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Abstract: The stage of a super-early scale-invariant Universe is considered on the basis of the Poincaré-Weyl
gauge theory of gravity in a Cartan—Weyl space-time. Anapproximate solution has been found that demonstrates
an inflationary behavior of the scale factor and, at the same time, a sharp exponential decrease in the effective
cosmological constant from a huge value at the beginning of the Big Bang to an extremely small (but not zero)
value in the modern era, which solves the well-known “cosmological constant problem”.
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1. Introduction

In [1] the gravitational field as the field of curvature and torsion was introduced as the gauge field of the
localized Poincarégroup. This led to the construction of the Einstein-Cartan theory of gravity [2], based on the
Lagrangian in the form of a scalar of curvature of the Riemann-Cartan space.

The next step towards the construction of a Poincarégauge theory of gravity was made in [3-5], where
Lagrangians quadratic in the curvature tensorwere introduced, and the theorem on the sources of a gauge field
was formulated and proved in general form, aswell as in [6,7], where in addition Lagrangians quadratic in the
torsion tensorwhere also introduced (for the Poincarégauge theory of gravity, see [8-12]).

Then in [13-17], the Poincaré-gauge local symmetry were supplemented by transformations of the Weyl
symmetry subgroup — stretching and contraction (dilatations) of space-time. In [15-17], the gauge theory of the
Poincaré-Weyl group was developed. In this theory, tetrad coefficients (which cannot be gauge fields, since they
are tensorcomponents), as well as connection, are some functions of real translational and rotational gauge fields.

It was shown that at this theory the space-time acquires the properties of a Cartan—Weyl space with a cur-
vature 2-form R? and a torsion 2-form 7?, aswell as a nonmetricity 1-form Q,, with the Weyl condition,

(N =(]/4) 0., Q. In this case, in addition to the metric tensor,a scalar field S appears,which by its properties

coincides with the scalar field introduced earlier by Dirac [18].

In [19-21], it was hypothesized that the group of symmetry of space-time at the super-early stage of the
evolution of the Universe — the epoch of the Big Bang and subsequent inflation — was not the Poincarégroup, but
the Poincaré-Weyl group. At this stage, the rest masses of elementary particles had notyet appeared, all interac-
tions were carried out by massless quanta, and therefore these interactions had the property of scale invariance.

The proposed hypothesis is based on the assumption made by Harrison and Zel’dovich about the approxi-
mate scale invariance of the early stage of the evolution of the Universe, which underlies the calculation of the
initial part of the spectrum of primary fluctuations of matter density in the early Universe (Harrison-Zel’dovich
Plateau, see [22]) and have been confirmed by results of the COBE experiment for the study of the anisotropy of
the brightness ofthe background radiation.

2. Lagrangian density and field equations
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When terms with squares of curvature have been omitted, then the Lagrangian density 4-form of the Poin-
caré-Weyl gauge theory of gravity has the form [20-22],

L=208[(Y2)R*, A, = B Ay +p T AT, +p,(T* AO) AKT 76,)
+ P (T AOYAKT® AO)+EQA*Q+LQAO* A*T, +1,2dB A*dB @)
+ LB ABAO AXT, +1,B7dB A*Q |+ AT A(Q, —(1/4)9,,Q) |

where * is the Hodge dualization operation, A® are Lagrange multipliers, n is avolume 4-form with components

Mase » NG 77y =(1/2D)0° A O 1 -
According to E. Gliner [24,25], the cosmological constant A in the Einstein equations is interpreted as the
energy of the physical vacuum. The term ,BZAO in (1) describes the effective cosmological constant [20-22]

(dark energy, the energy of the physical vacuum), depending on the Weyl-Dirac scalar field /3 (A0 is the theory
parameter providing the correct rate of inflation). The equality ﬁg‘AO =10"°A (see [26]) should be fulfilled,

where A is the modern value of the cosmological constant, and ,BO is the value of the Weyl-Dirac scalar field at

t=0.

The derivation of the variational field equations is based on the use of the commutation lemma on variation
and dualization operations ofexternal forms in the Cartan—Weyl space, proved in [20,27] and then modified taking
into account the presence of a scalar Weyl-Dirac field. As a result of the variation procedure, we have obtained

three field equations: I'-equation, & -equation, and /3 -equation, which one can seein Appendix.

