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Abstract - It is shown that the extension of the standard model of electroweak interaction and QCD, which
includes spontaneously broken horizontal local gauge symmetry, provides a quantitatively definite phenome-
nological description for almost all phenomena in particle physics and modemn cosmology. In this model, the
predictions of the standard model are combined with a description of the mass spectrum and mixing of quarks
and leptons, and with the predictions of the neutrino mass spectrum and parameters of an invisible axion. This
model also gives a quantitatively definite physical basis for the theory of inflation, baryosynthesis, and dark
matter of the Universe. A complex analysis of physical, cosmological, and astrophysical predictions of the
model singles out a narrow range of allowed values of parameters corresponding to the “effective” mixed cold-
hot version of the theory describing the formation of the structure of the Universe. The combination of experi-
mental and astronomical tests of the model that ensure its unambiguous verification is indicated.

1. INTRODUCTION

The development of the theory of “everything” on
the basis of superstring models [1] is promising with
regard to the construction of a theoretical basis embrac-
ing, in a unified manner, the theories of microcosm and
the theories of the Universe. With such an approach, the
unified theory of fundamental forces of nature can be
combined with a physically substantiated complete
cosmological theory [2]. However, a comprehensive
realistic description of “everything” is complicated by
the existence of an enormous variety of versions repro-
ducing both the standard model of electroweak interac-
tion and QCD, and characterized by predictions in the
range of high (sub-Planck) energies, which cannot be
verified directly in experiments. On the contrary, a num-
ber of new hypothetical elements emerging when the
symmetry of the standard model is supplemented to the
complete symmetry of the theory of “everything” are
found to be essential for improving the standard model
and for eliminating its intrinsic problems such as the CP
violation in QCD or the divergence of the Higgs boson
mass. Similar elements of the hidden sector of the the-
ory of “everything” are also essential in modern cosmol-
ogy. It is the introduction of hypothetical elements of the
hidden sector of the theory of elementary particles that
provides physical grounds for generally adopted neces-
sary components of the modern theory of the Universe
such as inflation, baryosynthesis, or dark matter.

A new approach to the phenomenology of the theory
of “everything”, which has been proposed in [3, 4],
ensures quantitative definiteness of various elements
of the hidden sector of the theory of elementary parti-
cles in the framework of a unified theoretical model.
The development of this approach must lead to quanti-
tative phenomenology of the theory of “everything” in

the sub-Planck energy range through the generalization
of the standard model including the gauge model of the
symmetry of fermion generations, the symmetry of
grand unification, supersymmetry, and the dark world.
In this paper, we will show that even the first step in the
development of this approach can be regarded as a real-
istic quantitative phenomenology embracing, in a uni-
fied model, all basic concepts of the modern theory of
elementary particles as well as the modern theory of the
Universe.

2. MODEL OF HORIZONTAL UNIFICATION
(MHU)

Because three known generations of quarks and lep-
tons are indistinguishable in strong and electroweak
interactions, it can be conjectured that a “horizontal”
symmetry G between these generations, which was
considered in [5], exists. According to [3] and [5], the
model is based on the statement known as the hypothesis
of “reflection.” This hypothesis presumes that the form
of mass matrices of quarks and leptons reflects the nature
of “horizontal” symmetry breaking [i.e., the structure of
vacuum expectation values (VEV) of “horizontal” sca-
lars breaking G], while the mass hierarchy between
generations is related to a certain hierarchy in this break-
ing [3]. It should be noted that masses of fermions in the
standard model are obtained from the Yukawa couplings
with the SU(2) x U(1) Higgs doublet ¢ = (9% ¢-) of the
standard model of electroweak interaction:

b0 Frafd +hec., )

where o, f = 1, 2, 3 are the generation indices; and the
mass hierarchy of generations is associated with the
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difference between their Yukawa constants g({p. There-
fore, quarks and leptons acquire masses only as a result
of breaking the symmetry Gy, of the “horizontal” inter-
action as well as the SU(2) x U(1) symmetry of elec-
troweak interaction.

In the case of three generations, the “reflection”
hypothesis leads to an almost unambiguous choice of
G, which is reduced to the chiral (axial) local symme-
try SU(3)y (introduced for the first time in [6]), in
which the left-handed components of fermions are
transformed as triplets fz,, while the right-handed com-

ponents are transformed as antitriplets fg in SUQ3)y
(see [3] for details). The masses of quarks and charged
leptons in this case are generated by their “see-saw”
mixing with hypothetical superheavy fermions.
The choice of representation for these fermions in SUQB)y
leads to two most natural realizations of the reflection [3]
[Fpy and Fg, in the direct hierarchy model (DHM) and

F™ and F, in the inverse hierarchy model (THM)].

