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Ward Identities and Radiative Corrections in QED
with Conformal Gauge
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A model of QED with conformally invariant gauge is considered. This gauge,
being essentially nonlocal, is written in a local form by means of two nonphysical
scalar fields. Using the BRST symmetry and the additional residual symmetry, a
system of Ward identities is derived. These Ward identities are applied to prove
the renormalizability of the model as well as to investigate the radiative correc-
tions. A new class of conformal anomalies arises, connected with the absence of
radiative corrections to the propagators including auxiliary fields.

1. INTRODUCTION

Some years ago conformal models of quantum electrodynamics based
on nondecomposable representations of the conformal group were proposed
(Binegar et al., 1983a,b; Zaikov, 1985; Furlan et al., 1985). Although the
difficulties connected with the pure longitudinality of the conformally invari-
ant photon propagator as well as the construction of conformal gauge fixing
were avoided, new problems appeared. The most essential problem is that
the theory is self-consistent only in the free-field case (zero charge) (Petkova
et al., 1985). The same problem also arises (Krasnikov, 1983) for the model
proposed in Fradkin ef al. (1983). The reason this problem arises is that in all
these models it is assumed that the electromagnetic potential is transformed
according to an irreducible representation of the dilatation subgroup with a
canonical dimension. A consequence of the latter assumption is that the
total photon propagator is of Adler-Johnson-Baker type, i.e., coincides with
the free-field one (Adler, 1972a,b; Baker and Johnson, 1979). To avoid the
above-mentioned difficulty, Stanev and Todorov (1988) started from the
nonvanishing conformal invariant current two-point Wightman function
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and found from the Maxwell equation that the field tensor is also trans-
formed with a nondecomposable representation of the dilatation subgroup.
Then the conformally invariant two-point functions for the field tensor con-
tain the log terms appearing in the perturbative theory. However, difficulties
connected with the formulation of the theory in terms of electromagnetic
potential appear in Stanev and Todorov (1988).

In the present paper a modified model (Zaikov, 19864) of conformal
QED is considered in the context of a perturbation approach. We remark
that the latter model is also not free from the difficulties associated with the
above-mentioned models. Let us recall that this model is modified so that a
generalization for the Yang-Mills theory is possible (Zaikov, 1986b). It is
assumed (Binegar ef al., 1983a,b; Zaikov, 1985; Furlan et al., 1985; Petkova
et al., 1985) that the electromagnetic potential is transformed according to
a nondecomposable representation of the conformal group. For this purpose
a dimensionless scalar field R(x) is introduced as a fifth component of the
electromagnetic potential. The latter permits the existence of a nonzero trans-
verse part of the conformally invariant photon two-point function as well
as the construction of a conformal gauge term in the Lagrange approach.
In order to include the interaction with matter fields, it is necessary to
introduce a second dimensionless scalar field S(x). After integration over
these auxiliary fields it is shown [see also Petkova et al. (1985) and Zaikov
(1986a), where this integration is provided only on a formal level] that we
have a nonlocal admissible gauge (without Faddeev-Popov ghost fields). As
a consequence of the presence of these auxiliary fields, the Lagrangian obeys
an additional BRST-like residual symmetry (Zaikov, 1986a; Todorov, 1987).
It should be pointed out that the latter symmetry is an ordinary one, unlike
the BRST symmetry, which is a supersymmetry (Becchi ef al., 1976). The
BRST-like symmetry is used to derive further Ward identities making it
possible to prove also the renormalizability of the theory in the nonphysical
sector as well as to investigate the radiative corrections of the two-point
functions. It is shown that the two-point function I' ¢ is free from radiative
correction, although I',, has pure transverse corrections as in the ordinary
theory. The latter points out that in this case we have a second-class confor-
mal anomaly, because (Binegar ef al., 1983a,b; Zaikov, 1985; Furlan et al.,
1985) the conformal invariance strongly connects the transverse part of T 4,
with T'4z. We recall that the first-class conformal anomaly arose with the
log terms in I',,. Another conclusion from the Ward identities is that I'gs
is also free from radiative corrections.

