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s model-independent result for the 8-y correlation in allowed B decay is given, including
r{1 second-order-forbidden corrections. A suggested method for measurement of the first-
class contribution to the induced-tensor form factor is discussed.

I. INTRODUCTION

, Fecently, we have reported predictions for con-
tributions to the induced-tensor term d; in allowed

nuclear 8 decay which arise from the conventional
(first-class) axial-vector current.! Of course, if
second-class axial currents? contribute to the
semileptonic weak decays, as suggested by one
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interpretation of experiments on mirror nuclei,®
they would make a substantial contribution to the
induced tensor. However, in Ref. 1 we showed
how, by using mirror transitions, the second-
class component d;; can be separated out so that
a measurement of the first-class contribution
alone results. We found, correct to first order
in recoil and assuming the nuclear impulse ap-
proximation,

=A<B"'ii2,01XLi“ a),

where A is the mass number, so that experimen-
tal measurement of d; would provide an interesting
test of the impulse approximation in recoil order.
However, Ref. 1 was incomplete in that second-
order-forbidden terms of the order g/m, where ¢
is the momentum transfer and m is the nucleon
mass, were included but second-order-forbidden
terms of the order ¢?»%, where 7 is the nuclear
radius, were neglected. This may not be a good
approximation, since all but one of the suggested
decays is K-forbidden, thus tending to enhance
matrix elements of operators with AK>1 relative
to those of operators with AK <1. Here we report
the calculation of the suggested -y and -« cor-
relations including all second-order-forbidden
corrections in a model-independent form. Elec-
tromagnetic effects are again ignored except for
final-state Coulomb interactions included in the
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where J,J’ are the spins of the parent and daugh-
ter nucleus, respectively, and M, M’ represent
the initial and final components of nuclear spin
along some axis of quantization. Here repeated
Latin indices are summed from 1 to 3, while re-
peated Greek symbols imply a four-vector con-
traction with the metric g,,=-g;;=1. The form
factors a,b,...,j; are, in general, functions of
the momentum transfer q¢°.

Our results, given in the next section, will be
in terms of these 10 form factors and will be in-
dependent of specific nuclear models. However,
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standard Fermi function. In Sec. II we define the
relevant form factors. Section III gives our re-
sults, and Sec. IV discusses the significance of
these results for the transitions suggested in
Ref. 1.

II. DEFINITIONS

We shall assume the validity of the usual cur-
rent~current interaction. Then the S-decay am-~
plitude is given (for electron decay — modifications
suitable for positron decay will be included in the
final formulas) by

G
T=7—§V= c080(By,| Vy +A | @, )1, 1)

where G, is the weak-coupling constant (G‘,m',,2
=~10-%), 6, is the Cabibbo angle, and I* is the ma-
trix element of the lepton current,

B =a(p W (L v, (k).

Let p,, D, P, and k denote the four-momenta of
parent nucleus, daughter nucleus, electron, and
neutrino; and M, and M, represent the parent and
daughter masses. We also define

P=p,+p,, q=p,=bp,=p+k,
=3(M,+M,), A=M,-M,.

We write for the amplitude of a general allowed
transition including all form factors up to second
order in the momentum transfer*
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in order to express our form factors in more con-
ventional terms, we give here the impulse-approx-
imation predictions for the nuclear form factors.
We find for the vector current

'éngvM 2y
b=gyM, + (gv+&uMgr,
e=-3sMAg,M,
f=‘/%_MAgVMQ,

a=g, Mg+
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where g, ~1 and g, ~4.7 are the vector and weak-
magnetism form factors for neutron decay, and

Me =Bl il o, My =@IRTiL o,
M=l S riol @), M =8| Brirla),
Mo =VEHBI L 7i7 Yl @) -

Thus, a is just the usual Fermi form factor,

while b represents the weak-magnetism contribu-

tion. Form factors e and f make contributions to
various spectral functions which are formally of
order E/M, where E is the electron energy and
M is the nuclear mass. However, they are both
forbidden (to lowest order in recoil) on the con-
served-vector-current hypothesis (CVC).5 g is an
isovector quadrupole term related, on the CVC
hypothesis, to the difference of quadrupole mo-
ments of parent and daughter states if @, 8 are
isotopic analogs.

For the axial-current terms, we have

A 1
C=g Mo+ Agg,M,, +orre (267 + a*)g aMyy,
d=Ag,M,; + FMAgAMl, +MAg M, +Ag Mg,

2 4M%g Mo
h=—mMgAM1N +—’n?%—&2—, (4)
J2= “%Mngsz ’
Js= —gMngMSy ’

where g ,~1.23 and g; =? are the axial and in-

J
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where E(p) is the electron energy (momentum),

1+m2/2 MA
1+A/2M

dw=F,(Z,E)

E,=A
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duced-tensor form factors for neutron g decay,
and

MGT=<BII};TIW I,
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Thus c is the usual Gamow-Teller form factor,
while 'd represents the induced-terisor contribu-
tion. We note that the first-class contributions

to d vanish between states which are exact isoto-
pic analogs, as required by symmetry considera-
tions.® # is the induced pseudoscalar and includes
a pion-pole term.” j, and j, are additional axial
form factors, which may be inportant to our re-
sults, as they have AK =2, 3, respectively.

