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The assumptions of an additive conservation law of leptonic charge and of definite chiralities 
of the electron and muon in weak interactions determine uniquely the lepton pairs ( Ve, e-) 
and ( "J.l' JJ.-) in the four-fermion interaction with baryons only in the case of V -coupling. The 
possible violation of V -coupling in the ~S = - ~Q decay modes of strange particles, and hence 
the possible participation of lepton pairs of the forms (j)JJ.• e-) and (ve, JJ.-) in weak interac­
tions, is discussed. 

THE recent experiment at Brookhaven [1] which 
has disclosed an asymmetry of electrons and muons 
with respect to neutrinos originating from pion de­
cays, is a brilliant experimental confirmation of the 
two-neutrino hypothesis which has been discussed 
in recent years [2- 7] (further references are given 
in [1J). 

In a previous paper [5] the author has obtained 
the two neutrinos from a classification of neutral 
massless fermions with respect to the sign of the 
leptonic charge and chirality (the eigenvalues of 
the operator y 5 ) 0 : 

+I -I -1 +I 

y6 +1 +I -I -I (1) 

In conformity with the work of Marshak and 
Sudarshan [S] it has been assumed in [5] that the 
massive leptons ( e and JJ.) also possess definite 
chiralities in weak interactions, in the sense that 
each occurs in the weak interaction Lagrangian 
always with the same factor ( 1 + y 5 ) or ( 1 - y 5 ) 

and that the Lagrangian is invariant with respect 
to the following transformations 2>: 

(2) 

In the case of V-coupling the y5 symmetry im­
plies conservation of the lepton chirality in weak 
interactions, introducing a new additive quantum 

1lCf. also the papers by Schwinger,[2 ] Nishijima[•] and 
Kawakami [•]. In distinction from [•], in these papers two 
neutrinos are already connected a priori in a "rigid" manner 
with the electron and muon, respectively (see below). 

2lThe statement (2) is essentially based on the assumption 
that in determining the form of the basic weak interaction all 
leptons can be considered massless (cf. [•]). 

number in addition to electric and leptonic charge. 
If one now attributes different leptonic charges to 
electrons and muons of equal electric charge (fol­
lowing the proposals of Konopinski and Mahmoud [10] 

and Zel'dovich[11J), i.e., [5] 

+I -1 -I +I 

Q -1 -1 +I +I 
(3) 

then the conservation of the electric and leptonic 
charges and chirality will imply uniquely that only 
lepton pairs of the form 

(4) 

must participate in all weak interactions (we do 
not consider here neutral currents ) . In particular, 
the form of the muon decay interaction will be 
uniquely determined as: 

!1----+e- + v, + v~-' (5) 

and processes of the form 

K0 -+!1++e-, e-+2P-+!1++2n, (6) 

will be forbidden, although they conserve leptonic 
charge alone. 

However it is important to note that owing to the 
definition (3) of leptonic charge, the conservation 
laws of the charges and y 5-invariance determine 
uniquely both the muon decay interaction (5) and 
the form of the four-fermion muon decay interac­
tion, independently of the assumption of V -coupling. 
Indeed, using the Fierz identities, it is easy to see 
that the two expressions of the four-fermion inter­
action Hamiltonian which are allowed by the con­
servation of the charges and by y 5-invariance 
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are identical with each other. The tensor inter­
action 

Cl. =F ~ (9) 

vanishes as a consequence of Eq. {2). This means 
that within the framework of leptonic interactions 
only (the muon decay theory) one is allowed to 
consider with equal rights both the vector and 
scalar currents. 

The situation is different for the interaction of 
leptons with baryons. It is easy to see that in this 
case giving up the assumption of V -coupling would 
lead to a loss of uniqueness of the lepton pairings 
(4). In other words, if one does not impose V­
coupling, the conservation laws of the charges and 
y5-invariance would allow not only the pairings (4) 
but also the following lepton pairings: 

Thus, for instance, the beta-decay Hamiltonian 
could be of the form 

(10) 

H !l ~ (p (1 ± YB) n) (?(I - YB) vp.)· (11) 

However, this possibility contradicts the experi­
ments on angular distribution and the electron 
asymmetry in beta decay. Thus, in distinction 
from the theory of muon decay, a complete theory 
of the strangeness-conserving weak interactions 
of leptons and baryons is uniquely determined 
(and in agreement with experiment) only if one 
adds the independent assumption of V -A-coupling 
to the conservation of electric, baryonic and lep­
tonic charge and y5-invariance. 

The conclusion that in the leptonic interactions 
of strange particles with ~S = + ~Q the coupling 
is also of the V-A type follows less definitely from 
experimentC8J. However, the possibility is not ex­
cluded that the (V-A) coupling is not valid for the 
recently discovered [12] strange particle decays 
with a strangeness change ~S = - ~Q. This would 
not contradict a limited universality, since, accord­
ing to C13J a combination of ~S = + ~Q currents 
is impossible (the absence of transitions with 
~s = 2). 

