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Neutrino reactions in '3C and the behavior of the axial current form factor
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The total and differential cross sections o-(v„+ C» Ns, + p, ) and der/dA(v„+ C» t N~, + p, )
are calculated from threshold to E„=260MeV. The dependence of the cross section on the axial current
form factor Fq(q2) is obtained for a range of assumptions. The dependence of the cross section on the
pseudoscalar form factor is found to be negligible.

The elementary particle model (EPM)'2 can, in principle,
be used to make model independent calculations for weak
processes in nuclei if the form factors describing the matrix
elements of the axial vector current and vector current are
known. In practice, the form factors describing the weak
vector current are reasonably well known from electromag-
netic scattering data via the conserved vector current hy-
pothesis (CVC). Unfortunately, there exists at present no
model independent way for obtaining the form factors

. describing the axial vector current matrix element.
The axial vector form factor F~ (q2) [see Eq. (3b)l is usu-

ally obtained by making use of a scaling relationship'
derived from the impulse approximation, namely, that
F~ (q )/Fq (0) = F~(q )/F~(0), where F~ is the weak
magnetism form factor. This relationship comes from the
fact that both F~ (q2) and F~(q2) are proportional to
(f~g, , ~ gt.,o'~e'~i) when only the leading term in the
impulse approximation is kept. Thus, departures from this
scaling are a measure of the size of the neglected com-
ponents, and non-nucleon terms in the impulse approxima-
tion such as pion exchange current terms.

The situation for the pseudoscalar form factor is worse.
A relationship based on work by Nambu yields

Fp = ( 1 + e ) m (Mf + MI )F~ ( q )/ ( q m)—
where estimates3 for ~ are in the range of —0.015 to —0.29.
It would therefore be very useful to be able to experimen-
tally test these assumption . There is currently only enough
data to make a test of the scaling relationship between
Fq(q ) and F~(q ) in the ' C~ ' B, '2N transitions at
q = —0.74~„.This has been done by Nozawa, Kohyama,
and Kubodera4 using data for the total muon-capture rate
I„,the average polarization P~, and the ratio of the average
polarization to the longitudinal polarization. Writing

Fg (q')/+~ (0) = (FM(q')/+M(0) ) ( 1 + rl )

they obtained ~q ~

~ 0.08, consistent with scaling when order
of nZ symmetry breaking effects are considered. It would
obviously be desirable to have an estimate of q over a wider
range of q2.

We present here a calculation for the ~ ~, neutrino
reaction v„+'3C~p, +' N~, . This reaction depends, in
principle, on only two axial current5 form factors Fz(q2)
and Fp(q ) plus F&(q') and F~(q ), which are determined
from existing electron scattering data via CVC. Further-
more, as will be noted, the reaction is extremely insensitive
to Fp(q2) in the range of q2 used here. Thus, a measure-
ment of this reaction effectively allows the determination of

the form factor F„(q2). This is useful, of course, for its
own sake and would allow a determination of vt in Eq. (1),
thereby providing a test of the scaling assumption. If the
scaling assumption is violated above the 10% level
()q~ «0.1), the phenomenological form of q(q2) would
he1p in testing model calculations for the additional impulse
approximation terms which would then have to be exam-
ined.

The reaction v + C p, +'3N, is also interesting for
1 1other reasons. Most of the ~ ~ weak tansitions studied

in detail have been light ones (n~ p, and 3H~ 3He) which
may not have sufficient complexity for examining the ques-
tion of whether F& and F~ scale in the same manner. Fi-
nally, an accurate determination of Fq(q2) from the neutri-
no reaction should enable a reasonably accurate calculation
near threshold for the cross section of the pion photopro-
duction reaction y + "C m + "N~, , about which there
is at present some controversy and which depends strongly
on Fq (q ) but only marginally on Fp(q ).

In this Brief Report we shall obtain the matrix elements
for the reaction v„+"C~ ' N„+p, and use them to cal-
culate d a./d 0 and a. for the case of scaling between
Fq (q ), i.e., ran=0 in Eq. (1) and for various assumptions
for q(q ). Thus, if experimental results become available
the assumption of scaling between F~(q2) and F~(q') can
be checked.

The transition matrix element for the process
v~+ '3C p, + '3N~', may be written as

M= cos8, (' Ns, ~

J+ (0) ~'3C) u„y (1 —ys) u„
2

(2)

uf typFf'(q ) + iF~ (q') a„„q")u, .

(»N„(A„+(0) )»C)

(3a)

=uf y„y5F„(q')+" Fp(q') u; . (3b)
m

Thus the problem in determining any weak process is that
of determining F~(q2), F~(q2), F~(q2), and Fp(q'). Elec-
tron scattering data exists which enables a determination
of F~(q ) and F~(q2) via the CVC, using the SU(2)

where G( = 1.02 && 10 5/mp2) is the weak coupling constant,
8~ is the Cabbibo angle, and J+ = V+ —A+ is the weak
nuclear charge raising current. The form of the matrix ele-
ments (' N~, ~

V+ ['3C) and ('3NI, ~A+ ~'3C) is well known
and they may be written

("N, , ~
V„+(0) (t3C)
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current commutation relations. The results are

F„(q')= Ff'"(q') —Fi"'(q')

F(q2)F(2)(q2)F(2)(q2) (4b)

scaling we write from Eq. (1)

F„(q')= F„(0) (1+~) (8a)

where i refers to '3C and f refers to '3N, , The form fac-
tors Fi(')(q') and Fi(')(q~) may be obtained from electron
scattering data, e + ' C e'+ ' C, and are well fit by the
standard dipole form

F (q') = F, (0)/(I —q'/M)' . (5)

The values Ff(')(0) and F)I')(0) are known and a result'o
based on charge symmetry implies that the Ff have the
same form and therefore the same dipole mass as the F&.

