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J' r 
The conventional theory of leptonic weak interac

tions/!/ has the well known deficiency that, due to non

renormalizable nature of its divergences, it is in fact 

non-universal/21. The reason for this lies in the non

equality of most divergent terms in matrix elements of 

different processes. Consider, e.g., the diagrams describ-
ing the processes p.- ... e-;; v and v e- ... v e- • The 

e p. e . e 

highest divergences in the diagrams are proportional to 

c G "L 
2

" -
2 * where G is the Fermi constant and L is a cut

o;f parameter which for pure leptonic-interactions131 is 

\ 1' presumably of order L .. G -~ ("unitary cut-off") • It 

is not hard to verify that the coefficients c, are not 

equal for these two processes/4/. Therefore, the effec-

and v e-... v e 
• • 

tive coupling constants for ,.,.-... e-v v . ,.,. 
may be quite different, unlike the prediction of the ori-

gina! "universal" Lagrangian. Furthermore, some proces

ses which are forbidden in the first 9rder (say, ·v,.,. e-... 

... v e-) become allowed in the second ,.,. . order and the ef-
fective coupling constants for such processes are of or-

2 2 
der .. G L "'G.These difficulties persist in theories with 
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intermediate vector bosons and seem to be unaviodable 

even by use of a summation of infinite number of diag
rams/Sf·. So the conventional theory of leptonic weak 

interactions completely loses its predictive power. 

Here we propose a new theory of leptonic weak in

teractions which is free from these difficulties. The 

principal idea is that the Lagrangian is invariant with 

respect to rotations and reflections in a four-dimen

sional leptonic isospace (or leptospace)/ 6/. The lep-

tons and antileptons are 

space "' = ( v • e-. v • /.1. -) , 

described by spinors of this 
----- - + 

e /.1. 
,P=(v ,e-,v .~.~.-)where l = l y 

e 1.1. 0 

and l is the usual Dirac spinor. To construct the theory 

we introduce four 4x4 hermitian matrices a (i = 1.2,3,4) i . 

satisfying the relations a . a. + a . a. = 25 . . and six 
I 1 1 I I 1 

matrices a .
1 

= (2iFI(a. a.- a. a. J representing the generators 
I I 1 1 I 

of the rotations in leptospace. Then. the weak currents 

have the form/7 I J.: = i a .. 0 1.1. .p (where 0 1.1. = y 1.1. (1 + y J ) 
I 1 I 1 5 

and the Lagrangian describing leptonic weak interaction 

is/8/. 

1 /.1. i i 
f. = -G J I 

L 8 ij 1J. 

1 - /.1. - ij 
-
8 

G(,Pa .. 0 1/J)(.pa 0 ,P) , 
11 /.1. 

(1) 

where A. = A and the usual summation rule is used. This 
I 

Lagrangian is invariant under the transformation of spi

nors .p ... exp( 
2
i a .. ¢ 11

) and .p ... a .p representing rotations 
I 1 I 

and reflections of the leptospace. Furthermore, it is 

invariant under a 5 

where a = a a a a 
5 I 2 3 4 

-transformation "' ... a "'. "' 5 

4 

-+ "' • 

'·· 

Consider now the subgroup of the 

rotations through the axes 1,2,3 of t 
/.1. 

require the current J 12 to be cou 

romagnetic field and J 1.1. , J 1.1. - with 
13 23 

ged) currents. To this end it is conv 

the following representation for a -m 

a,.= r
3

• 1
11

(11 =1,2,3), a,.,.=£,.,.,1* 

where r are the Pauli matrices. Then 
II 

Q L = 
2
1 

(a I
2

- 1) , connected with rotati 

(1,2), and the matrix F =-ia a a =ta cz 
L I 2 3 4 

reflection of the fourth axis, are di 

diagonal elements QL = (0,-1,0,-1) and 

Thus the multiplicatively conserved ~ 

may be identified with the multiplica 

(muonic parity)/9/. 

Fixing the representation for th 

a 1 a = -r 8 1 , a = - r ® 1 , and u 
5 4 I 5 2 

.l. 1 1 1 1 = ( .p-.p) 2 + ( i a 1/1 ) 2 and the Fier 
2 lj ' 

anticommuting spinors l ) we get 

1 - - - - -f.= -G[2(ev )(v 1.1.J + 2(v e)(IJ.V )-2(e1 
L 4 • 1.1. e J.L 

- - - - - -
+2(e v )(v e)+ 2(/.l.v )(v IJ.)+ 2(/.l.v )(v IJ.)-

• • /.1. /.1. • • 

-2-2-- - -
-(eJ.L) -(IJ.e) + 4(ee)(1J.J.L) + 4(v v )(v v 

• • /.1. /.1. 

