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In addition to the usual description of electrons and other fermions by means of spinors of
the second kind, it is suggested that for the neutrino, use can be made of Cartan spinors of
the first kind with other transformation laws under reflection. Despite the conservation of
parity, a number of conclusions of such a theory are analogous to the Yang-Lee theory.

IN connection with the recent discovery of a number of phenomena! which are interpreted most naturally
as a violation of the law of conservation of parity (decay of 7 and 6 mesons, T— p mesons and the B-
decay of oriented nuclei), it is necessary to investigate one more possible description of the neutrino,
which may possibly permit the explanation of part of the abovementioned phenomena, and at the same time
preserve all the conservation laws.

Let us assume that the transformation laws of the neutrino wave functions under reflection differ in a
definite way from those of the usual spinors, such as electrons, for example. We will call spinors with
special transformation properties pseudospinors. Cartan? pointed out the possibility of the existence in a
world with an even number of dimensions, of pseudospinors, forming a special representation of the com-
plete Lorentz group (“spinors of the first kind”*).

We will use the following notation:

ab = ap.bp. = a;b; — azby; Tayg + [8Ta = — QBaQ(ano =—1, 03y =08 = 333: I)'
A o
To = To = To = To

(the symbols next to the matrices represent successively the transpose, the complex conjugate and the
Hermite conjugate);

= L=y
all the remaining matrices are real;
Ts=—T =foltelss T5=—1;

the charge conjugated spinor is Y€ = 'yzz//* . Let the usual spinors corresponding to the electron-positron
field (Cartan’s spinors of the second kind) transform under reflection with respect to a hyperplane per-
pendicular to the unit vector au(azu = 1), as

b= = L(a)d, L(ay)=awrstes L= —a.

This choice is unique to within i with the requirement that the relation connecting ¢ and /¢ be in-
variant.’ Here, pseudospinors will be transformed by the matrix

L’ (a,) = apYp.

The properties of the usual spinors and the pseudospinors are identical under rotations. If a vector
and pseudovector are constructed of pseudospinors (with respect to spatial reflectionst the structure

*The properties of pseudospinors in connection with B8-decay were investigated in detail by Brodskii
at one of the lectures at the Moscow State University (1951).

tWe recall that with regard to reflections with a change in the sign of time, the known invariant com-
binations behave as reciprocal pseudoquantities, for example ¢t yg/ as a pseudoscalar and 1,(/* YoYs ¥

as a scalar, because of the condition —1 = a;‘; for a timelike a pe
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will be the same as in the usual case), it is easy to verify that the matrix 5 is added to the scalar, pseu-
doscalar and tensor constructed of pseudospinors. In particular, the Dirac equation for a free pseudo-
spinor field is replaced by the modified equation

(— i1u 0/ 0x* + iy (imy)) b =0, 1)

where the factor i is placed in front of the real m to conserve the correct relation between the energy-
momentum and the mass (when the Hermitian nature of the Lagrangian is violated). For m =0, Eq. (1)
is outwardly indistinguishable from the corresponding Dirac equation. Now let the neutrino field y/, be
a pseudospinor. The B-decay interaction is described, as is well known, in the form of products of a
scalar, vector, etc., constructed from nucleon functions multiplying respectively a scalar, vector, etc.,
constructed from the functions ¢ and y¢,,.

Let us define the latter quantities in our case, limiting ourselves for the time being to invariance under
spatial reflections (a = 1) As follows from elementary calculations, the mixed scalar will be IPe'Yo(l +

vs) Y, the pseudoscalar z[/e'yo( 1 — v5) Yy, the vector zpe-yoyu (1+ vs) Yy, the pseudovector zpeyoy“ (1-
vs) Yy, and the tensor weyoy”'y,, (1 + v5)Yyp. Indeed, for example,

(L) 10 (14 15) (L'4) = apau W1 170 (14 16) Tudy = — @uavhid o (1 4 15) Yutody = @50 7o (14 75) % = 050 (1 + 75) by

In all of these expressions, Ye and yYp may be replaced simultaneously by anti-particle (charge conju-
gated) quantities.*