We are thus able to obtain

and

Fv(q') = 1/(1 —q'/mv'), My~= 3.95m) (6a)

F~(q ) = Fi)r(0)/(I —q /MM~)~, M~~= l.1m~ (6b)

with F~(0) = —1.101/(2Mp).
We next examine the axial current form factors. The

quantity F& (0) may be obtained from the beta decay
"N~, "C+e+ + v, . We find" from logft = 3.667
+ 0.001,

Fg(0) =0.31+0.01 (7)

where the positive sign is assigned on the basis of an im-
pulse approximation calculation. As discussed above, since
we would like to test the assumption of F~(q'), F~(q')

I

where M~ is the ' N~, mass and MI is the ' C mass. As was
previously mentioned, the parameter e is estimated" ' to
be of the order —0.15 ——0.30. In any case, the neutrino
reaction cross sections are very insensitive to the values of
Fp over a substantially larger variation of e than that given
above as was determined by direct computation. Thus, Eqs.
(3a) and (3b) combined with Eqs. (6), (6b), (8), and (9)
completely determine the transition matrix element Eq. (2).

The differential cross section for the process v„+'C
p, +' N„may be written as

m„m~Mf
16m'v

f M, + v —(p, () / f p, f ) cose
f

(10)

where v is the magnitude of the neutrino momentum or en-
ergy, p, o and p, are the muon energy and momentum,
respectively, and 0 is the muon angle with respect to the
neutrino beam. The quantity ~M~~ is given by

Fq(q ) = [0.31/(1 —q /M )~](1+q), M = I.lm~ (8b)

and where q is in general a function of q2.

Finally, it is necessary to obtain Fi (q~). To do this we
make use of a relation due to Nambu ' and write

( ~)
—m (Mf+Mi)Fg(q~)

( )FI q = I+e

~M )'= 8Fv'Mv[po(M, —8) +My~ p~ cosH+ (v —po)A„—m„]+8F&Fi(rMv [2A„S(v—po) +4vA„'—3m„'A„—Sm»]

+ 4M vF~ [A «[4v~yA» —3m«'Mj 4p o(Mipo—+ vA« —m» )

—4v(M v —vA„)+ m„(M;+v —po) ] +4m„(Mv —vA„)}+ 16Mi(M;+ Mf)vF~F~
i

x [A»(po+ v ) —m«] + 8FgMi v (2+ Mj /M)po —
~p ~

cosO+ A„—m„/M,2 2 2 Mf (v —p, o) q
8F„'F~

j

4F2
Mim„v(&+A„)+ ~ m„MivA»(v —po —8) +16FvF~Miv [vpo+ lp I

—A„(po+v) ]
m~

where

A„=p, o
—~p, ( cos()

and

5= Mf —MI

(12)

(13)

In Fig. 1 we evaluate da./dQ for a variety of incoming
neutrino energies from near thereshold to 260 MeV.

We then integrate Eq. (10). The results are given from
threshold to E„=260MeV in Fig. 2. We also obtain curves
for a- for various assumptions concerning (q7)~) which are
shown in Fig. 2.

An examination of Eq. (11) shows that the contributions
of ~Fq ~' to it is roughly three times that of ~Fv~~. However,
the small size of Fz (0) combined with the small size of Mq,
which forces a rapid falloff in the size of the dipole form
factor F~, leads to a relatively small contribution from the
axial part of the weak nuclear current. Thus this process

I

v„+'C p, +' N~, is dominated by the vector current.
The cross sections are however, sensitive to departures from
the expected shape of the axial vector current form factor
(i.e., to v)).

We consider several possibilities for g. If q is constant
over the range of q2 considered here, an q=0.3 would in-
crease the cross section about 10% over its lower range and
about 5% at the upper range. For the few cases which have
some evidence of scaling, namely, the muon-capture
results, for ' C, Li, and H, My= M~ so that on a purely
phenomenological basis one could have Fq (q )/Fq (0)= F«(q )/Fv(0); this would correspond to an 7)(q~) in Eq.
(8b) given by

g(q ) = —

z 0.762 q~ —0.625 [1—q /(3. 95m )] . (14)
m m„

( i

This is not a whimsical choice because the vector current
form factor mass is closely related to the charge radius
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FIG. 1. Plot of the differential cross section do./
dQ(v&+ C p, + N) as a function of muon laboratory angle.
Curves {a), (b), and (c) are for incident neutrino energies of 119,
170, and 260 MeV, respectively.

which is a characteristic size measurement of the nucleus
and which might be relevant for other form factors.
Behavior for 7)(q~) given by Eq. (14) would lead to an in-
crease in a- of 20% in the lower part of the energy range
given here and an increase in o. of about 15% in the upper
range. Finally, if a value for q double that of Eq. (14) were
used, o- ~ould double near threshold and increase by 40%
in the upper energy range obtained here.

Thus, although accurate neutrino cross section measure-
ments for nuclei are not yet available it is hoped and expect-
ed that this situation shall change. Measurements of the
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FIG. 2. Plot of the cross section o.(v„+'3C p, +'3N) as a
function of the parameters F&(0), the axial form factor at q~=0,
and Mz the mass used in the dipole form for Fq (q ). Curve {a) is

for Fz(0) =0.31 and kX&~= 1.1m~. Curve (b) is for Ez(0) =0.31.
and M& = 3.95m ~. Curve (c) is for F„(0)= 0.62 and

F„(O)= 3.95m.'.

reaction discussed here would be very useful in testing the
scaling assumption used in obtaining F~(q ) from the q
dependence of FM(q'), and the phenomenological form of
significant departures from scaling would be of use in test-
ing model calculations for other terms discussed previously
which should contribute to Fq (q~).
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