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Abstract

Pirogov Yu.F.  Gravity as the Affine Goldstone Phenomenon and Beyond: IHEP Preprint 2004-20. —
Protvino, 2004. — p. 18, refs.: 10.

The two-phase structure is imposed on the world continuum, with the graviton emerging as the
tensor Goldstone boson during the spontaneous transition from the affinely connected phase to the metric
one. The physics principle of metarelativity, extending the respective principle of special relativity, is
postulated. The theory of metagravitation as the general nonlinear model GL(4,R)/SO(1,3) in the
arbitrary background continuum is built. The concept of Metauniverse as the ensemble of the regions
of the metric phase inside the affinely connected phase is introduced, and the possible bearing of the
emerging multiple universes to the fine tuning of our Universe is conjectured.

Annorarust

ITuporog 1O.D. I'paBuranus kax addUHHOE TOMICTOYHOBCKOE sIBJIeHWEe U jajee: IlpempuHT
NDBY 2004-20. — IIporsuno, 2004. — 18 c., 6ubauorp.: 10.

Ha mupoBoit KOHTHHYYM HaJOXKeHa AByX(das3Has CTPYKTypa, TAK UTO TPABUTOH BO3HUKAET KAK TEH-
30DHBIN TOJJICTOYHOBCKUI OO30H NMpH CIIOHTAHHOM Mepexoe oT da3bl ¢ adPUHHON CBA3HOCTHIO K Me-
tpudeckoit daze. IlocTymupyercs Gu3MIecKuil NPUHIUI METAOTHOCHUTEIHLHOCTH, PACIIUPSIONIIA COOT-
BETCTBYIOIIWI IPUHIUI CIIEIUAIBHON OTHOCUTEIHHOCTH. [locTpoeHa Teopus MeTarpaBUTAIIMN KaK ODOIIast
HenuHeitHast Mogenb GL(4, R)/SO(1,3) B nmpoussoibHOM (HDOHOBOM KOHTHHYYMe. BBOIUTCS KOHIENIHSI
Merapcesrennoit kak ancamOJis obsracteit ¢ Merpudeckoit dazoit BHyTpu a3l ¢ adpDUHHON CBI3HOCTHIO, 1
YKa3bIBAETCS HA BO3MOYKHOE OTHOIIECHIE BO3HUKAIOIIEH MHOXKECTBEHHOCTH BCEJIEHHBIX K ITPODJIEME TOHKOM
HacTpoiiku Harmeil Beerennoit.
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Introduction

The General Relativity (GR) is the well-stated theory attributing the gravity to the Rieman-
nian geometry of the space-time. Nevertheless, the ultimate nature of gravity awaits, conceiv-
ably, its future explanation. In this respect, it is of great interest the approach to gravity as the
Goldstone phenomenon corresponding to the broken global affine symmetry [1,2]. Originally, it
was realized as the nonlinear model GL(4, R)/SO(1, 3) in the Minkowski background space-time,
as distinct from the geometrical framework of the GR.

In the present paper, we adhere to the viewpoint that the above construction is more than
just the mathematical one, but has a deeper physics foundation underlying it. In this respect,
the new insights motivating and extending the Goldstone approach to gravity are put forward.
Of principle, we go beyond the framework of the Riemannian geometry. Namely, we start with
the world continuum considered as the affinely connected manifold without metric and end up
in the space-time with the effective Riemannian geometry. Our main results are threefold.

(i) The physics principle of the extended relativity, or the metarelativity, is introduced as a
substitution for the special relativity. It states the physics invariance, at an underlying level, rela-
tive to the transformations within the extended set of the local coordinates, including the inertial
ones. The principle justifies the pattern of the affine symmetry breaking GL(4, R) — SO(1,3)
required for the Goldstone approach to gravity.

(7)) The extended theory of gravity, or the metagravitation, with the GR as the lowest ap-
proximation, is built as the proper nonlinear model in an arbitrary background continuum with
the affine connection. The natural hierarchy of the possible GR extensions, according to their
mode of the affine symmetry realization, is put forward.

(#i) The extended Universe, or the Metauniverse, as the ensemble of the Riemannian metric
universes inside the affinely connected world continuum is considered. It is conjectured that the
multiple universes may clarify the fine tuning problem of our Universe.

The contents of the paper are as follows. In sec. 1, the principle of metarelativity is in-
troduced. The spontaneous breaking of the respective global symmetry, the affine one, with
the residual Poincare symmetry and the emerging tensor Goldstone boson is then considered. In
sec. 2, the nonlinear realization of the broken affine symmetry is studied. In sec. 3, the respective
nonlinear model in the tangent space is developed. Its prolongation, as the metagravitation, to
the arbitrary world coordinates is presented in sec. 4. Finally, the concept of the Metauniverse
is discussed in sec. 5, with some remarks in conclusion.



1. Metarelativity

1.1. Affine symmetry

Conventionally, the GR starts by postulating that the world continuum, i.e., the set of the
world events (points), is the Riemannian manifold. In other words, a metric is imposed on the
world ab initio. The metric specifies all the fine properties of the continuum converting the latter
into the space-time. Nevertheless, not all of the properties of the space-time depend crucially
on the metric L. To appreciate the deeper meaning of the gravity and the very space-time, one
needs possibly go beyond the Riemannian geometry.

To this end, consider the space-time not as a prior: existing but as emerging in the processes
of the world structure formation. Namely, suppose that at an underlying level the continuum
is endowed only with the topological structure (without metric, yet). More particularly, it is
the affinely connected manifold. The affine connection supports such the detailed continuity
properties, as the parallel transport of the tensor fields, their covariant derivatives, etc. In
particular, the connection defines the curvature tensor as a result of the parallel transport of a
vector around the infinitesimal closed contour. But, there is yet no geometrical structures which
would be inherent in the metric, such as the interval, distances, angles, etc.

Let o#, u = 0,...,3 be the world coordinates, generally, in the patches There being, in
absence of the metric, no partition of the continuum onto the space and time, the index 0 has
yet no particular meaning and is just the notational one. Call all the structures related to the
underlying level of the world continuum as the background ones. Let ¥ w () be the background
affine connection and let £ be the background related coordinates where the connection have a
particular, to be defined, form 1/_17045 (€). The connections are related as usually:
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It follows thereof, that the symmetric and antisymmetric parts transform independently, the first
one transforming inhomogeneously, whereas the second one homogeneously. In particular, being
zero in a point in some coordinates, the antisymmetric part (the torsion) 72, = 1/2 (¢}, —
1/_)>‘W) remains to be zero independent of the coordinates. For reason stated later on in this
section, put the background torsion to be absent identically, %AW = 0. As for the symmetric
part, one is free to choose the special coordinates to make the physics description as simple as
possible, not affecting the physics content.

