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The results of determination of the weak interaction coupling constants (G }, and
G ), obtained from neutron lifetime and electron-spin asymmetry of neutron /-
decay, are presented. The possible reasons for the discrepancy of G {, values are
discussed.

The precise measurements of neutron S-decay make it possible to determine the
vector and axial-vector constants of weak interaction. These constants are determined
from experimental data for the neutron lifetime (7, ) and the asymmetry of neutron S-
decay (A4, ). However, because of the low accuracy of the neutron experiment, this
method for a long time was not competitive with the well-known method for determin-
ation of G, from superallowed 0+ -0" nuclear transitions. The accuracy of the neu-
tron lifetime determination and of the S-decay asymmetry has recently been improved
considerably.'® Using the average value for the neutron lifetime 7, = 887.0 + 1.6 s
and the average value for the electron-spin polarization asymmetry of S-decay A4°
= —0.1126 + 0.0011, one can obtain the results for the vector and axial-vector con-
stants "G}, and "G,

"G =Gy (1l + Ap)7 = (1.1584 £ 0.0024) X 1077 GeV ~?(fic)?, ¢))

"Gl o= Ga(l 4+ Ap)3 =(—1.4561 £ 0.0014) X 107° GeV ~*(fic)?, 2)

where A; is the inner radiative correction for the process n—p+e~ + ¥, in the
standard electroweak theory.

The values of the weak coupling constant as determined from 8 *-decays in su-
perallowed 0T-0" transitions have been presented in several papers. These values
differ from each other by the calculation of the nuclear structure corrections: °°G j,
= (1.14809 + 0.00045) x 10> (Ref. 7), G}, = (1.14939 + 0.00065) X 107> (Ref.
8), ®G4 = (1.1510 £ 0.0005) X 10=% (Ref. 9), ®°G} = (1.1516 4 0.0005) X 10~°
(Ref. 9). One can see a systematic increase of G 4 with time. It seems that the last
value takes into account the nuclear structure effects very accurately.

The vector coupling can be extracted from decays of strange particles using
the G, value and the unitarity of the Kobayashi-Maskawa matrix:'’
“Gy(1+ 8" =G, (1+ 8, — AN — |V, = [V,|H?  =(11514
+0.0015) X 107>
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In addition, a great interest has arisen in the decay asymmetry and lifetime data
of '”Ne reported recently in Ref. 11. The positronic decay of *Ne is actually the f -
decay of a proton in the nucleus. The asymmetry and the lifetime measurements of
YNe[d n. = — 0.03669 + 0.00083, (Fr)y. =1717.6+3.7 s] give here: ™G,
= (1.1478 4 0.0016) X 10~ and MG/, = ( — 1.0664 + 0.0013) X 10°.

All the data given above are shown in Fig. 1. One can see a discrepancy between
the G/, value from the neutron B-decay and the other G}, values. The largest contra-
diction is observed between the G/, values from the neutron and ""Ne ("G ;, — NG},

= 3.70). This contradiction remains at the 2.1¢ level even if the results on the asym-
metry,? which are the main source of this discrepancy, are excluded.

It seems possible to follow the different directions in the discussion of this contra-
diction: 1) It may result from the systematic lowering of the experimentally measured
absolute value of decay asymmetry and/or the neutron lifetime, 2) it may be connect-
ed with the incomplete calculation of the radiative corrections, 3) it may be due to the
presence of right-handed currents in the nucleon SB-decay. The latter alternative can

n 1/2 Ne 1/2
GA(]‘.+A3) GA(1+A3)
-1445 ‘Jj? 90% c.1. 1160

1l
~1450 % -1065
-1455 i 1-1070
/ il
il
-1460} T 1075
-1465 } 1-1080
-1470} -1,085

1145 uso uss5 1160

Gv(1+AB)1/2, 1075 cev 2 (nc)?

FIG. 1. Determination of the weak couplings from different experimental data (90% c.l.): a) from the
decay asymmetry A, and the neutron lifetime 7,—the right ellipse (the dotted-line ellipse is the same
without the data from Ref. 2); b) from the decay asymmetry of '*Ne (4y, ) and "°Ne lifetime (7, )—the
left ellipse; ¢) from the Fr data for 0¥ -0 transitions—the higher bargraphs; d) from the decays of strange
particles, G, and the unitarity of the Kobayashi-Maskawa matrix—the lower bargraphs.
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explain the largest discrepancy between the neutron and '*Ne data. Further, it will be
shown that the choice between these options can be made by performing new, rather
precise experiments: measurement of the ratio (4 — B)/(A + B) = A,, [which im-
plies simultaneous measurement of the electron-spin (A) and the neutrino-spin polar-
ization asymmetry (B), without exact determination of the neutron beam polariza-
tion] and measurement of the B value with the precise determination of this
polarization.

Let us discuss, on a very preliminary basis, the third option, i.e., the existence of
right-handed currents in the nucleon S-decay, which was considered in different
aspects in Refs. 1, 11, and 12. Taking into account the right-handed currents, !> we can
write the electron-spin asymmetry as

A2(L=9%) 4+ Ma(l — 2) 3)
(L322 4 3R (1 4 9)

An = _2

and the ratio of the lifetimes as

(Fr)00
(Fr)

o 1442
111+I2

(143X )z%(1+3)\$.), 4)

L

(An = "GL/"Gy).