2- 2- 2- 2 
+ (v v ) + (v v ) - (v v ) - (v v ) -+ 

e e 1.1. 11- e 1.1. J.L e 
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e vector bosons and seem to be unaviodable 

of a summation of infinite number of diag

the conventional theory of leptonic weak 

s completely loses its predictive power. 

e propose a new theory of leptonic weak in

which is free from these difficulties. The 

dea is that the Lagrangian is invariant with 

rotations and reflections in a four-dimen

onic isospace (or leptospace)/6/. The lep-

tileptons are described by spinors of this 
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,e-,v ,Jl-) 1 
e ll 

1/1 = ( v , e-, v , ll- ) where l = l y 
e Jl 0 

e usual Dirac spinor. To construct the theory 

e four 4x4 hermitian matrices a. (i = 1,2,3,4} 
' the relations a . a . + a . a . = 2 8 .

1 
and six 

' 1 1 ' ' -I 
.. = (2i) (a. a.- a. a.) representing the generators 

1 ' 1 1 ' 

tions in leptospace. Then. the weak currents 

rm/ 7 I I.': = i a .. 0 ll t/J (where 0 ll = y ll (1 + y ) ) 
'1 '1 5 

rangian describing leptonic weak interaction 

j i 
1 - ll - ij 

-8 G(t/Ja .. 0 t/J)(t/Ja 0 t/J), 
z 1 ll (1) 

I 
ll 

I 
and the usual summation rule is used. This 

is invariant under the transformation of spi-
i .. 

-2 a .. ¢ '
1

) and z/1 ... a t/J representing rotations 
'1 i 

ions of the leptospace. Furthermore, it is 

nder a, -transformation t/J ... a r/1' t/J 
5 ... t/J ' 

a2 a 3 a 4 

4 

Consider now the subgroup of the three-dimensional 

rotations through the axes 1,2,3 of the leptospace and 
ll 

require the current I I 2 to be coupled with the elect-

romagnetic field and J ll , J ll - with weak hadronic (char-
13 23 

ged) currents. To this end it is convenient to choose 

the following representation for a -matrices: 

a,.= r 3 • r,.(n = 1,2,3), a,.,.==£,..,. 1 1$ r 1 , 

where r are the Pauli matrices. Then the charge matrix .. 
Q L = ..!.. (a - I) , connected with rotations in the plane 2 12 

(1,2), and the matrix F ==-ia a a =ia a representing the 
L l 2 3 4 5 

reflection of the fourth axis, are diagonal, with the 

diagonal elements QL = (0,-I,O,-I) and FL =(+1,+1.-1.- 1). 

Thus the multiplicatively conserved quantum number FL 

may be identified with the multiplicative muonic charge 
(muonic parity)/91. 

Fixing the representation for the matrices a
4 

and 

a , a = ,. 8 I , a = - r 2 ® 1 , and using the identity 5 4 I 5 

J...1 J''=(t/J-t/J)
2 

+((ia t/J) 
2 and the Fierz identity (for 

2 ij ' 
anticommuting spinors l ) we get 

1-- -- -- --f. = - G [2 ( e v ) ( v ll ) + 2 ( v e) ( Jl v ) - 2 ( e v )( v Jl ) - 2 ( v e)( Jl v )+ 
L 4 • 1L e IL IL • 1L • 

-- -- -- --
+2(e v )(v e)+ 2(1J.v )(v IJ.) + 2(1J. v )(v IL) + 2(e v )(v e) 

• • 1L 1L • • 1L IL 

2 - 2 - -
(2) 

- ( e 1J.) - ( IJ. e) + 4( e e) ( IJ. IJ. ) + 4 ( v v )( v v ) + 
e e IL 1L 

2- 2- 2- 2-2-2 
+(v v) +(v v) -(v v) -(v v) +(ee) +(IJ.IJ.)] 

•• Jl/.L ell IL• 
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The following essentially different processes predicted 

by this Lagrangian can be detected in near future/lO/: 

' fl -+ e v v ' v e -+ v e ' v e -+ v e 
•(l •• fl fl 

Our theory predicts the definite relations 
fl -+e v v 

- - • fl 
e e ... fl-fl 

between these processes which are easily deduced from 

eq. ( 2) • 
Consider now the problem of higher order correc

tions. The most divergent terms do not depend on masses 

of leptons and on other interactions. So the highest 

divergences preserve the summetries of the original Lag

rangian (1) , including a 5 -symmetry. As the most general 

four-fermion interaction, which is invariant under ro

tations and reflections in the leptospace and under 

a
5 

-transformation, coincides with eq. (1) we conclude 

that these divergences may be factorized and eliminated 

by renormalizing the coupling constant G • Then the main 

corrections will be given by next to the highest diver-
n 2n-4 Jh 

gences"' G L (up to a power of ln L ) which for L "'G ~ 

are of order G (up to a power of ln G) • These corrections 

may be different for different processes as the mass -

terms m ;;. fl and m e e break t.down the four-dimensional 
fl • 

symmetry of the leptospace, the mass matrix having the 

form 

mL 
1 

- Q [a (m lm - 1)- (m /m + 1)] . 
2 L 54 (l e fl e 

It is worth noting that a r-violation may be easily 

incorporated in our theory by choosing the new represen

tation for a and a 
4 5 

6 

a = a cos ¢ + a sin ¢ , 
4 4 5 

a = - a sin ¢ + a cos ¢ 
5 4 5 

which does not change a , a , a and a a 
1 2 3 4 5 

an (1) with these matrices violates T-invar 

¢ f. 0, 11/2 • 

The theory also may be formulated in t' 