In the most general case, the mass term of quarks
and charged leptons has the form

e = 240, Q)

where the structure of 2 matrices is determined by the
choice of the model [3]:

2 = 2,8 " )/ M for the DHM and
g = gf l—lf/(g,,fg(")) for the THM.

Here, f = u, d, and ¢; F = U, D, and E; and g, are
the constants of Yukawa coupling between fermions F
from different generations and “horizontal” scalars g™
(see [3]). The generation of realistic mass matrices of
quarks and leptons requires at least three “horizontal”
scalars [3], one of which (with the maximum VEV)

must be a sextet Y;({?i g (& B = 1, 2, 3), while others

©)

may be either sextets or (anti)triplets l';([:: B = Eapy !
(n = 1, 2). Thus, the structure of mass matrices of
quarks and leptons is determined (up to the correspond-
ing Yukawa constants) by the structure of VEVs of sca-
lars £® having the form [3]

. - rn P P2
Va=YE"Y=|2p, 1, Ps | )
: tp,tpyrs

where ry 3 p, > py, 13> p, > 1, > Py, andp, > ryis
the hierarchy (5 - 10 times). In this case, symmetry is
broken according to the following scheme:
©
SUB), x U(l), = SU@)yx Uy .
) " §(2) .
2 Uy, 1.
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Another scheme is possible in which SUQR)y X

©
Uy —§——> SO(3) [3] is ruled out in the case of a super-
symmetric generalization of the model [7].

The Dirac “see-saw” mechanism of generation of
quark and lepton masses (2) and (3) involves the invari-
ant mass parameter M in the DHM and psin the IHM.
The parameter Ji;can be explicitly connected with the
VEV of the field 1), which is invariant with respect to
the vertical, as well as the horizontal, symmetry group.

Obviously, after the diagonalization of ri, the
masses of quarks and leptons in DHM (IHM) are
directly (inversely) proportional to VEVs of “horizon-
tal” scalars.

The unambiguous prediction of the existence of neu-
trino mass in the MHU is associated with the existence
of heavy neutral leptons that is required for cancellation
of triangle anomalies in the S U(3)y group [5, 8]. In the
DHM, the role of such particles can be played by right-
handed SU(3)y, triplets Ng, and the 15-plet ¥y s, [the
SU(2) x U(1) singlet]. In the IHM, only the Np, triplets
are sufficient. On the contrary, a v, neutrino acquires
mass owing to “see-saw” mixing [8] with heavy neutral
leptons Ng,. In this case, the mass matrix of a neutrino
in DHM and THM has the form

m, =& (do)g f (Oo)/ (an< &), 6

where g; and Gy, are the corresponding Yukawa con-
stants (see [2]), and the matrix 7, is nondiagonal only
if EM and E are sextets. According to relation (6), the
hierarchy of neutrino masses is always inverse to the
hierarchy of horizontal symmetry breaking. This gives
g m;l: m" in the DHM and o
y:m, inthe IHM.

my i m, tm, =m,

m,.m,:m, = m,_ .m
At M A e

The problem of CP violation in QCD is solved in the
MHU in a natural way, namely, by identifying the glo-
bal U(1)y symmetry [3] with the Peccei—Quinn sym-
metry U(1)po [9]. The breaking of U(1)}, in (5) on the

V}; scale leads to the emergence in the DHM of an
“invisible’” axion similar to the standard DFSZ axion [10]
for only the first generation (x = 1) with the mass

i Zlfzmﬂf"‘
e 14z V'

@®

z =m,/my,.

The symmetry U(1)y can be identified with U(1)po
in the THM only if there is a triangle anomaly in the

interaction aGG of the axial U(1), current with gluons.
This is natural for any extension of the model to the
model based on the Grand Unification Theory (GUT).
In this case, an axion in the IHM becomes similar t0
a hadronic axion [11] with a strongly suppressed
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coupling with leptons. The mass of such an axion is
given by

12
z° Mefy
=A -, 9
m, T+22V] ©
where A, is the color (QCD) anomaly.