Let us now investigate the invariance with respect to time inversion and anti-particle (charge) con-
jugation. Just as in the case of the usual invariants, invariants composed of pseudospinors, or spinors
and pseudospinors, will behave as reciprocal pseudoquantities under time inversion (i.e., a scalar will
become a pseudoscalar, etc.). In distinction from other types of interaction, this circumstance does not
impose any kind of compulsory supplementary conditions on the coefficients of the various terms in the
B-decay interaction Lagrangian Ljn¢, because all the quantities in Lj,t composed of Y, and i enter
in the form of a product multiplying the corresponding nucleon combination, which also change their char-
acter in the transition from space to time inversions. As regards symmetry with respect to anti-particle
conjugation, in all the usual interactions, with the exception of B-decay, it is a necessary consequence of
the invariance with respect to time and space reflections and therefore need not necessarily be considered
a compulsory condition (see the Luders-Pauli theorem). If, nevertheless, conservation of symmetry with
respect to anti-particle (charge) conjugation is demanded, then in the scalar case, for example, we must
take the half-sumf¥

Ya (9870 ":’N"*'.’j_To(l + 1) Oy + WV 1e V- b To(l + 75) 95)- (2)

) The investigation may be carried further as in the work of Lee and Yang.! However, since in the pres-

ent approach we assume conservation of parity, the coefficient of asymmetry in B-decay will be deter-
mined only by the Coulomb correction, proportional to Ze?. This also results in the present case from
the relations between the coefficients C§ =iCyg, Ci) = -iCp, etc. If experiment confirms the presence
in the B-decay of oriented nuclei of an asymmetry due to nonconservation of parity, i.e., to a non-Coulomb
term, the possibility suggested herein of using pseudospinors must be rejected, but it will be desirable to
base this circumstance on general arguments.

On the other hand, the asymmetry observed by Lederman and co-workers in the successive decay of

pions and muons with the emission of a neutrino, is also preserved with the use of pseudospinors.

* A special situation arises if we choose L% =+1 instead of L?= ~1 as is done above. In this case,
as is well known, the antineutrino may be identified with the neutrino Y4 = W = v,Y5 (Majorana variant)
with corresponding consequences for the invariants.

T In the case in which Lj,t is symmetrized only with respect to electron-positrons and nucleon-anti-
nucleons, instead of Eq. (2) we obtain

Yo (e ¥ (1 15) 4y 4 Ui vodid By, (1 —v5) 9,

which is outwardly equivalent to invariance with respect to the simultaneous transformations of space in-
version and charge conjugation, with violation of each of them separately, if the special character of the
transformations of the pseudospinors i, is not taken into account.
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We also note that the pseudospinor treatment of the neutrino leads to the Salam condition® of invariance
with respect to the transformation i, — ys4,, introduced by him as a postulate. Also, the possibility of
applying pseudospinors to other fermions is not excluded.

Note added in proof (Sept. 18, 1957). We should mention the interesting possibility of mixed spinors of
the first kind with respect to space (time) reflections and of the second kind with respect to time (space)
reflections. We also note that in the case of nonconservation of parity with invariance with respect to the
Salam transformation,® a new law of conservation of “neutrino charge” holds, with a current density de-
fined by a pseudovector.
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A nonlinear theory of phase oscillations induced by radiation fluctuations in electron synchro-

trons is considered. It is shown that the nonlinear theory gives essential correction to results
of the linear theory. The nonlinear theory predicts greater electron losses and imposes upon

synchrotron parameters stronger restrictions than does a linear theory.

IT is well known! that the quantum nature of radiation causes phase oscillations of electrons in synchro-
trons. The mechanism of exciting these oscillations is similar to that described by Sokolov and Ternov?:®
for exciting betatron oscillations.

Sands! calculated the mean square deviation of the electron phase oscillations induced by radiation for
a weak-focusing synchrotron. The calculation was performed in the linear approximation with a neglect
of the existence of limits to the phase oscillations. Such a calculation is valid only for small oscillations.
These4r6esults have been generalized in the same approximation to the case of strong-focusing synchro-
trons.®”

The linear theory of phase vibrations treated by Sands,! Kolomenskii,* and the present author®S is
valid only for small deviations of the electron phase from its equilibrium value. In general, however, this
assumption does not resolve the fundamental problem, that of determining the loss of electrons caused by
these oscillations. In order that an electron be removed from further acceleration, it is necessary that
its phase of oscillation be outside the allowable limits. As is well known, the left limit is ¢4, the nega-
tive of the equilibrium phase. The boundary ¢; on the right is given by

sin o, + sin g5 — (93 4 ¢5) cos ps = 0. (1)