So, let P be a fixed but otherwise arbitrary point (the reference point) with the world
coordinates X*. One can nullify the symmetric part of the connection in the reference point by
adjusting the proper coordinates to the point. To this end, let us put

[

FQ lo% SQ 1 v
B =240 (@ - X+ g (X) (@ = X (e - X)) + O - X)), (2)
with a = 0,...,3 and 2% = £%(X). In the above, e{(X) = 0% /0x*|,—x is the tetrad, with

&) (X) being the inverse one. The tetrad remains still liable to further determination. It is seen

LCf. the reflections on the space-time structure due to E. Schrédinger [3].
2At this stage, the coordinates are merely of the mathematical nature. The procedure of their physical
prescription is to be clarified after the metric emerges.



that the affine connection vanishes in the reference point: ¥7,5(Z) = 03 4 In the vicinity
of P, it looks like:

n z 1 =\ [ F = = =

Plap(€r) = 577ass(E) (€ — ) + O((€r — 2)%), (3)
with p7465(E) being the background curvature tensor in the reference point.

Let us consider the whole set of the coordinates {£%} with the property ¥*5,(Z) = 0. The

allowed group of transformations of the respective coordinates is the inhomogeneous general
linear group IGL(4,R) = T4 ® GL(4, R) (the affine one):

(A,a) © €p — &8 = A3Ep +a”, (4)

with A being an arbitrary nondegenerate matrix 5. Under these, and only under these transfor-
mations, the affine connection is still equal to zero. The group is the global one in the sense that
it transforms the local, i.e., P-related coordinates in the global manner, i.e., for all the contin-
uum at once (at least, in the patch containing P). The respective coordinates will be called the
local affine ones 6. In these coordinates, the continuum is approximated by the affinely flat one
in a neighbourhood of the reference point. Particularly, the covariant derivative in the affine
coordinates in the point P coincides with the ordinary one.

The affine group IGL(4, R) is 20-parametric and extends the 10-parameter Poincare group by
the dilatation, varying the scales [4], and the nine special affine transformations, preserving the
volumes. They belong, respectively, to the multiplicative group R of the positive real numbers:

R : &8 — &8 = e, (5)

with A any real, and to the special linear group SL(4, R) 3 Ay, with det4y =1,

Conventionally, the affine group (except for the Poincare subgroup and, sometimes, the
dilatation) was considered as nothing but a part of the general covariance group, resulting in
no special physics content. We propose to raise the status of the affine group and to consider
the latter as the physics invariance symmetry. To this end, let us introduce the principle of the
extended relativity, or the metarelativity, stating that the physics laws, at the underlying level,
are invariant relative to the choice of the affine coordinates. This extends the physics symmetry
from the Poincare symmetry to the affine one. Stress that this extension concerns the physics
content. It determines the structure of the theory and is in no way liable to elimination by
means of the general covariance.

1.2. Spontaneous symmetry breaking

According to the special relativity, the local physics is invariant just under the Poincare
symmetry. There is known no exact affine symmetry. Thus, the latter should be broken in
transition from the underlying level to the effective one. We postulate that this is achieved due

3Tt is clearly impossible to fulfill this conditions identically in the whole continuum untill the latter is the
affinely flat one.

“Here and in what follows, the bar sign means the background affiliation. The Greek indices o, 3, ... are those
of the special coordinates nullifying locally the background connection, while the indices A, u, ... are the arbitrary
world ones.

5Note that the nonzero background torsion, being changing under A, would violate explicitly the affine co-
variance of the theory. Just to abandon this, the torsion is put to be zero.

5Being tacitly understood for the affine coordinates, the term “local” will be omited for short.



to the spontaneous emergence of the background metric in the world continuum. The metric is
assumed to be symmetric with the Minkowskian signature (+ — ——) and correlated with the
affine connection so that it looks in the affine coordinates as

Pas(Ep) = s — 5 Pr0a0(E) (€ — 2 (E — 5 + O((& ~ B)°). ()

Here one puts o = @as(E) and pyass(E) = 7y 5 ass(E). The metric (6) is such that the
Christoffel connection Q_W,w(cp), determined by the metric, matches with the affine connection
f&yag in the sense, that the connections coincide locally, up to the first derivative: (57&5 =
Vap + O((€p — E)?). This is quite reminiscent of the well-known fact that the metric in the
Riemannian manifold may be approximated locally, up to the first derivative, by the Euclidean
metric. In the wake of the emerging background metric, there appears the (yet primordial)
partition of the world continuum onto the space and time.

Under the linearly realized affine symmetry, the background metric ceases, in general, to be
invariant. But it still possesses an invariance subgroup. To find it note that, without any loss
of generality, one can choose among the affine coordinates the particular ones with 7,3 being
in the Minkowskian form n = diag (1, —1, —1, —1). The respective coordinates will be called the
background inertial ones 7. Under the general linear transformations, one has

(4,0) = p—1f = A" pA™ £, (7)
whereas the Lorentz transformations A = A still leave n invariant:
(Aa) : n—n =ATpA"t =1, (])

It follows that the group of invariance is isomorphous to the Lorentz group SO(1,3) € GL(4, R)
for any fixed 7,5. Physically, the spontaneous symmetry breaking corresponds to fixing, modulo
the Lorentz transformations, the class of the distinguished coordinates among the affine ones.
These coordinates correspond to the particular choice for 7,5. Of course, the fact that the
distinguished coordinates are precisely those with the Minkowskian 7,5 is no more than the
matter of convention corresponding to the proper redefinition of the basis of the affine group.

Thus under the appearance of the metric, the affine symmetry is broken spontaneously up
to the residual Poincare group 150(1, 3):

IGL(4,R) ¥4 150(1,3). 9)
For the symmetry breaking scale M4, one expects a priort Ma ~ Mp;, with Mp; being the
Planck mass. More particularly the relation between the scales will be discussed in sec. 4 &,
1.3. Poincare symmetry

Generically, the group GL(4, R) possesses the 16 affine generators 0®g. By means of 744,
one can redefine the generators in the background inertial coordinates as 0@ = a%n”ﬁ and

"This is to distinguish them from the effective inertial coordinates, to be defined in sec. 4.