These two types of conformal anomalies break down only if the perturb-
ative sum gives the Adler-Baker-Johnson photon propagator. However, in
the latter case, as mentioned above, the electromagnetic interaction breaks
down, too.
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A similar two types of conformal anomalies appear in the pure Yang-
Mills theory (Zaikov, 1991) in conformal gauge. However, in the QED in
conformal gauge an additional BRST-like symmetry appears. The BRST-
like transformations are nonlinear if fermion fields are included. The price
for their linearization is the introduction of an infinite set of composite fields.
In order to study the consequences of the BRST-like symmetry for the
renormalized Green’s functions, it is necessary to prove the renormalizability
of the model also in a nonphysical sector where nonzero sources of these
composite fields are present.

The paper is organized as follows: In Section 2 the model proposed in
Zaikov (1986a) is described. In Section 3, BRST (Kugo and Ojima, 1979)
and BRST-like symmetries (Zaikov, 1986a; Becchi ef al., 1976) are consid-
ered. These symmetries are applied to derive a system of Ward identities.
Additional Ward identities as a consequence of the BRST-like symmetry
arise here. In Section 4 these Ward identities are used to prove the renor-
malizability of the theory and to investigate the radiative corrections of the
two-point functions.

2. CONFORMAL GAUGE IN QED

To set the notations, we give a brief review of the model (Zaikov,
19864a). The Lagrangian is constructed by adding to the singular Lagrangian
of massless QED

PLorn=—1F F* + (i —ed)y 2.1)

(where F,,=0,4,—0,4,) a conformally invariant gauge-fixing term con-
taining two nonphysical massless dimensionless scalar fields R and S:

For=10"4, DR+%(DR)2+§ (CIS)*+F,, *R3'S (22

Here o is a gauge-fixing parameter and v is an arbitrary real parameter. It
can be checked that (2.2) is a conformal invariant if all the fields except S are
transformed according to a representation of the conformal group defined by

PO(x) = —i(dp+x* 3,)D(x) (2.3a)
A D(x) = i[2x,(do+x7 8,) — X 8, + 2ix"Z,, ] D(x) (2.3b)

where ®=A4, R, v; 9, A, and X, are generators of dilatations, special
conformal transformations, and the spin part of the Lorentz trans-
formations, respectively, and dp is the corresponding (canonical) dimension
(da=1,dr=0,d,= 3). The field S is transformed according to the following
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conformal law:
2S(x)=—i(x" 0.5(x)—1)

. . 2 . (2.4)
A wS(x)=1(2x,x" 0. —x" 8,)S(x) —2ix,

Let us note that the field A4 is transformed under the “basic’ (homogeneous)
conformal law (2.3), but the nonhomogeneous conformal law (2.4) for S
makes it possible to construct a conformally invariant gauge fixing in a local
form.

Let us consider (for now on a formal level) the functional integral

F(A, b H)= J DR DS exp[i J d"x(,S,PGF+hR+HS)] (2.5)

where /2 and H are sources of the nonphysical fields R and S, respectively.
In the case a =0 the formal integration over R is extremely simple:

F(A, b, H)
:JDS exp {i Jd“x{% (DS)2+HS]} [16(z 0 &"4,—0"F,, 0"S+h)

2.6)
Then the Faddeev-Popov determinant

A= JDA F(A+08A, h, H)

does not depend on A and consequently (2.2) is an appropriate gauge fixing
for quantum electrodynamics. In a general gauge (a #0) one obtains

F(A, h, H)
= JDS exp {i f d*x B (OSY+ HS— 2 J d*y €(x)Dy(x— y)%( y)}}
N a
2.7)

where

Dy(x)=— In(—pu*+ig) (2.8)

1
(4m)*
is the Green’s function for the equation [J%/=0, p is a parameter with

dimension of mass, and the notation

G(x) =300 " A,(x) — 0" S(x)(gy, [~ 3, 8,) A" (x) + h(x)
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is introduced. It is easy to check that this is an appropriate gauge, too. Let
us note, however that the integration over the field R breaks the conformal
symmetry in the case a #0 because a parameter with dimension of mass
appears. In the case ¢ =0 one may consider (2.6) as a formal expression
only. Indeed, let us write the Green’s functional

