PHYSICAL REVIEW D

VOLUME 15,

NUMBER 3 1 FEBRUARY 1977

Induced tensor and pseudotensor form factors in the reaction u~ + >C—"B+ v, T

Claude Leroy and Laszlo Palffy
Institut de Physique, Université de Louvain, Belgium™
(Received 15 October 1976)

Using the experimental data on the capture rate and the recoil polarization in the reaction
p~ +"C—'"B+v, the weak-magnetism form factor is deduced independently of a specific value of the
pseudoscalar form factor gp(g?). It is found to be in good agreement with the conserved-vector-current
hypothesis. Then we look at the range of compatibility of the induced form factors for the given experimental

data.

Muon-capture experiments in **C have been per-
formed!’? and theoretically analyzed by many au-
thors.>® One goal of these experiments is, as-
suming muon-electron universality, to extract
the form factors in muon capture and to compare
them to the corresponding coupling constants in
B3 decay. The main difference is the high momen-
tum transfer in the former, implying a higher
sensitivity to induced effects.

The weak-magnetism form factor at zero mo-
mentum transfer has been determined from the
shape factors inp decay of '*B and 2N (Ref. 6)
and found to be in agreement with the conserved-
vector-current (CVC) hypothesis.” Recently Cala-
price and Holstein® have carefully reanalyzed the
weak-magnetism experiment® in the A=12 system
and conclude that it does not support the CVC
hypothesis as strongly as previously thought. Con-
sidering the impact of their conclusion for the
interpretation of second-class-currents experi-
ments we perform here an analysis of the inverse
reaction

po+1%C ~12B(g.s.)+ v, (1)

(where g.s. indicates the ground state) using the
experimental values of the capture rate I' and the
recoil polarization P, and we focus our attention
specially on the weak-magnetism and induced
pseudotensor form factors. The results are to be
taken with the accuracy of the impulse approxima-
tion used to relate the axial-vector and the induced
tensor from factors and the omission of the mo-
mentum-dependent terms in the capture rate. The
impulse approximation used here is generally
accepted to be valid within a few percent,” and the
recoil-correction terms in the muon capture con-
sidered contribute about 10%. For a complete
discussion of these terms we refer to the extended
calculations of Foldy and Walecka® and of Devana-
than ef al.*®

In the following, we adopt the theoretical frame-
work and notations of Ref. 11. The form factors
for reaction (1) contribute through the combinations

15

A? _ g2 A ko < A>
GA_gA<1+ aM2 >+ng'+gMW 1+2M ’

2

_&[ < m, + 24 2A2—muA—2q2>
Cr= g, 84\l - T * e

E A
~8u 31 (“ W)"gT <1+-2f\7i+ Mz

y i)( A ﬁiﬂ
’ngM<1+2M V-or* ~ore )
(3)

Zas &py Sy, and g are the axial-vector, pseudo-
scalar, induced tensor (weak-magnetism), and
induced pseudotensor (due to second-class cur-
rents) form factors, respectively, ¢ is the trans-
fer momentum, M=z (M, +M, ), A=M, ~M,,,
m, is the muon mass, k, is the neutrino energy,
and E, is the final nucleus energy.

The usual theoretical analyses®™® were based on
the only available experimental quantity: the cap-
ture rate I'. Using the g decay !?B(g.s.)~**C(g.s.)
+e”+ 7, to minimize the nuclear uncertainties and
the Goldberger-Treiman!? relation to fix gp(g?)/
24(q?), the value of g,(¢q?) was deduced in the ab-
sence of second-class currents. Conversely, if
2y(q?) is supposed to be given by the CVC hypoth-
esis, one could extract gp(q%)/g4(q?). The recent
measurement!® of the recoil polarization of ?B
produced in the capture of polarized muons on **C
provides a new independent experimental param-
eter clarifying the analysis of the form factors.
From Ref. 11 we have

m, Alm,+ A)>

r= G?cos®6. (Zam M\ ky® Ey+ M,
2r®  \M,+m, ) 1+k,/E, 2E,
X (3G 42+ 2G ,Gp+Gp?), (4)
where
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G =universal Fermi constant,
6.= Cabibbo angle,

