
Α. Α. Komar,, Neutral currents in the physics of

weak interactions. In the energy region accessible to

modern experiments, the dynamics of weak interactions

is well described by a phenomenological Lagrangian in

the form

where G is the weak-interaction constant and J{ are
operators bilinear in the fields of the particles that take
part in the weak process, and are called weak currents.

Until recently, all the known weak processes could be
described on the basis of zw, using only the concept of
charged weak currents ί/̂ °(μ =1, 2, 3, 4), i .e . , vector
operators that change the electric charge of the system
of particles by unity (more accurately, j £ c is repre-
sented by linear combination of the vector current V
and the axial current A and this causes, in particular,
the well known violation of spatial parity in weak pro-
cesses). The corresponding Lagrangian xw is of the
form

In 1973, weak interaction processes were observed"3

and could be interpreted by introducing also neutral
weak currents Jfc, i. e., operator formations that do
not change the electric charge of the system of particles.
The corresponding interaction Lagrangian can be writ-
ten in the form

where β is a constant.

By now, the following processes generated by neutral
weak currents have been observed:

(Ι) ν,, 4- Ν -* ν,, 4- hadrons, (III) vu + ρ -+ ν., 4- ρ,

(Π) vj, + Ν ->• \Γμ 4- hadrons, (IV) vr

u + ρ -• ν,, 4 · Ρ.

(V) ν,, + e- -• ν,, - ί", (VI) ν,, + <·- — ν,, 4- '-•

On the basis of the study of these processes' 2 ' 3 3 we

can draw the following conclusions:

1) The constant β< 1.

2) In processes I-VI that are due to neutral currents,
spatial parity is violated.

3) As regards the transformation properties relative
to the Lorentz group, the neutral current J*c is neither
scalar S nor pseudoscalar P, but a combination of the
two, nor is it purely vector V or purely axial A.

4) It is most probable that jf c is a linear combination
of V and A, although small admixtures of other variants
are not excluded.

5) From the point of view of the isotopic structure,

jfc is not a pure isoscalar and is most probably a com-
bination of a third component of an isovector and an iso-
scalar.

All the observed manifestations of neutral weak cur-
rents are connected with strangeness-conserving neu
tral currents. Neutral weak currents with similar
properties arise in natural fashion in models of gauge
field theories, which describe in unified manner the
electromagnetic and weak interactions (see c 4 ]). The
appearance of neutral currents in these models is due
to the presence in them of one (or several) massive
(£80 GeV) neutral vector intermediate bosons. The
neutral currents connected with the intermediate bosons
are in the general case a vector plus axial mixtures.
The available data on processes caused by neutral cur-
rents do not contradict as yet the predictions of the
simplest model of this kind—the Salam-Weinberg mod-
el. c 5 : i Variants have been proposed for the construction
of similar models'6 3 in which, besides neutral currents
that conserve strangeness, neutral currents that violate
charm are present. Charmed-particle decays of the
type D* - π*1 *l ~ or D°~ ΙΊ' afford in this case an addi-
tional possibility of investigating neutral currents.

Neutral currents reflect a new, still inadequately in-
vestigated aspect of the dynamics of weak interactions.
An important task is the comprehensive study of neu-
tral currents. Great interest attaches in this connec-
tion to an investigation of manifestations of neutral weak
currents in atomic physics, connected with the weak in-
teraction of the electrons with the nucleons and pro-
viding information on neutral currents, i. e . , indepen-
dent of neutrino processes ( s e e m ) . The values pre-
dicted in this case (for example, the angle of rotation
of the polarization plane) are quite sensitive to the cho-
sen weak-interaction model.C 8 3 Another interesting pos-
sibility of investigating neutral currents is connected
with the analysis of the angular asymmetry in the r e -
action e* + e~— μ* + μ"—in colliding beams at high ener-
gies.19·1 A study of neutral currents will undoubtedly
provide a deeper understanding of the nature of weak
interactions.
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B. G. Erozolimskii. Beta decay of the neutron. In
the thirty years since the discovery of the beta decay
of the neutron, some thirty experiments have been per-

formed in which this elementary nuclear beta decay pro-
cess was investigated, including five new investigations
reported in the last three years, in which the measure-
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ment accuracy has been substantially improved.

In these studies they measured the following charac-
teristics of the beta decay of a neutron:

1) the lifetime of the free neutron;

2) the angular correlation between the directions of
the emission of the electron and antineutron—the con-
stant a;

3) the angular correlations in the decay of polarized
neutrons:

a ) σ» Ρ«—the constant A,

b) <*, p v —the constant B.

c) σ> ΡβχΡ>.—the constant D.

Since 1970, the following new measurement results
have been obtained, besides those reported in the r e -
view1-1]:

1. In Austria, Dobrozemsky et ah C23 obtained a new
value of the constant A by measuring the summary spec-
trum of the recoil protons. They obtained a = - 0.099
±0.011.

2. Two measurements of the electron-spin correla-
tion (the constant A) were performed at Argonne'33 and
at the Kurchatov Inst i tute u ] :

A = —0.110 + 0.0081''. A = —0.115 +-0.OOB1*1·

3. Two additional attempts were made to observe the
Τ-odd correlation (measurement of the constant/)) at
the Kurchatov Institute'53 and at the Laue-Langevin In-
stitute in Grenoble (France) c e ]:

β = —0.0027 + 0.00331'', D = —0.0011 + 0.00171*1·

The values of the phase angle between the constants
GA and Gv, which were obtained from these measure-
ments, are

β = (180.35 + 0.42)° from the data of Is! -

β = (180.14 + 0.22)° from the data ofl6· .

It is appropriate to note that in a recent paper by the
Princeton group,c73 who measured an analogous T-odd
correlation in the beta decay of Ne19, a result of un-
precedented accuracy was obtained:

θ = (179.94 ± 0.11)°.

All this seems to indicate that there is no violation of
Γ-parity in the weak interaction responsible for the
beta decay of nuclei (at any rate on the scale observed
in K-meson decay).

The mean-weighted angular-correlation constants A,
B, and a, in all the performed measurements, are re-
spectively'83

A = —0.1139 + 0.0040, Β = 0.995 + 0.028, a = —0.0985 + 0.0097

The averaged value GA/GV obtained on the basis of these
quantities is

-^-=—1.259 ± 0 . 0 0 9 1 " .
Cry

and agreed well with the value of GA/Gr obtained on the
basis of data on the (/τ) of the neutron and (ft) of the
0—0 transitions:

- ^ - = — 1.245 + 0.0U I 1 0 ' •

The averaged values of the constants A, B, and a
agree quite well with the requirements that follow from
the V -A variant of the theory, namely, that 1+A =B + a
and A2 + A =Ba.L 8 3 Nevertheless, the accuracy with
which we presently know the constants, especially the
neutrino angular correlations, is still insufficient to be
able to exclude the rather appreciable constributions of
S and Γ variants (at a level 25-30% of the V and A vari-
ants, respectively).

Further progress in the accuracy of the measurement
of the electron-spin correlation constant will also make
it possible to attempt to observe effects of weak magne-
tism and currents of the second kind of the beta decay of
a neutron, which undoubtedly would be of considerable
interest. This requires an investigation of the depen-
dence of the constant A on the energy of the decay elec-
trons, i. e., a measurement of dA/dE with accuracy not
less than 10"3Mev"1.
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