8Note, in particular, that at the level of GL(4, R), there are only the infinite dimensional spinor representations.
Thus the physics at the underlying level shoud be quite unusual. Only at the level of SO(1,3), there appear the
finite dimensional spinors to be associated with the ordinary matter.



substitute the later ones by the symmetric and antisymmetric combinations aiﬁ = g8 + ghe,
The proper commutation relations read as follows:

1

0,01 = 0 £y & (a s ),

1

f[afﬁ,af] = 170‘70_’? + 770‘5(75_7 — (a < 0). (10)

]

The generators P correspond to the residual Lorentz symmetry, whereas aiﬁ to the broken
affine symmetries. In particular, one has in the adjoint representation (¢%3)?s = 1/1$4d}, so
that the generators o4 in this representation are as follows:

(e} 1 (e (67
(0375 = S (050" £ 55n™). (1)

The ten broken generators contain, in turn, the dilatation one ~ inagaf‘rﬂ . The latter commutes
with all the generators and is thus proportional to unity in any irreducible representation.

Due to the spontaneous breaking, the affine symmetry should be realized in the nonlinear
manner [5], with the nonlinearity scale M4, the Poincare symmetry being still realized linearly.
The unitary linear representations of the latter correspond to the matter, as usually. The broken
part IGL(4, R)/I1SO(1,3) should be realized in the Nambu-Goldstone mode. Accompanying the
spontaneous emergence of the metric, there should appear the 10-component Goldstone boson
which corresponds to the ten generators of the broken affine transformations. The effective
field theory of the boson is given by the relevant nonlinear model to be studied in the next two
sections. First, we study the three kinds of the substance, i.e., the affine Goldstone boson, matter
and radiation, which are characterized by the three distinct types of the nonlinear realization.
With these building blocks, we then construct the nonlinear model itself.

2. Nonlinear realization

2.1. Affine Goldstone boson

Let Ej‘é be the background inertial coordinates adjusted to the space-time point P. Attach
to this point the auxiliary linear space Tp, the tangent space in the point. Tp is isomorphous
to the Minkowski space-time. By definition, the tangent space is the structure space of the
theory, whereupon the realizations/representations of the physics space-time symmetries, the
affine and the Poincare one, are defined. Introduce in Tp the coordinates {3, the counterpart
of the background inertial coordinates £% in the space-time. By construction, the connection in
the tangent space is zero identically. For the connection in the space-time in the the point P to
be zero, too, the coordinates are to be related as £ = €% + O((€p — 2)3) for £% in the patch
containing P. In accord with the affine symmetry breaking, we consider the coordinates {3 as
the preferred ones, wherein all the constructions in Tp are built °.

According to ref. [5], the nonlinear representation (the realization) of the symmetry G spon-
taneously broken to the symmetry H C G can be built on the quotient space K = G/H,
the residual subgroup H serving as the classification group. We are interested in the pattern
GL(4,R)/SO(1,3), with the quotient space consisting of all the broken affine transformations.

9The point P being fixed, the coordinates in Tp are designated in what follows simply as £, until stated
otherwise.



Let k € K, be the coset function on the tangent space, i.e., k(&) is the group element defined up
to the Lorentz transformation, k¥ ~ kA=, with A € SO(1,3).
Under the arbitrary affine transformation £ — ¢ = A + a, the coset is to be transformed as

(A,a) = k(€) — K'(&) = Ak(©A™, (12)

where A is the appropriate transformation of the residual group, here the Lorentz one. One has
similarly: k! — Ak~!A~!. In the same time, by the very construction, the Minkowskian 7
stays invariant under the nonlinear realization:

(Aya) : n—n =A" At =1, (13)

in distinction with the linear realization eq. (7). Accounting for eq. (13), one gets in the other
terms:

(4,a) : K(On— K (¢)m=Ak(EnA". (14)

To restrict k£ by the quotient space K, one should impose some auxiliary condition. E.g.,
impose the requirement that k is pseudosymmetric in the sense that kn = (kn)” (and similarly for
k~1). This ensures that k has ten independent components, indeed, in accord with the ten broken
generators. Under the affine transformations, this results in the restriction AknAT = AnkT AT .
This entails implicitly the dependence of the Lorentz transformation on the Goldstone boson:
A = A(A, k). Hereof, the term “nonlinear” follows. This construction implements the realization
of the whole broken group IGL(4, R). The residual Poincare subgroup I.SO(1,3) is still realized
linearly, i.e., A(A,k)|a=a = A. And what is more, the dilatation R being Abelian, one gets
A(R,k) =1, so that A(A, k) = A(+Ag, k), with A =+RAp and Ay € SL(4, R).

By doing as above, one looses the explicit local Lorentz symmetry. For this reason, we will not
impose any gauge fixing condition. This could be considered as the linearization of the nonlinear
model, with the extra Goldstone degrees of freedom being eliminated by the gauge Lorentz
transformations A(§), independent of A. Now, for quantities in the tangent space, one should
distinguish two types of indices: the affine ones, acted on by the global affine transformations A,
and the Lorentz ones, acted on by the local Lorentz transformations A(£). To make this difference
explicit, designate the affine indices in the tangent space as «, 3, etc, while the Lorentz ones
as a, b, etc. Choose k in the adjoint representation, so that it looks now like k%, (respectively,
k~1%,). In what follows, it is understood that the Lorentz indices are manipulated by means
of the Minkowskian 7, (respectively, nab). So, in the component notation, kn looks like &k
(similarly, nk—! is k=1.5).

2.2. Matter

The affine symmetry contains the Abelian, though broken, subgroup of dilatation. For this
reason, the physical matter fields ¢s (the subscript s designating the species) may additionally
be classified by their scale dimensions. One puts

(4,0) = ¢5(€) = dL(€) = " ps(A)ds(8), (15)

with I5 being the scale dimension of the species ¢5 and ps(A) taken in the proper Lorentz
representation. Recall that the canonical dimension of the integer-spin particles is Iy = 1 and



that of the half-integer spin particles is Iy = 3/2. With account for the transformation det k —
e~ *det k under dilatation, one can rescale the matter fields to the effective ones

bs = (det k)'s/4¢,. (16)

The new fields are scale invariant, i.e. correspond to Iy = 0, and transform simply as the Lorentz
representations. They are to be used in constructing the nonlinear model °,

2.3. Radiation

From the point of view of the nonlinear realization, the gauge bosons constitutes one more
separate kind of the substance, the radiation. By definition, the gauge boson fields V, transform
under A linearly as the derivative 9, = 0/9£“:

(4,0) = V(€) = V() =A"1V(e), (17)

corresponding thus to the scale dimension lyy = 1. For this reason, redefine the gauge fields as
Vo = k%, Vy. The new fields transform as the Lorentz vectors

V(€)= ATV () (18)

and correspond to Iy = 0. These redefined gauge fields are to be used in the model building.
Altogether, this exhausts the description of all the three kinds of the substance: the affine
Goldstone boson, matter and radiation.

