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Partial conservation of axial-vector current and nuclear beta decay
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The disagreement pointed out by Armstrong and Kim between the elementary particle ap-
proach and the impulse-approximation predictions for AJ+ = 0 nuclear P decay is examined
from the point of view of the axial current operator. Naive theoretical predictions are found
to be in disagreement with present data.

RADIOACTIVITY Discuss PCAC in p decay; calculated spectra for 0+-0 tran-
sition.

In a recent paper Armstrong and Kim' pointed
out that the conventional impulse-approximation
approach and the elementary particle treatment'
of axial-curx ent matrix elements, while consistent
in most cases, disagree strongly for 0'-0 transi-
tions. Their conclusion ~as based upon calcula-
tion of specific matrix elements via the two ap-
proaches and comparison for various spins and
parities.

Vfe wish to demonstrate that this result may be
understood by examining a simple model of current
operators, and me comment on the 0'-0 case.

If the absence of second-class currents is as-
sumed, ' then for neutron P decay we can vrrite

so me shall take

(4)

' gj, (q') Q 7, e '(' "o, q,

A=-g„(q'}Q r& (7, e '~' '&

(5)

Passing now to the impulse-approximation cur-
rent via the Foldy-%'outhuysen transformation me
obtain'

~here +=p, +p, and g =p, -p~. Strict partial con-
servation of axial-vector current (PCAC)' implies
that

&.g, (o)
g~(o) =

i.e., the Goldberger-Treiman relation, ' and

m 2: [2 g, (q')-)".(:.(e')II,
(8}

Here m is the nucleon mass, and g„ is defined by

gp(q*) gr, e "''&o, q.
2m

Evaluation of the divergence gives'

2

g„q' — g q' v, e 'q ' '~ o, - q.
2ps

(5)

Neglecting two-body operators'
A

4~=-&g,(q'), , Q v, e "''&(7-q/2m,

(7)

so that

Kim and Mintz' have argued that

[ 2+ gA(q') —&.g, (q')] «2~g&(q'),

8 "A„=E,m, 'y,
A

+ ' g„(q') Q r, {e 'q' '&, o, ~ V,}. (8)
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Thus in this simple model it is the presence of
the term

in terms of two independent form factors,

& 0,', I &„(0)10,',&
= F,(q') F„+F,(q')q„,

and we find for the electron-energy spectrum

(12)

in A, that violates the PCAC condition.
For decays with 4J~ =1', 2, 3', . . . we find for

the leading contribution to the axial matrix ele-
ments (neglecting the pseudoscalar)

&Pl&. l o&=&PI Q ~,. (-iq. ri)"o& ~, l o'&
"

(9)

d&o=F (Z,E), ' (E, -E)'PEdE16M'

m2
x

I F,(q') I' 1+—+ ReF,*(q')F,(q'$

(13)

where E(Ip) is the electron energy (momentum),

M=-,'(M, +M,),

&Pl&. l ~& 6 141
&PIAI o&

so that violations of PCAC are guaranteed small
when compared to the dominant Qamow-Teller
term. Also, for 4J' = I, 2', 3, . . . we find
(neglecting the pseudoscalar }

1+m, '/2M'
1+b/2M

is the maximum electron energy permitted by ki-
nematics. The Fermi function F (Z, E} includes
the finite size corrections and hopefully accounts
for all dominant Coulomb effects."

The impulse-approximation prediction for the
form factors which follows from E(I. (5) is

&Pl&. l
o&=0,

&Pl Al ~&=&PI Q ~(( ~4 r-™)'o~l o&,

(10)
F (0)~i &o =r}+—&o V&~.S~(0)

2M 3 m

)'.(O) ().' (0)
' (~ f) ~(~~ ~))2Mm

so that no PCAC violation should occur. Finally,
for 4J =0 we have (neglecting the pseudoscalar)

If we assume the nuclear-force operator to be ve-
locity-independent, which is plausible as a first
approximation, we may replace

(PI&I o&= &Pl Q ~~(-f(I r()o(l o'&g~(q'),
with

v=ml'r, a„„,]+m6 ~ r

&P I &.I ~& 6(,)
&PIAI o&

and a large PCAC violation is expected. This is
the result of Armstrong and Kim

Such 4J =0 decays appear to offer an excel-
lent arena in which to test the PCAC hypothesis
for nuclei. In all other P decays, the induced
pseudosealar, already small, is obscured by a
plethora of additional form factors. Even in @,-
capture reactions, although q-m„, enhancing
the pseudoscalar contribution, there is still no
reliable check of the Qoldberger-Treiman predic-
tion. "