3. Cosmological model for the super-early Universe

Let us consider the homogeneous, isotropic and spatially flat Universe with the Friedman—Robertson—
Walker (FRW) metrics,

ds? = dt® — a?(t)(dx® +dy® +dz?), @

and let us solve for this metrics the Poincaré-Weyl gravity field equations (A1)-(A3) for the scale invariant super-
early stage of the Universe evolution.
It is known from previous works [20-22,29-31] that for this metrics the 2-form of torsion 7, =(1/3)7 A6,

is completely determined by the 1-form of its trace 7 = *(6, A*7®). It is also known that in this case the anti-
symmetric part of the I"-equation (A1) is equivalent to the equations,

2 =2p,~1)T +3(Y4+£)Q = (6-31,)(dp/ ), ®)
2 —2p, +45)T + (16¢ +3¢)Q = (-3, - 81,)(dB/ ). @

As a result of the equations (3), (4), the 1-forms of the torsion trace 7 and the nonmetricity trace Q are
equal to

T=s(dp/p), Q=q(dB/B). ©)

Here thenumbers S, Q are determined by the coupling constants ofthe Lagrangian density (1). For these numbers
we accept the condition,

=1, (6)
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which was also accepted when finding spherically and axially symmetric solutions ofthe of Poincaré-Weyl theory
of gravity [29-31].
As aresult we obtain thatthe only non-null expressions of the @ -equations (A2) are
3H? +6HU +U” (K* +3)=A,/", @
2H, +2U, +4HU +3H?-U? (k2 —1):1\0/32, ®)

where we have introduced notations,

k2 =1, +(1/2)sl, +(1/2)ql, , ©)
H=a/a, a=da/dt, U=4/8, B =dp/dt, (10)

and the only non-null expression of the g -equations (A3) is
3H,+6H” +(U, +U’ +3HU ) (k* +3) =2A, /5. (11)

4. Cosmological solution for the super-early Universe

Now we solve the systemof equations obtained in the previous section. Let us subtract the equation (7)
from the equation (8). As a result we obtain,

H, +U, —HU -U? (k* +1) =0. 12)

Then after subtracting the double equation (8) from the equation (11) and taking into account the equation (12),
we obtain the equation

k? (U +3HU+2U%) =0,  k*#0. (13)

When k? =0, we obtain for two unknown functions a(t) and g(t) three equations (7), (12) and (13).
Thus, the systemof equations is over-determined.

Let us estimate the value of k2. Based on the calculation of the flyby anomaly (upon receipt of the spheri-
cally symmetric solution [29,30]), the following estimate was obtained,

k?~10%°+107%. (14)

Therefore, in equations (7) and (12), we may neglect the terms with the coefficient k®. Then the equation (7) will
be reduced to the equation

H+U=(4/3)8, A=43A,. (15)

Here from the two possible signs, we take the “+” sign.

In this case the equation (12) with regard to (14) turns out to be a consequence of the equation (15). The
systemof equations reduces to the two equations (13) and (15) for two unknown functions a(t) and S(t) , and the
systemof equations is becoming well defined.

It is easy to understand that in case k> =0 the system of equations (7), (12) and (13) turns out to be under-

determined, because in this casethere is only one equation (15) fortwo unknown functions.
Equation (13) with regard to (15) is reduced to the equation,
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U, +1pU -U?=0. (16)
which is equivalent to the equation
BB+ B - B =0. (17
which is integrated by substitution S = %z(3) . The first integral of this equation is
U=4,/B=-2BIn(Cp). (18)

Here C is an integration constant.
We obtain the second equation of the systemafter substituting this solution into equation (15),

H=a/a=28(In(CA) +1/3). 19
A boundary condition is

Cp—>1 when t—oo. (20)

-t
The approach to the limit value Cg—1 for large t occurs exponentially, ~e°© .