3. Nonlinear model

3.1. Nonlinear connection

To explicitly account for the residual symmetry, here the Lorentz one, it is convenient to
start with the objects transforming only under the latter symmetry. Clearly, any nontrivial
combinations of k and k! alone transform explicitly under A. Thus the derivative terms are
inevitable. To describe the latter ones, let us introduce the Maurer-Cartan one-form chosen as
follows:

Q =k~ ldk, (19)

with dk being the ordinary differential of k. Under the affine coordinate transformation & —
¢ = A¢ + a with the ensuing transformation k — k’ = AkA~!, the one-form transforms as the
Lorentz quantity:

Q) = () =ATTQEOA + A TpdA T, (20)

with dA being the differential of A(¢). Here use is made of the relation nAn = A~'T for the
Lorentz transformations.
In the component notation, the so defined one-form looks like €2,;. Decompose it as

_ + -1 +
Qb =D Dy = > [k~ dk], (21)
+ +
107Tn the above, the scale dimension of k£ was chosen to be [ = —1. One could also conceive the more general

transformation law for k under R which would include the additional factor e®'*

dimension of k. For simplicity, we restrict ourselves by the case Al = 0.

, with Alg being the extra scale



where [...]* means the symmetric and antisymmetric parts, respectively. One sees that Q;tb

transform independently as

O () - QF(E) = AT (OAT 467, (22)
where
6~ = A TpdAt,
5t o= 0. (23)

Transforming homogeneously, the symmetric part 2 can naturally be associated with the non-
linear covariant differential of the Goldstone field. At the same time, the antisymmetric part Q~
transforms inhomogeneously and allows one to define the nonlinear covariant differential of the
matter fields: Doy = (d +i/2 Q, %) ¢, with 2% being the Lorentz generators in the proper
representation ps. The so defined Dd;S transforms homogeneously as the Lorentz representation,
like qgs itself.

The generic nonlinear covariant derivative D, = D/d¢® transforms as the affine vector of
the global GL(4, R). The effective covariant derivative, which transforms as the Lorentz vector,
can be constructed as follows:

Do = k% Dy = k%D /dE". (24)

Thus one gets for the covariant derivative of the one-form:

At
Qabc

= k. Q% /de = [nk10, k) (25)

ab’

where

de = k7.0, = k7.0/0¢7 (26)

is the effective (Goldstone boson dependent) partial derivative. It follows that Q;b . could be used
as the connection for the nonlinear realization. Note, that this expression precisely corresponds
to the case of the nonlinear realization of the spontaneously broken internal symmetry, where
this connection is determined uniquely, being thus universal. But in the present case of the
space-time symmetry, the coordinates transform under the same group as the fields. This results
in the possible ambiguity of the nonlinear connection.

Namely, the transformation properties of the covariant derivative do not change if one adds
to the above minimal connection the properly modified terms Qz{bc, the latter ones transforming
homogeneously. For reason justified later on in this section, we choose for the nonminimal

connection the following universal combination:

~

d)abc = Q;bc

= k1O, k], + k10, KIS, — [nk ™18, K], (27)

+Qr, - O

cba

The nonlinear covariant derivative of the matter fields now becomes
L N .
Dc¢s = (ac + 5 Wabe Egb) d)s- (28)

The so defined chggs transforms under GL(4, R) homogeneously as the Lorentz vector times the
Lorentz representation pj.



Containing Q;Lbc, the connection @Wup. will be used to describe the tensor part of the affine

Goldstone boson through the generally covariant Lagrangian (see later on in this section). On
the other hand, the contraction Q;be will serve to describe the scalar dilaton as the part of
the affine Goldstone boson. As for another independent contraction Q"H’ba, it can be shown
to correspond to the scalar-vector part of the boson with the wrong norm, violating thus the
microscopic causality. One could conceive also the additional kinetic terms for the tensor part
of the affine Goldstone boson, generically, in the form Qj{bcf)*abc and /or Q:bCQerca. The latter
ones violate the general covariance and thus could endanger the fine properties of the GR. For
safety, all these additional contributions will be omitted %

3.2. Gauge interactions

Let V, be the generator valued gauge field for an internal gauge symmetry. Interacting
universally, the gauge fields are supposed to be coupled with the universal nonlinear connection
eq. (27). Taking into account the Lorentz generators in the adjoint representation eq. (11) (with
the opposite common sign and the obvious substitution for the indices), one gets the respective
nonlinear derivative as follows

f)cffd = (55&; + d)fdc) Vf. (29)

It follows thereof, in particular, that Dchab = 0. Define the gauge strength as

~

Fly = (f)c T zv) Vi — (c < d). (30)

Under the special choice eq. (27) for the nonlinear connection, the so defined gauge strength
takes the form F,.4 = k:’yck‘de,y(; with

By = (05 +V5)Vs = (v © 0). (31)

Thus, FA',Wg does possess the correct transformation properties with respect to both the affine
symmetry and the internal gauge symmetry.

Further, consider the local Lorentz symmetry as the gauge one with the connection @, =
1/2 @gpe X%, where X% are some generic Lorentz generators. Define the corresponding gauge
strength for the tensor Goldstone boson as

~ ~

ch = (80 + Z(;Jc) djd - (C A d) = RadeEab' (32>

DN | =

This gives

A~ ~

Rabcd = ac d)abd - d)fac ‘bed - (C A d) (33)

This quantity transforms homogeneously as the Lorentz tensor (and similarly for its partial
contraction Rpg = R%4q). The total contraction

R = Rabab = 2éawabb - “Ajfaa‘:)fbb + wfabd)fba (34)

is the Lorentz scalar and can be used in building the Lagrangian for the Goldstone boson.

1n principle, one could not exclude some small microscopic causality violation not contradicting, of course, the
observations. Remarkably, these and other similar violations could be done as small as necessary by the choice
of the respective parameters. This is insured by the fact that in the limit when the proper parameters vanish,
the symmetry of the theory increases up to the general covariance.



