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Self-mass effects and the singularities of behavior of fermions in a magnetic field, brought 
about by the universal Fermi interaction, are considered in the first order in the constant 
GF. It is shown that parity nonconservation in weak interactions does not induce parity non
conservation in the field mass. An expression describing the effect of weak interactions on 
the electromagnetic properties of the fermions is found. The expression is proportional to 
the external current and is ~ 10- 2 times the similar expression obtained by taking into ac
count the vacuum terms in electrodynamics. 

IN the present note we consider the electromag
netic properties of fermions, brought about by the 
universal Fermi interaction, in the first order in 
e and G. The corresponding effects can, in prin
ciple, be verified experimentally in scattering 
processes and, by the same token, serve as a test 
for the existence of the universal interaction. 

As is well known, writing of the Lagrangian of 
the Fermi interactions in the form of a simple 
product of two currents results in specific terms 
of the form 

[p, n] 2 = PltL(l + rs)n·nr[L(l+rs)P, 

[v, p.) 2 =~rf.<(l +rs)tJ-·P:rl'-(1 + is)v 

and so forth. In particular, Zel'dovich1 directed 
attention to the significance of these terms in 
scattering. 

Let us first consider the term of local Fermi 
interaction of nucleons (the generalization to the 
case of other fermions presents no difficulties ) . 
Limiting ourselves to phenomenological account of 
the renormalization of the pseudovector current, 
due to the strong interaction, we can write the 
term [ p, n]2 in the Lagrangian in the form 

G - -
L = Yi{[pj[L(l + ),rs)n, nr[L(l +).Is) p)+ 

+ C fPr[Lrsn, nr[LrsPlJ, (1) 

in the absence of renormalization (the main case 
considered ) 

'A= I' c = 0. (2) 

Condition (2) can be satisfied for leptons; how
ever, in this case !;; is never strictly equal to zero, 
because of electromagnetic effects. In general, (1) 

should also include terms with derivatives, but in 
the limit of a slowly varying electromagnetic field 
such an inclusion does not change the basic results 
obtained. 

Making use of the relations put forth by Firz, 2 

and taking commutation properties into account, we 
can rewrite Eq. (1) in the form* 

L =- :2. f + t.~• + (; [pyl'- (I _L Ys) p·ncyl'- (I+ Ys)nc 

+nrl'- (I+ Ys)n·pcyl'- (I-!- Ys) pel-: (i-Y + ~ 

X fpy,,(l-Ys)P·n<yl'-(1 -Ys)nc 

+nr~~(I-rs)n·rcrf.<(I -rs)Pcl 

(1-t.•)-~ - -+ __ 2 __ . fp(I + Ys) P· nc (1- Y5 )nc 

+ pc(l- Ys) pc.fi (I + Ys) n] }· (3) 

The terms of the Lagrangian (3) have the follow
ing general form: 

K'¢10,.'1jll·'¢P.'Ijl2, 01 =(I±rs), (I±rs)rl'-, (4) 

where K is some coefficient. Here and below, 
summation is implied over the omitted vector 
indices of oi. Now, repeating the reasoning car
ried out in the second half of our earlier paper, 3 

we can show that the addition to the mass operator 
for particle 1, brought about by the presence in 
the Lagrangian of a component of the form (4), 
has, in first order in K, the form 

~M1 (x, x') = iK01 Sp [G2 (x, x') Oi] 6 (x- x'), 

*The following definition is employed: .pC = y2 Cifi*, 
Cyp. = y*p. C, c+ = c-•; the asterisk denotes the complex 
conjugate. 

