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The evolution of the Universe is considered by means of a nonlinear realization of affine and
conformal symmetries via Maurer—Cartan forms. Conformal symmetry is realized by the geometry of
similarity with the Dirac scalar dilaton. We provide preliminary quantitative evidence that the zeroth
harmonic of the Dirac scalar dilaton may lead to observationally viable cosmology, where the type
Ia supernova luminosity distances—redshift relation can be explained by vacuum dilaton dark energy.
The diffeo-invariance of spin connection coefficients of the affine formulation leaves only one degree
of freedom of strong gravitation waves. We discuss that the dark matter effect in spiral galaxies
can be described by the gravitation waves expressed through the spin connection coefficients of the
affine formulation. We show that the evolution equations of the affine gravitons with respect to the
dilaton zeroth mode coincide with the equations of «squeezed oscillator». The list of theoretical and
observational arguments is given in favor of that the origin of the Universe can be described by quantum
vacuum creation of these squeezed oscillators.

PACS: 11.25.Hf

INTRODUCTION

The Blue Band predictions of the light Higgs particle masses [4] 114.4 < mj, < 134 GeV
are based on the belief that the minimal Standard Model of the electroweak interactions can
describe amplitudes of all elementary particle processes. This minimal Standard Model does
not contain heavy fermions, SUSY generalization, and other modifications that accompany
the accepted cosmological ACold Dark Matter Model [5].

The Hamlet question of the modern physics is «To be A and Cold Dark Matter, or not to
be?» Large Hadron Collider (LHC) is needed to reply to this question.
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In the present paper, we show that a part of functions of LHC can be covered by the
present-day cosmological data described in the framework of an alternative cosmological
model compatible with the physical content of the minimal Blue Band Standard Model.
This model can be formulated on the way of generalization of the Poincaré group as the
basis of all relativistic physics beginning with the relativistic transformations of the Cosmic
Microwave Background and galaxy superclusters and finishing with the Standard Model (SM)
of elementary particles and the QFT axiomatics [3]. It is sufficient to add to the Poincaré
group only ten proper affine transformations, and the affine group of all linear transformations
of four-dimensional space-time arises as the basis of the gravitation theory, as was shown
by V.I. Ogievetsky [1,2]. In the joint nonlinear realization [6,7] of the affine and conformal
groups, the new ten affine transformation parameters are identified with ten gravitons as the
Bogoliubov—Goldstone modes accompanying the spontaneous affine and conformal symmetry
breaking.

However, the affine-conformal gravitation theory differs from the Einstein one. The
new fact is the conformal symmetry broken by the nonsingular initial data. The confor-
mal symmetry can be included into affine theory by the Dirac version of the geometry of
similarity [8]. The latter means that measurable quantities are identified with the confor-
mal ones for which the cosmological scale factor is identified with the zeroth harmonics of
the dilaton scalar field that changes masses but not distances. In this case, introduction of
the A term can be completely avoided [9-11]. In this context we emphasize that SNela
data reveal that observational distances Rgner, are greater than the distances predicted by
the accepted cosmology with the massive matter dominance Rq,,~1. There are two pos-
sibilities to increase these distances. First of them is to suppose the A-term dominance
RsNela = Ray.,—_ ,=0.7,Q01.p—0=0.3, and the second is the Dirac geometry of similarity, where
the real measurable distance becomes greater because it acquires an additional z-factor. In
this case, the SNela data require the dominance of the kinetic energy of an additional sterile
scalar field Q with Rsnera = Ro,_, ,—0.85+0.10(1 + 2) [9].

Thus, the affine gravitation theory differs from the initial Einstein theory by the dilaton
geometry of similarity and the Maurer—Cartan forms as objects of the Lorentz transformations
in the tangent Minkowskian space-time. In the present paper, within this affine gravitation
theory we will attempt to provide a novel view on the topical problems of the modern
cosmology (see [5]) including dark matter, dark energy, and the Planck epoch at the beginning
of the Universe.

The content of the paper is the following. Section 1 is devoted to a version of General
Relativity obtained in [2] as joint nonlinear realization of affine and conformal symmetries and
adapted to the Dirac geometry of similarity [8]. Section2 considers the frame of reference
defined as the Dirac—ADM foliation [12,13]. Section3 is devoted to the cosmology as a
representation of the Poincaré group. In Sec.4, we study the problems of energy and the
Hamiltonian evolution in GR. The strong graviton is considered in Sec.5. In Sec.6, we
consider the evolution equations of gravitons and their quantum vacuum creation. In Sec. 7,
we consider a possible unification of the GR and SM, so that the Higgs scalar field evolution
with respect to the dilaton zeroth mode is consistent with the squeezed oscillator dynamics.
In Appendix A, we briefly recapitulate the standard Hamiltonian approach in terms of the
Cartan forms in order to compare it with our approach. Appendix B is devoted to the dilaton
cosmological perturbation theory.
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1. REALIZATION OF AFFINE & CONFORMAL SYMMETRIES

The nonlinear realization of affine A(4) and conformal C' symmetries in the factor space
A(4) ® C/L with the Lorentz subgroup L of the stable vacuum was constructed in [1].

According to a general theory of the nonlinear realization [6,7] of an affine group G,
the basic elements are the subgroup of the vacuum stability L and finite transformations
G = e'P"zeifth in the factor space A(4)/L. Here, these transformations deal with four
coordinates x,, and ten Goldstone fields, h(q)(g), gravitons, multiplied by the operators of
shift P and proper affine transformations R, respectively [1]. Further, the infinitesimal
transformation for the affine group is

GdG™' = i[P(a) -wf;) + R(ag) . wfzﬁ) + L(ag) -w(Laﬂ)],

which yields the Maurer—Cartan forms (introduced in the GR by Fock and Cartan [14, 15])

Wiay(d) = e(ayudat, (1.1)
wi (d) = 1 el \de + el de 1.2)
(ap) 2 (a)*C(B)p (8)% () ) » .

1 L
Wiap(d) = 5 (eltyydeqa — efs)deqarn ) - (1.3)

Note that there are two types of indexes: one belongs to the subgroup L and the other
(bracket-indexes) to the coset A(4)/L. In this approach the Maurer—Cartan forms with the
coset indexes are main objects of the Poincaré and Lorentz transformations.