3.3. Lagrangian

(1) Lorentz invariant form The constructed objects can serve as the building blocks for the
nonlinear model GL(4, R)/SO(1,3) in the tangent space. Postulate the equivalence principle in
the sense that the tangent space Lagrangian should not depend explicitly on the tangent space
counterpart of the background curvature p,qss given by eq. (6) Thus the Lagranglan may be
written as the general Lorentz invariant function built of R Fab, ad)s and ¢S As usually, we
restrict ourselves by the terms containing two derivatives at the most 2

The generic Lorentz (and, thus, affine) invariant Lagrangian in the tangent space is

L =Ly(R)+ L,(Fu) + Lin(Dadhs, ¢s)- (35)
In the above, the Goldstone boson Lagrangian L, is chosen as follows
Ly = CgM,%R(@abc), (36)

with ¢4 being some dimensionless constant. Generically, the radiation Lagrangian L, is as follows
1 hab
L, = 1 tr(F*Fy), (37)

whereas L,, is the proper matter Lagrangian. As for the radiation and matter, the proper
Lagrangians could well be the affine invariant Lagrangian of the Standard Model or of any its
extension. In fact, the given nonlinear model provides the shell for any field theory.

(it) Affine invariant form The Lagrangian above gives the basic dynamical description
of the affine Goldstone boson, radiation and matter. The Lorentz quantities are necessary to
construct the Lagrangian. The latter being built, one can rewrite it in terms of the affine
quantities. This allows one to make explicit the geometrical structure of the theory and to relate
it with the gravity. This is achieved by the proper regrouping the factors k%, and k~1%, so that
to make, where possible, the affine indices to be explicit. Under the choice (27) for the nonlinear

connection, the Lagrangian becomes '3
L= CnglR('Vaw + Ly (Fop) + Lin(Dads, ¢s)- (38)
Here
Yap =k anuwk s (39)

transforms as the affine tensor
Yo — ’Y&IB = Ail’ya'y'ySAiw,B- (40)

It proves that R(ya3) = R(d)abc) can be expressed as the contraction R = RS op of the tensor
R 58 = k”ck_laak_ldgk_lbchadb, the latter in turn being related with 7,4 as the Riemann-
Christoffel curvature tensor with the metric. In this, all the contractions of the affine indices are
understood with v,4 (respectively, 7B,

'2For reason stated in the next section, the additional contributions to the Goldstone boson Lagrangian are
disregarded. Similarly, the additional couplings of the boson with the matter are neglected, too.

131f the affine symmetry is exact, only the rescaled matter fields eq. (16) enter. Thus for notational simplicity,
they will be designated in what follows simply as ¢, instead of qgs, until stated otherwise.
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Similarly, D, looks like the covariant derivative for the matter fields

1

Dygs = (9 + 5

wab’yng) ¢S> (41>
with the spin-connection

Waby = Qape k1 = P,V ks — (a < b). (42)

In the above, Vwkflbg
Christoffel connection

(55(% — I‘O‘m)kflba is the covariant derivative calculated with the

Faﬁ'y — kaak_lbﬁk_lc'ywabc+kaaa'yk_1aﬁ

1
= 3 v (3;3757 + Oyv6p — 35’7@)- (43)
In particular, one gets V,v,3 = 0 as the affine counterpart of the Lorentz relation ﬁcnab = 0.
For the radiation Lagrangian one has the usual expression

1
L=~ tr(F*PF,p), (44)

with Fog given by eq. (31). Finally, the matter Lagrangian is obtained straightforwardly from
L, eq. (35), with account for eq. (39) and the relation D, = k% Dy, eq. (24).

Clearly, L, looks like the GR Lagrangian in the tangent space considered as the effec-
tive 14 Riemannian manifold with the metric Yag, the Christoffel connection I, g, the Riemann-
Christoffel curvature R?,s3, the Ricci curvature R,g, the Ricci scalar R and the tetrad k<,
(the inverse one k~1°3). This is in no way accidental. Namely, as it is shown in ref. [2], under
the choice of the nonlinear connection eq. (27), the Lagrangian becomes conformally invariant,
too. In this, the dilaton of the conformal symmetry coincides with the affine dilaton, while the
vector Goldstone boson of the conformal symmetry, proving to be the derivative of the dilaton, is
auxiliary. Now, according to the theorem due to Ogievetsky 6], it follows that the theory which
is invariant both under the conformal symmetry and the global affine one is generally covariant,
as well. After the proper choice of the metric, this imposes the effective Riemannian structure
onto the tangent space 5. In the world coordinates, this will result in the GR. Precisely this
property justifies the above choice for the universal nonlinear connection. The affine Goldstone
boson proves to be nothing but the graviton in disguise. The additional terms in the Lagrangian
would violate the general covariance (see the next section).

4. Metagravitation

4.1. General covariance

The preceding construction referred to the tangent space Tp in the given reference point P.
In the space-time, this construction makes generally sense only in the infinitesimal vicinity of P.

14Tn what follows, the term “effective” will be tacitly understood and omitted as a rule, while that “background”
will, in contrast, be retained.

15Remind that all the constructions in the tangent space Tp are done really in the coordinates which are the
counterpart of the background inertial ones. The transitions to the general coordinates in Tp are just the virtual
ones, and allow one to tame the otherwise arbitrary theory.
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The same holds for any other reference point. Due to the equivalence principle, by restricting to
the tangent space one introduces the separation between the infinitesimal local domain and the
rest of the world. The bundling of the different domains into a single whole, the world, is to be
achieved by independently attaching the tangent spaces to all the space-time points. Thus, let
the point P varies on the whole space-time. By construction, equate the affine quantities in the
point = of the tangent space Tp with the respective quantities in the point = of the space-time.
The Lorentz indices a, b, etc, refer now to any of the tangent spaces.

Accept the so defined Lagrangian as that for the space-time, being valid in the background
inertial coordinates in the infinitesimal neighbourhood of the point Z. After the subsequent
multiplication of the Lagrangian by the affine invariant volume element (—7)1/ 22,y = detyag,
one gets the contribution into the action of the infinitesimal neighbourhood of the space-time
point P. This is valid in the background inertial coordinates. Now the problem is to convert this
contribution into the arbitrary world coordinates and to sum over all the space-time points P.