Then we impose a requirement that the value of the effective cosmological constant 5° (t)A, coincides
with the modern value of the cosmological constant:

BE(t,)A,=A,  t,=13. 8hbillion years, (21

where t, is the Universe lifetime. This requirement determines the value of the constant C .
The result of numerical integration of the system of equations (18) and (19) with the boundary condition
(20) is presented graphically in [32], where can be seen for small and large times t the inflationary behavior of
the scale factor a(t), as well as for small times t a sharp exponential decrease in the effective cosmological

constant ﬂz(t)Ao from a huge value at the beginning of the Big Bang to an extremely small (but not zero) value
in the modern epoch, which coincides with its observed value.

5. Conclusions

We proposed (following Harrison and Zel'dovich idea) that the Universe at the super-early stage had the
property of scale invariance. In this case the symmetry group of the space-time is the Poincaré-Weyl group, and
space-time is the Cartan—Weyl space with curvature and torsion 2-forms, as well as nonmetricity 1-form with the
Weyl condition. And also, an addition to the metric tensor,a Weyl-Dirac scalarfield 3 appears, which determines
the dark energy amount.

The theory constructed is applicable to the super-early stage of a homogeneous Universe with the FRW
metrics with a scale factor a(t). We obtain two equations, (18) and (19), and using the numerical integration, we

obtain the sharp exponential decrease of the effective cosmological constant #*A, atsmall t and the exponential

increase of the scale factor (Figure 1 and Figure 2) [32]. In the proposed theory, the inflation problem acquires
new features: inflation becomes scale-invariant and the Weyl-Dirac scalar field becomes the infraton.

The result obtained can be considered as a solution to one of the main contradictions of the theory of the
Universe evolution, which is called the “problem of the cosmological constant” [26,33—35]. The essence of this
problem is a huge (about 120 order) difference between the value of the physical vacuumenergy, described by the
cosmological constant, in the initial stage of the Universe evolution (determined on the basis of quantum field
theory) and its value, determined on the basis of modern observational data.
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The hypothesis on the sharply decrease of the effective cosmological constant as a consequence ofthe fields
dynamics in the super-early Universe was expressed in [19-22]. The main thing of the solutions obtained is that
these solutions demonstrates sharply decrease in the effective cosmological constantatsmall t and approach the
modern value of the cosmological constant (butnotzero) at large values of t.

The problem of the cosmological constantis one ofthe important problems of modern fundamental physics
[35]. The solution of this problem will allow to reconcile the theory of the evolution of the Universe with modern
physical concepts.

Appendix

I'-equation:
fo| WA +1/2) T, A" +(1/2) 1, AQ™ + dINB AR, +
+20,0° AT +20,0° NO, AT AO)+2p,0° NO, A¥(T° A6, +
+4E50[2, 3, 4]Q +¢(2620° A¥T, + 6° A%(QA6,))+
+1L,0° Ax(dINBAG,) + 1,25, +dIng |- A0 = 0.

(A1)

6 -equation:

SR A, — B,
+p[ 2D T, + Ty AX(T® A6,)+*(+T° A6,) AT, +4dIn BA+T, |

+0,[ 2D(6, AXT® 76,))+2T" A¥(6, NT,)~ *(T° A0, AO,)T° A6,)

—#(H(T° AO)AO) AT’ AO)+4dIn BAO, AXT" A6,)]

+p;[ 2D(0, AX(T® 76,)) +2T, A(T° A6,) = (T A6, AO,)T° AO,)

—* (KT AO)AO) AKT A6,)+ 4dIn B A6, AX(T" A6,) ]
+&E[-QAHQA0,)~+(*Q 1 06,)*Q] (A2)
+{[D*(QA6,)-Q AT, +QA6° AX(T, A6,)

+# (T, AO) AHQAE")+2dIn BAX(QAE,)]

+[-dIn B Ax(dIn A 0,)—*(xdIn fA6,) AxdIn B)]

+L[D*(dINBAO)+dInBAO° Ax(T, A6,)—dIn B A*T,

+x (¥, AO) A*(dIN BAB°) + 2dIn BAx(dIn S A6,)]

+ L[-dIn A*(QA6,) — *(*QA6,)*dIn5]=0.

[ -equation:
R A" — 4B°AN + p 2T AT, + p,2(T* AO) AT A O,)
+ P 2(T2 AO) AT NG +E2Q A*Q+ 20 A O* AT, (A3)
+ 1, (=2d*dIng —2dIng AdIng) + L,(-d(6* A*T,)) +1,(-d*Q) = 0.
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