C = correction factor due to finite size of
the nucleus (C=0.885),

M,,,=mass of the initial (final) nucleus,

2 3G,%+2G,G,

Pr=336,7+2C,Cpr G2 ®)
The experimental values are

I'=(6.2+£0.3) X 10° sec™ (Ref. 2), (6)

P,_=0.48+0.10 (Refs. 13, 14). (7

Relations (4) and (5) allow separation of the effec-
tive coupling constants G, and G,. Now we can
analyze the data from two points of view. In the
first one we observe that information about g, (¢?)
is essentially given by G, because it does not con-
tain gp(g?) and because the term involving g,(¢?)
may be neglected if g,(¢%) < 10g,(g?). On the other
hand, G, provides information about the whole
contribution of the induced terms. From (4) and
(5) we have
1/2 1/2
G = %g[;?(z - 3p,)} {%m 3P,)} S

)’
T 1/2
Gp=¥% [ﬁ(z - 3P,)} , (9)
where

K= 2 C.

G?cos?6, <Z amyMl>3 k2  E,+M
212 \M,+m, ) 1+k,/E, 2E,

So, combining (2) (with g,A/2M neglected) and
(6), (7), (8), and the relationship

84q®) _ guld®)
£4(0)  g,(0)

derived in the impulse approximation, we obtain

lgu(g?= —0.74m,2)| = 25+ 1.3 (10)

1 /2\[
}’9
(11)
if G, =+ %{ [2%(2 _ rsp,)]1 : {%(1 . 3p,)}1 /z}.

Only solution (10) supports comparison with the
experimental result | g% (g?= - 0.74m %) | =25+ 0.5
deduced from inelastic electron scattering in '2C.1%
In an earlier analysis Kubodera and Kim® analyzed
the same problem, but they considered a specific
value for gp(g®= -0.74m,?)/g,(g?= - 0.74m,?) and
supposed that second-class currents do not con-
tribute at all.

" GA:i%{[rﬁ(z _ 3pr)j11/2+[‘,£{(1+ SPr)]

|gu(g?= - 0.74m )| =12+ 3.3

In principle, another experimental parameter,
the longitudinal polarization of 1B,
_ 2G 2
T 3G ,%+2G,Gp+Gp?’

Py

could be used in this kind of analysis.!'® However,
experimental data for P, are not yet available.

In a second point of view, we solve Egs. (8) and
(9) for g,(g? and g,(g®) with the aid of Egs. (2),
(3), (6), and (7) and with

oz m, gplg®=-0.74m %)
PT2MA g,(g?=-0.T4m,?)

considered as a parameter; the Goldberger-Trei-
man value!? gives fp="7.1. Because of the quad-
ratic character of the equations, we obtain two
sets of values for g,(¢*=-0.74m,?%) and g,(q*
=-0.74m,?. In Fig. 1, we represent the two sets
of solutions for |gM(q2= —0.74mu2)‘ and gr(q®
=-0.74m,2)/Ag 4(q®= - 0.74m ) as a function of fp.
Retaining the values of g, (g®= - 0.74m,*) com-
patible with CVC, we have to consider set 1 of the
solutions. [Using Eq. (10) and taking the Goldber-
ger-Treiman!? value for gp(g%= —0.74m %), we ob-
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FIG. 1. (g7/Aga)(g’=—0.74m,% and lgyq*=—0.74m %)
versus fp obtained from Egs. (8) and (9).
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tain gr(g®= - 0.74m %) /Ag,(q®= - 0.74m %)=T+5.]
For fp< 10, set 1 of the solutions presents positive
values of g,(g?= - 0.74m ,2)/Ag,(g®= - 0.74m ,?).
When fp> 10, g4(g?= - 0.74m,?)/Ag,(g?= - 0.74m ?)
may be negative, in agreement with the measure-
ment of Sugimoto et al.l”
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