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ABSTRACT

We consider the unification of the Einstein theory of gravity with a conformal invariant
version of the standard model for electroweak interaction without the Higgs potential. In
this theory, the evolution of the Universe and the elementary particle masses have one
and the same cosmological origin. In the flat space limit, we get the a-model version
of the standard model. The cosmological consequences of such a unification are studied.
The red shift formula and Hubble law are obtained under the conventional Friedmann
assumption of homogeneous matter distribution. We show that the considered theory
leads to a very small vacuum density of the Higgs field pC°sm%c = lO~3Apcr in contrast with
the theory with the Higgs potential p"i99S = lO54/^.
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1. Introduction
The homogeneous scalar field, generating elementary particle masses in the Standard
Model (SM) for electroweak interactions, is based on the Higgs potential. The physical
motivation for this potential as a consequence of the first symmetry principles is un-
clear and there are a number of difficulties in both cosmology (great vacuum density [1],
monopole creation [2], domain walls [3]) and the standard model (breakdown of pertur-
bation theory for the expected values of the Higgs mass m# ~ ITeV [4, 5, 6, 7]).

Recently, the cr-model version of SM [6] without the Higgs potential has been devel-
oped [5] on the basis of the unification of SM with the Weyl gravity by the spontaneous
conformal symmetry breaking as a result of which a module of the Higgs field is absorbed
by the metric of the four-dimensional space (like the Higgs field angular components are
absorbed by vector fields in the standard Higgs effect). Experimental tests of this a-model
version of SM has been proposed in [7].

In the present paper, we suggest a unification of the conformally invariant version
of the Standard Model for electroweak interactions with the conventional (Einstein's)
theory of gravity. The conformal symmetry principle switches off the Higgs potential and
introduces the Penrose-Chernikov-Tagirov (PCT) term [8] so that the sum of the Einstein-
Hilbert action with the PCT one plays the role of the Higgs potential. The problem is to
calculate a value of the vacuum average of the Higgs field on the standard assumptions
on:

1) neglect of interactions of the Higgs field with the vector and spinor ones, in the SM
action (Higgs [9]),

2) the homogeneous distribution of the matter field (Friedmann [10])
To solve this problem we use the conformal invariant observables and variables [11]

which allow one to establish direct relationships between quantum field theory actions
and cosmological models, on the one hand, and between observational cosmology (with
the red shift and Hubble law) and the version of quantum cosmology with a normalizable
wave function, on the other hand [12, 13, 14].

We study the cosmological consequences of this theory.

2. Unification of the conformal invariant standard
model with Einstein's gravity

We consider Einstein's theory supplemented by the conformal invariant part of SM. In
accordance with the conformal symmetry principle we exclude the Higgs potential and
introduce the Penrose-Chernikov-Tagirov term [8] so that the initial action for our con-
sideration consists of two parts

) . (1)

The first part W| M represents the conformal invariant part of SM and it depends on the
entirety of fields { ^ F } with conformal weights (n): gravitational (g) ng = 2; , vector
(A, B) UA,B — 0; spinor (e, u) nVfi = —|; the doublet of the scalar fields (</>) n^ — —1
with the module |</>|
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the angular components of which (ni,U2) are absorbed (in the unitary gauge) by the
vector field
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where (3^0^) is the Fock covariant derivation in the metric g^, G°^v is the Yang-Mills
tension for A^, and F^ is the [/(l)-tension for B^. In accordance with the Higgs as-
sumption 1), we shall neglect, at first, the interaction of the scalar field with the vector
and spinor ones and use the corresponding action W$M instead of WSM- The second part
of the action (1) Weig, 4>) represents the Einstein-Hilbert action with the conformally
coupled scalar field

2 _

8TT

We express the total action (1) in terms of the conformal invariant variables (marked by
(c)) [11] ^

(n)Fc = (n)F o-n (g)

extracting the space-scale factor [12, 13, 14]

The space components of the new metric p(c) satisfy the constraint y/Wg^ =• 1 by the
definitions (6) and (7). This choice of variables can be justified by the principle of the
conformal invariance of dynamical variables {^n^Fc}.

The action (2) WfM does not depend on the scale variable (a) due to the conformal
invariance. The action (5) WE has the symmetric form with respect to the scale factor

a = /m;

and the scalar field <j>c with J—g^ =

WE = IdAxNc \-

= Mpiy3/8ir

(8)

The class of physical solutions for the theory (8) should be restricted by the condition

(a2 - 02) > 0, (9)



in observable four-dimensional space. In the opposite case (a2 — <j>2) < 0, the Einstein
action changes sign with respect to the matter one, and gravitation converts into antigrav-
itation with a wrong sign of the Newton interaction and negative energy for gravitons.
The restriction (9) leads to the symmetric initial data a = 0, <f>c = 0.