For 0'-0' decay, Lorentz invariance and the
standard weak Hamiltonian require a description

F,(0) M
F,(0) d, + (3/2}f)

' (16)

f.(o)= F F,(o)

E,(0)= IE,(())+m, ' ' f', (0)-)",(())

~here (&g, li, (0)10);,&
—= -&f,(q'). If we assume, fol-

On the other hand, the PCAC assumption applied
to E(I. (12) predicts"
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lowing Armstrong and Kim, that

E,(q') = E,(0)(l + aq28'+ ~ ~ ~ )

f.(e') =f.(o)(1+&&'&'+ ")
then

E,(0)=, E,(0) [1+m,~A'(P —o)]. (19)

TABLE I. Experimental measurements of the shape
factor

E m E' E'
S(E)=1+a—+5~+ c

2
+d

m8 E m2 m3

for 0~ 0' transitions in nuclear p decay.

Parent Eo
nucleus Ref. (MeV)

f(E) E m, E' E'=1+9—+5—+C 2+df(0) m E me~ me
(20)

The measured values of these quantities are given
in Table I. Our predictions are

u= ' (1+ ~aME, B'),

M Ei(

Clearly the experimental numbers for u, c, and d
cannot be understood at all on this basis, and the
prediction for b, while consistent in size at least
for the impulse-approximation prediction, is of
the wrong sign.

Qur theoretical picture appears very inconsis-
tent then with experiment. However, the experi-
ments are very difficult, and, in addition, there
are obvious weaknesses in our theoretical ap-
proach. Qne problem is that our one-body oper-
ator model is much too simplistic. Meson ex-
change forces" are expected to modify these pre-
dictions, perhaps appreciably. In particular, if
PCAC is valid, meson exchange must restore
agreement between the elementary particle result
for E,/E, and the operator calculation. Another
source of disagreement may arise if the Fermi
function does not include all Coulomb effects.
These can be quite large, since ZO. R &. Finally,

pince we expect n —P =8(1), the impulse approxi-
mation predicts a value for E,(0)/E, (0) much larg-
er than does the PCAC assumption, given 6 & 5
MeV and 4 & 200.

Looking at the experimental situation, shape fac-
tors are characterized by four parameters

144Ce
58

144Pr58

Ho
208Tl

81

0.32 -0.342 1 0 ~ ~ ~

3.00 0.0376 -0.118 -0.0077
~ e ~ 0 0977 s ~ ~

1.85 -0.87 -1.03 0.225
1.57 -0.154 —0.484

-0.021
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the momentum dependence of the form factors is
open to question. In our simple model, the as-
sumption P =8(1) is unjustified since the one-body
part of the P-wave pion field yields

f.(e')=-ig, (e')
6

&o r&+ "
2

~f (0) 1 ——r+ ~ (22)

5 f- -2™
which is of the proper order of magnitude and sign
in order to explain the experimental result. The
difficulty in explaining the size of the u, e, and d
coefficients remains, however, and it is clear that
both the theoretical and experimental situations
demand further study.

Thus -P= 1/4'R'» 1 so that if a considerable part
of the pion coupling arises from this one-body
term, the PCAC prediction becomes"

E,(0) 2M

E,(0)

Then
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a -A +q g (q') 0- p, e-« ~
P

-gz(q2) 0' p e' ~ q' ' 0 0' p,4m2

and the PCAG relation becomes

1
xq + —q. (q-2p)

2m

Krmpotic and Tadic argue that q ~ (q-2p)~p&2-p&2
—= -2mqo so that the PCAC condition is sat|,sfied. How-
ever, 0' p q is an odd-parity operator while v p q p
has even parity so that both cannot contribute to odd-

parity decays. Instead 8 p q p mustbe accompanied
by -i q r from the expansion of the exponential. Then
both terms are 6 (( q ) /m) compared to the leadtng
term, and we neglect them in our analysis.

Neglect of two-body contributions allows study of a
tractable model, wbich we feel offers insight into what
is going on.
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