


1 Statement of problem

There is an opmlon [1] that the Faddeev- Popov (FP) functional mtegral ‘
in the theory of gravity
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cannot describe homogeneous cosmological models

In this paper we show that there is a choice of a metric g,., and of
the gauge f,,(g,,.,) = 0 for which the FP integral (1) leads to a definite
quantum version of the Friedmann-Robertson-Worker model and discuss
the physical consequence of this version.

2 The choice of a metric and gauges

Let us choose the ADM metric [2] (which is used for the canonical quan-
tization) with the factorization of the "scale-space variable” [3] a(z) =
ezppu(z); and the_conforma.l-inva.riaxit "graviton”: h;;, (deth = 1)

(ds)? = g,,dz"dz” = a®(dz®)? — a®h;j(dz’ —'ﬂ"da:o)(da:j - ﬂjda:o);t (3)
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Taking into account the expansion of the n-dimensional space curva-

ture R(a*h) = R(a?) + R(h)/a® we can represent the action (2) for the
metric (3) in the first order time derivative formalism
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‘H and Py are the density of the Hamiltonian and momentum which
form the primary constraints

H=0; P =0; o ~(8)

Wk is the surface integral (which is usually neglected). We see that in
the metric (3) the total energy density (5) splits into the negative energy
of the scale dynamics (¢) and the positive energy of the gravitons (A;;).
This fact gives a possibility to use the analogy with the simplest system,
. invariant with respect to the time reparametrization, relativistic particle
[4], where the Hamiltonian has two roles of the primary constraint (2) and

of the generator of evolutlon w1th respect to the physncal nonholonomic:

(invariant) tlme ,
dr = adz® (9)

In the gauge fx = 0 one can easily be convinced that the Hamiltonian

of the theory (2): H .= [d"zaH also plays the role of the evolution

generator for the quantum scale p(z); P = 16/6;1(3:) wnth respect to the
time (9). The Helsenberg equatlons
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completely coincide with the Einstein classical equation for p(x). We
cannot see this "scale” dynamics on the level of the FP integral (1) as
the action (4) on the constraints (8), W = [ d”z[P[u]8op], depends on
this dynamics only on the time boundaries of the finite interval of the
physical time (9)

W(0|T) = W(i(T,z)) (12)
The gauge revealing the boundary scale dynamics (10), (11) is

u(z) = #(TZ) (13) -

For "gravitons” we can choose the space harmonical gauge [3]

ah*k =0. | ' (14)

3 The calculation of the FP functlonal in-
tegral

_ These two constraints (13), (14) lead to the FP integral (1) for the Green

function of the time evolution of the system in the finite time interval

(0,T)
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where App is the FP determinant, 9,y = (1/2)(m1,6+nx,) is the covariant
derivative in the metric k;;. The scale u(T, z) is defined from the solution
of eqs. (8), (10), (11) on the boundary of the time interval where one glves
the "in” and "out” physical states... We consider here one of such ”
physical states the Absolute Vacuum (AV) as the state without partlcles
(gravitons) with positive energy whichi is characterized by the vacuum
energy density: T9(h) =< Tg > as the function from the scale.

~ The primary constraints (8) on the AV state: H| >4v=0; A >Av—
0 have the form

Pr(ar) = F[z <T®> ——R(ap)]1/2 ak( ) =0 (17)
and describe one of the versions of the homogeneous Universe. As has
been noted above, on the boundary of the physical time these constraints
(17) should be complected by the scale evolution equation (10) -
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which coincides with the Friedmann equation.
We see that i in the spectrum of physical excitations of the theory (2)
there is a collective (global) excitation of the physical space as a whole
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which plays the role of the zero-mode of the operator of differentiation
with respect to the space coordinate (8;) (17).

Let us extract all collective variables and their factors from the inte-
gral (15), (16) in the separate functional integral:

[IpP=dr:[[ DPy;
[16(u(=)

W = We + Wy, W = / dP(8ouP) — BoP[(n 1)  (20)

and neglect the influence of the local variables (radiation h;;) on the
zero-mode (like the ra.dla.tlon perturbatlon theory in QED descrlptlon of
a hydrogen atom).

Then, in the lowest order of the ra.dla.tlon perturbation theory we get
the fa.ctorlzatlox‘x of the mtegra.l (15) ZR o ZGlobal @) Zlocal ywhere the
global part has the form
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and is easily calculated

(- per(T) a
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where V, .is. the dlmenswnless volume of the n- space especnally for the
positive curva.ture space

R(az)v=2£——a—ﬁ k=1,V,=2r

) (24)

In accordance with two roles of the Hamiltonian: as the constraint
(8) and as the evolution generator (10), the expression (23) has two
. interpretations as the stationary Wheeler-De Witt state Wg(a) and as

— (T, 2)) = 8(pe — pr(T)) [] (ie — po(Ty2))  (19)

the Green function of the evolution of the Universe in the AV state,
respectively.