In contrast to an invisible axion, the axion in the
DHM and IHM has both diagonal and nondiagonal

interactions with quarks and leptons [3]:

Loy = iagJafa (i sind,g

+ YC0s ¢a5 )+ he.
On the contrary, the axion in the MHU is related to
the mechanism of emergence of Majorana neutrino
masses [3] and is, hence, a singlet-type majoron [12].
Thus, the axion in the MHU is simultaneously a

majoron and a familon [13] of the singlet type and is
called an archion [4].

(10)

3. PHENOMENOLOGY OF “EVERYTHING”
3.1. Flavor Structure of Particles

If the interaction constants for non-self-conjugate
convolutions of “horizontal” scalars are small as com-
pared to the constants of the self-conjugate polynomial,

the VEV matrix ¥V (4) in the DHM has a structure that
ensures the Fritzsch configuration of the mass matrix of
quarks and leptons [3]:

0 m), 0

A
0 m2f3 , f=ud,c.

= f
- mys

(11)
f S
0 my; my

The solution of the secular equation det( A - A)=0
enables us to express the elements of mass matrices (11)
and, hence, of the unitary matrices Vj;, diagonalizing

them (Vi Vyy = g, Vi = V= V) in terms of

quark and lepton masses [3]. This model describes sat-
isfactorily the values of weak mixing angles and the CP

violation parameter € in the system of K—K mesons.
However, this version of the DHM is fraught with dif-

ficulties in the description of strong B,—B, mixing for
m, < 100 GeV (see [3]).
The above conditions ensure in the IHM the inverse

-1
Fritzsch form of the mass matrix (~ Vy ) [14]

e, !
(my3) /my; 0 my,

W= o om 12)
f f . r
ms My M3y

On the whole, this model describes (satisfactorily)

CP violation in the system of K—K mesons and B,~B,
oscillations for m, = 70 - 80 GeV [3, 15].
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The insufficiently correct description of the flavor
structure by using the simplest ansétze for mass matri-
ces, noted earlier, can be apparently improved for the
mass of a ¢ quark exceeding 100 GeV. This, however,
does not eliminate grounds for a transition to a more
general class of “mixed”-type models for mass matri-
ces. The structure of mass matrices of quarks and lep-
tons is found to be sensitive to the choice of the param-
eters of “horizontal” symmetry breaking. This makes it
possible to rigidly fix these parameters as well as the
form of the self-interaction potential for “horizontal”
Higgs bosons.

3.2. Flavor Dynamics

The existence of a Goldstone boson a, namely, a
“singlet” familon [13], allows us to predict two-particle
familon decays:

(a) leptonic decays 4 —= ea, T —» pa,and T — ea
[3, 16] and

(b) mesonic decays K* — 7*a (transitions s —= da);
D — ma and D — pa (transitions ¢ — ud); B —
Ka, B — ma, B — K*a, and B — pa (transitions
b — sa and b —= da) (see [16] for details).

The search for such familon decays becomes an
important source of information on the structure of the
mixing matrices V,, V,, and V, for quarks and leptons
and, hence, on the structure of their mass matrices.
This, in turn, will make it possible to determine mixing
in currents violating the baryonic number and to predict
the expected lifetimes and partial widths of proton
decay more reliably.

Because an archion is also a singlet-type majoron
[2, 4] having interactions with a neutrino that are non-
diagonal in flavors, the decays v, —» v,a of heavier
neutrinos into lighter neutrinos and an archion are pos-
sible in the case of the sextet §$ (n=1, 2). The corre-

sponding lifetime is [1, 4]

WV, — v,a) = 161/gymy,

(13)

where gy, are the nondiagonal coupling constants [4].

In the case of the triplet ;’g

are absent [3].

(n =1, 2), neutrino decays

3.3. Inflation

The theory of inflation, which forms the basis of
modern cosmology of the early Universe, was devel-
oped for solving problems in the standard theory of the
hot Universe [17]. We will prove here that, in the IHM,
there are some physical grounds for the realization of
the scenario of chaotic inflation, which is the most
attractive at the moment and the least model-dependent
mechanism of realization of exponential expansion of
the Universe.

Indeed, the role of an inflaton can apparently be
played by the field n), which is required for realization of
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the Dirac “see-saw” mechanism in the I[HM and is a sin-
glet both in SU(3)y and in SU(2) X U(1). The VEV of
this field determines the neutrino mass suppression as
compared to the mass of charged leptons and quarks:

m, o 8 j<¢o>
mg gnf(n)'
Here, gns=MNs/M) < Vi /n), where Vy is the mini-
mum scale of “horizontal” symmetry breaking [U(1)
in (5)]1.
The main parameter characterizing the chaotic infla-

tion process for a Higgs-type potential is the inflaton self-
interaction constant A, whose value determines the

amplitude of initial density perturbations 8p/p = 10 A/
and is fixed by taking into account the.results of
the search for anisotropy in relic radiation [17].
The required value of A, can be obtained under the
condition

(14)

Ay > 8ay/ (8T).