The relation between the background inertial and world coordinates is achieved by means of
the background tetrad €5 (X) eq. (2) (and the inverse one e (X)) transforming as

A el e = A%el. (45)

Introduce the effective metric as follows:

9 (X) = €5 (X)7ap(E)e) (X). (46)
With account for eq. (40), this metric is invariant under the affine transformations

A Guv = Guu, (47)

in line with the world coordinates:
A X = XM (48)

On the contrary, construct the background metric
G (X) = & (X)napey (X) (49)
Guv €y NABE, )

where the generic index A means « or a, as appropriate (and similarly for B, etc). With account
for eq. (13), the so defined metric is clearly noninvariant under the arbitrary A:

A G = G = e, A4 # G, (50)

though being invariant under A = A. Likewise, the background interval ds* = g, dX"dX" is
not invariant relative to the arbitrary affine transformations, whereas the effective one ds?> =
9w dXHdX" is invariant. Clearly, it is ds, not ds, to which the geometrical meaning is to be
attributed in the affine invariant theory.

The metric g, is the world counterpart of the primordial background metric @, given in the
affine coordinates by eq. (6). The metric g,, approximates @, as closely as possible in the lack
of the knowledge of the primordial background curvature p”,s3. The latter, according to the
equivalence principle, does not enter the tangent space Lagrangian. Respectively, the Christoffel
connection T* w(g) approximates with the same accuracy the primordial Christoffel connection
¢, (p) and thus the primordial affine connection 9, i.e., T*,, ~ @A, ~ ¥,

12



Now, introduce the effective tetrad related with the background one as

en(X) = k15(5) g3(X). (51)

o
The effective tetrad transforms independently of A as the Lorentz vector:
en(X) = €,(X) = A(X) eu(X). (52)

Due to the local Lorentz transformations A(X), one can eliminate six components out of e, the
latter having thus ten physical components. In this terms, the effective metric is

9ur(X) = € (X )maper, (X). (53)

In other words, this tetrad defines the effective inertial coordinates. Physically, eq. (51) describes
the disorientation of the effective inertial and background inertial frames depending on the
distribution of the affine Goldstone boson (and thus the gravity) 6.

With account for the relation d=Z% = €,dX" between the displacements of the point P in

the background inertial and world coordinates, and thus 0 =2*/0XH* = €, one has
I = enele, T% gy + epoues, (54)
where 0, = 0/0X*". This can be rewritten as usually:
1
A A
I = 29 p<au9pv + Ovgop — apgw) (55)

By construction, the world indices are manipulated via g,, and g*”. The spin-connection looks
in the world coordinates as follows:

Waby = Wabyél = e, Ve — (a < b), (56)

with the generally covariant derivative V, defined via the Christoffel connection r v as usually.
Respectively, the covariant derivative of the matter fields looks like

i
Duds = (aﬂ +5 wabung) Bs. (57)

In the similar way, one finds the usual expressions for the Riemann-Christoffel tensor R* pov(9);
the Ricci tensor Ry, = R ww, the Ricci scalar R = g"" R,,,,, as well as for the gauge strength

Fuy = (0, +iV,)Vi — (u < ). (58)

Plugging the above modified objects into the Lagrangians for the affine Goldstone boson,
radiation and matter and integrating with the invariant volume element one gets the total
action including the Einstein-Hilbert one 17

S= / (;M%R(gm + L (Fu) +Lm(D#¢S,¢s)> (—g)2 d*X, (59)

16This could be considered as the modified Mach’s principle.
17If desired, one could add to the Lagrangian the constant term, not yet violating the affine symmetry. This
would correspond to the cosmological constant.
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with g = det g, In the above, the constant ¢, in eq. (38) is chosen so that c,M% = 1/(167Gy) =
1/2 MI%lv with G being the Newton’s constant and Mp; being the Planck mass. Note, that due
to the term /—g, the affine Goldstone boson enters the action also with the derivativeless
couplings, even in absence of the explicit affine symmetry violation. This differs principally from
the case of the internal symmetries. Varying the action with respect to the metric g"” one arrives
at the well-known equation of motion for gravity:

1 _
R, — §ng = MpTp. (60)

In the above, T}, is the conventional energy-momentum tensor of the radiation and matter,
produced by L, and L,,.

Let us clarify the physics peculiarity of egs. (59) and (60) from the point of view of the
Goldstone approach to gravity. Namely, to build the theory in the world coordinates, one
should bundle the tangent spaces in the neighbouring space-time points. To this end, one should
identify the points Z* and 2“+4d = in the neighbour tangent spaces Tp and Tp44p, respectively,
via equating the displacements d 2% = d=* = e,dX*. To allow this to be done unambiguously
in the generally covariant fashion, the theory in the tangent space proves to be required to be
generally covariant, too. This is the reason for the choice eq. (36) for the Goldstone boson
Lagrangian in the tangent space. Doing so and properly choosing the field variables, one can
express the theory exclusively in the internal dynamical terms. Otherwise, the matching of the
tangent spaces will depend on a number of the background parameter-functions. The next-of-
kin to the general covariance is the unimodular covariance, i.e., covariance with respect to the
transformations preserving the volume element. It proves to result in the minimal violation of the
general covariance in the space-time by means of the background scalar density g = det g,,,, only
(see the next item). Further weakening the requirement of the uniqueness of bundling extends
the set of the admissible theories in the tangent space, but results, instead, in the dependence of
the theory in the world coordinates on the more elaborate properties of the background manifold.
In the reasonable assumptions, it suffices to know only the background metric g, .

4.2. General covariance violation

(1) Affine symmetry preservation Inthe GR, after the choice of the Lagrangian the theory
becomes unique, independent of the choice of the coordinates. Under extension of the tangent
space Lagrangian beyond the generally covariant one, the theory in the space-time ceases to be
generally covariant and thus unique. It depends not only on the Lagrangian but on the choice of
the coordinates, too. Relative to the general coordinate transformations, the admissible theories
divide into the inequivalent classes, each of which is characterised by the particular set of the
background parameter-functions. A priori, no one of the sets is preferable. Which one is suitable,
should be determined by observations. Each class consists of the equivalent theories related by
the residual covariance group. The latter consists of the coordinate transformations leaving the
background parameter-functions invariant. On the contrary, one class can be obtained from
another by the coordinate transformations changing these parameters.

