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Constraints on left-right-symmetric models from neutron decay
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The implications for left-right-symmetric models of recent neutron-P-decay asymmetry and life-

time measurements are analyzed. The significance of forthcoming high-precision lifetime mea-

surements is stressed.

As is well known, the left-handed nature of the low-

energy weak interaction has no fundamental justification
and thus left-right-symmetric extensions have been pro-
posed in which the near-maximal parity violation of the
standard SU(2)LU(l) model is due to spontaneous
symmetry breaking of a larger SU(2)L SSU(2)ttU(I)
gauge group. ' In such models, the physical (i.e., mass-
eigenstate) gauge bosons Wl and W2 are linear combina-
tions, with some mixing angle i,", of the weak eigenstates
WL and WR which couple to left- and right-handed
currents, respectively. Because of spontaneous symmetry
breakdown the squared mass ratio of the physical gauge
boson s

larized ' Ne (Refs. 10 and 11) has also proved to offer a
powerful constraint. ' [The more precise results of Ref. 11
are generally used in the recent evaluations to set upper
limits to the relevant parameters (cf. Figs. 1 and 2).j It
should be noted, however, that in a recent experiment on

Ar, results obtained with atomic beams, such as the one
reported in Refs. 10 and 11, were found to be prone to sys-
tematic errors.

With the advent of polarized ultracold neutron
beams, "high-precision neutron-P-decay asymmetry mea-
surements became possible and led to the result'

A —0.1146~ 0.0019 .

Consequently it seems worthwhile to examine the possible

acquires a nonvanishing and empirically small value. The
precise size of the mass ratio b and the mixing angle i,

"
must be determined experimentally.

Originally various leptonic and semileptonic processes
were analyzed in order to either observe nonvanishin
values of (g, b') or set upper limits to these parameters.
In addition, nonleptonic transitions, which require the
somewhat model-dependent evaluation of the weak decay
amplitudes, were investigated. 4 Finally, generalizations
of the initial "manifest" left-right-symmetric models, in-
troducing additional paramt;ters, were studied. 5 For such
cases, the theoretically based nonleptonic strictures are no
longer valid and limits must be empirically based.

On the experimental side, the decay asymmetry of po-
larized muons provides rather stringent upper bounds at
about the 5X10 2 level (cf. Fig. 1) for both h and i,".s It
has been noted, however, that at this level of precision the
method runs into limitations due to muon depolarization.

P-decay experiments are subject to different systematics
and —if pursued to sufficient precision —yield comple-
mentary constraints in b, ( s ace both in the "manifest"
left-right-symmetric model ' and in its extensions. For
the purpose of such investigations, any manifestation of
parity violation is suitable. p-ray longitudinal polariza-
tion (both absolute and relative in Fermi to Gamow-Teller
transitions) has been studied and is currently under scru-
tiny at various laboratories. The limits obtained thereby
are indicated in Figs. 1 and 2. The P asymmetry from po-
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FIG. 1. Restrictions on the boson mixing angle i,
" and the

squared mass ratio ti—:(Mi/M2) (for definition cf. text) provid-
ed by the muon-decay asymmetry (Refs. 6 and 7), the nuclear-
P-decay asymmetry (Ref. 11), and relative Fermi and Gamow-
Teller longitudinal polarizations (Ref. 8). We compare these
constraints to that deduced from the combination of the
neutron-decay asymmetry (Ref. 14), half-life (Ref. 22), and
superallowed-pure-Fermi-decay probabilities (Ref. 18). The al-
lowed region in Figs. 1-4 is that near i,

" b 0. In each case the
curves correspond to 90% confidence.
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The deduced value gg/gv =1.259 ~ 0.017 turns out to be
less precise than that determined from the neutron life-
time and will not be considered further.