Z(j,h H, %, %)
=JDA Dy Dy exp[i Jd4x(,§,”QED+j"A,,+;2y/+ npx)}?’(A, h, H)

2.9

Inserting (2.6) into (2.9), one can see that the gauge-fixing condition is too
complicated to be solved explicitly and can be used in calculations only
if one returns to the integral representation (2.5). So, in both cases we
shall understand the (nonlocal) gauge-fixing functional #(4, s, H) as an
integral (2.5).

Turning to a perturbative calculation of Z, one observes that the results
are incompatible with the simplest assumptions about the conformal proper-
ties of the quantum model. The starting point for a perturbative treatment
is a system of free fields. The set of the two-point functions, or, in terms
of functional integration, a “measure” in an appropriate functional space,
contains all the essential information about this system. The classical Lag-
rangian of the free bosonic fields

PR(x)=—5F F* +1 4, DR+%(DR)2+§([]S)2 (2.10)

is not invariant with respect to the representation (2.3), (2.4) of the confor-
mal group. However it is invariant with respect to a “nonbasic” conformal
law (Zaikov, 1985; Petkova et al., 1985) for the fields 4, R. In order to
preserve the invariance at the quantum level, one must choose a proper way
of integration when calculating the free bosonic Green’s functional

211

The invariance will be lost in the case a #£0 if one integrates over R as in
(2.7) proceeding to a nonlocal gauge fixing. Let us remark that the field R
has been introduced as a fifth component of the potential &/ =(A4,, R).
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Inverting the differential operator % in the bilinear form
Jd“x AT Dol = fd“x[—%F,‘jH— 30" A, +% (DR)Z}

one obtains the matrix of propagators. As a reflection of the invariance of
£ the two-point functions are invariant with respect to a representation
of the conformal group which leaves the vacuum invariant and transforms
the free fields 4 and R according to a nonbasic conformal law. The genera-
tors K,, of special conformal transformations in this representation obey the
following commutation relations with the fields 4 and R:

[4,(x), K,]=i[2x,(ds+x" 8.) — X" 8,]4.(x)
= 2x"(Z,0)oA,(x) +2ig, R(x) (2.12)
[R(x), K,]=i(2x,x" 8,—x* 8,)R(x)
where (2,.)7=i(84g:— 6%2.2).
The two-point function of the free field S'is (1/iv)D, and, as mentioned

above, it contains a parameter with the dimension of mass. It is conformally
invariant if

[S(x), D] =—i(x" 2.5(x)—§)

5o > A (2.13)
[S(x), K,]=i(2x,x" 6,—x" 08,)S(x) — 2ix,q

where D is the generator of dilatations and § is a constant operator with the
following properties (Sotkov and Stoyanov, 1980, 1983):

<0410>=<013410>=0
{0|S(x)4l0> = const
The two-point functions of the bosonic fields are also conformally
invariant with respect to another representation. It transforms the fields
according to a law coinciding with the one for the classical fields [see (2.3),

(2.4)]. The generators D and K, of dilatations and special conformal trans-
formations do not annihilate the vacuum state,

DI0>=U[0>#0
K,J0>=V1]0) 0
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Here U and V, are operators obeying the commutation relations
[S(x), Ul=i(1—§)
[S(x), Val=2ix,(§—1)
[4:(x), U]=0
[44(x), V] = 2igs, R(x)

The field R commutes with U and V. It is obvious that the generators D,
K, of the nonbasic representation may be written as

D=D-U

R,=K,~V,

(2.14)

It is known (Zaikov, 1985; Petkova et al., 1985) that the two-point
function of the free A is not purely longitudinal. It is clear that there is no
contradiction between this statement and the conformal properties of the
free fields. Unfortunately, because of two kinds of anomalies, the simple
conformal properties are lost when perturbative corrections are taken into
account.

