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ABSTRACT

An attempt is made to present experimental predictions of the Kaluza-Klein based mod-
els. We consider the creation of gravitons and dilatons by photons in an external electromagnetic
field, namely in the electric field of a flat condenser and in the static magnetic field. The relation
between the cross sections of these two precesses is given. A numerical evaluation shows that in the
present technical scenario the creation of high frequency gravitons and dilatons may be indirectly
observable.
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l.INTRODUCTION

As is known, a new scalar particle called dilaton [ 1,2 ] could arise in the five-
dimensional Kaluza- Klein theory [ 3 - 6 ]. While the Kaluza- Klein approach has
always been one of the most intriguing ideas concerning unification of gauge fields
with general relativity, it has languished because generally one believes that the
theory gives no distinctive and testable predictions. Our purpose is to show that
some important effects in some circumstances may be observable in the present
technical conditions.

In a previous paper [ 7 ] we have considered the creation of gravitational waves
by photons in an external electromagnetic field in detail and shown that in the
present technical scenario the creation of high frequency gravitational waves may
be observable. The scattering of photons in an external electromagnetic field is the
most important effect in gravitational theories because one has the following two
advantages [ 8 ]: first it is the unique effect giving nonzero cross section in the first
order of the perturbation theory, second, since the electromagnetic field is classical
theoretically we can increase the scattering probability as much as possible by in-
creasing the intensity of the field or the volume containing the field. In this paper
we shall consider the mentioned effect in the five- dimensional Kaluza- Klein theory.

The plan of the paper is as follows. In Section 2, we introduce the necessary
interaction Lagrangians and the matrix elements for the processes. The process in
the homogeneous electric field of a flat condenser is given dn detail in Section 3.
Section 4 is devoted for the manipulation with the process in the static magnetic
field.

2. THE MATRIX ELEMENTS

From the Einstein- Hilbert ( EH ) action in the five- dimensional Kaluza- Klein
theory, after some manipulation and performing the fifth coordinate integration we
have [ 2,5,6,9 ]

Let us consider the process in which the initial state has the photon 7 with
momentum q and the external electromagnetic field ( EMex ) and the final state
has the same external electromagnetic field and the graviton g or dilaton a with
momentum p, namely

7 + EMex —^g + EMe

7 + EMex —• a + EMex



In the first order approach processes ( 2 ) and ( 3 ) are represented by Fig.l and
Fig.2, respectively,

P

Fig.l Fig.2

In Fig.l and Fig.2, the wave, the broken and the dashed- dotted lines denote
the photons, gravitons and dilatons, respectively, and the external electromagnetic
fields are represented by the shaded blobs.

In the linear approximation [ 10 ], the Lagrangian LEH yields the following ver-
tices:

L(A,

class
( 5 )

In ( 4 ) we have taken into account the fact that for real ( external ) gravitons : h
vanishes.

The matrix elements corresponding to the processes ( 2 ) and ( 3 ), are given,
respectively,

) fv e«

(p\M(r\q}= - a fv J^F

( 6 )

( 7 )

Expressions ( 6 ) and ( 7 ) are valid for an arbitrary external static electromag-
netic field. In the following , we shall use them for two cases, namely the process
in the electric field of a flat condenser and in a static magnetic field. We shall use
the following notations: q = \q\ and p = Jp] and 0 is the angle between p and q.

3. SCATTERING OF PHOTONS IN AN EXTERNAL ELECTRIC FIELD

We first consider processes ( 2 ) and ( 3 ), in which the external electromagnetic
field is a homogeneous electric field of a flat condenser of size axbxc. We shall use



the coordinate system with the x axis parallel to the direction of the field,i.e.,

Substituting ( 8 ) into ( 6 ) and ( 7 ) we have

- p ) , i = 1, 2, 3 (9)

{p\Mea\q) = --^e\q,a)E{q-p) (10)

where

For a homogeneous field of intensity E we have

E{q-p)-BE

Here in order to distinguish the processes in an electric field with those in a mag-
netic field, a subscript e has been supplemented to M9 and M^.

Note that formula ( 9 ) coincides with the analogous one in the pure gravita-
tional theory [ 7,8 ].

With Lagrangian ( 1 ) we conclude that in the first order approach process ( 2 )
has the same result in both the pure gravitational and the Kaluza- Klein theories.
Process ( 2 ) in pure gravitational theory is analysed in detail in Ref.7, therefore
in the following we consider the process (3 ) only. For the sake of convenience,
however, we introduce the relation R between the two differential cross sections:

derji-tg)
dCt

With the note emphasized in Ref.7, squaring the matrix element ( 10 ) we obtain

where E(q — p) is given in formula ( 12 ).