Marshak and Sudarshan [8] were the first to 
note that the {V-A) coupling in the four fermion 
interaction of any four particles [8•14] is a conse­
quence of the requirement of invariance with re­
spect to independent y5-transformations for each 
particle. Such an assertion is however ambiguous, 
since it is not clear what is meant by "particle," 
or in other words to what to connect the sign of 
chirality, to the electric charge, as in Eq. (2), or 

to the leptonic {baryonic) charge. This ambi­
guity is removed in part in the y 5-classification 
of lepton doublets proposed in [9], which general­
izes the lepton classification (1)-(3). It follows 
from this classification that in the absence of re­
normalizations, the ~S = - ~Q baryon currents 
can be only scalar or tensorial and cannot be vec­
torial (owing to the different chiralities of the 
nucleon and of the ~+ hyperon). It is a charac­
teristic feature that the coupling of these currents 
to the leptonic currents can only be scalar, since 
the tensor coupling vanishes. 

In the present paper we consider the conse­
quences of the assumption that in leptonic interac­
tions the ~s = + ~Q and ~S = - ~Q currents of 
the strongly interacting particles, are vectorial 
and scalar {or tensorial) respectively. In this 
case the ~S = - ~Q leptonic decays of strange 
particles should contain the leptonic pairings (10), 
i.e., the electron should appear together with the 
muonic antineutrino _;;J..I. and the muon with the elec­
tronic antineutrino Ve, e.g., 

(12) 

A decisive test of this assumption could be obtained 
in high energy neutrino experiments in the reac­
tions 

vi'- + n ~ e- + z+, 
v, + n-> !l- + z+, 

vl'-+p~n+Ko+e+, (13) 

v,+p~n+K0 +!l+· (14) 

At present the reactions (13) could possibly be 
observed experimentally, since their threshold dif­
fers only slightly from the threshold of the reaction 
which has already been observed in Brookhaven: 

(15) 

and their cross sections are possibly by one or two 
orders of magnitude smaller. 

In addition to the neutrino experiments at high 
energies, an experimental test of the hypothesis 
could be obtained from an investigation of the de­
cays of Kt2 mesons: 

K~~n± + e'~- + v, 

K~-> n± + e+ + v. 

(16) 

(17) 

Owing to the absence of interference between the 
decays of the K0 and K0 components of Kt 2 the 
total probabilities of the K~- and Kg-meson de­
cays (16) and (17) must be equal. Apparently ex­
perimental data [12] point to the absence of such an 
equality. 

The presence of S- or T -coupling in the ~S 
= - ~Q decay modes of strange particles should 
also show up in the Ke3 and KJ-1.3 decays of type 
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(17) (cf. [16•17 J). The existing experimental dataC16] 

speak in favor of V -coupling in these processes, 
but apparently do not allow to rule out an admix­
ture of ( S, T )-coupling of the order of 30-40%, 
which does not contradict the experimental data 
regarding the relative probabilities of the .6.S 
= + .6.Q leptonic decays [12]. An increase of the 
accuracy of measurements of the angular corre­
lation of leptons in these experiments would be 
desirable, especially for angles e > rr/2 [17 J. In 
case a violation of the V -coupling exists in any 
weak interaction process (as well as in the case 
of a nonvanishing neutrino mass) transitions 
ve - vJl. would be possible in higher orders of 
the weak interaction constant. 

Should it be proved experimentally that the 
leptonic .6.S = - .6.Q modes of the strange particles 
are, like the other interactions, of the vector type, 
then under the assumptions (1)-(3) made above, 
this would imply that the lepton pairings (4) are 
the only ones possible in all weak processes. In 
this case the predictions of the scheme of weak 
interactions with one leptonic charge will coincide 
with the predictions of the scheme with two lep­
tonic charges ( cf. [18]). 

If the weak interactions proceed via intermedi­
ate bosons, there should exist, besides the vector 
bosons, also scalar bosons coupled to the leptonic 
currents and to the .6.S = - .6.Q currents of the 
strongly interacting particles, e.g., 

H.= %-gv [(n(1- r6) ~+) + (e- (1- y6) vv-) 

+ ([i- (I- r6) V.)l s- + c.c. (18) 

It has been assumed here for estimating purposes 
that the coupling constant of the scalar bosons to 
the baryon and lepton currents is one half of the 
coupling constant gy between the vector bosons 
and the conserved vector current of the strongly 
interacting particles. At the same time it is nec­
essary to consider that the coupling constant of the 
vector bosons to the leptonic currents is also equal 
to gy /2, in order to maintain the equality of the 
effective coupling constants in beta decay and in 
muon decay 3>. 

If the weak interactions are mediated by bosons, 
then the muonic neutrinos can also generate elec­
trons in collisions with nuclei in association with 
scalar bosons, in the following processes: 

3lSuch a choice of the coupling constants of the lepton 
currents with the vector and scalar bosons, which satisfies 
the condition of equality of the effective coupling constants 
in beta decay and muon decay, is symmetric but is not the 
only one possible. 

vv-+Z-""Z+e-+W. (19) 

The generation of muons in association with vec­
tor bosons will be a competing process. 