The analogy of the restriction (9) is the light cone for a massive particle, in special
relativity (SR), which can be described by the action

WSR = jdrNc [-c2(^)2 + ( |-)2 + m2] . (10)

The action (1) is four-dimensional generalization of the action (10) where the role of mass
is played by the matter WgM({Fc}). If we neglect the matter, the symmetric (about
a change of <pc by a) equations (action) and symmetric initial data can lead only to a
symmetric class of solutions of the equations of motion and constraints

4>c = ± 0 . (11)

We can see that for the conformal field there is a dynamical identification of the matter and
metric which corresponds to the dynamical identification of the space and time intervals,
in SR (10), for a massless particle: i\ = CXQ.

In terms of the initial fields, \<j>\ = <j>c/a, this means that the "vacuum average" equals
the Planck mass |0| = //. Just as the mass increases the velocity of a particle in SR,
matter provides the right order of a value of the "vacuum average" in SM (as we shall see
below).

3. Homogeneous approximation
First of all, we should emphasize that to determine the spectrum of the Higgs particle-like
excitation, in the Higgs sector of the conventional SM described by the Lagrangian

L(d>) = dM9^\ ~ m\2 ~ v2)2, (12)

the homogeneous approximation is sufficient. The substitution of the homogeneous anzatz

(13)

in eq. (12) leads to
1 ~2 1

L=2^ ~ 2™?H<t>2 + Lint, (14)

where TUH = v\/SX is the Higgs particle mass.
The homogeneous sector of the theory (8) is described by the isotropic version of the

FRW metric

{ds)2 = a2{x,t)[N2(x,t)dt2 - dx2}; a{x,t) = aQ(t)S(x); (15)

o
c, v ; S = (1 T T ) " 1 ; (fc = + l ; 0 ; - l ) . (16)

S(x) A~2



The substitution of (16) into the action (8) leads to

wEH = y(3) f
Jo

dt <S>1 KTO (17)

where V(3) is the volume of the three-dimensional space with constant curvature (for the
case of a closed space k = +1 V(3) = / d3xS3(x) = 27T27-Q). This action describes two
equivalent systems varying with respect to the invariant conformal time

dt] = N°dt (18)

with conserved energy densities

- G M f M •(#+$) (19)

connected by the constraint (Einstein - Priedmann equation 6WEH/6N° = 0)

-Pcr + p° = 0. (20)

It is easy to see that we can satisfy this constraint, the restriction (9) and the motion
equations only in the class of solutions (11)

^ = ± •̂ = ±^^0,7?), (21)

where
^-); Fo = rj; F _ I = rosinh(^-). (22)

In terms of the initial scalar field module \<f>\ = cj)c/a we have only the vacuum value
\<f>\ = n, in contrast with the decomposition of the Higgs field in the potential model (13).

4. Cosmology

4.1. Radiation age

In the vicinity of the beginning of the Universe <j)c = ±a — 0 the total action (1) describes
only a set of SM massless fields (i.e. radiation). We restrict our consideration to the
harmonic excitations of these fields, in the FRW metric (15), (16). The consistent classical
and quantum descriptions of the Universe filled in by these massless harmonic excitations
implies two stages: dynamical (D) and geometrical (G) [12, 13, 14].

(D) At the dynamical stage, one solves the constraint 8WEH/^N^ = 0

-Pcr + pl + PR = 0 (23)

which is the sum of conserved energy densities (19) including "radiation". Parameters
of the time-reparametrization transformations are completely separated from the sector
of physical variables as a result of which the scale factor a converts into the invariant
conformal time (18) of evolution of the Universe [14] and leaves the set of independent
physical variables of the theory (like on the mass-shell in SR (10) the variable XQ converts



into the invariant Lorentz time with the right nonrelativistic limit for the Hamiltonian of
physical variables in the reduced phase space).

The dependence of the scale factor on the conformal time (18)

a(r)) = TQIX'1 pa-2 sin — (24)

is the consequence of the canonical transformation to the variables for which the corre-
sponding Hamiltonian, in the reduced phase space, becomes an integral of motion and
coincides with the standard Hamiltonian in the field theory in the flat space. Just this
approach leads to a normalizable wave function of the Universe and to the evolution of
this wave function in terms of the conformal invariant time parameter [12, 13, 14]. (Let
us recall here exclusion of the variable XQ from the normalization integral for the particle
wave function in SR.)