In general, to construct a gravitational theory, one needs to consider the covariant differ-
entiation of a set of the fields ¥ transformed by the representations with the Lorentz group

T
generators L,

1
P : 4
Dy¥ = D\Il/w(/\) = 8@) + 521)(”)(”)7(,\)11(“)(,/) v, (1.4)

where J5) = (e’l)g( »)05. The action of the Goldstone fields, h(4)(3), can be obtained with
the aid of the commutator of the covariant differentiations of a set of the fields W [16]

. T
[DiyDiyy = D) Doy ] ¥ = iR Ly (5)V /2 (1.5)
where the Riemannian tensor

By ).0000) = 900w 1).00) F V) (). V(0) (). (0) F V) (1).(0) V) (). ) — (A) = (€1))6)

is constructed with the help of Maurer—Cartan forms (1.2) and (1.3)
L R R
V() w),(v) = Wiy (0) + @) (O)) — @ity (O] (1.7)

Thus, these elements enable us to formulate the Einstein—Hilbert action

1
Whilbert = — /d4$| - €|ER(6) (1.8)
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and the interval
ds® = g dat da¥ = w () (d) @ Wi (d)nie) (s) (19)

via the diffeo-invariant simplex components (1.1) and Maurer—Cartan forms (1.2)
and (1.3) [14-17] in the local tangent Minkowskian space with the metric 1) @) =
Diag (1,—1,—1,—1). We recall that, in contrast to the standard approaches (where the
main relativistic covariant objects are the coordinate parameters x,), in our approach the
objects of relativistic transformations are the Maurer—Cartan forms.

Following Dirac [8], in order to introduce the conformal symmetry of the GR as the
nonlinear realization of a joint affine and conformal symmetries, we employ the dilaton scalar
field D. This nonlinear realization contains the dilaton D as the Bogoliubov—Goldstone
particle accompanying the spontaneous conformal symmetry breaking.

Exploiting the conformal symmetry, one can see that this nonlinear realization [1] coincides
with the simplest scalar version of geometry of similarity [18] proposed by Dirac [8]. We
recall that in the geometry of similarity one can measure only a ratio of two spatial intervals
at the same instance. In other words, measured physical quantities are identified with the
conformal ones )

F = e"DF(")7 ds = Guv dzt da¥ = e?Pds? (1.10)

obtained from the standard ones F(™) by the conformal transformation, where (n) is the
conformal weight. Here, the dilaton D is fixed by the unit spatial metric determinant [§(*)| = 1
[19], so that

1
D=—log 19:7]. (1.11)

Thus, the Hilbert action (1.8) as the nonlinear realization of a joint affine and conformal
symmetries takes the form

Wit = — [ d'e[ =92 p@) —ePa, (| — g6 1.12
Hilbert = x 6 (€) —e P8, (| —€lg"de )| (1.12)

Hereafter, one uses the units M3,3/(87) = 1. Below, with the aid of the action (1.12), we
formulate our approach to the classical and quantum version of the GR.

2. THE DIRAC-ADM FOLIATION

We start our approach from the formulation of the Hamiltonain dynamics based on the
Dirac—-ADM 4 = 1 + 3 foliation [12,13]. In particular, in the interval
~ 2 - - . -
ds” = e?Pds? = W) @ W) — W) @ W) 2.1
the Maurer—Cartan forms in view of the dilaton D may be written as
ey = e 2PN dz® = e 2PN Ny da® = e 2PN dr,
L~U(b) = €(p); da® + e(b)ij dz® = Wy + Mb) dr, 2.2)
W) = €(b)i d{Ei, 2.3)
e); N7 dz® = Ny dr. (2.4)
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Here dT = Ny dz is the dilaton proper time-interval defined by the constraint (N 1) = N 1
the shift vector components N/ ejp) = Np) =N, (”b) + N, (Jg) (O N, (Jg) = 0) and the Dirac lapse
function N(2°,27) = No(2°)N(7,2) are the nondynamical potentials, &) are the linear

forms defined via the triads e(y); with unit spatial metric determinant |§S)| = lew);emyi| = 1.
Triads e(q); form the spatial curvature [17]:
RO) = RO (e) — T/200~ P12, 2.5)
R(B)(e) = —20, [eéb)U(c)l(bC)] ~ (o) (be) T (@) (ba) T T(e)1(af) O (£)I(d)(c)} (2.6)
(e)l(ab) = [Wiiap) (O()) + @by (B)) — Wiy (Ba))];
L j i i
L j i i

Here, A = 0;[e} (a) (a)cp)‘»] is the Laplace operator.
According to a general wisdom, in the Hamiltonian approach, the general coordinate
transformations are reduced into the kinemetric subgroup [20]

20 — 70 =390, (2.9)
ot — T =70, 2t 22, 23). (2.10)

In the case of the reparametrization invariance (2.9), one of the variables (3.2) plays the role
of the evolution parameter and its momentum — the measurable energy!. Following the
DeWitt analogy with special relativity [22], we employ the zeroth dilaton harmonic (D) as
the evolution parameter.

As a result, the Hilbert action (1.12) can be represented as a sum

Witibert = Wa + W, 2.11)

of the zeroth dilaton harmonic term

/d‘3 /dx 80 /d3 /dT (2.12)

and the graviton term Wg

W, = / da® [Noe2PIL, |, (2.13)

. v2 (3)
L, = 02(D) /d%/\/ [—(1@)2 i (ab) —e*4DR

; : (2.14)

ITherefore, the coordinate evolution parameter z° as an object of reparametrizations cannot be considered as
measurable quantities. And the corresponding Einstein equation (3.9) cannot be treated as a zero value of measurable
energy. This treatment is used in the ADM approach [13] as an argument in favor of a nonlocal energy. Therefore,
the acceptable introduction of a nonlocal energy proposed in [13,21] has no substantial foundation.
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Here
vp = N (80 — N'a)D + o,N' /3], (2.15)
1
Ve = 3 |@liny (B0 = N'O1) + 0o NGy + ) NGy |

are velocities of the dilaton and of the triad components.
Following Dirac [12,21], one can define such a coordinate system, where the covariant
velocity of the local volume element v and its momentum become zero:

[(0o — N'0,)D + 9,N'/3] = 0. (2.16)

2
Pr=2 —

Thus, the dilaton deviation D can be treated as a static potential (see Appendix B).

3. RELATIVISTIC-INVARIANT EVOLUTION OF UNIVERSE

We recall that the accepted description of the cosmological evolution of the Universe
is based on the hypothesis of homogeneity of Einstein equations [23], which considers the
interval in the form

dst o = (dt)? — a*(t)(dz?)? = a*(t)[(dn)? — (da?)?] = aQ(t)czsiom. (3.1)

Here, a = (1 + z)_l is the homogeneous cosmological scale factor (or z-factor); dt is the
world time interval; dn = dt/a(t) is the conformal (proper) time interval of the photon, and
spatial coordinates 27 are associated with the coordinate distance r = y/(z7)2.

The Dirac dilaton variation principle [8] enables us to introduce the cosmological scale
factor into the Hilbert action as the zeroth harmonic of the dilaton

—loga =log(1+2) = (D) =V * /d%D(x). (3.2)

Note that this definition is consistent with Einstein’s cosmological principle of averaging of
all scalar fields of the theory over the finite volume V = f d®x [24]. In this case, one obtains
that dshom ds m (see Eq.(3.1)). The homogeneous interval (3.1) is expressed in
our approach to the GR by means of the zeroth harmonic of the dilaton in the Hilbert action.