This leads to the connection between the parameters § and ¢ of the model (in the
quadratic approximation):
M4 402+

An +2 = 5% + B
PTIT432 0 14362 14352

472
1+3)2

6¢ + ¢ (5

Here x =6 — £, y = 6 + £, 8 is the ratio of the squared masses M7 and M3 (for the
mass eigenstates W, = W, cos{ — Wr sing; W, = Wi cos&+ W, sin{), and & is
the mixing angle for W,, Wy. The analogous equation can be written for °Ne. Add-
ing and subtracting Eq. (5) for neutron and neon, one can find the restrictions on the
6 and { parameters. The allowed values of § and £ are shown in Fig. 2. The neutron
data, together with the most precise '*Ne data, play the crucial role, while the 0*-0"
transitions are of minor importance. It is worth mentioning that by introducing the
right-handed currents one can explain the different signs of the deviations of "G }, and
NeG 4, from °°G,. The region of restrictions in Fig. 2, marked by the dotted line,
corresponds to the case where the data for the asymmetry 4, of Ref. 2 are excluded.
One can see that even without these data the contradiction for the limits from the @™ -
decay' is not removed. This discrepancy between the muon decay and the nucleon
decay is a serious obstacle in the explanation of the contradiction of the right-handed
currents discussed above. We note that the W, in the analysis can be simulated by the
incorrect account of the radiative corrections.

These possibilities can be distinguished on the basis of an analysis of the expres-
sions for Fr and the decay asymmetry. Taking into account the contribution of the
right-handed currents and the radiative corrections, with the mixing angle § = 0, we
can write the following expressions (the right-hand side of the equations given below
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FIG. 2. The region of restrictions for the left-right model parameters 6 and ¢ from different experimental
data (90% c.l.): a) from B ~-decay of neutron and 3 *-decay of '*Ne—horizontal shaded region, the most
probable value My, =220 GeV/ ¢* (the region shown by the dotted line—the same without data from Ref.
2), the most probable value M,, =240 GeV/c?, b) from the " -decay data—the vertical shaded region,
My, >432 GeV/E%,

correspond to the leading order in § = M7 /M%):

(FT)O():}_ S L4yt 1+ 4% ~l1 3)? 1+ 473 6)
(Fr) 2(1+3A’*1+zz)1+ag0”2( + ".)1+A;;0’
Az(l—yz)-{-,\n(l—zy) 2 )\2+/\u 7
-2 ~ —2(1 ~26%) T (N
Ao (I +22) + 372 (1 + 4°) ( )1+3/\;,
Az(l—yz)—}\n(l——zy) . )\Z‘,—/\n
Bo=222 ~ 21 - 26%) 222 (8)
O M w2+ (1 + 7 ( )1+3/\;
Ao=Bo_\ 129 9

A0+Bo— ﬂl——a:yN

Here Ag and A%" are the uncalculated radiative corrections, and A, and B, are the
experimental values of the electron-spin and neutrino-spin asymmetry, which were
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corrected by removing the recoil and weak-magnetism effects. The radiative correc-
tions are omitted in Egs. (7)—(9) since they are negligible in comparison with the
experimental accuracy. Since the quantity B, is the measured value of the neutrino-
spin asymmetry, it equals to 2(4% —4,)/(1+ 312%) in the absence of the right-
handed current. When the right-handed currents are present, we can construct the
quantity 4,5 = A4, — By/4,+ B, which coincides with A4, if {=0. The value
B,y =2(A1% — A4p)/(1 4+ 31%,) will then differ from B, only because of the exis-
tence of the right-handed currents:

Bap . 252_{_43)\3“3——1

302, ~ 1
BO 3A‘ia + l

CZ' (10)

8 +2

The relationship between the parameters & and £ in Eq. (10) is shown schematically in
Fig. 3 for different values of the deviation parameter [(B,5z/B;) — 1]. The use of the
quantities 4, and By, eliminates the need to take exact account of the radiative correc-
tions. As one can see from Fig. 3, to confirm (or reject) the presence of Wy, one
should measure B with the accuracy of about 0.3-0.5%. This can be done by using the
special method for measuring the neutron beam polarization.'>'¢ The use of the quan-
tities 4 and A, is less attractive since it requires highly precise measurements. In
addition, the role of radiative corrections for 4 may have an appreciable effect, while
for quantities B and (4 — B)/(A4 + B) this effect is much smaller (since 4~0.1 B).
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FIG. 3. The correlation between & and { for different values of the deviation parameter [ (B,;/B,) —1].
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Thus, the correct analysis for the right-handed currents needs the comparison of
the results obtained from the measurements of B and (4 — B)/(A + B), instead of 4
and (Fr)°/(Fr)", as was the case before. To complete the analysis, one can evaluate
the uncalculated radiative corrections by measuring the quantities (Fr)%, (Fr)", and
Aqp:
(Fr)® 2 | (11)
(Fryp 1430,

00 __
A —ADp =

Thus, at present the most important goal is to measure with higher accuracy the
ratio A, = A, — By/A, + B, and the value of B. This will make it possible to choose
between the three discussed possibilities of the source of the discrepancy between "G i,
%G1, and NG .. For example, the option of the right-handed currents is excluded if
B, = B,;, while the possibility of additional radiative corrections is excluded if
A4s = A,.. A more sophisticated analysis will reveal the possible systematic errors or
random deviations in the former experiments.

We note in conclusion that if { (B,5/8,) — 1] =3X 1072 (so that the region of
mass values for Wy in Fig. 2 is confirmed), then the contradiction involving the u-
decay restrictions can be reconciled by assuming that the right-handed neutrinos have
Majorana masses, and that the following relations are valid:

Myn > My — M — My,

my,n <My — Mp — M.

The decay via Wy will then be forbidden for the muon and allowed for the
neutron.
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