coupling of the currents I .fl. with six vect< 
I 1 

w~. , the muonic parity being +1 for W , W 
., 12 1; 

-1 for w , w , w . The semileptonic in 
14 24 34 

can be introduced if we couple the hadronic 

ly with the charge leptonic currents I , 1 
23 

w , w • 
23 31 

The weak hadronic currents may be cons 

baryonic fields by using the method of ref. 

this aim we group all the baryons into two 

nent spinors 

'I' = (p, n cos(}+ Y sin (},.I: Z cos(}+ E 0 sin (}) 
+ ('I'++ 

- 0 -
'I'_ = (- n sin (} + Y cos (}, I , - Z sin (} + E . cos (}, E ) = 1 

A I,O A I,O 
where y = - , z = + and e is a r 

v'2 V2 These spinors correspond to antileptonic an 

spinors, respectively. The charge matrix is 

L 'I' = + 'I' and the analog of the muonic 
H ±. - ± 

represented by the matrix FH = i a 4 a 5 , F H ~ 

F" 'P_(±J=-'I'_(±J" The matrices Q", L", F" giv 

plete set of quantum numbers defining the k 

tes. 
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A 
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a = a cos cjJ + a sin cjJ , 
4 4 5 

a = - a sin cjJ + a cos cjJ 
5 4 5 

which. does not change a , a , a and a a • The Lagrangi-
1 2 3 4 5 

an (1) with these matrices violates T-invariance if 

cP .;, 0, TTI2 • 

The theory also may be formulated in terms of the 

coupling of the currents J .~ with six vector bosons 
/.1 I 1 

W .. , the muonic parity being +1 for W , W , W and 
., 12 13 23 

-1 for W , w , w . The semileptonic interaction 
14 24 34 

can be introduced if we couple the hadronic currents on-

ly with the charge leptonic currents J , J or with 
23 13 

W I W o 
23 31 

The weak hadronic currents may be constructed from 

baryonic fields by using the method of ref./ll/. With 

this aim we group all the baryons into two four-compo

nent spinors 

+ 
'l' =(p,ncosO+YsinO,.I., ZcosO+E 0 sinO) 

+ ('l'++ ' 1}1 +-) 

- 0 
'l' = (- n sin 0 + Y cos 0, I. , - Z sin 0 + E . cos 0, E ) = ('l' , 1}1 ) 

-+ 

A -I.o A+I.o where y = , z = ---
v2 ../2 

These spinors correspond to antileptonic and leptonic 

and 8 is a real parameter. 

spinors, respectively. The charge matrix is Q = 
2
1 (a +L' ), 

H 12 H 

L 1}1 = + IJI and the analog of the muonic parity is 
H + - + 

repr~sented by the matrix F8 = i a 
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8 
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plete set of quantum numbers defining the baryonic sta-

tes. 
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It is not hard to verify that from the conservation 

of L Q and F (independently of L and F ) the usual H1 H H L L 

selection rules I£\SI~J and l\S=l\Q follow. By defining the 

hadronic currents J; 
1 

= w:t: a 'I' which transform under ro-± ij :1: 

tations and reflections just like the corresponding lap-

tonic currents we write the semileptonic interaction in 
the form 

1J 13 23 23 
G '[I (!+ + J ) + !2 (!+ + J )] . u - J -

f_HL (5) 

One may verify that the semileptonic I£\TI= ~rule for the 

processes with I£\SI=J is fulfilled for this Lagrangian. 

The most essential difference between this Lagrangian 

and that of Cabibbo/121 is that eq. (5) predicts a non-
vanishing vector coupling constant for the transition 

I ... Ae-;; This prediction does not contradict avai-• 
!able experimental data/131. Purely hadronic weak~inter-
actions will be considered in a subsequent paper together 

with a more detailed discussion of semileptonic interac

tion. Here we only mention that by using neutral currents 

the I £\TI=~ rule may be easily incorporated in the 
theory (cf. ref./14/). 1 

The author is grateful to N.N.Bogolub?v, V.A.Meshe

rjakov and A.N.Tavkhelidze for their attention to this 

paper, to B.A.Arbuzov and B.Pontecorvo for discussions 

and remarks and to V.Gogokhia for the valuable collabora
tion. 
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