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ABSTRACT 

It is pointed out that Weinberg’s derivation of the covariant Feynman rules 

in the canonical formalism contains two errors in handling the fermions, and, in 

fact, these two errors cancel each other. 
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Recently, Weinberg’ has given a general formalism for the gauge theories 

of weak and electromagnetic interactions in the unitary gauge, where all the 

unphysical particles have been eliminated. In particular, the canonical quanti- 

zation procedure is carried out and a set of covariant Feymnan rules are derived. 

These results provide a very convenient framework for the discussions of various 

interesting topics in the unified weak and electromagnetic interactions. In this 

note, we would like to point out that Weinberg’s derivation of the covariant 

Feynman rules contains two errors, which invalidate the arguments leading to the 

results. However, due to the cancelling nature of these mistakes, the general 

conclusions remain valid. Also, because only the part of derivation involving 

fermions needs to be modified, Weinberg’s derivations are still applicable to the 

class of theories without fermions. More specifically, the first error is that in 

the field equation for Yang-Mills fields A QV, a term of the form i$ y, to+ has 

been left out. This extra term will generate a term of the form 

-4 n~$Nyot~~7y0~il in the Hamiltonian density, similar to the Coulomb 

term in the ordinary QED. 2 The second error is that the summation of the dia- 

grams due to the non-covariant part of the propagators is incomplete. Besides 

those diagrams given in Weinberg’s paper, another set of diagrams (see Figure 4) 

should be included. These diagrams sum up to a term + 8 fi ~;w5yota$Syotb 7 

which cancels exactly the extra term in the Hamiltonian density mentioned above. 

Hence the final form of the Feynman rule is still covariant as claimed by Weinberg. 

Let us illustrate these points in detail. The Lagrangian desnity is given by 
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The field equation for A 
PV 

is then given by 

(2) 

(3) 

(4 

(5) 

The last term in Eq. (5), coming from the term T-J^D,$ = TyP(aP+ i t”AE)$ 

in the Lagrangian was left out in reference 1 (see Eq. (4.4) of reference 1). This 

term will modify the Hamiltonian density as follows; 

where 

(7) 

and %, 7r a are the canonical momenta of the vector field and scalar fields, 

respectively. In comparing with the corresponding equation in reference 1, we 
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see that there is an extra term of the form 

We can now proceed, as in reference 1, to go over the interaction repre- 

sentation to work out the propagators and derive the Feynman rules. Since the 

quadratic part of the Hamiltonian remains unchanged, we will get the same 

results for the propagators as reference 1. Only the interaction Hamiltonian has 

an extra term given by Eq. (8). Using the same notations as reference 1, we write 

the interaction Hamiltonian as 

where E(Q), gN(@, GNNI (a), and pN, are the same quantities as defined in 

reference 1. We can now sum up the effects due to the non-covariant part of the 

propagators as done in reference 1. This amounts to adding a term of the fol- 

lowing form to 3-P , 

-9 64(0)PnDet[l -BG(ol)] (10) 

and the following replacements 

(34 - G(o)[l -,%G(cz)]--~ 

4nQ9 - ~%-(a)[1 -L?ZIG(Q)]-~ = [l -aG(cr)]-’ @a) 

where 33 is the non-covariant part of the propagator, i. e. 

< T(PN(X)PdY)J ‘0 = < T*(p,(x)p,(y)) >. f isma4(x-Y) s 

(11) 

(12) 

(13) 
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These three terms (lo), (ll), (12), are the results of summing up diagrams 

shown in Figures 1, 2, and 3, respectively. However, there is also a contri- 

bution coming from the diagrams in Figure 4. This contribution was left out in 

reference 1. It is easy to see that these diagrams sum up to 

After carrying out the matrix multiplications, we get 

Thus, if we drop the non-covariant terms in the propagators, we can replace 

the interaction (9) by 

3fkff = - 9’ - i G4(0)1nDet [l -SKIi( 

with 

-g’ = ~(a) +3”e, + l&TN -l]m~M+(~(~)~-~%G(cx;l-l)N P, 

(14) 

(15) 

(16) 

(17) 

From Eq. (14) and the expression for Xe in Eq. (B), we see that the second and 

third term in Eq. (17) cancel each other, while all the other terms sum to a 

covariant expression, just as in reference 1, 
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Therefore, the resulting Feynman rules are covariant, in the unitary gauge. 

I would like to thank members of the People’s Workshop on Gauge Theories, 

especially Chairman R. Cahn for discussions. 

Figure Captions 

Figure 1: Close loop diagrams. 

Figure 2 : Chain diagrams with two external ,6, lines. 

Figure 3: Chain diagrams with one external ,6, line. 

Figure 4: Chain diagrams with no external ,B, line. 
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