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Sensitivity of P-y circular polarization measurements of a possible
right-handed current presence in the weak interaction
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The description of P-y circular polarization correlations in the allowed decay of unoriented nuclei is ex-
tended to include possible right-handed currents within a parity symmetric model of weak interactions as-

suming manifest symmetry and essentially massless Dirac neutrinos. The result is of sensitivity generally

equal to that of P polarization and asymmetry determinations. Present experiments are, however, insuffi-

ciently precise to permit the extraction of new information on their existence.

Measurements of the p-y (circular polarization) correla-
tion (2 ) in the weak decay of unoriented nuclei provides,
as a natural consequence of angular momentum conserva- .

tion, information essentially equivalent to that obtained
from the asymmetry parameter (3) in the decay of oriented
parent nuclei. In past years, both measurements have been
extensively used to complement each other in determining
Fermi matrix elements, isospin impurity coefficients, and
effective Coulomb matrix elements in allowed isospin-
forbidden transitions, as well as spins and multipole mixing
ratios of transitions in daughter nuclei. "

More recently, measurement of 3 in '9Ne decay has been
used to extract limits on alternative, parity-symmetric (PS)
extensions of standard electroweak theory based on
SU(2)L, xSU(2)~xU(1). Such models, discussed exten-
sively in recent literature, 4 are characterized by a second,
predominantly right-handed boson ( 8'2) which arises from
a mixing of the chiral gauge fields via the Higgs mechanism.
Within this picture, charged current interactions are param-
etrized in terms of a mixing angle (() and a mass ratio
5 —= (mt/m2), where m&(m2) is the mass of the predom-
inantly left- (right-) handed gauge boson. Present limits on
((, 8), derived from nuclear P decay only, "' are shown in
Fig. 1 and suggest ((, 5) & (0.04, 0.07) corresponding to
m2 ) 300 GeV in the limit (= 0. These limits are extracted
from analyses assuming a manifest parity symmetry and
light Dirac neutrinos. Although models accommodating
heavy right-handed Majorana neutrinos would kinematical-
ly preclude the sensitivity of any low energy experiment to
PS effects beyond the extent to which (e0, there is no
compelling evidence for either choice at present and several
alternative scenarios have recently been suggested which
leave the question open. 8 More restrictive limits have been
obtained from analyses of both leptonic and nonleptonic
processes under essentially identical assumptions. These
limits are, however, subject to some concerns regarding
model dependency, and their equivalence with those derived
from semileptonic processes cannot be a priori assumed,
since the weak vertex couplings may differ.

Since all analyses to date imply that direct experimental
tests of PS theory are well beyond the immediate capabilities
of present-day accelerators, ' an increased motivation for
the improvement of indirect experiments naturally arises.
Further precision determinations of both the p asymmetry
parameter in '9Ne decay and the p longitudinal polarization
(Pz) are currently in progress. " As a generally greater
number of nuclear p decays with subsequent y transitions

are available, and measurements of A do not require the use
of nuclear orientation techniques, an examination of the ex-
tent to which p-y (CP) measurements might again be useful
is suggested.

Considerations are restricted to allowed (5J= 0, + 1;
AII = 0) transitions of the general form J(p) J'(y) J". Cal-
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FIG. 1. Current experimental limits on ((,5) derived from nu-
clear P decay experiments. Contours are obtained from Gamow-
Teller P polarization (Ref. 5, dotted), Ne P asymmetry parameter
(Ref. 3, dot-dashed), and comparison of Gamow-Teller and Fermi
P polarizations (Ref. 6, dark), and reflect single standard deviation
uncertainties only.
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culations assume the effective, manifestly parity-symmetric,
semileptonic Lagrangian of Holstein and Triemann,

I.,i
= ' [ ( V„—qA„) I„+(xV„" +yA~ ) I„+ ]sl

Yps = Yp 1 +g Xx 1 + g aiiR (3)

where R = {(2,52, (5} and Yp(Xx) represents standard
theory effects of leading (recoil) order. The PS coefficients
{aR} are generally functions of nuclear structure and spin-
dependent terms. Since Yps Yp, an estimate of the PS
sensitivity is then immediately obtained from ~aii{ and the
relative uncertainty in measurement, R .

To facilitate transparency, recoil order effects are herein
further neglected, although a complete analysis of experi-
ments performed to accuracies of order 10 requires their
consideration. ' A straightforward calculation then yields

C2

a 2=+2 3p(a'+ c')

0 2= —2
8

2Y i iI& i c2

Ap(a'+ c')
2(c' —a')
(c'+ a')

in which only terms in (, 5 through lowest order are re-
tained. Upper (lower) sign refers to p (p+) decay, and

r 1/2

a + c J'+1 g'+

where a (c) represents the dominant Fermi (Gamow-Teller)
form factor in the elementary particle formalism of Hol-
stein. ' The spin dependent functions 5JJ, HAJJ, and Y ~ (I)
are defined in Ref. 13.