The Green function of the Universe (23) with the conformal vacuum -
energy density

79 5= 5 )
<Ig>= v , (25)
for all three types of the space (24), k = 0, %1 exactly coincides in form
w1th the wave: function of a relativistic particle in the rest frame

R \I!G(a(T)) exp{tim.T(alk)} (26)

where

T(alk) = —2< f(A); A= [0 (20)

IoA) = A firlA) = arcsini f1(A) = (A4 VTF A (28)

is the conformal time: - ) |
dT = apdT,, (0 < To(k = 0,~1) < 00; 0 < Tu(k = 1) < 2r),

m. = V,eR is the conformal mass of the Universe. (For the real case
n=23k=0m.~ 10T ~ 1) The sign (-) corresponds to the
creatlon and expansion of the Universe. ‘

4 Problems of quantum cosfhologyr

The cosmological consequences of these results are the new answers. to
the old problems of quantum cosmology. : :
1) The homogeneity of the Universe created from notlnng is the
consequence of the definition of ”nothing” or of the Absolute Vacuum as
the state without a particle with posmve energy.’ Lo o
2) The cause of the Universe expansion is the new collective exc1ta.tlon
of the physical space (of the type of the superfluid motion of quantum
liquid) hidden in the boundary conditions. This excitation is induced by

‘the density energy of the vacuum of all particles. which can be created in

future in the process of expansion. ~

3) Just this unobservable vacuum energy plays the role of the ”hldden :
mass” of the plain Universe.

4) The Quantum Nature of the expansion could solve the problem of
"horizon”.



5 The status of the radiation gauge and
relativistic covariance
In conclusion, we discuss the physical status of the radiation gauge in

QED and gravity and its relativistic covariance.
As it has been shown in ref. [5], the radiation gauge in QED is phys-

ically favored and is based i) on the explicit solving-of the Lagrange

equations for unphysical components with zero momentum-and-ii) on
the construction of the minimal set of physical variables on the surface,
admitted by these equations, as the gauge invariant functionals from the
initial fields with the nonlinear relativistic Heisenberg-Pauli [6] transfor-
mation. The last corresponds to the change of the time-axis of quanti-
zation or the change of a gauge.

“We tried here to follow the internal logic of the construction of such a
type of variables in QED for quantum gravity. According to this logic, the
-change of the time-axis on the "surface of admissible dynamics” should
lead to the boost of the wave function of the Universe

ezP{Tichc} = ezP{»—iP(s),qu b ’P(C)M’P(“c) =m} .

B : ‘ ‘
likewise the transformation for the wave function of the hydrogen atom.

In both cases for asymptotical nonfree particles (in the atom) and

for asymptotical nonplain space-time (in the Universe) the theorem of
equivalence of different gauges does not work as this theorem is based
on the change of asymptotical states. It is impossible to reproduce in
any other gauge the result of construction of the wave function of the
Universe in the lowest order in radiation, as it is impossible to reproduce
the construction of the instantaneous wave function of the hydrogen atom
and its ‘relativistic covariant properties in.the relativistic gauge which
contains only the llght -cone smgularlty propagators [5]
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n,PaAmauMOHHaﬂ Teopma BoamymeHmm ;
B rpaBuTalmm M KBaHTOBaﬂ BceneHHaﬂ KaK aToM Bonopona

B KBaHTOBOM Teopmm rpaBnTaumu . (n+1) MepHOro npocr—~3
‘«paHCTBa BpeMeHU CTPONTCA YHKLMOHAMbHbliA wHTerpan %aa-
" AeeBa-TlonoBa . ANA paAvaUMOHHOI TeOopUN BO3MYUEHW . Moka- -

":‘:'3aHo ‘-4T0 3ToT WHTerpan-B: HVI3ILIEM nopsmKe no pan.mau,wm S

YacTWL C TONMOKUTENbLHON 3Heprueil onucuisaeT 'KBaHTOBYW
- BEPCUI0 OAHOpPOAHON BcenenHoi ®puamaHa  (noaoBHO ToMy Kak

2} “Hu3wni nopsaok no paanauvm B K3/ onuchiBaeT aToM BoAO-
-poaa). B aToii Bepcun pacumpenne BceneHHoM BLIFNAAUT Kak

: KOI'II'IEKTVIBHOE cBepxTeKy4ee Aemmenme KBaHTOBOI’O HpOCTpaH'
‘CTBa,  a l'lﬂOTHOCTb 3HEDI"VIM BaKyyma Ml"paET pOﬂb "CKpr"
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“xRad1at1on Perturbat1on Theory B T e S

~in” Grav1ty and Quantum Un1verse
fas ‘a Hydrogen Atom . S

T In quantum theory of grav1ty of the (n+1) d1mens1o-r
’Jnal space-time the Faddeev Popov funct1ona1 integral .

| is constructed for rad1at1on perturbation: theory We

~show that this integral in the lowest order in the ra-

» @fd1at1on of part1c1es with: pos1t1ve energy descr1bes the o

~quantum version of the: Friedmann homogeneous Universe: :
- (1ike the lowest radiation order in QED describes a -

V j;hydrogen atom). In this- ‘version-the Universe" expans1onh

‘?hi.;;tory of . Theoret1ca1 Phys1cs JINR

- looks-as the co]]ect1ve superf1u1d motion of quantum: - |-
-.'space,_and the vacuum- energy dens1ty p]ays the ro]e of; 5
.the "h1dden mass". b
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