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We show that there are monopole solutions in a composite

model where the photon is regarded as a composite of elementary

constituents. These monopoles have magnetic charges of the Dirac

unit but are essencially different from "t Hooft-Polyakov

monopoles since they are boundstates of the constituents. The

stability of the monopoles is guaranteed by the conservation of

the magnetic charges.

The presence of magnetic monopoles in nature has been

anticipated in the standard SU(5) grand unified gauge theory2

(GUT) where quantum chromodynamics (QCD) and quantum electroweak

dynamics (QEWD) are naturally unified. On the other hand, there

is another interesting possibility that quarks, leptons and gauge

bosons in QCD and QEWD are all composite. If this is the case,

it is interesting to ask what kind of monopoles appear in models

of a composite photon. The usual topological arguments, which

ensure the presence of monopole solitons in GUT, can not be

applied to such composite models.

In this letter, we shall show monopole solutions in

composite models where the photon can be regarded as a composite

state. In the models, more elementary particles (constituents)

exist, generating the photon dynamically. We consider both cases

where constituents are bosons and where they are fermions and

find monopole solutions in either case. We discuss the case of

bosonic constituent in- details but the case of fermionic

constituent only briefly.

Let us consider the system described by the following local

gauge invariant Lagrangian in 4 dimensions.
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_| (1)

where <j>. are elementary complex boson fields and A is an

auxiliary field. Using equations of motion, we can write A as
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(2)

Now, we construct monopole solutions in the model (1) when

we regard the field of A as the photon. Classical equations of

motion are

with D]i = 3u+ieAp , (4)

which transforms under the gauge transformation of the fields

\ ' e" V for iA, (3)

Therefore, we may expect that the field of A becomes a gauge

field with an independent degree of freedom if the kinetic term

for A is produced dynamically. Indeed as is well-known,

one-loop quantum effects ' preserving the gauge invariance
2

produce the kinetic term of log^j p v
 f o r A (q) with low

m
momentum of q<<A (A is a cut off momentum and F = 3 A -3 A ) .

Hence, hereafter let us call the auxiliary field A the photon.

Classically, the compositeness of the photon is obvious from (2)

First, we shall show that there are monopole solutions for

the classical equations derived from the Lagrangian (1).

Although the model in (1) does not contain any confining forces

on the constituents, such forces should be taken into account

from a realistic point of view. Therefore, second, we shall

discuss whether the monopole solutions still remain when we

include the confinement effects.

where Ap is expressed by the fields of ^ as in (2). Solutions

are explicitly obtained in case of n=4 as

and

(5.a)

<5.b)

= f(r)cos|e"iEt

A0 = Ar = Ae

f(r)cos|eiEt

with f(r) = cr"1/2J/j/2(kr) and E 2 = k2+m2

where r, 6 and $ are polar coordinates, and c and k are arbitrary

real constants (J (z) denotes a Bessel function).

We find that the solution in (5.b) represents a Dirac

monopole ' with a magnetic charge of g = ̂ i (Dirac singularity

can be circumvented by using the Wu-Yang formulation). '

Furthermore, the solution (5.a) represents that the bosons of *.

with a momentum of k are scattered by the monopole at r=0 and

that these scattering waves have an angular momentum such as |J[
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= |rxp + egr/2r|= \ • It is interesting to note that the monopole

is composed of the bosonic fields of <j> . which seem as if they are

being scattered by the monopole. This is due to the non-

linearity of the system.

It is worth-while to comment that the solutions of $. vanish

as r-K= and hence $. can not be regarded as Higgs fields which are

the ingredients of the 't Hooft-Polyakov monopoles. Further, we

remark that in spite of a singularity at r=0 in the field of A ,

the energies of the solutions have no urtraviolet divergences

because the energy of the magnetic field of B = gr/r is absent in

this classical approximation. Even when the energy (̂ B ) is

dynamically generated by the quantum effects, no urtraviolet

divergences appear. This is due to the reason that such an

energy is cut off at the short distance of r</l~ . However, the

energies of the solutions become infinite as the volume of the

system goes to infinite. It is usual to avoid these divergences

by superposing the solution of <{>. with various momenta of k, but

in this case, the superposition does not give a new solution

because of the non-linearity of the equations (2) and (4). Such

infrared divergences will be remedied by including confinement

effects on 4^ (the effects localizing <p^ automatically) .

So, we proceed to analyzing a model in which the fields of 4

are confined in a small region as the quarks are confined in the

hadrons. Here, we wish to Know whether the previous monopole

solutions still remain when confining forces operate among the
q

fields of <)>.. For this purpose, we take a bag-like model which

is appropriate for including the confinement effects resulting

from gauge forces; we are considering implicitly the non-Abelian

gauge theory (e.g. suDcolor) in which the constituents are

confined.

It is easy to construct such a toy model. The model is

described by the Lagrangian,

with = 0 for and for r>rB

where rB is a size of a bag and we have included the confinement

effects by simply assuming the mass of m(r) to increase as e.g. m

= mQr/rB outside the bag. In the Lagrangian (6), the first term

is the kinetic term for the gauge field of A , which is to be

generated in a large scale region of r>A~1 by the quantum effects

(we have assumed the inverse Qf the cut off scale,A"1, being equal

to the bag size of rB) .• It turns out from (6) that although the

photon, A , has its own independent degrees of freedom outside

the bag, it has no independent degrees of freedom inside the bag;

the photon dissociates into the constituents in the bag.

