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'
ed erturbation theory of photons and electron s is constructed byThe zeroth approximation of a modified pertur a Ion eo

the application of Salam's gauge technique.

1. INTRODUCTION

HE application to spinor electro ynam'd mics of the
auge technique developed by Salam' is the pur-

ose of this artie e. ie'
l Wh ] conventional perturbation

re a licable to the spinor theory (which ss not
~ t intere tin tothe case with vector electrodynamics& 1 is in

th d iso is suitable and that it may

cal calculations. The first objective of the new approach

variance, of a sui a e zf t bl "zeroth approximation. '" t is this
bl to which the present note is directepro em om

'

'
all the approach consists in constr

'
gonstructin

strictly gauge invariant approxima ions

and the vertex part. En fact one can s ar
roximations by requiring the p p ge ro a ators to satisfy
-pa

' '
vertex art satisfies t e

Ward-Takahashi identity. There is, of course, consi er-
d

'
the choice of vertex part at this s age

since theWard- Takahashi identity determines fu y on y
e zeroth a roximation—which is the only one considered here —one is guide

by the requirements that the (pr p )ro er~ vertex part should
converge to zero asymptotica yll and that it shou e
su%ciently simp e o e o1 t b f use in practical calculations.

2. THE ZEROTH APPROXIMATION

The fermion and photon propagators may be ex-
pressed by

Z3
—'(t') = 1+(t' —p')

p3(&')
dk'

t~—k~
(2.4)

& 2 ~being theLehmannw th p(») = «(») (»p, (» )+m-p2», p), 2, 3
'

h ' The expression for Dp„„ is t aat of Matt eelskleig ts.
au e article: theand Feldman' describing a massive gauge p

transverse part, proportiona o
' and the longitudinal part, proportiona tolIlg iTiass p, , aI1 e

end of the calcula-e =t t„/te having mass )('. At the end oepv —p. ' —e0 with)'/p, ' —+(t, ation one can take the hmit 'A, p, ~
constant characteristic of the gauge.

The Ward-Takahashi identity takes the form

p K p» (p p'). —v. —
,

p K p»
whence, from (2.1) and (2.3)

~~-'( ) ~~ '(p') = ~—~ '(p)(~~(p—) ~~(p'))~~ '(p—'

= (p —p').~' '(p) v.—,—
p —m p' —~z

(1/~)(p p') pl'P(p —P') =~F '(P) ~~ '(P'),—

t and e the elec-h I' denotes the proper vertex part and
tl ic c aI'ge.h The particular solution, I', o . w

obtained bseems the most appropriate at this stage is o
'

y
noticing that

S;~(p) = (p —m)Z(p), (2.1) 1 1
+ d»p(k) ——-y„- iS) '(p')

p—» "p'—»i

( —(ru+p)

Z '(P)=1+(p—~)~
p(')

id»---, (2.3)
(~~+n) ~ p
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D) '(t) = (t' —p')Z3(t')dn (t)
—(t' —)(') (Zgt(()'/)(') e „(t), (2.2)

h Z-'(p) and Z3 '(t') are given by therespectively, w ere
dispersion integrals

=(p —p'). Z(ph, Z(P')+ ~' '(p)

&& «"(') ~.— ~.-'(p') . (2.6
P K P K

min the method of Ref. 1, nne need onlyinsertI'olloming t e me o
(2 6) between (p p )„d,nd t
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brackets a factor Le„„(t)—Za(P)u„„(t)], where t= p p-'.
This does not change (2.6) but it will be found to im-

prove the asymptotic behavior of I'~, which is obtained
by stripping off the factor (p —p')„, namely,

I'.'(p, p') =~L~"(~)—Z (~')d..(~)j Z(p)~ Z(p')

1
+Sp '(p) -disap(i~) y„-Sp—'(p') . (2.7)

p—z p —a

tion theory, namely,

(p'+m')'u —2m'p'(u+3)
i i(p') =~

2(p') '(p"-—m')

(u —3)(p'+ m')
u2(p') =u

2p'(p' —m')

2 t'+2m'~P —4m'~ "'
~3(&') =u

3 (~2)2 k P )

(2.11)

which is easily seen to be a solution of (2.5).
It remains now to determine Z(p) and Z3(P) by im-

posing 2-particle unitarity on the propagators. The uni-

tarity relations are given by

p(p) = dp'dt's(t+ p-'p)9(p') b(p" m')—
(2ir)'

x~(~)~ (p)1'.(p p')(p'+ )r~(~' —')d, .
—h(P-~')(l '/")~..j~.(p,p')~(p), (2 8)

where 2irn denotes the fine structure constant e'/4m. .
Inserting these results into the dispersion integrals
(2.3) (2.4) one finds in the symptotic region:

N—~1+—(p —m)(pu lnp'+m(u —3) lnp')
Z(p) 2p'

(2.12)

1+-',u 1nP.
Z, (P)

Comparing these expressions with the definitions of the
renormalization constants,

u(p) =
(2m.)'

dpd p'b(p+ p' t)0(p) b(p' —m') 8(p')—

lim(p —m)Z(p)-(p —mo)Z2,

limZi(P) -Z3,
one sees that the approximation yields

(2.13)

Xh(p' —m') L1/(P —p')Z3(t')]

x-'.t E(p+ )I'.(p, —p')( —p'+ )I'.(p, —p')&

x L1/(p —„~)z,*(P)j (2 9)

where p(p) =ppi+mp2. If for I'„ in (2.7), (2.8) one
substitutes I'„"given by (2.6), then, since

I' "(P'=m t'= y') = eZ(P) y„
and I'„"(P=m,P'=m) = eZ3(P)y (2-.10)

the structure disappears from the expressions for p~, 2,3

which reduce to those given by second-order perturba-

Zi ——Z2 ——Za ——0 and mo ——L(u —3)/u jm. (2.14)

While the results obtained for Z '(p) and. Z3 '(P) co-
incide in this approximation with the usual perturba-
tion theory expressions, it is clear that I ~ and Sp now
form the basis for subsequent approximations and
these will be the subject of a further paper. Provided
one does not discard the higher powers of o. in F~ it wiH

converge to zero for large momenta.
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