G) The geometrical stage is the transition to the Friedmann comoving frame of refer-
ence connected with the massive dust. The Priedmann observables, in the comoving frame
of reference, are constructed by conformal transformation of the dynamical (conformal)
variables and coordinates including the Priedmann time interval, distance and the red
shift energy EF

dtF = aodiT, DF = a0Dc; £ F = —^- . (25)
a{tF)

These quantities determine the very red shift and the Hubble law

The evolution of the cosmic scale a(tF) coincides with the one of the Friedmann
Universe filled by radiation. The scalar field <j>c repeats this evolution (24)

<t>c{tF) = ix (&-Y a(tF), (27)
\PcrJ

while the initial scalar field \(j>\ is equal to a constant

The value of this scalar-field, which follows from the Weinberg-Salam theory

= mw ~ W2GeV, (29)

allows us to estimate the value of the relation of energy densities of the scalar field
and the expansion of the Universe (per)'-

m-Z4p6r ( 3 0 )

Recall that the Higgs potential leads to the opposite situation (see [1])

pm99s „ 1 0 5 V



In the flat space limit, we get the evolution of the scale factor in the form of a linear func-
tion of the conformal time. As we can see from the action (8), this evolution presents the
zero mode solution of the Klein-Gordon equation. This result demonstrates the absence
of the Higgs field particle-like excitations, even in the case of the matter fields (in contrast
with the Higgs potential case (13)).

In the flat-space limit ^R(g) = 0, we get the <7-model version of SM without the
Higgs particles, which is discussed now in order to remove the difficulty of a large coupling
constant in the Higgs sector [4, 5, 6, 7].

4.2. Higgs field "dust"
The dust mass in the Friedmann Universe Mp arises from the field theory action

MD = m I d3x\fgW-4>ip = m f d3xa3^ = m< nf > V{3), (32)

as an integral of motion (MD = 0), if we pass to conformal invariant variables tp = a~3^2ij}c.
In our case, when masses of the SM elementary particles (determined by 4>c(v)) become

greater than their momenta, we should include additional terms in the energy density of
the scalar field of the type of (32)

P<t> = p \ ~ 4>c < n/ > +<£ < n\ >; (33)

associated with the fermion and boson "dusts" at rest. Here p^<rij > and <n\> are
phenomenological parameters which determine the solution to the homogeneous scalar
field equations. For the case considered, we have obtained the oscillator - like solution for
the conformal scalar field

T g < nf > w*2(1 ~ cosaW)> K = 1/ro+ < nl >)• (34)

If the dust term dominates, the SM-particle masses (</>c/
a) become dependent on time.

A photon radiated by an atom on an astronomical object (with a distance D to the Earth)
at the time tp — D remembers the value of this mass at this time. As a result, the red shift
and the Hubble law, in the comoving frame of reference, are defined by the product of
two factors: the expansion of the Universe space (a) and the alteration of the elementary
particle masses (</>c/a)

(^) = 4>c (35)

Finally, for the unified theory version of the homogeneous Universe we get the red shift
Z and the Hubble law

<j>c(tF - D)
_°

If < nl > » 1/rj), we get the oscillator-like behavior of the red shift which can imitate
the large scale structure of the Universe [15].

The Hubble law of the conformal cosmology (36) reflects sooner the evolution of the
Higgs vacuum value (34) with respect to the Friedmann time than the expansion of the
Universe.



5. Conclusion
We have considered the Einstein gravity unified with the conformal invariant standard
model without the Higgs potential. We have shown that a scalar field, in our model, is
proportional to scale-factor component of the space metric which does not contain particle-
like excitations. To demonstrate this fact, we considered the homogeneous approximation
for both the standard Higgs model (where there is correct mass for Higgs particle) and
for our model (where the Higgs field repeats the evolution of the Universe). Thus, in the
flat-space limit, we get the a-model version of SM (without the particle-like excitations of
the Higgs field) which is discussed now in order to remove the difficulty of large coupling
constant in the Higgs sector [5, 6].

The considered cosmological mechanism solves the vacuum density problem (we got
pCosmic _ io- 3 4

P c r instead of p"i9gs = 105Vcr). Of course, it is a classical result (at
the classical level of the equations of motion). But it can be the starting point for the
consideration of quantum effects, for example, one-loop correction of vacuum.

The problem of galaxy evolution should take into account a gradual (in a cosmolog-
ical scale) decrease in the relative distance between the gravitating objects due to the
cosmological evolution of elementary particle masses in the comoving reference frame.

The problem of singularity at the beginning of the Universe exists only for the Fried-
mann observables in the comoving frame of reference. From the dynamical point of view,
for the models considered here, at the beginning of the Universe there was "light" (i.e.
massless harmonic excitations) because conformal masses of all particles disappeared when
a = (f)c = 0.
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