, j, m, n, and f are the helicities of e(p, ), e(p,), y„(q,),
y„(qg, and p+„(k), respectively. The Born terms for the amplitude A are from the lepton exchange dia-
grams,

p ~p
Ap. = e(p~.) ru ~ iy~+ )u(p. )~ (as)

while those for B are, as shown in Fig. 2, from the pion and p exchanges and a seagull diagram needed
for gauge invariance of the amplitude, i.e.,

eu~se qisk, (2k, )„qc s5 q—,ek, g (2k q, )„p-,—v
puu- Zp 2 .k 2 .k

+ vnvs qi q2)s12' (27)

g~ being the yv p+ coupling constant, whose value is f~ sin8 /(2(3)' 'g~). We calculate the helicity ampli-
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tudes for A and B and project out the partial wave 4= 2 to get

12-1 2+ 5e
&I/O ~ -I/O = -&1,2(81» AI)

1~1 2+
2

»4I/2 ~ I/O +I W (8lttjtl)

2

A';j', ,,t;—tt", ,(»„t,) ( ~ -1il 2+ Se
I/2 ~I/2 + 1. ,&(81t01)

I ~
I-3jo,I( . 02)l2(2) 'I,+], &I.I = &o,o(82»e2)(4 t++),

I~ I 2 ~ I ( 2»42)(~4 +-)t I I 2» I( 2t42)(4 I+ )t
(28)

~
(82 tjt2)(4 I'-) 1,1 +4»W( 2» 42)(4 +

I» I O»o( 2» 42)(4 ++)t I I +0» I( 2» 42)(2 ~ @I++)t

the remaining amplitudes being zero (we have neglected the lepton and pion masses, which is justified at
the energies under consideration) In .the above expressions, the 53's are the Wigner S functions, 8„$I
are the scattering and azimuthal angles in the center-of-mass frame for the process ee- yy, 8„p2 are
the corresponding angles for yy- p+m, and

4-2(3 '-1)+ 3x'—1)(x —1) I
x-1

+
x x+1

t+ = — ——+4m + (s-m ) ——(2-x)-2x(1-x) + (1-x) (1+x)ln+ egps 4s 2 4 2 3 x-1
2(2s) '/' 3 P 3 @+1

(29)

with x= (s+mo')/(s-mo'). The final-state inter-
action is taken into account in a way similar to
that for y+y- z+ +m, which leads to a multiplica-
tion of the /I's by a factor m„ /(m„—&-II& ),
where m„, is the mass of theA, meson and I'„, is
related to its width. We substitute these A and B
functions into (25), express the functions of

8„p2 in terms of functions of 8„(I), and of 8', Q'

(where 8', tjt' are the center-of-mass scattering

and azimuthal angles for the process ee- p'll ) by
using the relations

&'2 2 (82,42) = Q &so (8' 4'»~2 (81 AI)

and then carry out the integrations in (25). From
the orthogonality of the functions for the integra-
tion over the angles 81 (Itl of Ql we find that the
only nonvanishing absorptive parts are

»

I

I
I

I

Ai) y (

(a) ( b)
FIG. 2. Born diagrams for y&(q~) -y~ (q2) —p~(&)+m (k 2). Diagrams obtained from (a) and (b) by interchanging the

two photons should also be included.
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absTy/2, -y/2 abs T-y/2, j,/2

= t (s)3 l,*,(8', y'),

absT / /
———t(s)g) * (8', p'),

absT-i/2, ii2= t ( )+ i, i(-8

(31)

At this stage, it is convenient to choose a frame,
which we call the symmetric center-of-mass
frame, in which the z axis is along the direction
of k, ~k„and the x axis is along the direction of

k,. Defining, in this frame, 8 and (II) as the polar
and azimuthal angles af p„and g, p, as the azi-
muthal angles of k „k„we have

where

2 mA
t (s) = — t++

96wm '
mA '-s-irA

2 2

and the S functions are given by

(32)

cosg' = —sing cos(p-Q, ),
and corresponding to helicities ~ 1 for p+,

( )
2'/'[k J sin(@,-y, )

3 1 sin8'

(35)

S,',(8', p') = —,'(1+ eosg')(2cos8' —1),

(gi yi) —~&'i (81 yl)

= —,'(1- cosg')(2cosg'+ 1)e ie .

(33)

e "(k,-ki)„
E Tf)t =

2S2-m, +Sr,

and then symmetrizing with respect to g+ and p .
Note that we are using the amplitudes for the p
meson on the mass shell. This is justified, since
the dominant contribution comes from the kine-
matic region where s,= s,= mz .

Henceforth, we choose ft)' = 0, since we will not be
interested in the reactions with polarized ee
beams.

