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Abstract

We present a formulation of Quantum Electrodynamics in terms
of an antisymmetric-tensor gauge field. In this formulation the topo-
logical current of this field appears as a source for the electromagnetic
field and the topological charge therefore acts physically as an electric
charge. These nontrivial, electrically charged, sectors contain mas-
sless states orthogonal to the vacuum which are created by a gauge
invariant operator and can be interpreted as coherent states of pho-
tons. The new states do interact with the charged states of QED in
the usual way. It is argued that if these new wctors are in fact rea-
lized in nature then a very intense background electromagnetic field
is necessary for the experimental observation of them. The order of
magnitude of the intensity threshold is presented.

Quantum Electrodynamics does not possess either classical or quantum topolo-

gical excitations. In this work, however, we show that QED can be formulated as a

particular sector of a theory for the (Kalb-Ramond) antisymmetric-tensor gauge field

Wpy. This field possesses a topological current which appears as a source for the electro-

magnetic field. The topological charge, as a consequence, acts physically as an electric

charge. We construct a gauge-invariant operator that creates the topologically charged

excitations in the new sectors and compute its correlation functions in the absence of

charged matter.

Let us give the example of a simple system, analog to the one of QED. Consider

the real massless scalar field in 1+1 D : £ = d^d^1^ This field possesses an identically

conserved topological current J*1 = &vdv^
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No polynomial in <j> or its derivatives can create states carrying the topological charge.
Nevertheless, if we introduce the operator £r(x, t) = exp |»'f>/r <6(z, t)dz\ it is easy to see,
by using canonical commutation relations, that a creates states bearing 6 units of the
topological charge Q in spite of the fact that the theory possesses no classical soliton
solutions.

We move now to 3+1D and look at the case in which matter is absent. Consider
the following theory for the antisymmetric-tensor gauge field W^:

Cw = ~Wlll/o(-0)-1W»l'° (0.1)

where W^va = (/tlWua + dvWail + daWtlu is the field-intensity tensor of the antisymmetric
field.

The topological current of the W»u field is given by J" = ^"^dJWcp

As in our two-dimensional example, no polynomial in the field intensity W^va can
create states carrying the topological charge Q = / <PxJ°. Nevertheless, it is possible
to construct an operator, analogous to the ff-operator of the last section, that creates
the topplogically charged states.

We can deduce the form of the interactions of the states that carry topologi-
cal charge by expressing the lagrangian Cw in terms of the topological current as
Cw = %J''(—a)~1J)i which is exactly the effective electromagnetic interaction between
charged particles associated with a current J" that would be obtained in QED upon
integration over the elctromagnetic field. We see that the topological charges present an
electromagnetic-like interaction among themselves. This fact justifies our peculiar form
of the lagrangian.

The fact that we can describe the properties of QED through a theory like the one
• given by Cw, however, only becomes evident when we couple the field W^, with the

charged matter current j " in the following way:

^ o ( D ) r - I ^^W^-Ü) - 1 .? , * (0.2)
• where q is the charge coupling constant of matter.

Integrating over the W^-field, we reobtain precisely the same effective interaction
for the charged matter which is produced by QED [1]. Hence, (0.2) describes the same
physics for the charged matter associated with the current j , , as does QED. In the W^-

field formulation, however, we have new nontrivial sectors for which the topological
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charge is nonzero even in the absence of matter. It can be shown [1] that the topological
current of the W^-field appears as a source for the electromagnetic field. Expressing
the interaction lagrangian in terms of the topological current, we conclude that the
topological states would interact with the charged states of QED in the usual way.

The topological excitations creation operator is constructed as [1]

(0-3)

where $ = (0,0, -~^°*/ in spherical coordinates.

We can also reexpress y. in terms of the electromagnetic field as [1]

= exp | ^ j d3?d&jií- xy>kAk(x
0,Õ j (0.4)

The commutator of fi with the charge density operator is [1] [p{y),n{x)]ET~=

bp(x)63(x — y). This equation shows that the operator p does in fact carry 6 units of

charge.

The states |/x(x) > can be interpreted as a coherent state of photons [1].

We can exactly compute the correlation functions of // in the absence of matter.

These should describe the long distance behavior of these correlation functions in the

presence of matter, due to the infrared asymptotic freedom of QED. The final result is

11]
< n(x)fi^(y) >= \x — y\~b2tBn* Observe that this correlation function is completely

local. From the long-distance behavior lim|x_y|_oo < n(x)/^(y) >= 0, we can infer that

< fi{x) >= 0 and therefore that the states \fi[x) > created by /i are orthogonal to the

vacuum and hence nontrivial. The power-law decay of the correlation function, on the

other hand, implies that these states are massless.

The form of the correlation function implies that the norm of the states created by

H is positive definite [1]. This property shows that the states created by fi belong to. the

physical sector of the Hubert space of the WM1,-theory even though they do not belong

to QED. Here again we find an analogy with the 1+1 D massless scalar field where the

corresponding above-mentioned a-operator creates states of positive norm in spite of

the fact that the Hubert space has indefinite metric.

In order to determine the value of the charge 6 of the topological excitations, let

us consider the spectral density for fi [1]. Thi3 is in general a power function except for
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6 = 47T when it is a delta function with support on a mass equal to zero. We therefore

conclude that only for this value of 6 the /j-field really interpolates asymptotic states.

Expressing 6 in terms of the electric charge [1], we get b = (4itlZ7)l/2e.

Let us observe now that the eventual observation of the charged topological states

of the gauge field would require the presence of an extremely intense backgroud elec-

tromagnetic field. We can understand this by examining the expression (0.4) for ii in

terms of the electromagnetic field and the correlation function [1]. An estimate of the

intensity threshold produces [1] / ~ 6 x 1018watt/cm2

Laser fields of intensities of the order of the threshold we estimated here, can be

constructed [2]. There is actually a projected experiment at SLAC in which high-energy

electrons are scattered by such a laser field [2]. This is precisely the kind of situation

in which the charged topological excitations we studied here should be observed if the

formulation we introduced here is realized in nature.

There is a lot of questions which could be asked regarding the topological excita-

tions considered here. What happens when we couple other fields as in the Electroweak

theory, for instance? Is there any mechanism of mass generation for them? What about

the usual sectors where the toplogical charge is identical to the matter charge? Could

this formulation shed some light on the problem of quantization of matter charge?

. The results we found in this work indicate that electric charge, which is a physical

quantity usually associated with matter, can be obtained as an attribute of some cohe-

rent states of the gauge field itself. It is not inconceivable that other quantities like spin,

mass, flavor, color and so on could be generated as well as properties of some peculiar

states of the gauge fields in general. This would lead to the outstanding possibility of

describing both matter and the fields which mediate its interactions within the same

unified framework. We are sure this possibility is very far from what has been presented

here but we hope this work could be a step towards that end.
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