In the standard approach to the GR the interval (3.1) is treated as the frame-independent
one. Using the transformation laws of simplex components (1.1) in the tangent Minkowskian
space-time, we introduce the relativistic-invariant time interval derivative

ANwh /\w d J

(1) (2 3) 3 B

— = (D) =Vo—(D). G.

/ " /d xO ) N a7 aw (D) = Vo gos (D) = Vo (D). 33)

The construction (2.2), (3.1), and (3.2), d2°No(2°) = dr = a~2dn gives the proper vacuum
time interval and the perturbation series over deviations N’ = 1 + §... with the consistent
constraint [ d®zd = 0. The derivative provides the frame-independent cosmic evolution in
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the tangent Minkowskian space-time with the metric 7, = Diag(l,—1,—1,—1) and
interval (1.9), where objects of relativistic transformation are the simplex components wf; )

In accordance with the principle of relativistic invariance of the cosmological motion, the
time derivative in (3.3)

d

—(D) = Hp = t 3.4
d7_< ) 0 = cons (3.4)
is a constant of motion treated as the present-day value of the Hubble parameter. The
definitions d7 = a~2dn, a = (1 + z)~!, and the condition d,(D) = H, determine the
conformal Hubble parameter H,

(D) = adn =~ Hoa % = Ho(1+ 2)* = H.,. (3.3)

: . . . . da .
This condition fixes the single cosmological vacuum regime aos = Hy of the rigid state,

where the pressure is equal to the energy density p = p [23]. Indeed, the dominance of this
regime, determined by the dilaton zeroth mode energy, describes the SNela data [25] in the
framework of the Dirac geometry of similarity [9].

The vacuum approximation of the Hilbert action keeps only the zeroth dilaton harmonic
term W,
(0(D))*

Whilbert ~ Wy = —Vo/dxo [ No

+ NOpcr] ’ (36)

which repeats the action of a relativistic particle at rest. Here po, = HZM2,3/(87) = HE is
the critical density in the units (1.12) considered as a motion integral. It corresponds to the
relativistic-invariant vacuum state (3.5) in the Empty Universe. Further we will show that this
approximation of the Empty Universe in our picture dominates during all evolution epoch,
while other contributions (matter, radiation, etc.) are small.

The canonical momentum P p)

ow,
Fioy = do(D)

= —2V40,(D) 3.7)

gives us the well-defined Hamiltonian formulation

2 2
Wo =V [ da® | Py 0o(D) + Ny 22— Ev 3.8
v =W [ dx (0y0o (D) + No N ; (3.8)

where Eg = 4‘/62pcr.
The DeWitt analogy with the special relativity [22] determines the measurable energy of
the Universe in the field space of events as the solution of the energy constraint

oW,

NN

=0— Py —El =0 (3.9

v

with respect to the zeroth dilaton momentum (3.7).
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The elimination of the canonical momentum P, py from the system of Egs.(3.7), (3.9)
provides the solution

(D)o d<D>
To — 71 = £2Vp / m, (3.10)
(D)1

where the cosmological energy E,({D)) is determined as a positive constraint-shell value of
the zeroth mode momentum. This equation can be rewritten as the redshift — coordinate
distance relation, using Egs. (3.2) and dr = a%dn:

a=(142)"1
r/c:no—n:HO_1 / ada. (3.11)

1

The Hilbert action in the vacuum approximation admits the ordinary quantization. It leads
to the Universe wave function

Uy = \/2% [AT exp {iW,; }0[(D)o — (D)) + A~ exp {iW_}6[(D); — (D)o]] , (3.12)
(D)o

where Wi =+ [ d(D)P,p, is the constraint-shell action, §[z > 0] = 1,60z < 0] = 0 are
(D)1

the theta functions. The coefficients AT are treated as the creation (+) and annihilation (—)
operators. It solves the vacuum problem and gives the arrow of the time 79 > 77 in Eq. (3.10).
One can see that in the wave function (3.12) there are two changes of sign of both energy
and time intervals. Thus, the arrow of the time 79 > 77 and beginning of the time at 7 — oo
are the quantum anomalies as a consequence of the vacuum postulate.

In the rigid regime (3.11) defined by the horizon r = [2H(1 + 2)?]~! using

Mp; = 1.2211- 10" GeV, (3.13)
Hy=100km-s™'-h=21332-10"*> GeV - h, (3.14)

one can obtain the value of the z-factor at the Planck epoch Mp; = [1 + Zp]]44H0, or

Mp\ 4
1+ 2p = (4—;1) ~1.2-10%. (3.15)
0

It is just the instance where a value of the action is equal to unit. Recall that a value of

the gravitation action in the four-dimensional space-time is proportional to the product of the

squired Planck mass and the four-dimensional space-time horizon volume [2Hg(1 + 2)?]~%.
The acceptable naive relation Mp; ~ [l + zpi]infatHo leads to the tremendous value

[1+ 2p1)inflat ~ 10°L.
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4. DILATON VERSION OF GR

Let us consider the dilaton version of the GR supplemented by a scalar field ) and photon.
The action is given by Eq.(A.l1) in Appendix A, where the standard Dirac Hamiltonian
approach is adapted to the affine gravitation theory.

The difference of our approach to the theory (A.1) from the standard Dirac one given in
Appendix A is the operation of the separation of the zeroth and nonzero harmonics

D=(D)+D, Q=(Q) +Q (4.1)

with the strong constraint | Dd?x = 0 in the action (A.1). This action takes the form of the
Vo
sum of the zeroth modes and nonzero ones

W=W,+W, 4.2)

where
W, — / dz® [(96(Q))* — (96(D))?] / FaN-1(2°, %) 43)

is the zeroth mode action, where the integral [d®zN~'(z0,x) = VoN; ' N~1(a% x) =
VoN, ! rewritten as the average

7% /d%N*l(xO,x) =(N"H =N = (NN H=WN1H=1 (4.4)

determines the diffeo-invariant time interval dz® Ny = dr given by Eq. (3.3); while w repeats
action (A.1) for nonzero harmonics associated with local excitations.
One can see that the separation (4.1) does not commute with the operation of the variation
of the action.
The variation of action (4.2) with respect to the lapse function N leads to the energy
constraint
W DI~ (@)
ON N
where H is defined by Eqs.(A.13) and (A.14), while the Dirac energy constraint takes the
form H = 0. This fact reveals a crucial role of zeroth harmonics (3.2) in both the classical
Hamiltonian evolution and the quantum one.
The energy constraint (4.5) is resolved by the averaging over the volume Vj. Using
Eq. (4.4), we obtain the solutions as the global constraint