Finally, the amplitude for annihilation into
z+z z is obtained by multiplying the amplitudes in

(31) by the p-meson propagator and the proper
helicity projections of the amplitude for
p„(k)- v'(k, )+v'(kg, i.e. , by

x [+ sing sin(p, -p)+i cosg] . (38)

Using these equations in (34) we carry out the sub-
stitution and symmetrization described in the
previous paragraph. This would give us the two-

photon absorptive parts of the helicity amplitudes
for ee- 3m.

For estimating the dispersive part of the two-

photon amplitude, consider the amplitude for the
process (24) but without strong interaction, which

we call (To)„:

O
—S dqj dq2

(T2)u 2(2 X4 2 2 5 (el+ 12 A IIV Pvn'
77/

(3't)

%he leading contribution to this integral comes
from the sof t-photon region, i.e. , q, = 0 or q,= 0.
On multiplying the leading contribution, including
the sof t-photon bremsstrahlung processes, by the
form factor for the yap vertex, we obtain the dis-
persive part of the amplitude for process (24) with-

out final-state interaction:

1 m ' e' s x- cos8'
disp(T,')„=eg~v(p, p&u(p, ) e„~ssk»-k/, , —4, ln ln gs J ts m~ —s) 4s ~ y+ cosg' (38)

where x=(s+mi, ')/(s-mi, ), y= 1, 8' is defined in (30), and X= 4(bE)'; b E is the maximum energy of the

soft photon emitted and is taken to be about 1/o of s /2. The final-state interaction in the J=2 positive-

parity state is introduced by replacing the J= 2, positive-parity parts of the helicity amplitudes by the

resonant forms, analogous to the f-meson ease. Near theA, resonance, the resulting helicity amplitudes

which are nonzero are

dispT~/2 ~/2= dispT ~/2 j/2

2
1+cos8' PEA

= ir(s) (1+cosg') ln, —1.1(2cosg' —1)+ 1.1(2cos8' —1,'2- cos8' mA —s- irA
2 2-

dispT~/2, ~/2
= dispT'~/2, ~/2

(39)

= -ir(s)(1- cosg') ln
1 + cos8' —1.1(2cosg'+ 1)+ 1.1(2cosg'+ 1)

A2

2- cos8' mA —s- irA

where



ENHANCEMENT OF ASYMMETRY IN LEPTON ANNIHILATION. . ~

(40)

Finally, the amplitudes for the decay into z+ w z' are obtained by multiplying these amplitudes by the p-me-
son propagator and the proper helicity projections for the amplitudes for p„(k)- s+ (k,)+v'(kg, as was done
for the absorptive parts.

The spin-averaged differential cross section for process (2), in the A, region, is then given by

d'cr nP
dcos8 d(t) 64s'(2s)' (41)

where T, and T, are the one-photon and iwo-photon amplitudes, and the ranges of integration are ()(s —p)'
and 4p2 for s„and 2p'+ [& sP»~ Ik, l (s,—4p2)' '] for s„where IfJ = (s- s,—p')/2s' ', k„= (lk, l'+p')'~'
In (41), the relevant terms up to order o.' are

, Ik,l'Ik, l'sm'(g- 4,)sm'8, (42)

2 Re 1labsr2 = -2Re 2'21' *g~mt+- kl k212(2' '&m
po

lk, leos((i)-$, ) lk, Icos($-@,) m~, '

(43)
Plp +1' s j Strap

+ SI p fig~ s sI~

2g Re(T~dispT) = ~ v(s) Ik ~l Ik 2l sin ((t)~-(t)2)
pol

X
sin'8 1-sin8 cos(@-4)g

ln
sin'8 1-sin8 cos(@-(j),)

,' ~ ()', 2 ~ s' S os((-(,) s,— c' ~ ')s 2 ~ s)cocos((-y, ))

~

A 2
2

~
I

A 2

~ S~ C0s
2
~

~
2

~
I

p

~
I~ p

2

~
I

p

I

2

1 1 ' —1 (sin8) (cos28) (44)

Evaluating the above expressions near the resonance, i.e., at s' 2=m„=1310MeV, the differential
2

cross section is of the form
2

=a(sin 8+ok sin4) sin 8+ ac sin(j) sin8cos28),
dcos& dQ

where

a=2X10 ~3 cm',

b= 3.8,

0.35 mg221'g, mg~~(mg~' —s)
(m„,' —s)'+ I'„,' (m„,' —s)'+ F„,'

(45)

(46)

The asymmetry for this cross section is conveniently described in terms of the asymmetry parameter
A defined as

f, (do/d&p) d4) —f„(do/d4)) dQ

f'(do/d(t)) d4)+ f"(dv/dQ) d@
(4'I)

This parameter is plotted in Fig. 3 as a function of s' ' for two cases, one for the region 8 &/6 or
8& 5s/6 and the other for all allowed values of 8, with I'„,=~pm„, . Large asymmetries, of the order of
20%, with a zero in them near the A, resonance, are the striking results predicted. Observation of these
effects would give us a better understanding of the A., resonance and the final-state interaction.

