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We comment on the forward-backward asymmetry in the reaction e+e —p+p due to the
possible existence of parity-nonconserving weak neutral interactions. Estimates are giv-
en for the possibilities that such an interaction is mediated either by a very massive vec-
tor boson or by the recently discovered J(3105) or P'(3695) particles.

As a result of the discovery of weak neutral currents' and the development of gauge theories, ' the
search for parity nonconservation in neutral weak processes has received renewed interest. ' ' Fur-
thermore, the recent discovery of the J(3105)'' and p'(3695)' particles offers the possibility that these
particles might be the bosons mediating such interactions. In this note, we suggest a search for pari-
ty-nonconserving effects in the reaction e'e —g'p. in the J and P regions and, if these particles do
not mediate parity-nonconserving interactions, in the continuum region. The latter case can provide
us with a rather stringent bound on the strength of the intera. ction in addition to those obtained in Ref. 5.

In the presence of parity-nonconserving, but time-reversal-invariant, interactions, charge-conjuga-
tion invariance is also violated. The interaction Hamiltonian for the leptons can be written as

X =e g,y, 7'„y, A +g,g, g, ,y, y„(a, , +ib, , y, ) y'W, "+g,(g,„/W2) q, 7 „(1+zy,) g„W,",
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where the first term is the usual electromagnetic interaction. The summation over l is for E= p. , e and
that over i for any possible weak neutral boson 8'; with mass M;. The parameters a;, and b;, represent
the relative strength of the parity-conserving and -nonconserving interactions and are normalized, i.e. ,
a, ,'+f), ,'=1. Prom Eq. (1), it is straightforward to show that the cross section for e'e - p'p is giv-
en by

g g)4g g ( +f' ~ )( +~ b

(4))u)';, (s —m + im;F;)(s —m, ' —im, I',)

2s 4g g 5 5 2s2

4sts; s —m,.'sim, . i'; ' ' (4ss)' (s —m im;I';)(s —m,.* —im, I';)

do' do
— d cos0, o~= d coso.

d cos0 ~ d cose

(i) We first discuss the possibility that the weak
interaction is mediated by a very massive boson,
as in gauge theories. Then, the weak-interaction
contribution is

8geg p~g ~ p gggp
4 4wo.M 2 4mnM ' (4)

For M„»s and g, g„/M '-GF, q„„k is of the
order of (5x10 4 GeV 2)s, while the contribution
from the interference between the two-photon and
one-photon processes is of the order of a few
percent. But, since this electromagnetic. contri-
bution can be exactly calculated, we can still
learn about the weak interaction. For example,

where coso is the relative angle between e and
in the center-of-mass frame, s is the square

of the total invariant mass, F; is the width of the
boson W;, and g;, =2(a;,b„,ai„b».+a=b) ()],,[ 1),
Because of the y,y" interaction, the cross section
is, although apparently parity invariant, asym-
metric under the interchange of p,

' and p. alone.
This charge asymmetry results in the forward-
backward asymmetry as given by the cos0 term
in Eq. (2). In terms of partial-wave amplitudes,
the asymmetry simply follows from the interfer-
ence of the 'S, and 'P, amplitudes, which have
both opposite parities and opposite charge-conju-
gation properties. The higher-order electromag-
netic interactions, such as the interference be-
tween two-photon and one-photon processes, can
also give rise to a forward-backward asymmetry. '
In the following, their effects will be discussed
together with the effects due to the weak interac-
tion. We define the forward-backward asymme-
try parameter as

n=(&z- os)/(&s+ &s),

where

if a relatively simple measurement of g „~ is
performed at s -50 GeV' to a 10/o level, we can
obtain a bound

Ig, g„b, b&/M~'I &-,' x10 ' GeV '

if Inweakl & 10%.
(5)

Using the notations of Ref. 5, we have equivalently

where the above parameters are related to the
parameters in Eq. (1) by

Ee)I GF/2))QV 2 gag))f)g~)I/MMI ~

Similarly, if we can subtract the Coulomb-scat-
tering contribution in the reaction e 'e -e+e,
we can obtain a comparable bound for c«""and,
including hadronic form factors, we can also
study the two-body hadronic final states to obtain
bounds for &,„"".These types of effects on the
weak neutral currents and the bounds are at least
as stringent as the ones considered in Ref. 5.

Although it is relatively simple to obtain bounds,
it may not be practical to perform precise mea-
surements on the weak contributions to the asym-
metry. For example, if M '»s and g, g„/M '
- GF/v 2, e,„""-2))'o.=0.05, it would require 10'
events to measure a few percent asymmetry. In
this case, it may be more feasible to detect pari-
ty-nonconserving effects in atomic physics. ' '"
Qn the other hand, if the vector mesons are rela-
tively light, such as being the J(3105) and/or
P'(3695), resonances can greatly enhance the ef-
fects.

(ii) We now discuss the possibility that the J'

and/or g' particles may mediate a parity-noncon-
serving weak interaction. Let us first point out
the numerical proximity between the coupling
strength for neutrino-electron scattering as ob-
served in Gargamelle and that for e 'e —J or g'.
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From Eq. (1), the total cross section for v„e -v&e is

ve) g 4i&+i&+ie8ie(& & + Q Q )2~

while experimentally, we have'

o(ve - ve) s(0.8 x10 "cm'/GeV)F-„.

Comparison between Eqs. (7) and (8) yields

(g,2/4m) g,2/4m s 8 x 10 '2

To obtain an estimate of the coupling strength in
e 'e -Z or g', we employ unitarity, which re-
sults in

m+I/2J, o(e 'e —anything) d& = &g,'/4m, (10)

where the background subtractions near these
resonances are negligible. For m = 3105 MeV,
the integral in Eq, (10) is approximately 6000 nb

MeV, which yields

g, '/4v =3x10 '

Notice that the results in Eqs. (9) and (11) are
comparable to each other if lg„[-lg, [.

If J or P' can have a y, y& coupling to the leptons
and $ & n, then the asymmetry in the resonance
regions is dominated by the weak interaction.
From Eqs. (2) and (3), we have

n= (12)

We strongly urge the measurements on d&/d cos0
or q which will provide important: understanding
of these new particles.

As a result of the extreme narrowness of these
resonances, the asymmetry mill rapidly decrease
by orders of magnitude even when ds is only a
few hundred MeV away from the peaks and, un-

like the high-m case, it will decrease with in-

I creasing s.
To conclude, we strongly urge the measure-

ment of the asymmetry in e 'e —p,
'

p, . Although
a confirmation of the existence of the asymmetry
cannot be regarded as conclusive evidence for
the interaction given by Eq. (1), such will be an
intriguing possibility. An absence of the asym-
metry will also provide very stringent bounds on
the parity-nonconser ving interactions.
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