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It is shown that a massless complex vector field interacting with an electromagnetic field 
is not invariant under gauge transformations of the second kind. Consequently a charged 
vector meson acquires electromagnetic mass even in the absence of bare mass. In this 
case, its mass is determined by the cut-off parameter and the coupling constant. 

As is well-known, the Lagrangian for a free We shall attempt to relate the sought-for elec-
massless charged vector field, tromagnetic mass with the coupling constant a 

1 + = e 2/47r and the cut-off parameter A. We rewrite 
Lo =- 2 '!Jp.,\j)[J-Y• 'ljl[l-Y = o[l-'ljJY --a, 'Ill'- (1) Lo + Li in the form 

depends on only the transverse (in a four-dimen­
sional sense) part of the vector field. Therefore, 
it is invariant with respect to a gauge transforma­
tion of the second kind 

(2) 

which obviously changes only the longitudinal part. 
The presence of a meson mass would lead to the 
appearance in the Lagrangian of a term m2¢~¢J.I.' 
which violates this invariance. 

We now introduce the interaction of the mass­
less charged field with an electromagnetic field by 
the usual method, i.e., we carry out the following 
substitution in L0: 

(3) 

Considering the interaction Lagrangian obtained in 
this connection, 

Lt =- ieA[l- ('ljl~'ljlp- 'IJlt,'IJl,) 

- e2 (Al'-A~'-'IjJ~'IJlv- A[J-Av'!J~'Ijl[l-), (4) 

or the equation of motion directly, 

(5) 

it is not difficult to verify that a massless complex 
vector field loses gauge invariance of the second 
kind while interacting with an electromagnetic field. 
In this respect it differs markedly from the elec­
tromagnetic field, which retains this invariance for 
arbitrary interactions, and therefore cannot acquire 
mass. Thus, there is no reason to discard the con­
stant part of the self-energy of a charged vector 
meson without bare mass, and there is no reason 
to assume that the electromagnetic mass of such 
a particle equals zero. 

(6) 

The first two terms will be regarded as the La­
grangian of a free vector field with renormalized 
mass m 2• The corresponding Green's function is 

gfl-v -kl'-kjm2 

GtJ.v (k) = i (k"- m") (7) 

We denote the sum of all compact meson self­
energy diagrams by ~ *(k2, m 2, A2 ). Then m 2 is 
determined from the equation 

(8) 

It is clear that the mass is proportional to the cut­
off parameter, where the coefficient of proportion­
ality depends on only a. 

From now on we shall take into account only the 
most divergent terms in the compact self-energy 
diagrams. To this end we first calculate the maxi­
mal degree of divergence D of an arbitrary dia­
gram containing n1 single-photon vertices, n2 two­
photon vertices, Pi internal photon lines, Pe ex­
ternal photon lines, Vi internal vector meson 
lines, and Ve external vector meson lines. We 
note that the pairing 

makes a smaller contribution to D than Gf.J.v does, 
and the pairing 

r:---' kp.kagv~ + kvk~gp.a.- k[J-k{3gva.- k,kagp.(3 
¢p'\jla(3 = i (k2- m2) 

makes the same contribution as Gf.J.v· Thus, in the 
present case, the presence of derivatives in the 
interaction Lagrangian does not increase D. Tak-
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ing this into account, it is not difficult to find by 
the usual method that 

D = 4 - 2v, - Pe + n1 + 2n2. (9) 

We note that each matrix element is proportional 
to ( e/4rr )nt +2n2, Furthermore, for any given proc­
ess n1 is either always even or always odd. In the 
case of self-energy diagrams Pe = 0, Ve = 2, 
D = n1 + 2n2, n1 is even and the leading terms 
constitute a series in a A 2/4rrm 2. Equation (8) 
acquires the form 

2 rxA2 00 rxA2 )n 
m =.~~an (4nm2 

n=o 

(direct calculation gives a 0 = 2 ) or 

00 

1 = ~ an (aA2/4nm2t+l. 
n=o 

It is now clear that, with acceptable precision, 

m2 = baA2j4n, 

(10) 

(11) 

where b is a numerical coefficient. The method 
fails to find the general form of an and, by the 
same token, to determine b. 