3. RESIDUAL SYMMETRY AND WARD IDENTITIES
It is convenient to redefine the fields 4, R:
1
A, —~—A4,, R— veR
e
in order to make symmetry transformations independent of the parameters
e, v. Let us remark that the conformally invariant Lagrangian (rewritten in

terms of the new fields 4, R)

1 i
Lown+ Lar = Fp P+ ,4" DR+ (OR)
14

+§(DSY+VEWNRES+WU@n@w (.1)

where a’'=v?’a, is not invariant with respect to the transformations
A — A+ 0A, because of the corresponding gauge fixing. However it obeys
some residual symmetry, which becomes clear if a free Faddeev-Popov ghost
field Lagrangian is included:

v
ng=5ﬁ[fn (3.2)
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where 77 is a dimensionless scalar Faddeev-Popov ghost field transformed
under the same conformal law as the field S. Let us remark that for conveni-
ence a generalized free ghost field is introduced (Zaikov, 1986a) here ([1°n =
0) instead of the free ghost field in the ordinary QED.

Then it is easy to check that the Lagrangian (3.1) is invariant with
respect to the following BRST transformations:

5B= 651 on(x)
Sy =—i 64 n(x)y(x)

Sy =i y(x)7(x) (3.3)
OR=685=06n=0

57i=—386A R(x)

where 84 is an infinitesimal odd Grassmann parameter.
Because of the existence of the nonphysical fields, the Lagrangian

geff__“o?QEDJregGF'{' ZLon
obeys also the following residual (BRST-like) symmetry:
AB,=A¢ 3,5(x)
AR=0
A
AS=-2% R(x)
2 3.9
Ay=—iAs S(x)w(x)=—iAg wi(x)
Ag=iAe S(X)P(x)=iAg ¥ (x)
An=Ai=0
where A¢ is an infinitesimal (even) parameter.

The transformations (3.4), like the BRST ones, are nilpotent only in
the bosonic sector. However, in the fermionic sector this is not the case.
Then for our purpose it is convenient to introduce composite fields y.(x),
Wi(x) defined by

Ay,=—iAe y.(x)
A!/_/k:iA£|/7k+1(X), k=0,],..., Vo= W, l/70=l[_/

The explicit form of the lowest y; is given by

(3.4a)

i 3i
vo=v. wi=Sy, y,=S’y—_Ry, w3=S3W"5RSW

2
_S4 -3 _3p2 — 5, 3. _15p2 (3‘5)
wa=S"y—3iRSy— iRy, =Sy — RS w—3R Sy, ...
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We remark that the Lagrangian (3.1) depends on the fields R and S only
through their derivatives and consequently it is invariant also with respect
to the following transformation laws:

A]R(X)ZAEI

A1A=A1S:'"=A|W:A;W]:A;V7]:0 (36)
AS(x)=Ag;

AzAzAzR:' . :Azl//:Azl/_/:O

where &1 are constant parameters.
It is not difficult to check that with respect to the transformations
(3.6) the composite fields (3.5) obey the following transformation laws:

ik(k—1
A]l//k:—Agl ( )!//k—z
(3.7a)
ik(k—1
Alv—/k:Agll ( )V_/k*25 k:2’
AzV/kZASszkV], Azl/_/kZAgzkll_/k_l, kzl‘ (37b)

Now, let us consider the following Green’s functional:

Z(]7 h> ]{7 x> 25 K, ’Ek’ P, ﬁ)
=exp G(]? hs H: e ia Kk, Ek? P> ﬁ)

= f@ AD RD SD v D In D7 exp{i Jd4x[$eff+jA +hR

+HS+ ). (kak+ikl//k)+l/7’<+l?!//+ﬁp+l3n]} (3.8)

k=1

Taking into account that % is invariant with respect to the BRST trans-
formations (3.3), the BRST-like transformations (3.4), and the trans-
formations (3.6), we derive the following Ward identities:

J@A R expin“x{,&”efﬁjAﬁL- -+ pii}

x jd"x(ﬁA +hSR+HES+ 8y +Kxdy

+ 8Vt Zibyit Sfip+ pén) =0 (3.9a)