This leads to the following constraint on the inflaton
VEYV for the typical value A, = 1074

(15)

m)>10°V;. (16)
Thus, the inflation of the Universe occurs during

“rolling down” of the field 1| from n = 7\.;”4 M, to the

minimum value of V(1) for 1 = (). After completion
of the inflation, the field 1 develops oscillations in the
vicinity of the minimum, realizing the postinflation
dust-form stage of expansion with the equation of state
p =0 [18], which ultimately leads to heating of the Uni-
verse. The development of gravitational instability at
this stage may lead to the formation of primary black
holes (PBH) [18].

The temperature of heating of the Universe is given
by the formula [17]

Tow < 10°T M), a7

where

rlat=rv+rg9 (18)

T, = m3 /M. is the probability of the decay of the field
1 due to gravitational effects, and T, = T(n — Ff) =
g2 ma [(8T).

3.4. Baryosynthesis

Without going into details on the description of spe-
cific features of baryogenesis in the MHU (whose
mechanism has been studied insufficiently in this
model and requires a special analysis), we note, on the
basis of the results obtained in [19], that a theory of the
MHU type may apparently lead to a ba:g'on-antibaryon
asymmetry generation n/n, =3 X 1071°.

SAKHAROV, KHLOPOV

In the mechanism proposed in [19], the baryon-
antibaryon asymmetry emerges as a result of combina-
tion of nonequilibrium processes with AL = 2, which
are associated with the “see-saw” mechanism of gener-
ation of the majoron mass of a neutrino, and nonconser-
vation of B + L at high temperatures in the standard
model of electroweak interaction.

A supersymmetric generalization imparts to the
MHU some additional possibilities of realization of
baryosynthesis owing to the decay of the condensate of
scalar supersymmetric particles with the nonzero value
of B-L, which generalizes the Affleck—Dine-Linde
mechanism [20] proposed in the framework of the
supersymmetric SU(5) GUT, and also owing to decays
of superpartners of an archion in analogy with [21].

3.5. Dark Matter and Structure Formation
of the Universe

The MHU combines various types of candidates for
the role of dark matter particles (axion and unstable
heavy neutrinos), which are considered in the theory of
structure formation of the Universe, by using a unified
approach. For a fixed modern total density p,,, and the
baryon density pj, the relation '

pa+ pV!+ pV"+ pV¢+ pB = plol

is an equation in the parameters of the model whose
solutions fix a discrete set of cosmological models with
various types of dark mater, thereby determining the
relative contribution of heavy neutrinos and archions to
the cosmological density.

The IHM is characterized by the most complete set
of possible realizations of dark matter [4] in view of
less stringent astrophysical limitations imposed on the
interaction scale of an invisible axion [11]. Six cosmo-
logical scenarios of the IHM are consecutively repro-
duced by varying the parameters of V and the ratio

g*/G of the Yukawa constants in (6) [4, 22] and can be
classified as follows [4]: (a) cold dark matter in the
form of the energy of classical oscillation of the pri-
mary axion field and axions formed as a result of
decays of cosmic strings, (b) hot dark matter in the
form of stable neutrinos, and (c) four possibilities for
unstable dark matter in the form of unstable neutrinos
with dominating relativistic or nonrelativistic decay
products in the modern Universe. Versions (a) and (b)
are also possible in the DHM.

(19)

4. QUANTITATIVE SCHEMES OF MHU BASED
ON A SYSTEM OF CONSTRAINTS
ON FREE PARAMETERS

Like any gauge model with spontaneous symmetry
breaking, the MHU involves various free parameters.
Claiming to be a realistic phenomenology of “every-
thing,” however, the model under investigation is capa-
ble of giving various predictions whose combinations
restrict the values of these parameters in the redefined
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system of relations and make it possible to work out a
unified scheme of quantitative relations incorporating
all of the phenomena described in Section 3. This sys-
tem of relations can be obtained from the following
predictions and restrictions.