We shall explore the following two cases, namely



i,The momentum of photon is parallel to the z axis,i.e., gM =( q, 0, 0, q ). We
then have

( 1 4 )px = qsin6cos(p,pv = q$in8sintp,pz = qcosB

where <p is the angle between the x axis and the projection of p"on the xy plane.

Substitution of ( 14 ) and ( 12 ) into ( 13 ) yields

( 1 5 )

From ( 15 ) we have

^ = S ^ ^ 2 ? 2 . V = a.b.c ( 16 )

• 2b<, •leg ( 1 7

R=J
for 6=\, <p=\ and

- 8 aq - 2 <=q
2 S I "dn -2(2^)Va*" T * l " T ( 1 8 )

R=0 V '

for 0=§, <p=0.

Numerical evaluations based on ( 16 ) give the same results as those in the pure
gravitational theory. For example, with V = l m x l m x l m , E = 100^, A = 10~5cm
we have [ 7 ]

Since in this case R = | , we expect that dilations are created more than gravi-3»

tons.

ii,The momentum of photon is parallel to the x axis,i.e., g11 =( q, q, 0, 0 ).

Since in this case qx = q , from ( 13 ) it follows that dea{^—KT) vanishes.



Let us close this section by adding a remark that when the momentum of photon
is perpendicular to electric field E we then have the most optimal condition for the
experiments.

4. SCATTERING OF PHOTONS IN AN EXTERNAL MAGNETIC FIELD

Now let us consider processes ( 2 ) and ( 3 ), in which the external electromag-
netic field is a homogeneous static magnetic field of size a x b X c. As mentioned
above, we will consider process ( 3 ) only ( process ( 2 ) was given in Ref.7 ) and
calculate the relation R between the two differential cross sections. Assumming
that the direction of the magnetic field is parallel to the z axis we have

2=_F2i = B ( 19

Substitution of ( 19 ) into ( 7 ) yields

{p\Mmtl\q)= -^^^{q,<j){qtna - q\Vn)B{q- p) ( 20

where

Squaring this matrix element we get

As above, we consider the following two cases for the photon momenta

i,The momentum of photon is parallel to the magnetic field,i.e.,g** =( q, 0, 0, q ).

Since in this case qx = qy = 0, formula ( 21 ) holds that dma(^—>cr) vanishes.

ii,The momentum of photon is perpendicular to the magnetic field,i.e.,^ =( q,
q, 0, 0 ).

The components of p in the spherical coordinate system are given as follows

( 22
px = qcos9,py = qsin0cos<p-,pz = qstnd(p' v

where <p> is the angle between the y axis and the projection of p on the yz plane.
Substituting ( 22 ) into ( 21 ) we obtain

( 23 )

li.&.-ti:



From ( 23 ) we have

dmo{f-*a) __ 3*2B3 y2g2 ( 24 )

for 6 ft 0 and

d-ch-.tf) 3K2BH* • aw • 2M (25)
<«!• ~2(2*)V 2 * ' " 2

for #=f, V'=f and

26

for *=§, ^.=0.
From ( 25 ) and ( 26 ) we see that when b = c the probabilities of the creation of
dilatons in the y and z directions are the same. There is some similarity with the
selenoid case which we do not consider because of difficulty of integration.

5. DISCUSSION

In this article we make an attempt to lay out the theoretical predicticns of the
most hopeful effect in detection of gravitational waves and the new scalar particles a
called dilatons which are characteristic of the five- dimensional Kaluza-Klein theory.

As in Ref.7, in C.G.S units, ( 16 ) becomes

££— ~ 2.10 - p - *

and gives

—y, -i « 10 ^cm*

for V — lmxlmx lm, E = 100— and A = 10~5 cm. Finally since the differential
cross sections are proportional to A~2 for the experiments the frequency of photons
are as higher as better.

There is an important difference between the graviton generation and dilaton
one : when momentum of the photons is parallel to the electromagnetic field the
dilatons are not generated while gravitons are generated when momentum of the
photonsis perpendicular as well as parallel to the field.
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FIGURE CAPTIONS

Figure 1 Diagrams contributing to creation of gravitons

Figure 2 Diagrams contributing to creation of dilatons .
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