III. RESULTS

Suppose a parent nucleus of spin J undergoes
an allowed B decay to a daughter nucleus of spin
J’, which subsequently decays, emitting either a
photon or an « particle to a final nucleus of spin
J’’. We assume the parent nucleus to be unpolar-
ized, and we integrate over the neutrino direction,
considering the spectrum in its dependence on the
electron variables and on the photon (or «) direc-
tion. The latter is characterized by a unit vector
K along the photon (or ) momentum as measured
in the lab frame (rest frame of the parent). The
spectrum is then found to be®

]} )
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is the maximum electron energy, and F.(Z, E) is the usual Fermi function and accounts for the dominant
Coulomb effects. The spectral functions f, g, # are found to be

fB)=lal*+ o) =2 Eaffc )2 s Recr® + )] +2 E(3la[*+5]c |2 £ 2Rec)
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where the upper (lower) signs refer to electron
(positron) decay and v* is the photon (a) velocity
in the center-of-mass frame of the daughter nu-
cleus. The coefficients n; 1, Qs 1000, Ty n(L)
are given in Appendix A.

IV. DISCUSSION

In Ref. 1 we suggested a means to measure the
first-class component of the induced tensor via
measurement of B~y (or 8-a) correlation coeffi-
cients for certain mirror transitions. For exam-
ple, if one measures the g-« correlation for the
decay of Li® to the J?=2%, 2,90-MeV excited state
of Be? and that for the decay of B® to the same lev-
el, then (assuming no second-class vector cur-
rents)

o ()" ()

E 1 . 3(E, - 2E)
= !Clz(lclz-—Rec*dI —Rec*h«/g——%—]‘-/[—-—
6 . 2E,+5E
T 7(35)7 Rec*js SM )

If the terms of second order in momentum trans-
fer are omitted, as in Ref. 1, an experimental
measure of M, results (assuming | ¢| to be known
from ft values). However, when O(q*7?) terms are
included there are two new features. First, we
pick up additional contributions proportional to
Rec*j,, Rec*j, and, secondly, d; is no longer just
the interesting term Ag,M_, but receives first-
class contributions also from M;, and M,,.

In order to see whether experimental measure-
ment of M, is still feasible, we have, for mass
8, calculated the relevant reduced matrix elements
in the Nilsson model assuming the daughter state
to belong to a pure rotational band with K =0 and
the parent nucleus (Li® or B®) to be in a linear

—

combination of K =1 and K =2 states, with ampli-
tudes y and 6, respectively. Thus, for Li?, we
assume the ground state has an extra neutron in
the Nilsson orbit having the form |NjIQ)=|131%)
in the limit of zero deformation and a vacancy to
exist in the |1313) (for K=1)or [131=3) (for
K =2) proton orbits, Harmonic-oscillator wave
functions are used with radius parameter a=0.75.
For a deformation parameter 8=0.3, as sug-
gested by nearby quadrupole moments, we find

J u7$<1olg, -’-S—m1.7><1o=g,

A?e A?c
G (p5ent ol "
Ac “m ) Mg’
so that
(8)

The experiments of Nordberg, Barnes, and Mor-
inigo were performed with E =11 MeV, whence
the terms in the unknown mixing ratio 6/y tend to
cancel somewhat, but still yield a result which

is of the same order as M ;/Mgq. For mass 8
then, a, can yield only a rough estimate of d;, and
in general the contribution of terms in j, and/or
j; can obscure completely the measurement of
M. The cases of masses 24 and 28 which were
suggested in Ref. 1 appear especially dubious
when O(g?r2) terms are included, since in these
cases, involving AK =4, 3, respectively, j, is ex-
pected to play a dominant role. We conclude that
although the nuclear impulse approximation pro-
duces a first-class contribution to the induced
tensor, it is a difficult proposition to verify this
prediction experimentally unless the absence of
second-class currents is assumed, in which case
a measurement of d itself - without separation of
first-class and second-class components - is
sufficient.®

APPENDIX A

We here quote values for the parameters used in Eq. (6). We find, for g-a correlations

L(L+1)(2L +1) )”2( (27" =1)(2J’ +1)(2J" +3)

TJ'-J"(L)=< (2L -1)(2L+3) J'(J'+1)

1/2
> W(2J'LI"d'L). (A1)

Explicit forms of 7, ;»(L) for L=1, 2 are given in Ref. 1.

Also, we have

—J'/(2J" +3), J=d'+1
Nar={ 1, J=J'
- 1)/ =1), J=J'-1;

Q0 =[0I = 1)@I 3], 05

(A2)
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=@ =1y’ +2)]'2,

[3(27 +3)(27" = 1)]*2,

@' +3)W' -1+ 1)},
[77(27" +5)/W" = 1)(2J" +3)}* 2,

Ao 1
ATV (2T +3)(2T! ~ 1)

I",,',,=

VIO[ ('+2)¢’=1) T~ 1/2
?{[(ZJ'—I)(ZJ'+3)] (3/2) / ’

J=J'+1
J=J’
J=J' -1;
(A2)
J=J'+1
J=J’

([’ +1)@J" =8)/(’+2)(2J" =1)]'2, J=J’' -1,

For B-y correlations 7, ;~(L) is multiplied by a factor 1 -3/L(L+1) for E(L) or M(L) multipole radia-

tion.
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