To be more specific, consider the minimal possible extension of the tangent space Lagrangian
by means of the terms depending on &, = —Q?,. With account for egs. (25) and (43), one
gets for o4 = k=1b,6y:

Oy = Fﬁga = 0,0, (61)
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where 0 = 1/2In(—7) and v = dety,s. In these terms, one can add to the minimal Lagrangian
the additional kinetic piece for the affine Goldstone boson:

L' = M2~*P0,0050 62
g g Pl B9

where c; is a dimensionless constant ¥, This Lagrangian violates the conformal symmetry in
the tangent space (more particularly, the local dilatation) though not violating the global affine
symmetry. As a result, it violates the general covariance, too, but preserves the unimodular
covariance, i.e., that leaving v invariant.

It follows from eq. (46) that g = —vg, where g = detg,, = —(det éz‘)Q. In the world

coordinate, the Lagrangian L’g becomes

L, = chMl%l g"’0,00,0, (63)
with 1
o = 3 In(s/3) (64)

Thus, all the background dependence of the nonminimal terms in the Lagrangian is determined
only by the scalar density g. Note that 0,0 transforms homogeneously and thus can not be
eliminated by the general coordinate transformations, though each one of the terms 1/209,Ing =
r a and 1/20,Ing = r au could be separately nullified.

Clearly, the Lagrangian L’g7 though not being generally covariant, is consistent with the
unimodular covariance leaving g invariant. Altogether, the total Lagrangian depends on e}, as
the ten dynamical variables and the one background scalar density g '°.  Due to the unimodular
covariance, this minimal GR extension describes the three physical degrees of freedom: the
massless graviton and the dilaton o as the respective parts of the affine Goldstone boson. In
this, the dilaton becomes massive at the quantum level due to the dilatation anomaly [7]. In
the case c; = 0, the general covariance is restored, so that the local dilatation can eliminate one
more degree of freedom, leaving just two of them with helicities A = £2, as it should be for the

massless spin-2 particle 2°.

(77) Affine symmetry violation The additional terms in the Lagrangian would activate
the rest of the latent degrees of freedom of the gravity field. Thus, it is conceivable another
way of the general covariance violation by adding to the tangent space Lagrangian the potential
Vy(k), which contains only the derivativeless couplings of the Goldstone boson. Of necessity,
this would explicitly violate the affine symmetry, too 2. To preserve nevertheless the Lorentz
symmetry, the potential V; should depend only on 7,8 (and/or 'y"‘ﬁ). More particularly, the
potential should be a scalar function of det~y and tr (yn)", with any degree n. At n < 0, one
uses (yn)~' = ny~t, with 4! given by v*2. In the above, one puts (vn)a® = yaan?'B, were
as before A = « or a, etc, as appropriate.

8We disregard the possible nonuniversal interactions of the Goldstone field o with the matter.

19Under § = —1 and a proper choice for ¢y, the given GR extension reduces to that of ref. [7], with ¢ being the
dilaton in disguise as the part of the metric.

20 Adding to the Lagrangian eq. (35), without the affine symmetry violation, the quadratic term depending on
the another independent contraction Q:‘bb one would produce the scalar-vector contribution of the gravity field,
which would depend on the background quantity T* = g='**T*,, (see the next item).

2'Remind, that in the case of the affine symmetry violation, there becomes distinguishable the rescaling factor

for the matter fields ¢s. Thus one should return in this case to the full notation (;35, again.
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It follows that in the world coordinates, the potential should depend on gg—! as

Vg = Vy(det (957 ), tr (957 1)"), (65)
were g~ = éfflnAB e%. Generally, one has g AL g = gHt g’ gy (and similarly, g;l} #*
Gu)). At the negative n, one puts (g5~ ')" = (gg~')™", with g~'* = g, The potential
corresponds to the mass terms for the gravity field. In these, the terms depending only on
det (gg~ ') are unimodular covariant. Choosing the different terms one can vary the relation
between the masses of the scalar and tensor gravitons 2.

With addition of the potential, the only modification of the GR equation of motion is the
the appearance of the energy-momentum tensor Ty, in the r.h.s. of eq. (60). This contribution
corresponds to the graviton mass. Due to the Bianchi identity, stating the covariant divergence-
less of the Lh.s. of eq. (60) and thus the covariant conservation of the total energy-momentum
(the contribution of the graviton mass including), there appear the four collective constraints
on the gravity, matter and radiation fields. They substitute the Lorentz-Hilbert gauge condi-
tion. Thus at the level of the equation of motion, the theory describes six physical degrees of
freedom, supposedly, the massive tensor and scalar gravitons. Not to collide explicitly with the
principle of the microscopic causality, it is to be shown that, under the given g and qu(gg—l),
one can eliminate for the gravity field all the components with the negative norm. In the limit
of the zero mass, the general covariance is restored and one recovers smoothly the GR with the
two-component graviton.

Clearly, the mass term is noninvariant under the general coordinate transformations. Violat-
ing the affine invariance, the potential Vj is expected naturally to be highly suppressed (if any).
Thus, the affine symmetry gives the raison d’etre for the graviton mass to be tiny 2. This is in
distinction with the extra terms depending on the derivatives of the affine Goldstone boson. The
latter terms also result in the general covariance violation. Nevertheless, being affine invariant,
they are not required a priori to be small 24

Altogether, this exhausts the foundations of the effective field theory of the gravity, radiation
and matter based on the affine symmetry. The above theory, embodying the GR within the
extended framework, may be called the metagravitation.

5. Metauniverse

5.1. World continuum

The ultimate goal of the Goldstone approach to gravity is to go beyond the effective metric
theory and to build the underlying premetric one. In what follows, we present some hints of the
respective scenario. Of necessity, we will be very concise, just to indicate the idea.

The forebear of the space-time is supposed to be the world continuum. At the very least,
the latter is to be endowed with the defining structure, the continuity in the topological sense.
Being covered additionally with the patches of the smooth real coordinates z*, u = 0,1,...,
d — 1 (index 0 having yet no particular meaning), the continuum acquires the structure of the

22For the theory of the massive tensor field in the Minkowski background space-time see, e.g., ref. [8]. For the
phenomenology of the graviton mass and for further references on the item cf., e.g., ref. [9].

231f, for some reason, the true cosmological constant would be forbidden, being only mimicd by the graviton
mass, then this would justify the smallness of the effective cosmological constant.

2% Another source of the general covariance violation could be due to the nonuniversal couplings of the affine
Goldstone boson with the matter. One more source could be the small background torsion.
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differentiable manifold of the dimension d (4, for definiteness). There exist in the continuum the
tensor densities, in particular, the volume element. Thus, the integration over the manifold is
allowed. But this does not suffice to define the covariant derivative and thus to get the covariant
differential equations, etc. Suppose now, that the continuum can exist in two phases with the
following affinity properties.