—NH=0, 4.5)

O(D) ~ 0@ = WH) = (VA) +.6)
and the local one

N—ﬁ—@. %))
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These constraints determine the diffeo-invariant lapse function through the energy density H
given by Eq. (A.13) and fix the diffeo-invariant interval (3.3) dr = Ny dz".
In terms of the zero mode momenta

the energy constraint (4.6) takes the form (3.9)
Plpy —E*=0, (4.9)
where
E2 = P(QQ) + 4%HDiraC7 (410)
Hoiwae = [ Ao AH, (“.11)

H is the conventional field Hamiltonian given by Eq. (A.13) and Py = E, = 2VoHo/Q, is
an integral of motion 0, Py = 0 determined by fitting with observational data (3.4).
The global energy constraint (4.9) has two solutions: positive and negative
; 2Vp
Er = i\/13<Q> + 4VoHpirac = £ |:P<Q) + %HDirac + .. :| ~+ |:EU +
In the context of the stability of the physical theory, one can recall that the vacuum is the
state with the minimal energy defined as the positive solution of the energy constraint with
respect to the canonical momentum of the zeroth dilaton harmonic. The negative energy is
removed by the quantization procedure, where the creation of particles with negative energy
is replaced by the annihilation of particles with positive energy. This change leads to the
classical symmetry breaking as quantum anomalies [26,27]. One of these anomalies is the
vacuum creation of the Universe. What does Quantum Gravity mean? There are a lot of
problems on the way of consistent quantization of the metric components and field variables
in GR. However, in the relativistic physics one can quantize the phase space of initial data
as the motion integrals obtained by the Bogoliubov transformations [28], in the spirit of
the Blokhintsev statistical ensembles of states in Quantum Mechanics [29]. Therefore, on
the stage of construction of irreducible unitary representations, we propose the priority of
quantum principles of the type of the vacuum postulate, spectrality, and uncertainty. The
priority of quantum principle leads to new physical consequences, because the separation of
quantum zeroth modes is fulfilled before the variation of the action.
Here is the point, where one can introduce the concept of the evolution operator

HDirac

} . (4.12)

0

Do
U+ (1,0) = Tpexp —i/d(D}E . (4.13)
Dy
If homogeneous vacuum energy P<2Q> = Eg dominates in (4.12), so that E > E — E,, the
evolution operator is factorized
70
Uy (1,0) ~ e E(Do=DOT_expy —i/dT Hbirac ¢ (4.14)

TI
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where Hpirac = Ho + Hint is given by Eq.(4.11). In the light of the Dirac Hamiltonian
approach this evolution operator is the cosmological generalization of the Faddeev—Popov
expression for the evolution operator in GR of the local graviton excitations considered in [21].
The evolution operator (4.14) includes both their Newton-like interactions and cosmological
creation of gravitons. Finally, we got the method of calculation of the energy budget of the
Universe using the definition of the present-day state of the Universe as the evolution of the
Bogoliubov vacuum state and the standard interaction representation of QFT [3] in terms of
the Bogoliubov field operators U, (I,0)|I) = Sp(77,70)|in), where
70
Sy(11,70) = Trexp —i/dr Hine(bT,07) p . (4.15)
TI

In this case, the energy budget of the Universe is described as the Bogoliubov vacuum
expectation value. It is given by the formula

(0-(D))? = py + (out|S;  (77,70) Vo™ "HpiracSs (71, 70)|in) =

= po + <0u‘5|Vb_1 Ho —|—Z'/d7' [Ho(70), Hint(7)] + ... 3 |in). (4.16)

TI

5. STRONG GRAVITON

The key point of our approach is to express the Hamiltonian approach to the GR action
directly in terms of the Maurer—Cartan forms. Note, that in the spin formulation of the GR
considered by Schwinger [17], the equations of motion were derived in terms of the simplex
components of an unconstrained system. We express the simplex components by means
of the spin connection coefficients constrained by the condition of diffeo-invariance. The
dependence of the linear forms

w(b) (d) = €(b)i d{Ei = dX(b) — X(C)el(‘c) de(b)i = dX(b) — X(C) [W(Iib) + W(ch)] (51)

on the tangent space coordinates X () = fdxie(b)i = xie(b)i via the spin connection co-
efficients can be obtained by means of the Leibniz rule AdB = d(AB) — (AB)dlog (A)
(in particular, d[z']e}, = d[z’e])] — x'd[e]}]).

The difference between this approach to gravitational waves and the accepted one is that
the symmetry with respect to diffeomorphisms is imposed on spin connection coefficients.
This difference leads to the novel result that follows from the theorem [30]: any arbitrary
two-dimensional space metric dlI?> = hagdz® dxB; A,B = 1,2 can be presented by dif-

feomorphisms x4 — 74 = 34(x',2%) in a diagonal form. The result consists in the fact
that a kinemetric-invariant nonlinear plane wave moving along a direction k with the unit
determinant det h = 1 contains only a single metric component. Using two photon-like
ko k
polarization vectors EEZ)) (k) and the condition a:zmagg)) (k)agzy)) (K)=6(a)p) — (k)@)(b) , one
can express the linear graviton form with the aid of these vectors:
R e’ R + R —
Wiapy (Oe)) = Z 2—wkk(c) (& (any (&) gi (1) + €y (—K) gy ()] (5.2)

K2£0
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where E(Lab) = 0 and efzb)(k) = diag[l,—1,0] in the orthogonal basis of spatial vectors
[e W(k),e P (k),k]. Here, g* are the holomorphic variables of the single degree of freedom,

wx = VK? is the graviton energy normalized (like a photon in QED) on the units of volume
and time
—+ vem 4
I = 2% (5.3)
Mp1V,

Thus, in the class of plane wave functions, the kinemetric-invariant section of the nonlinear
Hamiltonian of the GR coincides with the bilinear theory of a scalar-like field, if one neglects
Newtonian interactions (2.5).

