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Possible B* decay experiments are discussed with respect to a newly developed polarimeter.

[RADIOACTIVITY: Calculated longitudinal 8* polarization for allowed decays.]

A recent article by Gerber et al.! suggests the
feasiblity of measuring relative positron polariza-
tions with an accuracy of one part in a thousand.

It is the purpose of this note to examine the impli-
cations for possible g-decay studies, as suggested
in their paper.

First assume the canonical V-A form for the
weak interaction. Then
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where p,, p,, P, and k represent the respective
four-momenta of parent nucleus a, daughter nu-
cleus B, positron, and neutrino, G (~10%m,) is
the weak decay constant, and 6, (~15°) is the Cab-
ibbo angle. Letting M, and M, be parent and daugh-
ter masses, we define also

P=p,+p,, q=p,-p,=p+k,

J

M=3(M,+M,), A=M,-M,.

Then to first order in recoil the decay spectrum
is?
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where E(p) is the electron energy (momentum), £
is a unit vector in the direction of neutrino mo-
mentum, and E, is the maximum permissible po-
sitron energy
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We write for an arbitrary allowed (AJ =0,+1; no)
transition®
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where J and J” are the spins of parent and daughter nucleus, respectively, and M and M’ represent the
initial and final components of nuclear spin along some axis of quantization. Here a and c represent the
usual Fermi and Gamow- Teller matrix elements, b is the so-called “weak magnetism” contribution, while
d, often called the induced tensor, is uniquely correlated with the existence of a second class axial current

if @ and g are isotopic analogs.*

Each form factor—a, b, ¢, and d—is a function of the four-momentum transfer ¢>. However, for pres-
ent purposes it is sufficient to include this feature only for the leading a and ¢ terms via

a(q2)=a1+a2q2+"', C(q2)=cl+czq2+-..

(%)

A straightforward, though tedious, calculation then yields the positron longitudinal polarization
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‘E 1+ [1/(@+c,D]m.2/3ME)[c,(-2c,+d+2b) + 4M(E, - E)(a,a, - 5¢,¢,)] ° ©)

The preceding discussion has assumed the absence of Coulomb effects. These are included systematically
in the Appendix and are shown not to modify Eq. (6) to any appreciable extent for Za <« 1.

The Michigan polarimeter, if teamed with a spectrometer, would provide a sensitive measurement of the
relative longitudinal polarization as a function of energy. That is, one might undertake comparison of P,

for a pure Fermi transition (b =c=d=0)
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with a superallowed (SA) transition wherein all form factors are permitted. Then
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As a specific example, consider an analog transition, e.g.,

Ne®~F®+e*+v,.

Then the weak magnetism term b is predicted via
conserved vector current (CVC) in terms of the
measured parent and daughter magnetic moments?

b=VZA(uy,— tg)=-148.600.03 ©)

while d is required to vanish in the absence of
second class axial currents. However, a recent
experiment by Calaprice et al. suggests the value®

d®*®=1250+100 (10)

if the CVC prediction for b is valid. The form
factor dependence on ¢? is negligible for this case.
Thus at E=1 MeV we expect an effect

PYe_ pFermix (1,1 x 10°%)p/E (11)

which may prove possible to measure in the not too
distant future. This would provide a needed inde-
pendent measurement of recoil order form factors
in the mass-19 system and when combined with the
Calaprice ef al. measurement would yield values
for b and d and thus CVC, second class currents
separately rather than the present situation where-
in only a linear combination is known.

Such a definitive measurement on a superallowed
transition requires pushing the polarimeter some-
what beyond its present capabilities and thus may
not prove feasible in the immediate future. Ano-
ther interesting line of attack, however, could be
a verification of the basic structure of the weak
interaction by improving present limits on the
absence of so-called Fierz interference terms,®
which provide a measure of possible scalar and/or
tensor interactions in terms of the factor’

a?*p(C Cs+CV.Cs.)+c 'r(C Cz+CuCyp) |

B riors 2 a*(C,2+C, ) +c%(C, +CA.)

(12)
where a and c are the vector and axial form factors
for the decay under consideration, while the defini-
tions of Cy, Cy, Cg, etc., are standard.® Herep=~0.6
(7=1.2) are scalar (tensor) renormalizationfactors.
Of course By,,., =0 if the decay is strictly V-A.
The presence of a Fierz term modifies the longi-
tudinal polarization to become®

p,~L 1 .
LE 1- (me/E)B Fierz

(13)

r
For our purposes it is convenient to separate the

Fierz term into two components:
C,Cs+C,.Cg.
Brun=20 =g e x>
(14)
BST =97 C4Cr+CuCp
Fierz CA +CA' ’

which are probed in pure Fermi and Gamow-Teller
(GT) transitions. Assuming C,~C,,~ C,~C, ~1
as in the conventional V-A interaction, we have
then

P Tx?2
Bpjerz ™ W g‘im TB(I:"TQH’ (15)

where x=c/a.

Present limits on the size of BE
come from:

(i) e“capture to p* ratios. Unfortunately, most
such measurements are for K capture only for
which the results, although sensitive to Fierz in-
terference, are also uncertain due to exchange
and overlap corrections.'® A case for which an
accurate fotal capture rate (which is insensitive
to exchange and overlap uncertainties) is mea-
sured is 22Na. Two recent experiments give

and BST

Fierz Fierz

BST, = -0.025+0.006 (Ref. 11),
BST, = -0.024+0.009 (Ref. 12),

Fierz
These results appear to indicate that BT, ., #0.
However, this is a strongly hindered transition
(logft="7.4), so that second forbidden corrections
may be able to resolve the discrepancy between
theory and experiment without introduction of a
Fierz term.’?