(1) The three scalar fields £ (n = 0, 1, 2) ensure
complete breaking of the SU(3), X U(1), symmetry
according to scheme (5). Each stage of this breaking is
characterized by an energy scale. Therefore, the MHU
contains at least three energy scales Vy, Vy,, and V.
According to relation (3), the structure of mass matri-
ces of quarks and leptons is determined by matrix (4) of
“horizontal” VEVs, while the hierarchy of masses
between generations follows not from the drastic differ-
ence between Yukawa constants g, n =0, 1, 2 (which
are assumed to be on the same order of magnitude), but
from the hierarchy between the VEVs of “horizontal”
scalars. In order to estimate this hierarchy, we consider
the case when the mass matrices of quarks and leptons
have the Fritzsch structure in the DHM and the inverse
Fritzsch structure in the THM. In this case, if r; =V,
D> = Vy,and p, = V in (4), the following estimates are
possible [3]:

Vit Vi Vg=(mm)™” : (mm)'”? : m,
=-1: 30 : 200 inthe DHM,
Vg« Vg

") ”» (210)
Vy=(mm,)"" : (m;m) L my

=~1: 30 : 200 in the IHM.

Thus, a strict hierarchy between the energy parameters
of “horizontal” symmetry breaking, which is stable to
radiative effects, exists. Consequently, the constraints
obtained for one of the three scales of symmetry break-
ing can be automatically extended to all of the remain-
ing scales.

(2) The data on the absence of the decays | — ea
lead, in the DHM, to the restriction V> 10% GeV [16),
while the data on the absence of the decays K — Tta in
the DHM yield V > 10" GeV [16]. In the [HM, these
constraints are abruptly relaxed (Vy; > 4 X 10° GeV

[16]) in view of the weakness of nondiagonal transi-
tions between particles of the first two generations.

(3) An analysis of the influence of energy losses
through emission of archions on the evolution rate of

the stars yields, in the DHM, the restriction V;, >
3.7 x 107 GeV for stars from the main sequence [22]
and Vg >3.7 x 10° GeV for red giants [22]. In the IHM,
these restrictions are relaxed to Vj = 10° GeV [22]
because the axion is of hadronic origin.

(4) An analysis of the admissible effect of the energy
loss of a collapsing star through axion radiation on
the neutrino signal of SN1987 rules out the interval

108 < V, €3 x 10° GeV for a hadronic axion [23].
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(5) An analysis of generation of density perturba-
tions with a nonplanar spectrum in phase transitions
with symmetry breaking (5) of generations at the infla-
tion stage in the chaotic inflation model [24] leads to
the constraint V,; < 10! GeV if the restrictions on
admissible large-scale inhomogeneities and the PBH
concentration in the Universe are taken into account.

(6) The constraint on the emission of axions by cos-
mic strings formed at the postinflation stage and decay-
ing after the QCD phase transition lowers the upper

limit of the scale to V <2 x 10'° GeV [24, 4].

(7) An analysis of equation (18) in the phase space
(Vg , £2/G) leads to the restriction g2/G < 1.5 x 10~ fol-
lowing from the condition p,, < p,, [22].

(8) The constraints m, < 3 eV [25] on the Majorana
mass of v, following from experiments on the 2[3,,-decay
lead to limitations on the combination of Vy (V) and

£%/G because the Majorana mass of the electronic neu-
trino is given by the relation

\y 2
m, = E‘((;L‘f»— in the IHM,
H
2 1)
m, = % in the DHM.
H

Thus, the system of Restrictions 2 - 6 leads to the range
of admissible values of the scale Vi =V, = 105 GeV and
Vi = V3o =3x%10%-2 % 10'° GeV in the IHM and only

Vi = Vo in the DHM. This permits the existence of two

versions of realization of the dark matter model in the
IHM and a single version in the DHM.

(a) The mixed stable dark matter (MSDM) is real-
ized for V), under the conditions of predominance of
the density p, of the primary archion field, archions
formed as a result of decays of cosmic strings (cold
dark matter), and p,, (v = v, for the IHM and v = v, for
the DHM) of heavy stable neutrinos (hot dark matter)
with mass m, and the lifetime T(v — v, a) exceeding
the age of the Universe 7, = 4 X 10" s. The model of
cold (CDM), hot (HDM), or mixed (CDM + HDM) sta-
ble dark matter is realized in the MSDM depending on
the choice of g?/G determining m, [22):

pv = mvnv’
p,= (0.90 -m,/28.9¢eV)p_.

Here, n,=(3/11)n,is the standard neutrino concentration.