Let us compare the commonly accepted (see, e.g., [31,32]) interval

ds? = a2(n) [(dmO)Q — da'da? (5, + 20T + 20T HET + . .)} (5.4)

with the diffeo-invariant one in the mean field approximation N (z°,27) = Ny(z°), N7 =0,

D=0
ds = a*(n)[(dn)* = (dX () — X()w(ip))’]; (5.5)

where a = e~ (P) is the cosmological scale factor. Here only the independent dynamical part
w(Pgb) is taken into account in the interval (5.1).
In the standard case, graviton moves in the direction of vector k, its wave amplitude
cos {wkZ(r) } depends on the scalar product z(;) = (k - X)/wgk. One can see that the graviton
dat da?
changes the squared test particle velocity i) Y ge?- in the plane orthogonal to
dn dndn ¥
the motion direction. All these effects are produced by the first order of the series (5.4)
2 _ i 3 §3TT BN Y Ho\ 4172
dly, = 2dz" dz’ h;;" (t,x) = dz" da’ef; V6 cos {wkz iy } | — | r,” (5.6)
Wk
where Qk, = wkNin/[Voper] is the energy density of the gravitons in units of the cosmological
critical energy density p., = HZM3,3/(87). One observes that in the accepted perturbation
theory the contribution of a single gravitational wave into the geometrical intervals in units

of the critical density is suppressed by the factor Hy/wk.
In the diffeo-invariant version (5.5)

1/2
dl?] = 2dX(b)X(c)W£b) = dX(b)X(C)E?Cb)\/ECOS {(UkX(k)}HOQk}/L (5.7)

graviton contains the additional factor. To find this factor, we take the ratio of the above
intervals (5.6) and (5.7):

iz
di2

1
= o

dz' dz? hIT
= J (5.8)

AX ) X (o) w{ip)

Here, 7, = +/|X_|? is the coordinate distance between two test particles in the plane
perpendicular to the wave motion direction. This factor yields a spatial amplification of the
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velocities of the test particles in the plane orthogonal to the graviton motion direction, i.e.,
rotation in this plane. If so, we can suggest a hypothesis claiming that rotation of galaxies
could have been initiated by primordial strong gravitational waves passed through clouds of
gas and dust.

Moreover, one can try to estimate the corresponding effect, if the center of a rotated spiral
galaxy can be considered as a source of the graviton emission along the rotation axis. This
effect leads to the additional velocity of a test particle with coordinate X3 = (r.,0,0) (ryo
now is counted from the galaxy center). As a result, the total velocity of a particle in the plane
perpendicular to the wave propagation includes the «Newtonian» (INV), the «graviton» (g), and
the «Hubble» (H) terms [26]:

2
e
|v|2 = [HN 2};:_ +ngv R Ho\/Qg +0gHoR, 7v| (5.9)

where the unit velocities vectors read

ny = (07 ]-aO)v
n, = (+1/v/2,-1/v/2,0), (5.10)
nyg = (1,0,0).

The scalar products of vectors of velocities are ny -ny # 0, ny -nyg = 0, Hy = a'/a is
the Hubble parameter, R, = r a(n), factor « is defined by the cosmological density [26]:
YeCip=tp = V2, of Yacom = /2 — (3/2)Qnr:p—0 — 3Qaip—— ., and g is the energy density
of the graviton in units of the cosmological critical energy density p..'. One observes that
the interference of the Newtonian and the graviton-induced velocities in (5.9) vN_gintert =
/QgreHy does not depend on the radius R . Thus, the strong graviton enforces particles
to rotate around a certain center in the plane orthogonal to the gravitational wave vector with
equal velocities.

One can see that in the mean field approximation, NV = 1, D =0, ./\f(b) = 0, the
diffeo-invariant sector of the strong gravitation plane waves coincides with a free field theory:

Ho = > wilgd (097, (0)). (5.11)

Kk, k240

This fact is well known as the BRT solutions [16]. The equivalence of nonlinear theory
of gravitons in the diffeo-invariant measurable space-time with the free theory recalls us
the equivalence of the nonlinear unnormalizable theory (8, sinh f)? with a free scalar field
theory (0,®)?, that is proved by the change of variables ® = sinh f. The latter can be
treated as a choice of the Cartesian field coordinates along geodesic in the superspace of field
variables [33].

IThere is one more argument in favor of the geometry of similarity and relative units, namely, the large deficit
of the mass of luminous matter My: M/Mp, > 10, in all superclusters with a mass of M > 1015 Mg and a size
of R > 5 Mpc [26]. In this case, the Newtonian velocity is less than the cosmic one by an order of magnitude. In
terms of relative units of the Conformal Cosmology, this deficit can be caused by galaxy deceleration in the course
of the cosmological evolution of galaxy masses.
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6. CREATION OF GRAVITONS IN THE DILATON VACUUM BACKGROUND

Straightforward calculations define a set of evolution equations for the Lagrangian L, (2.14)
and the Hamiltonian H, (4.5)

dpyHg = 2Ly, (6.1)
Oy Ty =2e 2P, (6.2)
dpyLy = 2H, — 2 20T, (6.3)

where Ty = ,/Hf] — Lf].
Note, the GR equations in terms of the spin-connection coefficients (6.1)—(6.3) coincide
with the evolution equations for the parameters of squeezing r, and rotation 6 [34-36]

O(pyry = cos 20y, (6.4)
Wso — O(pyby = coth 27y sin 26, (6.5)

of the Bogoliubov transformations At = B* coshr e’ + B~ sinhre® for a squeezed os-
cillator (SO) 8;pyA* = +iws, AT + AT. Indeed, Eqs. (6.4), (6.5) establish similar relations
for the expectation values of various combinations of the operators AT with respect to the
Bogoliubov vacuum B~|) = 0 (see details in [26])

cosh2r, — 1
N, = (JAT A7) = + =wl ' Hy:, (6.6)

) inh 27y sin 2
i(A‘A‘ _ At AT) = A SNER Tgsm O _ oo, (6.7)

1 inh 2 2
JATAT ATAT) = Sinh 27p GOS8 2By ”’2 cos20b _ -1y, (6.8)

On the other hand, Egs.(2.14), (4.9), (4.12), and (4.11), show up that the graviton
action (2.11) has a bilinear oscillator-like form

Wk _ _
Hg:Zﬂ]m ﬂk: 7[g;gfk+gk gtk]a
k
_ _ Wk o4 o+ — -
Lg = Zéka ék = 7[91( 9k T 9 g,k], (6.9)
k
iwk _
T, = sz; Ty = 7[9{91} — 9 g_k]a
k

where .
gE = [?k\/wk F Zpk/\/wk]
¢ V2

are the classical variables in the holomorphic representation [35]. The form (6.10) suggests
itself to replace the variables gf by creation and annihilation graviton operators. Evidently,
in this case we have to postulate the existence of a stable vacuum |0). As a consequence, it is
reasonable to suppose that the classical graviton Hamiltonian (see Egs. (6.9)) is the quantum

(6.10)
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Hamiltonian averaged over coherent states [37]. One may speculate that such a procedure
reflects a transformation of a genuine quantum Hamiltonian (describing the initial dynamics of
the Universe) to the classical Hamiltonian, associated with present-day dynamics. Having the
correspondence between two sets of equations (6.1)—(6.3) for the GR and (6.6)—(6.8) for the
SO, we are led to the ansatz that the SO is the quantum version of our graviton Hamiltonian
(see also [31]).

