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Abstract

We show that recently found symmetries in QED are just non-local versions

of standard BRST symmetry.
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Recently it was found a non-local and non-covariant symmetry of QED in the Feynman

gauge by Lavelle and McMullan [1] which was cast in a covariant form by Tang and Finkel-

stein [2]. It was claimed that they are new symmetries of QED and give rise to new Ward

identities. We would like to point out that these symmetries are standard BRST symmetries

and therefore they can not give rise to any new Ward identity.

In the Hamiltonian formulation of QED besides the gauge �eld and its momenta we have a

pair of ghost �elds (c; c) and its momenta (P;P) [3] (we leave out the fermion �elds since they

are not essential for our purposes and can be easily included). The ghost Lagrangian of QED

(still in the Hamiltonian form) which implements the Lorentz condition is then found to be

[3] L
(ham)
gh = _Pc+ _cP� icr2c+ iPP. Usually the next step is to perform the integration over

the ghost momenta to get the usual ghost Lagrangian Lgh = ic2c. However we can perform

the integration over the ghost �elds instead of their momenta. Performing the integration

over c we get a delta functional �(ir2c + _P) = detr2 �(ic + 1
r2

_P). Now performing the

integration over c we get the non-local ghost Lagrangian L
(non�local)
gh = �iP 1

r2
�P + iPP and

the non-local BRST transformations �Ai = i @i

r2
_P; �A0 = iP; �P = 0; �P = r2A0 � @i _Ai.

We can now perform the following change of variables P = r2R in order to get a local

action and to get rid of the term detr2 in the path integral measure (which came from the

integration over c). After this change of variables we get the usual ghost action Lgh = ic2c

and the non-covariant and non-local transformations of Lavelle and McMullan [1] after

identifying P with c and R with c. Since we have a standard BRST symmetry we get the

usual constraints on the physical states and no further independent Ward identities can be

found.

We now turn to the Tang and Finkelstein transformations. The ghost Lagrangian of

QED Lgh = ic2c has a huge freedom when we perform �eld rede�nitions in the ghost �elds

c and c. If we consider, e.g., the following non-local rede�nitions c = 1
r2 @0d; c = 1

@0
r2d,

the Lagrangian and the path integral measure remain invariant and the usual BRST trans-

formations become �A� = @�
1
r2@0d; �d = 0; �d = �

i

�

1
r2 @0@�A

�. These are the covariant

non-local transformations presented in Ref. [2] (written in an arbitrary gauge, i.e., arbitrary
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�) after identifying d and d with c and c respectively. Of course this procedure can be

generalized to any (local or non-local) rede�nition of the ghost �elds which leave the action

and the path integral measure invariant.

The gauge �xed QED action is also invariant under anti-BRST transformations which

anticommute with the BRST transformations. We can then perform an arbitrary �eld redef-

inition (which leaves the action and the path integral measure invariant) and consider the

BRST transformations of the rede�ned �elds. Then perform a second arbitrary �eld rede�-

nition and consider the anti-BRST transformations of the rede�ned �elds. Since the original

action is invariant under these �eld rede�nitions the BRST and anti-BRST transformations

of the rede�ned �elds are still symmetries of the action. The sum of these two transforma-

tions are precisely the Tang and Finkelstein transformations Eqs.(5) and (9). Originally the

BRST and anti-BRST transformations are anticommutating but now, since they are acting

after �eld rede�nitions they no longer need to anticommute. This explains why the trans-

formations Eqs.(5) and (9) of Ref. [2] are no longer nilpotent. In fact the anticommutator

gives rise to a new �eld rede�nition which is also a symmetry of the action as can be easily

veri�ed.
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