The assumption that in the strangeness-changing 
processes the electron could be associated with a 
muonic neutrino and the muon with an electronic 
neutrino has been made in the papers by Bludman [19] 

and Feinberg, Glirsey, and Pais [15]. The present 
scheme differs from the ones mentioned in the fol­
lowing essential conclusions. 

1. The only possible lepton pairings are of the 
forms (4) and (10), but not (vJl., e-) and (ve, Ji.-) 
as considered in [19,15]. 

2. The "anomalous" pairs (10) interact with the 
.6.S = - .6.Q currents but not with the .6.S = + .6.Q cur­
rents. 

3. The leptonic currents which contain the pairs 
(10) are not vector currents but scalar or tensor 
currents. The same is true for the .6.S = - .6.Q 
baryonic currents. 

4. In [!B,t5J two types of muon decay are pos­
sible: Ji.-- e- + ve + vJ.L and Jl.-- e- + ve + v 
and in the present case only one is possible, J.L 
namely the first. Due to this fact in those schemes 
the process J.L- e + y is possible in higher orders 
whereas in the present scheme this process is 
rigorously forbidden. 

The author is sincerely grateful to B. N. Valuev, 
Ya. B. Zel'dovich, B. L. Ioffe, Nguyen Van Hieu, 
B. Pontecorvo, R. M. Ryndin and other participants 
of the working conference on weak interactions in 
Dubna for discussions. 

Note added in proof (March 14, 1963). Should it be proved 
experimentally that the L'l.S = -L'l.Q baryon currents are indeed 
scalar or tensorial in character and that the total probabilities 
of the decays (16) and (17) are not equal (the existence of 
interference between K" and K0 decays), this would mean that 
if V-coupling is violated the chiralities of the electron and 
muon change signs, and therefore, in principle, the weak inter­
actions could be a source of the bare mass of these particles. 

1 Danby, Gaillard, Goulianos, Lederman, Mistry, 
Schwartz, and Steinberger, Phys. Rev. Lett. 9, 36 
(1962). 

2 J. Schwinger, Annals Qf Phys. 2, 407 (1957). 
:K. Nishijima, Phys. Rev. 108, 907 (1957). 

5 ~· Kawakami, Prog. Theor. Phys. 19, 459 (1958). 
E. M. Lipmanov, JETP 37, 1054 (1959), Soviet 

Phys. JETP 10, 750 (1960). 
6 B. Pontecorvo, JETP 37, 1751 (1959), Soviet 

Phys. JETP 10, 1236 (1960). 
7 T. D. Lee and C. N. Yang, Phys. Rev. Lett. 4, 

307 (1960). 



~ 

E. M. LIPMANOV 941 

8 E. C. G. Sudarshan and R. E. Marshak, Proc. 
of the Padua-Venice Conference on Mesons and 
Recently Discovered Particles, p. V-14, 1957, 
R. E. Marshak and E. C. G. Sudarshan, Introduc­
tion to Elementary Particle Physics, Interscience, 
N. Y. 1961. 

9 E. M. Lipmanov, JETP 38, 1233 (1960), Soviet 
Phys. JETP 11, 891 (1960); Izv. Vuzov, sec. Physics 
3, 140 (1961); JINR-Preprint 853, 1961. 

10 E. J. Konopinski and H. M. Mahmoud, Phys. 
Rev. 92, 1045 (1953). 

11 Ya. B. Zel'dovich, DAN SSSR 41, 1317 (1953). 
12 Ely, Powell et al, Phys. Rev. Lett. 8, 132 

(1962), Barbaro-Galtieri, Barkas et al, Phys. Rev. 
Lett. 9, 26 (1962), Alexander, Almeida, and Craw­
ford, Phys. Rev. Lett. 9, 69 (1962). 

13 L. B. Okun' and B. Pontecorvo, JETP 32, 1587 
(1957), Soviet Phys. JETP 5, 1297 (1958). 

14 R. P. Feynman and M. Gell-Mann, Phys. Rev. 
109, 193 (1957), J. J. Sakurai, Nuovo cimento 7, 
649 (1958). 

15 Feinberg, GUrsey, and Pais, Phys. Rev. Lett. 
7, 208 (1961). 

16 Luers, Mittra, Willis, and Yamamoto, Phys. 
Rev. Lett. 7, 361 (1961). 

17 B. N. Valuev, JETP 43, 241 (1962), Soviet Phys. 
JETP 16, 172 (1963). 

18 L. B. Okun', Proceedings of the 11-th Inter­
national Conference on High Energy Physics at 
CERN, p. 844, Geneva 1962. 

19 S. A. Bludman, Phys. Rev. 124, 947 (1961). 

Translated by M. E. Mayer 
220 