In the limit a = /P’ — 0 the classical graviton equations (6.1)-(6.3) take very simple
form
97pyHg = 4H,. (6.11)
Its quantum version, in the same limit, differs by the vacuum energy
2 Wso
Ipy(l - Hp : |) = 4( {: Hy : +7} )- (6.12)

Both equations are supplemented by the zero initial data H, = 0, 9 pyH, = 0. One can see
that classical equation has zero vacuum solution H, = 0, whereas the quantum one takes the
. cosh2(D) -1 . . .
nonzero solution (| : Hy, : |) = wso#. This solution means that dilaton plays the
role of the squeezing parameter. The cause of the vacuum creation is the vacuum Casimir

energy. This energy is a result of the normal ordering of the graviton Hamiltonian [26]

Hy = Hy = Hy i 422, Ly =L, T,=T, (6.13)

where
Weo = € 2Py (6.14)

This is a central point of our construction.

The normal ordering of classical Hamiltonian after its quantization gives the Casimir-
type vacuum energy w. = 0.09235/(2r,) [38], where 74 is the radius of the sphere. One
can obtain the primordial Casimir energy density of gravitons {2, normalized on the critical
energy per = M§,3/(8)

Q4 =0.09235- (6.15)

Mg Hgrd'
The exact solution of Egs. (6.1)-(6.3) is shown in the Figure for ws, = 1/2 and H,; = 1.
This solution shows us that during some time of relaxation ng ~ 2H, 971 we obtain almost the
constant density, the value of which depends on the instance of the creation 1 + z,.

In accordance with this solution, at the tremendous redshift (1 + zg) = efDa) = ag_l,
2y — o0 is reduced to the zeroth mode dilaton integral of motion €2py, which corresponds
to the z-dependence of the Hubble parameter! H(z) = Hy(1 + 2)2.

At this moment, the Universe was empty, and all particle densities had the zero initial
data. The next step is the creation of gravitons induced by the direct dilaton interaction.
A hypothetic observer being at the first instance of the Universe at the horizon value r, =

'Note that the same dilaton vacuum regime H(z) = Ho(1 + z)? is compatible with the SNela data [25] in the
geometry of similarity (1.10) [9].
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The creation of the Universe distribution [Nx = N3] (6.6) versus dimensionless time 7 and energies
0.5 < wk = wso at the initial data N (n = 0) = 0 and the Hubble parameter H(n) = 1/(1 4 27)

1/(2H,) in the primordial volume V, = 4mr3 /(3 -8) = H(1 + 2,)°/(3 - 8) observes the
vacuum creation of gravitons (and any other massless particles) with the primordial density

16H
Q, = 0.09235 - M20 (14 z)® (6.16)

Pl

defined by the Casimir energy. The question which remains to answer is how to define the
instance of the creation z,?

7. STANDARD MODEL OF ELEMENTARY PARTICLES

In order to estimate the instance of creation of gravitons (1 + z,), one can add the
Hamiltonian of the Standard Model (SM): H, — H = H; + Hgy, when in the limit

(1 4+ 2,) — oo and a;, — 0 all particles become nearly massless \/k2 +a,2LM§ — Wk

In this case, the same mechanism of intensive particle creation works also for any scalar
fields including four Higgs bosons [36]

Qh(zh) = 4Qg(zh). (71)

The decays of the Higgs sector including longitudinal vector W and Z bosons approximately
preserve this partial energy density for the decay products. These products are Cosmic
Microwave Background (CMB) photons and n, neutrino. Therefore, one obtains

(1 + nv)QCMB(Zh) ~ 4Qg(zh). (7.2)

In the conformal cosmological model [9], in the dilaton regime H(z) = a’/a = (1+2)?Hy,
there is the coincidence of two epochs:
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o the creation of SM bosons in the Universe in electroweak epoch

Mw

1/3
== =0.37-10" 7.3
Ho} 0.37-10%, (7.3)

1+ZW_|:

when the horizon H(zw) = (1 + 2w )?Hp = (1 + zw)? = 1.5 - 1072 GeV contains only a
single W boson;
e and the CMB origin time

1+ zoms = [MemsHol /2 = [107% - 2.35/1.5]1/2 = 0.39 - 10*°, (7.4)

when the horizon contains only a single CMB photon with mean wave length Acyp that is
approximately equal to the inverse temperature >‘61{/IB = Tcems = 2.35- 10713 GeV.

One can see that these values of the z-factor (1+2;,) ~ (14 zw) = (1+2cmB) are less in
three times than the Planck value (3.15). This difference can be explained by the retardation
factor defined by the cubic root of the Weinberg coupling constant in SM aif ~ 1/3. It
arises due to the lifetime of the SM bosons. In particular, remember that the W-boson lifetime
is proportional to a;vl, and the proper time of massive particles is proportional to the cube
of z-factor.

In the same epoch 2, =~ zw =~ zcmB, the primordial graviton density (6.16) coincides with
the CMB density normalized to a single degree of freedom. Therefore, there are observational
evidences that the instance of the creation of graviton z, ~ 0.37 - 10 is very close to the
instance of the creation of Higgs particles zj, ~ zy = 0.37 - 10'5. In particular, for n, = 3
we got z5 = 0.37 - 10" = 2y = 25, (as it was supposed in [31]).

The coincidence of the epoch z, with the first two ones z, >~ zw = zcmp gives us a
hope to solve cosmological problems with the aid of the quantum dilaton squeezing of the
Higgs particles (1.10) in the Dirac geometry of similarity, without the classical inflation (see
also [9]).

While adding the SM sector to the theory in order to preserve the conformal symmetry,
we should exclude the unique dimensional parameter from the SM Lagrangian, i.e., the Higgs
term with a negative squared mass. However, following Kirzhnits [39], we can include the
vacuum expectation of the Higgs field (its zeroth harmonic) (¢). The latter appears as certain
external initial data or a condensate. In our construction we can choose it in the most simple
form: (¢) = const = (¢); = 246 GeV, which could be considered as the initial condition
at the beginning of the Universe. The fact that the Higgs vacuum expectation is equal to
its present-day value allows us to preserve the status of the SM as the proper quantum field
theory during the whole Universe evolution. The standard vacuum stability conditions

(010)|g=(py = 1, {0[0)]g=(py = O (7.5)

yield the following constraints on the Coleman—Weinberg effective potential of the Higgs
field:

Verr((9)) =0,  Vig((¢)) = 0. (7.6)

It results in a zero contribution of the Higgs field vacuum expectation into the Universe energy
density. In other words, the SM mechanism of a mass generation can be completely repeated.
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However, the origin of the observed conformal symmetry breaking is not a dimensional
parameter of the theory but a certain nontrivial (and very simple at the same moment) set of
the initial data. In particular, one obtains that the Higgs boson mass is determined from the
equation V/;((¢)) = M%. Note that in our construction the Universe evolution is provided by
the dilaton, without making use of any special potential and/or any inflation field. In this case,
we have no reason to spoil the renormalizability of the SM by introducing the nonminimal
interaction between the Higgs boson and the gravity [40].