The extraction of the ratio g~/gv from the neutron-
decay probability calls for the knowledge of the ft value
for the superallowed pure Fermi (0+-0+) transitions as
well as that for the neutron. As a result of the recent re-
evaluation of the O(Za2) radiative corrections to the 0+-
0+ ft values, ' the data base has become coherent and
yields the Fermi ft value to a precision of 0.06%.

ft o =3068.6 ~ 1.8 sec. (5)

In the case of the neutron, while the phase-space factor f
is calculated quite precisely, '

FIG. 2. Constraints deduced from P-decay data alone. The
full lines show the constraints provided by neutron decay for the
two extreme half-lives compatible with the pure V —A theory
extracted from Fig. 4 and the lowest half-life (626 —9 sec) al-

lowed by its experimental value (Ref. 22).

constraints on left-right-symmetric models which can be
inferred from these experiments. '5 In this Rapid Com-
munication, we report the outcome of this investigation.

The zero-momentum asymmetry quoted in Ref. 3 was
written for positron decay but can be readily generalized
for positron-electron transitions:

f 1.7147 ~ 0.0002,

the same cannot be said of the neutron lifetime, for which
a rather wide range of values have been reported. For-
tunately this situation is due to be cleared up. With the
advent of novel experimental techniques" and with a
number of lifetime measurements underway2' results are
expected eventually at about the 0.5% level of precision.
In the present note, for illustrative purposes, we utilize the
most recent value of which we are aware, 22

t 903+ 13 sec,

which yields

2=+2 . . . , , . (2)ga(gw ~gv) ygw(ygw ~xgv)+T(
gk+ 3gA + (x 'gv+ 3y 'g3 ) + T2

=2.86+ 0.04, (8)

Here the parameters x and y measure the deviation from
the standard model and are expressed in terms of the
right-handed parameters introduced above as

b(1+ tang) —tang(1 —tang)
1 —tan(+ b tan((1+ tan()

b(1 —tan() + tang(1+ tan() +1+tang —b tan((1 —tan()

while T( and T2 are small corrections arising from recoil
effects such as weak magnetism. ' For a superallowed de-

cay of small momentum transfer, as in neutron p decay,
such corrections are less than 5X 10 and have been
neglected in our analysis. Finally g~ and gv are the con-
ventional axial-vector and vector semileptonic coupling
constants. In the notation of Ref. 16 their ratio is positive:

gw/gv = 1.26.
The experimental value of the asymmetry provides con-

straints on the left-right-symmetric model parameters
only if the coupling-constant ratio gg/gv is known. This
ratio can be extracted from a parity-conserving observable
such as the electron-neutrino directional correlation or the
neutron ft value combined with that for superallowed
pure Fermi transitions.

The electron-neutrino directional correlation coefficient

and, neglecting right-handed currents, corresponds to the
value

1.254+ 0.011 .
gv

(9)

The constraint associated with the lifetime ratio, Eq. (8),
is imposed by the use of Eq. (10) of Ref. 3, which is iden-
tical for electron and positron decays:

gv+3gw+(x g/+3y2g&2)+ T3

2(1+x )g$+T4
(10)

Again T3 and T4 are tiny corrections to neutron and 0+-
0 Fermi decay ft values arising from recoil effects that
we have neglected as above in the case of recoil terms T(
and T2 (cf. also Refs. 19 and 23).

In Fig. 3, we display the rather wide ((,8) parameter
region still compatible with the best available informa-
tion' on neutron decay. In Fig. 2 we compare the
neutron-p-decay restrictions from Fig. 3 to those obtained
by other means in order to illustrate the complementarity
of these constraints. We observe that in the p-decay sec-
tor the constraints provided by the neutron decay are
essential to delimit the mass region for the hypothetical
heavy boson W2. Moreover, even at their current level of
precision, these bounds are comparable to the usefulness
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FIG. 3. Constraints deduced from neutron decay (Refs. 14
and 22) and superallowed pure Fermi transitions (Ref. 18)
alone.

of muon-decay experiments.
Finally, in order to illustrate the significance of the in-

formation one can expect from the ongoing neutron life-
time measurements, we show, in Fig. 4, the constraints ob-
tained from two extreme half-life values still compatible
with the absence of right-handed currents. In Fig. 2 we
compare the constraints deduced from these two extremes
with the other available P-decay information, which clear-
ly illustrates the importance of the expected neutron-
lifetime measurements.