Now, let us show that there are monopole solutions in the

model. The equations of motion are

3HF =

~ i=i l v L~

for

for r<rn
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and (7)

DMD(Ji(ii+ni
2(r)*i = 0

with boundary conditions of F n = 0 at r = r_, where n is a

vector normal to the surface of the bag and the boundary condi-
g

tions arise in a similar way as in usual bag models. In all

regions of r, monopole solutions are easily obtained in the same

form as the previous one in (5) with an only modification of the

function of £(r) {note that 3yF = 0 is satisfied by the

monopole potential (5.b)). In this model, the function of f(r)

is given as a solution of the following eigen-value equation.

dr 2r
m2(r))g = E2g with g = rf . (8)

Therefore, we find that E is quantized and the function of f(r)

vanishes rapidly as r-*» because m(r) is taken such that m(r)

increases as e.g. m = m.r/r outside the bag. It is interesting

that regardless of the rapid vanishing of $. outside the bag, the

potential, A , remains even in a region far away from the bag.

The monopole solution in the model (6) has a finite energy,

which is order of r"1 (composite scale) for the mass of m =

r~with mo<r~ Furthermore, it is clear that the monopole

is a boundstate of the elementary bosons. This feature is

particular in the composite model; 't Hooft-Polyakov monopoles

are not boundstates of some constituents, but solitions. The

stability of the composite monopole is guaranteed by the

conservation of the magnetic charge.

We have shown that there is a monopole solution even in a

composite model whei>_ the confinement effects are taken into

accout. Of course, our toy model is one of models which include

the confinement effects. Therefore, it seems apparently not so

convincing that generally, monopoles appear in nature when the

photon is composite. However, we believe that the solution in

our model reveals the generic features of the monopole structure

in the composite photon. This is based upon the following

reasons: The solutions in (5), which represent the scattering

wave of •• (namely, being not confined), have topologioal

structures; the gauge potential (5.b) represents a Dirac monopole

and there are relations of ge = + -^ between the magnetic charge,

g, and the electric charge, e. Such a topological structure (or

the relations of ge = i ^l is stable against continuous

deformations of the fields of if. . Therefore, even when the

confining forces operate on <p. such as <(>. should be localized

(for example, in order to make a subcolor singlet, <f*-if.), the

topological structure will not change because the localization of

is achieved by the continuous deformations o f f in (5.a). These

considerations lead us to speculate that even if the constituents

of *. in the model (1) are confined, there appear magnetic

monopoles.

It should be stressed that the difference between the

monopoles in the composite photon and the 't Hooft-Polyakov

monopoles in GUT lies in the structures of their cores and in
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their mass spectra; the monopoles in the composite photon have

radial excitations carrying the same magnetic charge as the one

of the ground state monopole (the excitations are determined by

solving eq. (8)). Such excitations are absent in the 't Hooft-

Polyakov monopoles.

Finally, we show that monopole solutions are also present

when we take fermions as the constituents. The model is given

as

L =

1-igiU

A0 = Ar

with n =

a n d

e
cos=

e^sinfj ,

±1,

ill)

-COSj

f = c cos(ki)eiEt and g = c sin(kiJeiEt

(9)

with

The Lagrangian (9) is invariant under the local gauge transforma-

tion,

and (10)

We have assumed the two kinds of fermions with opposite charges

to each other (when one of the fermions is absent, we have not

succeeded to find the monopole solution).

It is easy to find solutions which represent magnetic

monopoles. The solutions are

The monopoles carry the magnetic charges of g = ^ and the

solutions of I|Î  2 seem-as if they are scattering waves with the

angular momentum of | j | = |rxp + s + egr/^ | = 0 in the monopole

potential (s is a spin operator). Furthermore, i|>̂  , satisfy the

"charge mixing boundary conditions " which are imposed in the

fermion— monopole dynamics in order to cure the Hermiticity of

the Hamiltonian of the fermions in the monopole potential.

The confinement effects on *, 2> which may be included as in

the previous model (6), does not destroy the existence of the

monopole and make the monopole core like a quark bag.

As a final comment, we mention that there will be no

cosmological monopole problem in the composite model. While the
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problem11 of the monopole abandance is present in the non-

inflational cosmology, we will be able to avoid the problem in

the composite model even in the non-inflational cosmology, by

requiring thfc mass (̂  composite scale) of the composite monopole

to be much smaller than the mass (10 GeV) of the GUT monopole.

Namely, the ratio, T, of the monopole density to the entropy

density should be as T < lMeV/M , at a temperature of lMeV;
monopoJ.e

M . is mass of a monopole (this comes from the requirement

that the monopole mass density should not exceed the total mass

density at the universe). Although the limit of r<10~ 9 for the

GUT monopole (M , = 1 0 GeV) has not been explained

satisfactorily without introducing the inflational cosmology, the

limit becomes much weaker (T<10~ "vlO~ ) for the composite

monopole (M , = 1 0 GeV) so that such a weak limit may be

explanable. Therefore, the problem of the monopole abandance

will not occur in the composite model.
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