The SM interactions include the amplitudes Mp,, of the gamma processes h — 77,
WTW™ — ~v, ZZ — ~v and the process of the transition of double W to neutral kaon
Mww_ K, (described by the triangle anomaly [11,36]) with creation from the Dirac sea
of quarks and electron that form the baryon asymmetry of the Universe. The interaction
Hamiltonian in Eq. (4.16) can be written in the form

1 L
Hy= Y S (0BT +b707) Mp, 5+
fi=W.,Z,h

1 o
+ 92 (b4vhv+bIJ/rv— Mww—xo = by by, - MWWH?O) - (D)
The Bogoliubov transformation

1
ata™ + 3 = (7.8)

1 1
=3 Kbﬂ’ + 5) cosh 2r+ (berJr —Hfb*) sinh 27 cos 20+1 (berJr — b*b*) sinh 2r sin 26
(7.9)

shows us that the intensive creation of particle goes from the vacuum 1/2 in the first term,
while the next terms give additional contributions due to interactions (7.7). Here one can
mark that the evolution equation (4.16) gives the double contribution of the Higgs particle
decays in comparison with the vector boson ones.

The additional photons arising due to interactions in (7.7) in the quantum evolution
equation (4.16) describe the Cosmic Microwave Background power spectrum anisotropy [41].
The numbers of these additional processes (i.e., emitters) determine the multipole momenta
{p at the instance of the processes marked by z-factor. Therefore, the z-dependence of the
multipole momenta £ can be obtained as the ratio of the length of the horizon and the size
of emitters given by their Compton lengths, so that multipole momenta proportional to the
numbers of emitters ¢g have the z-factor like the cubed conformal mass ¢g ~ M]?__:}.

The observational fact is that the cubic root of the ratio of the third and the second
peak momenta (800/546)'/% = 1.136 ~ My /My, in the Cosmic Microwave Background
power spectrum coincides with the ratio of the Z and W masses in good agreement with
the experimentally defined value Mz/My = 1.134. This agreement allows us to interpret
the first peak (that is two times greater than the last two in accordance with the evolution
equation (4.16) and the Bogoliubov transformation (7.8)) as contribution of the two-photon
decay of the Higgs particle with the mass m;, = 2(220/546)'/3My, = 118 GeV lying
just in the region preferred by the results of the Standard Model parameters fitted from the
experimental data of LEP [11]. Note that the vacuum postulate in the form of the Dirac
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constraint of zero momentum of the local volume element (A.20) (with negative contribution
into the energy constraint) forbids the Sakharov-type oscillations associated with the CMB
power spectrum in the ACDM model [5].

CONCLUSION

In the present paper, we considered the Hilbert action expressed in terms of the Maurer—
Cartan forms of the joint nonlinear realization of the affine and conformal symmetries follow-
ing the ideas of the affine A(4) and conformal symmetry C [1,2,8,18]. The dilaton D was
introduced as a representation of the Poincaré group in the tangent Minkowskian space-time.
The dilaton zeroth mode (D) coincides by definition with the redshift-factor logarithm of the
Hubble evolution. Thus, we studied the redshift-factor evolution of the GR and SM in terms
of the Maurer—Cartan forms. Diffeo-invariance of the Maurer—Cartan forms leaves a single
graviton degree of freedom instead of two.

The Maurer—Cartan forms are objects of the Lorentz (relativistic) transformations in the
tangent Minkowskian space-time. It was shown that relativistic properties of the Maurer—
Cartan forms and homogeneity hypothesis fix the vacuum state that corresponds to the domi-
nance of the scalar field zeroth mode energy density. This density is in agreement with
SNela data in the cosmological model based on the Dirac geometry of similarity. The SNela
cosmological evolution of the metrics [25] is induced by the homogeneous scalar field zeroth
mode, without the inflation hypothesis and the A-term.

The vacuum is defined as the state with the minimal energy of the Universe. This energy
is identified with the zeroth mode momentum P, py. It solves the energy-time problems of the
Einstein theory at the level of the Hilbert action. This solution includes the construction of
the z-ordering operator of evolution U/ = T(pyexp (—i [ d(D)Ppy). Vacuum stability can
be achieved by the ordinary quantization of the zeroth dilaton harmonics. The corresponding
uncertainty principle gives us the dilaton initial data at the Planck epoch, while the conformal
symmetry unambiguously leads to the Dirac geometry of similarity compatible with SNela
data in the vacuum regime.

We have provided a few arguments in favor of that the exact evolution of the GR as
a theory of spontaneous conformal symmetries breaking is related to the equations for the
quantum squeezed oscillator. In the suggested cosmological model, the Planck epoch coincides
with the electroweak one. It was shown that there is intensive vacuum creation of gravitons
and SM bosons due to their Casimir energies at the Planck epoch in the vacuum background
of the Empty Universe. The rough estimation [11] shows us that the considered approach to
the GR and SM dilaton evolution can yield the vacuum creation of matter in the Universe in
agreement with its present-day energy budget. The Early Universe behaves like a factory of
electroweak bosons and Higgs scalars. It gives us a possibility to identify three peaks in the
Cosmic Microwave Background power spectrum with the contributions of photonic decays
and annihilation processes of primordial Higgs, W, and Z bosons in agreement with the QED
coupling constant, Weinberg’s angle, and Higgs’ particle mass of about 118 GeV.

The problems of calculations of the S-matrix elements and their transformational properties
at the level of quantum theory and its renormalizability will be discussed elsewhere.
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Appendix A

DIRAC HAMILTONIAN APPROACH TO GR IN TERMS
OF THE MAURER-CARTAN FORMS

In this appendix we adapt the standard Dirac approach to the conventional scalar curvature
action in terms of the Maurer—Cartan forms including the electromagnetic field F},, = 0,4, —
0, A,, and the scalar one ()

1 1
Wig, A, Q) = - / d'av/=g (63(4) (9) = FuaFupg" 9" + cwcwg“”) (A1)
in units

h=c= Mp/3/(87) =1. (A2)

Using the definition of the metric components given by Eqgs. (2.1)—(2.3), we obtain the
action

W:/d4xN[£D+£g+£A+£Q], (A.3)
where
2 4 pra D2
Lp=—vp — 3¢ Ne ,
1 _ .
£y= L[ty - @)
) (A4)

~ ~ 2
Lo = 2D (UQ + UDQ)2 — 72D (8@)@ + 8(b)DQ)
is the set of Lagrangian densities,