A& region. The region near A, is of special importance for the analysis of the asymmetry for process
(2), because of the possible enhancement' of the effect of the weak neutral currents.

Ne first note that Bose statistics and angular-momentum conservation imply that the coupling of A, to
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two on-shell photons is zero. Therefore the absorptive part of the two-photon amplitude for process (2)
through the A, meson is zero. For calculating the dispersive part, we start with the leading soft-photon
expression (38}for the two-photon amplitude for process (24). The final-state interaction near the A,
region is introduced by replacing the J =1 positive-parity parts of the helicity amplitudes by their resonant
forms, analogous to the f meson case. Near the A, resonance, the resulting helicity amplitudes which
are nonzero are

disp T j.~2 -,g2= disp T

=is(*)(1~ oosd') 1,~ ' . —
1)

1+cos8' Nlg 2

2 —cos8' m„' - s —il „1 j.

i/n. -a/R = p -)./R. x/R

(48}

= —'s(s)(1 —oosd') 1,-, '
. 1),

1 + cos6) mg
2 —cos 6)' m„' —s —iI'„

l. j.

where m„, is ihe mass of A, meson and I'„, is related to its width, and 8' and r(s) are defined in (30) and

(40), respectively. As discussed earlier, the final amplitudes for the decay into w'w wo are obtained by
multiplying these helicity amplitudes by the p-meson propagator and the proper helicity projections for
the amplitudes for pt(k)-w'(k, )+ wo(k, ). The differential cross section for process (2), in theA, region,
is given to order n' by

d 0' m2 f ds, I ds,g (I T, l' ~ SRs(T;d'soT, )I,

where
~ T,]' is given in (42) and

+2Re(T*,disp T,) = ~P' 7(s)[ k, )'( k, ( sin'(@, —Q, )

sin'8 1 —sin& cos(4) —4),) sin'8 1 —s in 8 cos(4) —Q, )
s, -mn +iI'n 2+sin&cos(p —QR) s, -mn +iI'n 2+sin&cos(p —Q, )

ln ln

m»
1 ~ . 8. cos(Q-Q ) cos(4) —Q)

(49)

(50)

Evaluating near the resonance, i.e., at s' '= 1100
MeV, the differential cross section is of the form

2
= a'( is' n&a+b' sing sin'8+(wc' sing sin&),

(51)
where

0.3

0.2-

O.l-
g/' 10 33 2

b'= 3.8,

=S.d "" "'-', -1).(m„'- s)'+I „'
(52)

0.0
l300 w l 3SO l4PO

%~& op

The asymmetry parameter A, defined in (47),
resulting from this cross section in the A, region,
is plotted in Fig. 4 as a function of s' ', for two
cases, one for the region 8& w/6 or 8&5n/6, and
the other for all allowed values of 6I, with I"„,
= p, m&, . Once again the asymmetry is quite large
and goes through a zero near theA, -resonance
position. It may be noted that the experimental
value of r&, is still uncertain. " The detailed
observation of A in this region may be a good

-O.I-

-0.2-

-0.3

FIG. 3. Asymmetry% ine+e ~++a +r near the
A &-resonance region. The dashed line is for all allowed
values of 8, while the solid line is for 8 &x/6 or e & 5m/6.
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way of establishing the value of I'„, as well as
other characteristics of the A, , resonance.

A region of considerable interest for the anal-
ysis of the asymmetry is the region between the
positions of A, and A, resonances. Since the
positions of these two resonances are fairly close
to each other, their production amplitudes wil. l
interfere in the region in between. Consequently,
there wil. l be another zero in A, at about s' '
= 1200 MeV, for the case of 6 taking all allowed
values. Needless to say, the analysis of asym-
metry X for process (2}, around and in between
the positions of 4, and A, resonances, will pro-
vide very valuable information about the reso-
nances.

It may be noted that there is an asymmetry of
about 5% introduced by the interference' with the
possible weak neutral currents, but this inter-
ference is proportional to cos8 and can be easily
isolated by its parity violation, i.e., it changes
sign under 8-n —6.

IV. CONCLUSIONS

0.3

0.2-

O.l—

0.0
looo 1200r

—O.I-

-02-

-0.5

FIG. 4. Asymmetry' in e+e x++7| +x near the
A &-resonance region. The dashed line is for all. allowed
values of 0, while the solid line is for «m/6 or» 5m/6.

In conclusion, we feel that the asymmetry in
lepton annihilation into hadrons, at or near C =+1
resonance energies, will be large but will. go
through a zero in the nearby region. Its analysis
will give important information about the reso-
nances and the framework of their analysis.
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