(5) 
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where G2 (x, x' ) is the causal propagation function 
of particles 2, which depends on the external field 
in the general case. Starting out from (5), one 
can write down the contribution to the operator of 
the field mass, for example, of the neutron, induced 
by the interaction (3). We have 

~M11 (x, x') =-;; { (1 + ;)' H Yp(1 + r5) 

xi Sp [GP (x, x') r~'" (1 + r.)J 

-:- ( 1 -~l'+~ r 1,(1-y5)iSp[GP(x, x')T~'-(1-r.)l 

(1- 1-.2)- \; 
- 2 [(1 + "(5) i Sp QP(x, x') (1- r5) + (1- y5) 

xiSpGP(x, x')(1 +r5)l}<l(x-x'), (6) 

where GP (x, x') is the proton propagation func
tion. In the absence of an external field, the first 
two components of (6) yield a zero result because 
of the invariance conditions, while the remaining 
component leads to the diverging field mass 

~Mn- G [(1- J,2)-'- ~] \' (dp) MP (7) 
- y2 (2n)' ~ p'+(MP)' 

or, if we introduce a cutoff in M, 

The most important result is the fact that the field 
mass, in the case of a weak interaction, is the 
same for particles of different helicity i.e., parity 
nonconservation is not induced for free particles. 
This conclusion is not changed when the form of 
the Lagrangian (1) is made more accurate for 
strongly interacting particles, or when derivatives 
are introduced into (1). 

We now consider the presence of an external 
electromagnetic field. In the expressions given 
for the field mass, it is necessary to substitute. 
propagation functions that depend on the electro
magnetic field. Here, taking account of the 
fact that actually x = x' in (6), of the condition of 
gauge invariance, and of the equalities 

we come to the conclusion that the static moment* 
induced by weak interactions is equal to zero (for 
a constant electromagnetic field F J.W). 

*Only the tensor Fermi interaction with particle 2, of the 
form G'(t/J,y!J.y11 t/J2 ·'02y!J.y11t/J1). couldlead to an anomalous static 
magnetic moment IL~ of particle 1. In this case, 
, G'M2M, M e . 

ILF = ---ln-•-, where M lS the cutoff parameter. Ab-
2 17' M2 2M, 

sence of a similar induced moment could serve as one of the 
indirect proofs of the exclusion of the tensor interaction. 

In the case of a variable electromagnetic field, 
the terms induced by the weak interaction [ 1, 2] 2 

and dependent on the field do not vanish in the 
equations for the fermions 1 that interact with 
charged fermions 2. Starting out from (6), and 
making use of the expansion of the Green's function 
of the fermion in powers of the external electro
magnetic field, which was given in the work of 
Karplus and Klein, 4 we obtain the result (after 
simple calculations) that a component 

co 1 

{ eGFMz[( 1 -l-/,--!-")'- 2A ]\ dS --M~s \ (1-vZ)dv 
Vi(4n)' I ' ' I r5 j s e ~ 2 

M-2 -1 

x \' (2nr2d4k einx exp [---S k2 
( 1 Z vz) J k._r~F ._~ (k) f1jJ1 (,-:;). 

j ) (8) 

appears in the Dirac equation for particle 1. Here 
M is the cutoff parameter; as M- 00, we obtain 
a logarithmic divergence. It is important that (8) 
always depends weakly on the choice of M. 

For a more definite representation of the size 
of the effect, we put down the approximate value of 
the quantity in curly brackets in (8) keeping only 
the term with the lowest field derivative for the 
case of weakly interacting particles (2): 

f} _- 5lf2 e . 1 1- 3 (4")2 GFMzMr 2Ml(1 + l5h._J._ (x), 

ia. (x) = (2rrr2 ~ d4k eikxk~F ._~ (k). (9) 

The existence of an effect corresponding to the 
appearance of the effective kinematic moment and 
described by the expression (8), can be judged by 
the neutrino (for 1 = v, 2 = IJ, e) or neutron ( 1 
= n, 2 = p) behavior in a variable electromagnetic 
field. In the latter case we must separate the com
ponent of the effect that corresponds to violation of 
spatial parity [see the second term in the square 
brackets in (8)] . It is also interesting that, ac
cording to (8), Ve and v/J ought to possess essen
tially different properties in the electromagnetic 
field. 

In conclusion, we note that the presence of the 
universal nonlinear self-action of the fermions 
should lead to the appearance of an expression of 
the form (8), where GF is replaced by a nonlinear 
constant and the particles 1 and 2 become identical. 
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and A. M. Perelomov, who obtained similar results 
by a different method. The author is grateful to 
Ya. B. Zel'dovich for discussions and for acquaint
ing him with his results prior to publication. 
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