(ii) Analysis of B spectra. Here also results are
uncertain. There are a number of cases wherein
measurements are inconsistent with B, =0."
The most stringent limit presently quoted is from
a shape factor measurement in 2*Na's:

BST,_=0.0008 +0.0028. 17)

However, this is not in agreement with the ¢/8*
data on **Na [Eq. (12)]. Also, the analysis does
not include radiative corrections or the expected
sizable second forbidden terms, which can mask

(16)
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the presence of BS],,,.'* A result from a non-
hindered transition is from a shape factor mea-
surement on the analog decay “N—'C+e*+v,,

which yielded!®
=0.0014 £ 0.0237.
(18)

Finally, although not a spectral shape measure-
ment, an analysis of 0*-0* analog transitions by
Hardy and Towner provides the best existing limit
on BE, 17

Fierz
BE,...,=-=0.001+0.006. (19)

Fierz

Fierz

Bpjers 0.46BE, ., +0.28BST

(iii) e helicity measurvements. Here the best
result is from a recent measurement on *H '8;

P, =-(v/c)(1.005+0.026),

implying
Brpiers ©0.25 BE, . +0.T1BST = -0.005+0.026.
(20)
Two older measurements,
P,=-(1.00£0.02)v/c (Ref. 19),
implying
BST ., =0.00+0.05, 1)
P,=-(0.99+0.01)v/c (Ref. 20),
implying
B%T,..=0.02+0.02,

are both for the transition
2p~B5ie+7,,
which is strongly hindered (logft="7.9) and is there-

fore subject to at least some of the same difficul -
ties with respect to second forbidden contributions

—

as is ??Na. A summary of relevant experimental
results is given by Pauli.?! From these data, then,
one can conclude that |BE,, .| <0.006, |BST,,
<0.03.

Use of the Michigan polarimeter could enable a
substantial improvement on this limit. Suppose
one compares the measured polarization at a
given energy E for a pure Fermi and a pure Gam-
ow-Teller decay. Then

Pgermi - PET & - % %(Bg}‘erz ’Bgierz)‘ (22)
A measurement on a pair of such nonhindered
transitions which indicated that

|Pyermi _ PGT| <3 x107p/E at E=1 MeV  (23)
would allow a rather clean limit

| BE{orz = Bfferg| <6 % 107 (24)

Fierz Fierz

to be set, which is a significant improvement on
present results, as indicated above. Of course,
should a nonzero effect be found at this level, that
would be even more exciting in that one does not
anticipate seeing V-A recoil effect corrections un-
til the level of ~1x1073,

APPENDIX

A proper analysis of 8* decay must take account
of the electromagnetic interaction between the
positron and nucleus. The elementary particle
techniques for handling this problem were devel-
oped in a previous work?? and will not be repeated
here. The results can be described in terms of in-
tegrals A, B, C, and D of the weak charge density
p(7) and the lepton wave functions. Explicit de-
finitions can be found in Ref. 22.

In terms of these we find

Pr=+p{a’[|A]*- |B|* - [C|*+ |D|* ~2Re(A*D - B*C)]+ ¢} |A|*- |B|* - |C|*+ |D|*+ 2Re(a*D - B*C)]}

x[1+ (a/2m)g,(E))/{a’[|A|*+ |B| 2+ |C|?+ [D[?

- 2Re(A*D+ B*C)+2(m_,/E)Re(A*B + C*D —A*C - B*D)] + c,le, + (m2/3ME)(2b+d - 2¢,)]

x[|A]*+|B|*+|C|*+ |D|*+ Re(A*D+ B*C) + 2(m,/E) Re(A*B + C*D)+ 3A*C + sB*D)|}{ 1+ (a/2m)g,(E)],

(A1)
where the g,(E) are radiative correction factors given by
- 4 E,-E -E)?
g(E)=£-2(1- Bz)itanh 'Ry 2 <-1-tanh"3 - 1) +i (E—°;-2—ltanh“3
B 3 B 6 E B ’ (A2)
= 4 E,-E (1 -1 1 (Eo“E)2 ( =1 )
gz(E)—£+ 3 " GE (Btanh B—l) +-§—'-‘-EE!—— tanh™'g -1) .

Here £ is the function.
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_ 3 1 - 3 2(E,-E)] 4 2B 4 o o
5-3lnm,/m,—z+4<-3-ta.nh B—l) [——§-+In—-—;1——-] + BL(I ﬂ)+ —tanh ﬁ(l tanh’ B), (A3)
h
where A=[Fg;(Z,E)] /2{ 14252 [2EE° -2E%+m]?
* In(1-1¢) F,
L(x)= f =="a (A4)
o

is the usual Spence function.

In the limit Zo «< 1 the integrals A-D can be
evaluated analytically and we find that if one
parametrizes the weak form factors as

F(@*)=*F@)=F,+q¢°F,+-+*, (A5)
then

E 9(Za\? ]}
+3Z“i-z<—a‘) g

FZZan_‘E, (A6)

D= -[Fg; (Z,E)]‘/zﬁ R
where R is the nuclear radius and Fy; (Z, E) is the
definition of the Fermi function due to Behrens and
J4necke.?
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