FIG. 4. The dependence of the constraints on the neutron
half-life; the experimental values of the neutron decay asym-
metty (Ref. 14) and superallowed-Fermi-decay probabilities
(Ref. 18) are used. We show the constraints which would be
provided by the extreme half-life values (615 and 623 sec;
dashed and solid lines) still compatible with the pure V —A
theory.

We are indebted to D. Dubbers and J. Byrne for impor-
tant information and also to Didier Claes who performed
some of the computations on which this note is based.
One of us O.D.) is grateful to P. Herczeg for valuable dis-
cussions. This research was supported in part by the Na-
tional Science Foundation.

'J. C. Pati and A. Salam, Phys. Rev. Lett. 31, 661 (1973);Phys.
Rev. D 10, 275 (1974); R. N. Mohapatra and J. C. Pati, ibid
11, 566, 2588 (1975).

2M. A. B. Beg, R. V. Budny, R. Mohapatra, and R. Sirlin, Phys.
Rev. Lett. 38, 1252 (1977).

38. R. Holstein and S. B. Treiman, Phys. Rev. D 16, 2396
(1977).

46. Beal, M. Bander, and A. Soni, Phys. Rev. Lett. 48, 848
(1982); J. F. Donoghue and B. R. Holstein, Phys. Lett. 113B,
382 (1982).

P. Herczeg, in Weak and Electromagnetic Interactions in Nu-
clei, proceedings of the International Symposium, Heidelberg,
West Germany, 1986, edited by H. V. Klapdor (Springer,
New York, 1987), p. 528, and reference 5 cited therein.

SJ. Carr et al. , Phys. Rev. Lett. 51, 627 (1983); D. P. Stoker
et al. , ibid 54, 1887 (198.5).

7I. Beltrami etal. , Phys. Lett. B 194, 326 (1987), and Refs. 8

and 19 therein.
sV. A. Wichers etal. , Phys. Rev. Lett. 58, 1821 (1987), and

references cited.
A. S. Carnoy et al. , in Weak and Electromagnetic Interactions

in Nuclei (Ref. 5), p. 534.
'oF. P. Calaprice et al. , Phys. Rev. Lett. 35, 1566 (1975).

D. Schreiber, Ph. D. thesis, Princeton University, 1983.

'2J. D. Garnett et al. , Phys. Rev. Lett. 60, 499 (1988).
'3Workshop on the Investigation of Fundamental Interactions

with Gold Neutrons, edited by G. U. Greene (U.S. Nat. Bur.
Stand. , NBS Special Publications No. 711) (U.S. GPO,
Washington, DC, 1986).

'4P. Bopp et al. , Phys. Rev. Lett. 56, 919 (1986); E. Klemt et al. ,
Z. Phys. C 37, 179 (1988).

'5J. Deutsch, in Interactions and Structures in Nuclei, edited by

B. J. Blin-Stoyle and W. D. Wilkins (IOP, Bristol, 1988),
pp. 73-88.

'6B. R. Holstein and S. Treiman, Phys. Rev. C 3, 1921 (1971).
'7H. C. Stratowa et al. , Phys. Rev. D 18, 3970 (1978).
' A. Sirlin and R. Zucchini, Phys. Rev. Lett. 57, 1994 (1986).
'9D. H. Wilkinson, Nucl. Phys. A377, 575 (1982).

D. Dubbers, in Weak and Electromagnetic Interactions in
Nuclei (Ref. 5), p. 516; J. Byrne, ibid , p. 523. .

'J. Last et al. , Phys. Rev. Lett. 60, 995 (1988). This work ap-
peared after our calculations were completed. The constraints
provided by this first measurement, whose precision can still
be substantially improved, according to the authors, are not
superior to those which one can deduce from Ref. 22.
Yu. Yu. Kosvintsev et al. , Pis'ma Zh. Eksp. Teor. Fiz. 44, 444
(1986) [JETP Lett. 44, 571 (1986)).

23L. Szybisz et al. , Phys. Lett. 122B, 131 (1983).