584 Zaikov and Zlatev

X fd“x(jAA +HAS+ A7y + y Ay + Ay

+ XA+ Afip+ pAn)=0 (3.9b)

f@A# . Diexpi fd4x{$eff+jA +- -+ pif}

X J‘d4x(hA1R+A]kak+ZkAlll/k)=O (390)

J@A“ ... Dijexpi Jd“x{&”efﬁjA +- o+ pi}

X J‘d4X(HA25+ AZkak+ZkA2Wk):O (39(1)

where summation over repeating indexes k=0, 1, . . . is implicit. The analysis
of the Ward identities (3.7) is simpler for the one-particle irreducible Green’s
functions:

F(AQ R’ S’ l//7 ll73 n, ﬁ’ Xna X—Vl)
=—iG(j, h, H, Xs Xs Xn> Xns Ps P)

—Jd4x(jA+hR+HS+l/‘/x+yzl//+ﬁp+ﬁn) (3.10)

Now, taking into account that

o OT __or __or
SA, SR’ 58
r
;z=£, x=—6—_, 26 _ ot (3.11)
oy oy 8xn Oxn
__ér or . 8G T
pz—-_a p:_—'__7 = - =1327
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we rewrite the Ward identities in the following form:

jd"x{[é or +1<5r + 5 51“)
64, sy 51/’
x (oI or oI
+iy (-—xﬁik—_ﬂ n(X)+%R#_}=0 (3.12a)
k=1 \O ¥k OFk o1

f {S( o, + R(x)(Sr (5r ST 6T 5r)
A” 0S8 \oy o7 5)(1 oy

r r
—ie 2 (Xk 0 +—6 xk):lz() (3.12b)
5%k+1 5}(k+x
ST or or
d'x| —+ +- ¥ k(k—1 + =0
j‘ {5R 2(121!/ Vo) kzz ( )< 5)Zk—z 5}(}(_2%1{”
(3.12¢)

or oT ol
d* [—— k<
f Y oS A z:: K 57(k 1 5}(1<—1

xkﬂzo (3.12d)

The fields R and S in (3.10) are interacting fields, which is not the case
for the ghost field included in (3.12a). Moreover, in (3.12b) a term that is
nonlinear with respect to I' appears, as in the Slavnov-Taylor identities in
the Yang-Mills theory.

4. RENORMALIZABILITY OF THE QED IN
CONFORMAL GAUGE

Throughout the previous section we assumed that the dimensional regu-
larization is carried out. This means that the divergent terms arise only in
the limit D — 4. We remark that the effective Lagrangian and the measure
are invariant with respect to the BRST transformations (3.3) and the trans-
formations (3.4) for arbitrary D-dimensional space-time. Consequently, the
Ward identities (3.10) are satisfied for any D-dimensional space-time. The
latter allows us to provide a gauge-invariant minimal renormalization which
consists of the subtraction of the terms divergent with D — 4. Let us consider
first the bosonic part of the effective action:

Fp=Ty=p-s-m=0
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Taking into account that the ghost field is free and using (3.12a), one obtains

3, 2L, Y R~ (4.12)
6A 2
and the Ward identities (3.12b)-(3.12d) yield
fd“x(S@u&+lR§E§>=0 (4.1b)
54, 2 &S
51‘3
d*x 4.1c
J SR (4.1c)
or
Jd“ —2=9 (4.1d)
oS

It is clear [see equations (4.1c), (4.1d)] that 'y may be expressed in terms
of the field 4 and the derivatives d,R, 0,5 of the scalar fields. Then solving
(4.1a), (4.1b), one obtains

Ip= J d4xB (DS)2+§ A, DR}r Th(Fu, 0,R, 8,5)  (4.2)

It follows from (4.1b) that there is an expression for I'y in terms of F,,,
Suv=0,R 0,5—08,8 0,R, and the derivative J, R. Looking for divergent terms
in '}, one finds that the bosonic counterterm, which must be added to the
Lagrangian, is a linear combination of the following guantities:

E, F*"*, Fo ™, fuf*, d,R"R
8,R & R IR, CIR OIR, (0.R &"R)?
Let us remark that S is a quasifree field:

8Ty

mo'——vﬂ 5(X—y) (433)
2
_0Te =0 (4.3b)
6A4,(x) 85(y)lo
T | (4.3c)
SR(x) 8S(») o

(lo means A= R=S=y =y =0). The field S is an interacting one, but its
propagator coincides with the free propagator.