As is immediately obvious, Ap 1s vanishing in pure vector
(c = 0) decay. For pure axial vector (a = 0) transitions, Eq.
(3) reduces to

gps(p+) =Ap(1 —2/2 —252 —4/5) (6)

and is identical in structure to that of A and I'L, to within
their respective standard theory descriptions. Equal PS sen-
sitivity is achieved for equal fractional experimental uncer-
tainties, and the limiting contours in the ($, 5) plane are
identical.

For mixed transitions, the relation between the interfer-
ence and pure Gamow-Teller contributions in A and A per-
mits the possibility of enhanced PS coefficients. This is par-
ticularly evident in the case of the T (p) ~ transition of+ 1+

where I„- = e(1+@5)v„and V„(A„) is the usual polar (ax-
ial) vector weak hadronic current. The validity of the con-
served vector current hypothesis and time reversal invari-
ance is assumed. Effects of finite neutrino mass are
neglected, but may be introduced following Mursula. Simi-
larly, extensions to nonmanifest parity symmetry may be
performed following Oka. '

The quantities x, y, and q are approximately related to (,
5 by

x=5 —(, y=5+(, q= 1+2(
For convenience, results are expanded in the general form

AA ' = T(1+10$ + 10(5)

ww =T(l —14'' —45' —18g5),

~here in the first case the sensitivity to 5 has been eliminat-
ed entirely.

The essential problem however lies with experiment. A
has oddly been generally determined to order 5%. This pri-
marily results from the small iron polarizability (f=0.08)
of Compton y polarimeters, although systematic limitations
due to multiple- and backscattering effects in sources addi-
tionally exist at the level of a few percent. Assuming the el-
imination of such effects through use of thin source tech-
niques, the statistical limitations remain for which there ap-
pears no significant technological breakthrough in recent
years. A twofold instrument, offering fourfold information
with simultaneous reduction in systematic errors, '5 was
developed some years ago, but does not appear to have
been pursued to any significant extent.

In the case of Co, the most precise determination of A
is by Pingot, ' yielding R =—0.20. This, however, suggests
an a/c =2 && 10 3 in disagreement with asymmetry measure-

' ments'4 and in conflict with most measurements of A. '~

The most recent measurement of A yields' R =—0.87.
In contrast, absolute determinations of I'I are limited'9 to

uncertainties of order 10 . Although a new technique in
p+ polarimetry2p may soon permit relative measurements to
better than 10 ', a comparison (b, I') of vector and axial-
vector decay polarizations would yield only

Qp =1+8(5 (10)

which, while restricting the allowed area in ((,5), yields no
constraints on either parameter in the limit of the other be-
ing small. Measurement of A is generally limited to order
5'/o as a result of the currently low efficiency of nuclear po-
larization techniques. This has been reduced to R =—0.035
by the Princeton group in the case of ' Ne, who further sug-
gest the possibility of achieving a two-to-four orders of mag-

' Ne, wherein the near equality of a and c form factors
yields an extreme PS sensitivity of

Aps('9Ne) =Ap(' Ne) (1+24( —25 + 24(5)

For the same decay, the sensitivity of the polarization mea-
surement is virtually unchanged from Eq. (6), and 2 is
nonexistent.

A similar enhancement is encountered, for example, in
the 4+ (p) 4+ (y) 2+ decay of '6Co, for which an a/c
= —0.091(5) yields

( Co) =—Ap(56Co) (1—11)2—252 —13(5)

Unfortunately, a/c is obtained'4 from A (56Co), which,
although relatively insensitive to PS effects since {ag ~=—O(l), is more suspect than if obtained from external
symmetry constraints and unpolarized decay measurements
as in the case of ' Ne. Estimates of the recoil order correc-
tions are made difficult by the present uncertainties in fpg
shell calculations. For isospin-hindered sd-shell decays in
general, a/c ~ 0.02 yielding A p of order 10 ' and PS coeffi-
cients of order unity only.

As suggested by their structural similarities, A and A
could in principle be used in combination. For example, in
the pure Gamow-Teller decay of Co,



2194 BRIEF REPORTS 32

nitude increase in polarized beam statistics in the near fu-
ture. 2'

Thus, within the context of current experimental con-
siderations, the measurement of A ('9Ne) is seen to provide
the most sensitive restrictions on ((,8) derivable from nu-
clear decay. In order to establish comparable sensitivity,
measurements of 3 would generally require relative accura-
cies of order 10 and precise knowledge of the standard
theory effects. This possibility seems remote without signi-
ficant improvement in the statistical efficiency of p-7 (CP)

techniques. For this reason, such measurements appear to
offer no immediate possibility of providing corroborative in-
formation on a right-handed current existence in nuclear P
decay.
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