
VOLUME 63, NUMBER 9 PHYSICAL REVIEW LETTERS 28 AUGUST 1989

Comment on "Canonical Quantum Field Theory
with Exotic Statistics"

obtains

and

y;(x) - —geJV& d'x'$(x —x')j'(x')

y (x) -g d2x'j(x') xV'2)(x —x'),

where the function 2)(x) is given by

2)(x) lnx +const.1

4z

Although Semenoff incorrectly states that p (his A )
can be chosen to be zero [in contradiction of the field
equations implied by (1)l, this is not the "crucial error"
referred to above.

The latter consists of the claim that the equation

(3)

is solved not only by (2) but equally well by

P;(x) ——g V; arctan(x —x')j (x')d x'.
2x (4)

This equating of a gradient to a dual of a gradient must
be viewed with some suspicion, a suspicion which is
confirmed by a simple calculation.

Consider, in particular, the case of a classical charge
density given by

j'(x) —I/«',
for r & R and zero otherwise. This will easily be recog-
nized as equivalent to the problem of computing the
magnetic field of an infinite straight wire in which the
current is uniformly distributed over the circular cross
section of the wire. Upon using the prescription (2) one

In a recent work' Semenoff claiins to give an example
of a three-dimensional field theory with exotic statistics
and fractional spin. It is the purpose of this Comment to
point out that there exists a crucial error in that work
which negates the principal conclusions of the paper.

It may be useful to begin by pointing out that the
model of Ref. 1 is a special case of the more general pho-
tonless gauge theory developed by the author. It is de-
scribed by the Lagrangian

24' && ~ 0 +gP j&

where j" is an unspecified conserved current. It was
shown in Ref. 2 that the (radiation-gauge) potentials p"
are

where e& is the unit vector orthogonal to the radial direc-
tion. This result is, of course, equivalent to the well-
known result for the field of a long straight wire carrying
current —g.

The prescription (4) is similarly evaluated, yielding

&q/r, r &R,
2e&r/R +(2r/R )pe„, r &R, (7)

which agrees with (6) for r & R but is characterized by
the appearance of an unusual multivalued contribution
in the radial direction for r & R.

It remains to take the curl of (6) and (7) in order to
determine whether each solves Eq. (3). Although the
curl of p as obtained from (6) is in agreement with (3)
for j given by (5) one finds that the "solution" (7) is
everywhere curlfree. This confirms the expectation pre-
viously expressed concerning the inequivalence of a gra-
dient and a dual of a gradient. However, it also illus-
trates convincingly that even the use of a multivalued
kernel such as that employed by Semenoff does not en-
able one to avoid a contradiction.

This fact that p cannot be written as a gradient elimi-
nates any possibility of extracting the effects of the in-
teraction into an exponential as in Ref. 1. Indeed, the
result of Semenoff that the (gauge-invariant) single-
particle mass does not even get renormalized is at vari-
ance with perturbation theory. It is therefore only the
failure of the exponentiation process itself that makes
possible the elimination of that contradiction.

In sum there is no manifestation of exotic statistics in
this theory.

This work was supported in part by the U.S. Depart-
ment of Energy Contract No. DE-AC02-76ER13065.

C. R. Hagen
Department of Physics and Astronomy
University of Rochester
Rochester, New York 14627

Received 15 August 1988
PACS numbers: 11.10.Ef, 03.65.—w, 05.30.—d

'G. W. Semenoff, Phys. Rev. Lett. 61, 517 (1988).
2C. R. Hagen, Ann. Phys. (N.Y.) 157, 342 (1984).
It may be well to remark here that the anomalous term in

the angular momentum found by the author in Ref. 2 has been
shown not to require anomalous statistics [C. R. Hagen, Phys.
Rev. D 31, 2135 (1985)l.

1989 The American Physical Society 1025