Writing down all admissible counterterms containing fermionic fields
and taking into account the constraints on them, following from the linear
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Ward identities (3.12a), (3.12c), and (3.12d), one finds that the sum of the
counterterms can be written as

Z;—1 s A ' 2
zct:fd“x{— S B (= D= Dy + (Ze= ) (ORY

+(Zs—1)VF,, #R3"S+3Ys0,R R+ Y,0,R "R IR
+ Ya(8,R &R+ Yo fur f** + Y100 ORy + Y17 OSy

£3 [5(R )7ew +8HR S)wzkl} (4.4)

k=1

where Zy, Z;,...,2Zs, and Yg,..., Y, are divergent constants and
2(R,S) and gf(R,S) (k=1,2,...) are functions with divergent
coefficients. The constant Y5 is dimensional and the renormalized Lagrang-
ian is not conformally invariant. Introducing a loop expansion parameter A,
one can write

Z=1+0(d), i=1,3,4,5
Ye=o(A), k=6,...,11

As usual, (1) = o(A") means lim;_o A7/ (A) =0 and f(1) = O(1") means that
|A7 (A)} remains bounded when A - 0.
The functions g.(R, S) obey two systems of equations:

®_, %

0, =0
OR OR
(4.5)
8k | nk—1gin=0. k=34, ...
oR
and
%1 _q
oS
; (4.6)
$473
2t kg1 =0, k=2,3,...
oR &

The corresponding equations for gf(R, S) may be obtained by complex
conjugation.

The nonlinear Ward identity (3.12b) yields additional constraints on
gx, git . Following the recursive method (see, e.g., Itzykson and Zuber, 1980,
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p- 599), we introduce a bilinear operation
.- rzzfdax(é_r_l o1y _omy fi[)
Sy 671 Oy Oy

and a linear operator

= § o)
5lk+1 5Zk+1

The identity (3.12b) may be written as

T+ L)=0 (4.7)

Denoting by I'° and T'* the first and the second terms, respectively, in
the loop expansion of ', one writes

F=T’+T"+5(1)

Equation (4.7) is satisfied by the classical action

= J‘délx geff

and therefore T'! obeys the linear equation
[«T'+T s« I+ L") =0 (4.8)
It is enough if the one-loop counterterm 7}, obeys the weaker condition:
T« Ta+ T+ I+ L(TY) = 0o(A) (4.9)

Inserting the expression (4.4) for I, into (4.9), we find constraints for the

one-loop quantities ¥}, gi", gt®:

Y=0, g =gtV =const [=o(A)] (4.10)

and recursive relations

ag(l)
gk+1(R S)— ng(R S)+ R

(R, S)

_gl])Qk(R S)= 0(12)
8gk“) (4.11)

gFR(R, )~ Sgt (R, S) - (R, S)

—~gFOQK(R, S)Y=0(1%)
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where £, QF are functions defined by the equations

The crucial point in the recursive procedure is whether the one-loop
renormalized action 7, =7+ 1 obeys the Ward identity (4.7). Introducing
the notations

wr=Q+g, of=QF+gi" (4.13)

and taking into account (4.4), (4.11), one can write
Z(l)
=Jd“ TF”VF“V+Z<')w(ta A)y/+Z(” (DR %)

+Z$QVF,, *R*S+3YY 3,R“R+ Y 0,R3*ROR

+ YO(0,R R+ Y £, f*¥ + Y0 GRy

+ 3 [odR, )iy +0f(R, S)‘I_/Zk]} (4.14)
k=1

where Z§", Z$, ..., Z¥, and Y§°, ..., Y} are one-loop renormalization
constants. It is easy to check that (4.14) is a solution of (4.7) if
oR, $)=Q+CV=5+C"  CP=const