Using (11), it is possible to eliminate A2 from 
the matrix elements. But at the same time, the 
powers of a are correspondingly lowered in 
terms in which this substitution is made. More­
over, a logarithmic term in a will also appear. 
After such a substitution each diagram will, gen­
erally speaking, contain terms which depend on 
the coupling constant in different ways. Therefore, 
in principle it may be necessary to investigate an 
infinite set of diagrams in order to calculate some 
process to any given order in a. It is possible to 
partially eliminate terms containing lower powers 
of a by carrying out charge renormalization, 
which will, of course, be finite. 

If D did not depend on n1 and n2, then the cal­
culation of m2 would not be difficult. For example, 
in the case of scalar electrodynamics, the maxi­
mum degree of divergence (independent of whether 
the bare mass vanishes or not) is 

where se is the number of external scalar lines. 
Here all self-energy diagrams are quadratically 
divergent. Therefore, confining ourselves to the 
simplest diagrams, we easily find m 2 = 3aA2/4rr, 
correct to order a 2• 

Recently the hypothesis concerning the exist­
ence of a charged vector meson field which trans­
mits the weak interactions has been widely dis­
cussed. However, the question of the origin of the 
mass of this meson, which must at any rate ex-

ceed the mass of the K meson, remains open. It 
seems quite possible that this mass is purely 
electromagnetic. Then the idea [t] of the exist­
ence of a triplet of vector particles, consisting 
of two charged mesons which transmit the weak 
interactions and a neutral photon which transmits 
the electromagnetic interactions, becomes rather 
natural. Actually the charged mesons acquire 
mass while interacting with the photon, whereas 
the photon, retaining gauge invariance of the sec­
ond kind, remains massless. But from the pro­
posed point of view, it would be difficult to explain 
the mass of the neutral intermediate bosons. [2] 

Attempts have been made in several articles 
(a review of these articles is given in [3], and a 
criticism in [4]) to introduce hypothetical vector 
fields which transmit the strong interactions in 
the following way. The requirement of in variance 
with respect to a certain gauge transformation of 
the first kind, with the phase depending on the co­
ordinates, is imposed on the baryon field. Then, 
in order to compensate the additional gradient 
terms which appear at the same time in the La­
grangian, charged and neutral vector fields are 
introduced which are invariant under gauge trans­
formations of the second kind. Since it is possible 
to introduce the interaction of a complex vector 
meson field with the electromagnetic field by using 
just such a principle, but at the same time upsetting 
the invariance of the vector field to gauge transfor­
mations of the second kind, it becomes clear that 
one field cannot simultaneously be both compen­
sating and also compensable. Thus, the electro­
magnetic interactions not only violate the conser­
vation laws (for example, isotopic spin) which the 
appropriate gauge transformations of the first kind 
give rise to, but they also take away the invariance 
of the charged carriers of the interaction with re­
spect to gauge transformations of the second kind. 

In conclusion, I express my deep gratitude to 
V. N. Baler, V. V. Sokolov, and S. A. Khelfets for 
their constant interest in the work, valuable com­
ments, and criticism. 

1 A. Salam and J. C. Ward, Nuovo cimento 11, 
568 (1959). 

2 T. D. Lee and C. N. Yang, Phys. Rev. 119, 1410 
(1960). 

3 V. B. Adamski!, UFN 74, 609 (1961), Soviet 
Phys. Uspekhi 4, 607 (1962). 

4 V. I. Ogievetski1 and I. V. Polubarinov, Pre­
print D-776, Joint Institute for Nuclear Research. 

Translated by H. H. Nickle 
252 


