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We use a detailed dispersion-theoretic model for pion production in the (3, 3)-resonance
region to calculate the ratio

(T(pp +n ~ pp +n + x ) + 0'(pal +p p p +p + 7f )
2o(v~+n ~p +P + m )

in the Weinberg weak-interaction theory. We find that I = 2 contributions do not substantially
modify the earlier static model calculation of R given by B. W. Lee.

Neutral-pion production by neutrinos appears to
be one of the best reactions for searching for the
hadronic weak neutral current predicted by the
Weinberg weak-interaction theory. ' In fact, if one
accepts the bound

sin'e~ ~ 0.35

given by Gurr, Reines, and Sobel, ' the static-mod-
el calculation by B. W. Lee' of

a(v„+n- v„+n+v')+o(v„+p- v„+p+v')
2o(v„+n- g +P+v )

0

(2)
in the Weinberg theory is already in conflict with
existing experiments4 in complex nuclei. Two es-
sential cautions are necessary, however, before
concluding that the Weinberg theory is ruled out.
First, charge-exchange effects are important in
complex nuclei, and may result in an experimen-
tally measured value of R which is smaller than
the true single-nucleon-target value by a factor of
up to 2.' Second, the static-model approximation,
which neglects I=-,' s-channel contributions to the
reactions in Eq. (2), has the effect of overestimat-
ing R.' If the I= ,' corrections ar—e large enough,
then, together with charge-exchange corrections,
they may move experiment and theory back into
agreement.

In this note we report the results of calculating
I

the I= —,
' corrections to R using the detailed disper-

sion-theoretic model of weak pion production in
the (3, 3)-resonance region which we developed
some time ago. ' The model is basically a gener-
alization to weak pion production of the old CGLN
model for pion photoproduction. ' Nonresonant
multipoles are treated in the Born approximation, '
while the resonant (3, 3)-channel multipoles are
obtained from the Born approximation by a unitar-
ization procedure. The model is in excellent
agreement with pion photoproduction data, ' agrees
well with pion electroproduction data up to a four-
momentum transfer of k' =0.5 (GeV/c)', ' and is al-
so in satisfactory accord with the recent Argonne
measurements of weak pion production. " Because
all terms contributing to the weak-production am-
plitude in the model are proportional to nucleon
elastic form factors, the model fails badly in the
region k'» 0.5 (GeV/c)', where scaling effects be-
come visible and leptonic inelastic cross sections
decrease more slowly with increasing k' than elas-
tic form factors squared. Fortunately, this re-
gion of large k' makes a relatively small contribu-
tion to the individual cross sections in Eq. (2), and
the errors will furthermore tend to cancel between
numerator and denominator.

In the Weinberg model, the effective Lagrangian
for the semileptonic strangeness-conserving weak
interactions is

2 = ~ cos8c $ Vy~(1+y, )v„(J&,
'+iJ ~'+ Z"„'+i/ z')

+ v„y&,(1+y,)v„[J"„'(I—2 sin'8~)+ J ~' —2 sin'8~ J~~]+ ~ ~ ], (3)

where we have shown both the charged- and the neutral-current terms contributing to Eq. (2). In terms of
the isospin matrix elements defined in Eqs. (2B.4) and (2B.5) of Ref. 7, the hadronic matrix element of the
neutral current is

(vN~J"'(I —2sin'8 )+J"'—2sin'8~J )N) =(1 —2sin'8~)[a~s" V„"' +a~"' V„"' ]out

—2sine a V +a'A' +a' A"sin gr ag y +a@ ), +a@ (4)
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The amplitudes appearing in Eq. (4) are all ones
which appear in either the pion-electroproduction
or the weak-production calculations of Ref. 7, and
so R can be evaluated by a simple adaptation of the
computer routines used in the earlier work. The
result of such a calculation is shown in Fig. 1,
where we have assumed an incident lab neutrino
energy k„=1 GeV and a nucleon axial-vector elas-
tic form factor

1.24 (5b
[l+Q /(l Geg/c) j' '

and have integrated over the (3, 3)-resonance re
gion up to a maximum isobar mass of W =1.47
GeV. Curve a gives the result obtained from our
model when both resonant and nonresonant multi-
poles are kept; curve 5 is the corresponding re-
sult obtained when only the resonant multipoles
are kept, and hence when I=-,' amplitudes are ne-
glected. As expected, curve a lies below curve 5,
but the effect of the I=—,

' corrections is not dramat-
ic. For comparison, we give in curve c the result
obtained from Lee's static-model calculation. " If
one assumes that 8~ is restricted as in Eq. (1), and
includes a safety factor of 2 for charge-exchange
effects, curve a is barely consistent with the pres-
ent experimental upper bounds. Put conservative-
ly, our calculations indicate that an experiment to
measure R at the level of a few percent should be
decisive.

Note added in Proof. Recently, the possible ob-
servation of neutral current events has been re-
ported in deep-inelastic inclusive neutrino reac-
tions by the CERN Qargamelle group. " If con-
firmed, this experiment will establish the exis-
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FIG. 1. Ratio 8 of Eq. (2) vs Weinberg angle 8+.
Curve a—resonant and nonresonant multipoles; curve 5—
resonant multipoles only; curve c—resonant multipoles
in Lee's static-model calculation.

tence of neutral currents; however, more detailed
qaestions, such as whether the phenomenological
form of Eq. (3) is correct, will require the inde-
pendent study of many different neutral-current
induced reactions, among them the pion-produc-
tion reaction considered in this note.
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