@i+ (R, S)=01(R, S)ou(R, S)——Ra—ci;f(R S)

o¥(R, S)=Q*+C“>:S+C(l> (4.15)

The solution is

o(R, S)=(R, S+C™M)

4.16
(R, S)=QF(R,S+CV) (4.16)

where C'” does not depend on the fields. It is not difficult to check that if
CW'=Ar (r does not depend on 1), then equations (4.11) are satisfied. So
the continnation of the recursive procedure is possible {to any order in
the expansion on 1) and we find that the Ward identities guarantee the
renormalizability of the model (also in the case when sources of the com-
posite fields v, ¥ are present). There are 10 renormalization constants,
Zy, Zs, ..., 2Zs, Ys, ..., Y, and C. The renormalized effective action I™"
obeys the Ward identities (3.12).



590 Zaikov and Zlatev

Let us now consider the consequences of this statement for the Green’s
functions. By differentiation of (3.12a) with respect to n(x), w(»), and ¥(z),
we derive the well-known Ward identity:

a 63Frcn
" 54,(x) 89 (3) Sw(2) o
Ky 21—-ren 5 21—~rcn )
=ils%x~-2) —— ¥ x—p) ——— 4.17
’( D simeve sim vl M7

The same result can be obtained also from (3.12b) by differentiation with
respect to S, ¥, and y and replacing the derivatives

63rrcn 53rrcn
5S(x) 8w (y) Syw(z)"  8S(x) 8W(y) 8x1(2)

with these determined from equation (3.12d).
Now differentiating (3.12b) with respect to R and S, we find

a 52rrcn 1 62rrcn
" 5A4,(x) SR(3) N0 2 85(x) 6S(y)

=0 (4.18)

0

Then, taking into account (4.3a), we conclude that the radiative corrections
in the two-point vertex I' 4z are also absent.

Now we are able to conclude that if the radiative corrections appear in
the two-point photon vertex function, then, according to (4.3a) and (A.2)
of the Appendix, a second-class conformal anomaly appears. We recall that
we have a first-class conformal anomaly when the coefficient ¢ in (A.1l) is
equal to a sum of log terms. In this case, if

a=h=c 4.19)

then the vertex (A.l) is invariant with respect to the representations,
which are nondecomposable also with respect to the dilatation subgroup
(Dell’ Antonio, 1972; Furlan ef al., 1985; Zaikov, 1988). However, according
to (4.5), here a=b=1 and consequently here a second-class conformal
anomaly arises connected with the transversality of the radiative corrections.

5. CONCLUSION

We have considered a model, proposed in Zaikov (1986a), of conformal
QED with two auxiliary massiess scalar fields. It is shown that in addition
to the ordinary BRST symmetry, the model obeys a residual BRST-like
symmetry as well as a symmetry with respect to translations by constants of
the auxiliary fields. Ward identities corresponding to these symmetries are
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obtained, and using them, it is shown that the model is renormalizable.
There are ten renormalization constants: nine of them are multiplicative and
one is additive. Five types of counterterms arise which are not present in the
initial Lagrangian. One of the renormalization constants is dimensional;
hence the conformal invariance of the renormalized Lagrangian breaks
down. It is shown that the radiative corrections of the two-point vertex
function of the electromagnetic potential are purely transverse, although the
radiative corrections of the two-point function including the auxiliary field
R are absent. The latter points out the existence of a second-class conformal
anomaly.

APPENDIX

Let us write down the two-point vertex function for the five-component
potential o =(A4, R):
v ﬁ( @/ (a/2pup’ )
. K
_(lb/z)pupz c(guvpz —pupv)

where a, a, b, and ¢ in general are arbitrary functions of the momentum. We
remark that (A.1) is invariant with respect to the conformal transformations
(2.12) only if

(A1)

a=b=c¢=const (A.2)
(Zaikov, 1985; Furlan et al., 1985).
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