_ 1

VQ {(80 —Nlal)é-i-alNl/?)} ,

=

1
op = (00 — N'9,)D + 9,N'/3],
1
V(ab) = N [w@b) (80 - NZ&) + 8(Q)N(Lb) + 8(b)N(é) ,
1 . .
V(b)(A) = Neéa) [80141' — 81'140 + FijN]}

are velocities of the metric components and fields, A = 0; [eéa)ega)ﬁj] is the Laplace operator,

and R(®)(e) is a three-dimensional spatial curvature expressed in terms of triads €(q); and the



338 Arbuzov A. B. et al.

coefficients of the spin-connection

R®) — R(3)(e) _ §e7D/2AefD/2, (A.5)

R (e) = =20, [{)0(c) (k)] — 0(0)1(be) T (@) ) T T (o)) (a) T () () )" (A.6)
T(o)(ab) = W) (0(0) + @iy (O)) — Wiiey (Dia))]s

W(ab)(a(f:)) e [ (a)a( ) €b> +e%b)8(0)eza)} ; (A7)

W(ab)(a(f:)) 1 [ (a)a( ) €b> - e%b)a(c)eéa)} . (A.8)

Using the Legandre transformations in (A.3) v?/B = pv — Bp?/4, we got momenta

U(ab)
3 )

So that one can write total action (A.3) in the Dirac Hamiltonian form [12]

W:/d4x

ZPF&)F P (9@ + 80DQ) + Payw"(80) + PadoAg) — PpdoD,  (A1D)

P(ba) = PD = QUD, PQ = 21}@, PA(b) = UA(b)- (A9)

Z PrdoF —C (A.10)

C=NH+ NI + A(o)é(b)PA(b) + /\(O)PD + /\(b)ake?by (A.12)
where
W
H:—é—N:HD'FHg'FHA'FHQ, (A13)
2
Hp = — PD 47D/2A ~D/2 (A.14)
Hy = [ (3)(6)] : (A.15)
e
Hy = 5 [R(A)P(A) + F;;FY ] (A.16)
op | F5 2
Ho =e*" | 2=+ (00)Q + 91 DQ) " | , (A17)
T0) = —Planwion () + D ProF (A.18)
F=A,Q

are the energy-momentum tensor components [10]. Dirac [12] added the secondary class
gauge constraints

Oefy =0, (A.19)
2 3D
Pp = 2%’3 = ;N [Boe P — 9, (N'e#P)] = 0. (A.20)
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So that the first three of them fix the spatial coordinates by the accepted way [12], and the
constraint P5 = 0 removes negative contribution of nonzero Fourier harmonics of dilaton
momentum.

Appendix B
DILATON COSMOLOGICAL PERTURBATION THEORY

The comparison of the cosmological perturbation theory in the ACDM model with the
Hamiltonian approach to the same cosmological perturbation theory [10] reveals essential
differences of these approaches and their physical consequences.

In order to keep the vacuum postulate, Dirac [12] imposed the minimal surface constraint
P55 = 0 and excluded the negative contribution —P% of the spatial local volume element
momentum to the energy constraint. In the dilaton version, the local dilaton D is associated
with the acoustic waves used for the explanation of the CMB power spectrum [5]. Thus, the
vacuum postulate P5 = 0 excludes the dynamics of acoustic waves P5 # 0 with negative
contribution into the energy density.

In order to demonstrate these consequences, we consider the case when the simplex com-
ponents e(b)idxi = wg)) = dxp) are total differentials. The latter means that the coefficients of
the spin-connection are equal to zero together with the three-dimensional curvature R(®) = 0.
In this case, the transverse components of the shift vector can be defined by

0Su

Ty = €l 55, = ~O0Pw@ T > i f =0, (B.1)
f=6.Q.F
1
PO)@) = Ga7 ( ¥y N — N — (9<b>/\/<a>> : (B.2)

While the shift-vector longitudinal component is given by the Dirac constraint 9 e3D =
) (e’35./\f(b)). The lapse function and dilaton in the first order in the Newton coupling

constant take the forms [10]

P21 5 [ @y [G@nTHw + 6o@nThw].  ®3)
Ne=TD/2 _ 1 _ %/ [G(+)(x DT () + G ()T (y )} (B.4)
where G (+)(z,y) are the Green functions satisfying the equations
[Emiy) — DG s (2,y) = 8 (x —y), (B.5)
miyy = HQW [14(8 £ 1)Q0)(2) F0)(2)] (B.6)
5= \/1 + Q) (2) —149 1) (2)] /19820y ()], (B.7)
T =T F 180T 0 — T, (B.8)

T = [TT (o)~ Tyl £ (146) T (B.9)
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in which the local currents and €,,)(z) are given by the equation

Qy(z) = > @N"(0+2)°7Q, Q5 =(T;)/H;, (B.10)
J=0,2,3,4,6

and €7—0,2,34,6 are partial density of states: rigid, radiation, matter, curvature, A-term,
respectively; Q(0)(0) = 1, and Hy is the Hubble parameter.

In the case of point mass distribution in a finite volume V{, with the zeroth pressure and
the density

_ 7(1)($) 3 17
T = =" M|83x—y) — — B.11
(0) ((E) 6 4a2 ((E y) VO_ ) ( )
solutions (B.3), (B.4) take the Schwarzschild-type form
o] 1 1-— T
e—D/2:1_|_T_9 +—me_m(+>(z)r+—mcosm(,)(z)7“ :1+T_97
4r 2 2 L r=0 4r
Ne ™P/2 1 _ Tg [Mﬁi—'—l e~ M ()T 1451 cosm(_y(2)r 11

4r | 288 2843 Ho=0 4r’
where 3 = 5/7, m(y) = 3m(_), m(~y = Ho+/3(1 + 2)Qs/2. These solutions have spatial
oscillations and the nonzero shift of the coordinate origin.

One can see that in the infinite volume limit Hy = 0, ¢ = 1 these solutions coincide
with the isotropic version of the Schwarzschild solutions: e D/2 =14 rg/4r, Ne ™0/2 —
1—ry/4r, N¥ = 0.

In contrast to standard cosmological perturbation theory [5] the diffeo-invariant version
of the perturbation theory does not contain time derivatives that are responsible for the CMB
«primordial power spectrum» in the inflationary model.

The next differences are a nonzero shift vector and spatial oscillations of the scalar
potentials determined by m?_). The dominance of rigid state Qgyg ~ 1 determines the

6 9
parameter of spatial oscillations 7 | = ?Hg[QR(z +1)% + EQM%S(Z +1)]. The red-
shifts in the recombination epoch z, ~ 1100 and the clustering parameter r¢j,s; = AW
(=)
~ 130 Mpc recently discovered in the researches of a large-scale period-

~
™

H()Q}%/Q(l + ZT)
icity in redshift distribution [42] lead to a reasonable value of the radiation-type density
107 < Qr ~3-1072 < 5-1072 at the time of this epoch.
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