(i) Affine connection Being endowed with the primordial affine connection ﬂAW, the con-
tinuum becomes the affinely connected manifold. Generally, the connection is the 64-parametric
structure. It defines the parallel transport of the world tensors, as well as their covariant deriva-
tives. The parallel transport along the infinitesimal closed contour defines, in turn, the back-
ground curvature tensor p* upv and thus its contraction p,, = /3)\;0\1/ (but not yet the scalar p).
To every point P, there can be attached the coordinates 51%, where the symmetric part of the
connection locally nullifies, the manifold becoming thus locally affinely flat. This defines the
global affine symmetry. For the symmetry to be exact, the antisymmetric part of the connec-
tion, the torsion, should be trivial, with the connection being just 40-parametric. In this phase,
there is no metric and thus no space and time directions, even no definite space-time signature,
no lengths and angles, no preferred Lorentz group and thus no finite dimensional spinors, no
preferred Poincare group and thus no conventional particles, no invariant intervals, no quadratic
invariants, no causality, etc. Though there can be implemented the principle of the least action
with the simplest invariant Lagrangians, the world structure is still rather dull. Nevertheless, it
should ultimately lead to the spontaneous transition from the given phase to the metric one.

(i) Metric  Further, being endowed spontaneously with the primordial metric @, with the
Minkowskian signature, the continuum becomes the metric space, i.e., the space-time. The met-
ric is much more restrictive 10-parametric structure. It defines the background Riemannian
geometry. Under the emergence of the metric and the spontaneous breaking of the affine sym-
metry, there appears the affine Goldstone boson serving as the graviton in disguise. This results
in the effective Riemannian geometry with the effective metric g,,, etc. Now there appear the
preferred time and space directions, the lengths and angles, the definite Lorentz group and thus
the finite dimensional spinors, the definite Poincare group and thus the particles, the invariant
intervals, the quadratic invariants, the causality, etc.

The world structure becomes now very flourishing. In the wake of the gravity, there appear
the radiation and matter. The spontaneous breaking of the affine symmetry to the Poincare
one reflects the appearance of the preferable particle structure, among a lot of a priori possible
ones corresponding to the various choices of the Poincare subgroup. Formally, the effective
Riemannian geometry is to be valid at all the space-time intervals. Nevertheless, its accuracy
worsen when diminishing the intervals, requiring more and more terms in the decomposition
over the ratio of the energy to the symmetry breaking scale M4, as it should be for the effective
theory. Thus, the scale My (or, rather, the Planck mass Mp;) is a kind of the inverse minimal
length in the nature.

5.2. The Universe

Supposedly, the formation of the Universe is the result of the actual transition between the
two phases of the continuum. This transition is thus the “Grand Bang”, the origin of not only the
Universe but of the very space-time. At this stage, there appears the world “arrow of time” as the
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reflection of the spontaneous ordering of the chaotic local times. The residual dependence of the
structure of the Universe on the background parameter-functions could result in the primordial
anisotropy and inhomogeneity.

And what is more, there is conceivable the appearance (as well as disappearance and coales-
cence) of the various regions of the metric phase inside the affinely connected one. These regions
are to be associated with the multiple universes. One of the latter ones happens to be ours. Call
the ensemble of the universes the Metauniverse. Within the concept of the Metauniverse, there
becomes sensible the notion of the wave function of the Universe. Hopefully, this may clarify
the long-standing problem of the fine tuning of our Universe (see, e.g., ref. [10]).

Conclusion

To conclude, the theory proposed realizes consistently the approach to gravity as the Gold-
stone phenomenon. It proceeds, in essence, from the two basic symmetries: the global affine
one and the general covariance. The affine symmetry is the structure symmetry which defines
the theory in the small. The general covariance is the bundling symmetry which terminates the
a priory admissible local theories according to their ability to be prolongated onto the whole
world. The theory embodies the GR as the lowest approximation. Its distinction with the GR
are twofold. At the effective level, the present theory predicts the natural hierarchy of the
conceivable GR extensions according to their mode of the affine symmetry realization. At the
underlying level, it presents the new look at the gravitation, the Universe and the very space-
time. These topics are to be further studied in the future.

The author is grateful to V. V. Kabachenko for the useful discussions.

References

[1] C.Isham, A. Salam and J. Strathdee, Ann. Phys. (NY) 62, 98 (1971).
[2] A. B. Borisov and V. I. Ogievetsky, Teor. Mat. Fiz. (in Russian) 21, 329 (1974).
[3] E. Schrodinger, Space-time structure (Cambridge Univ. Press, Cambridge, 1950).

[4] S. R. Coleman, Dilatations, in Proc. of the Intern. Summer School of Physics Ettore Majo-
rana, ed. A. Zichichi (Erice, 1971).

[5] S. R. Coleman, J. Wess and B. Zumino, Phys. Rev. 177, 2239 (1969);
D. V. Volkov, Particles and Nuclei (in Russian) 4, 3 (1973).

[6] V. I Ogievetsky, Lett. Nuovo Cim. 8, 988 (1973).
[7] W. Buchmiiller and N. Dragon, Nucl. Phys. B 321, 207 (1989).
[8] V. I. Ogievetsky and I. V. Polubarinov, Ann. Phys. (NY) 35, 167 (1965).
[9] M. Visser, Gen. Rel. Grav. 30 1717 (1998), gr-qc/9705051.
[10] P. C. W. Davies, The accidental Universe (Cambridge Univ. Press, Cambridge, 1982).

Recewed June 8, 2004

18



IIpenpunT ormevaTan ¢ opurnHAJIa-MaKeTa, IOATOTOBIEHHOIO ABTOPAMU.

1O.®. ITuporos

I'paBuranus kak ad@UHHOE TONICTOYHOBCKOE SIBJIEHUE U JAJIEE.

Opurunaj-MakeT IOANOTOBJIEH ¢ moMollbio cuctembl IWTEX.

Ilognucano K mevaru 9.06.2004. ®opmar 60 x 84/8.
Odcernast meqars. Ilew.1. 2,25, Ya.-mzmr. 1.8. Tupax 160. 3akasz 271.
Nunexc 3649.

THIL P® MucturyT GU3NKM BHICOKUX SHEPTHIA
142284, IIporBuro MockoBCKOii 00JI.



Nunexc 3649

IMIPEIIPUHT 2004-22, noBDo, 2004