(b) In the model of hierarchical decay scenario (HDS)
realized for Vi only in the IHM, the large-scale structure
of the Universe is formed under the conditions when neu-
trinos and their relativistic decay products dominate
alternatively. In the period from #,= 10°.(1 keV/ m\,')2 sto

the instant T, (v, —= v,a)=10"(1 keV/mv1)3 s, V, with
mass m, =1 - 10 keV dominates in the Universe

(22)
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(depending on g2/G). The decay of these neutrinos
leads to the period of dominance of relativistic v, neu-

trinos and a, followed by the dominance (for > 1, ) of
Vv, neutrinos with mass m, = 0.1 - 1 keV to the instant
T, (v —=v,a)=10"% (1 keV/m, )3 .

The decay v, —= V,a slows down the evolution of
the formed structure and ensures its conservation to the
present time, thereby realizing the model of unstable
dark matter [26]. As soon as primary neutrinos Vv,
become nonrelativistic, their perturbations become
comparable with those of v, and preserve their scales
after the decays vy —= V,@, while v,,, formed as a result
of decays of v,, enhance the long-wave component in
the perturbation spectrum.

The admissibility of the low-energy scale of Vg in
the framework of the HDS model results in the estab-
lishment of equilibrium between archions and matter.
This equilibrium sets in after the QCD phase transition
owing to the reactions TN —= aN [22]. Thus, the domi-
nating form of dark matter at present is relic archions [22]
with mass m, = 3 eV and number density n, = 0.6n, as
well as archions formed as a result of decays of v,
and v, [22] having a nonthermal spectrum.

In addition to this, the decays of archions @ — 2y
with the lifetime

a —2y) = £ (my/m) 1w —2y), (23)

where € = 1, —z, —2z2(z — 1)7!, ... (depending on
the choice of representations of F), lead to the predic-
tion of a nonthermal electromagnetic background in
the framework of the HDS model [27]. For the red shift
2 <103, the existence of this background should hamper
the recombination of matter, reducing the expected
small-scale anisotropy of relic radiation. The presence
of such a background in the modern Universe offers an
additional possibility of verification of the theory in
astronomical observations [27].

Together with Z.G. Berezhiani and A.G. Dorosh-
kevich, we carried out a detailed analysis including the
determination of transition functions for perturbation
spectra in MSDM and HDS models as well as numeri-
cal calculations of these spectra and their characteristic
scales and comparison of these scales with similar
scales in the CDM model. The analysis revealed that
Restriction (7) permits mixed forms of dark matter in
the case of the IHM, while the MSDM scenario in the
DHM degenerates to the CDM model in accordance
with Restriction 8. The quantitative scheme of V,, can
be fixed in final form only after the fixation of the scale
in the search for cosmic axions in the halo of the Galaxy
by using the axion haloscopy technique. Thereafter,
according to Restriction 8, we can then specify the
range of g2/G in the interval g2/G < 1.5 x 1074, In the
case of the HDS model, the best agreement with the
observed parameters of the large-scale structure was
reached for m, = 1 eV, which is in accord with Restric-
tion 8. On the contrary, the rigid fixation of Vj in the
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IHM on the basis of restrictions 2 - 4 makes it possible
to determine unambiguously the upper value for the
ratio of constants g2/G < 10~¢ according to formula
(21) and the hierarchy (20).

The interpretation of the field 1] as an inflaton in the
IHM leads, according to (16), to the following lower
estimates of VEV (1) in both quantitative schemes for
Ve and Vy,, respectively:

M)>107°M, = (m),....

M)>10°M, = (n),,...

It is natural to choose the single isolated scale of M,
(MDmax = M), as the upper estimate for (1). In this casc
the inflaton mass is m, = A2 (M) < 10-'M,,. As a result,
gravitation effects (T',,, = I',) dominate in (18) because
the following relation is vafid both for V and V,,:

r,/r,28n (mn/VH) > 1 (25)

In this case, the temperature of heating of the Uni-
verse is Tgy < 3 X 107 GeV in accordance with (17), and
a chaotic inflation may take place in which a transition
to the next Friedmann stage of expansion is due to pro-
cesses similar to those considered in the model from [28].
Relation (25) holds up to values (M), =4 X 10M,, and
(Wi = 4 X 1072M,, for V; and V), respectively. Thus,
effects associated with the decay of 7 into fermions
(T, = T'y) dominate in the range (M), < (M) < (MY
In this case, the temperature of heating of the Universe
is Try < 6 X 105 GeV for Vg and Ty < 6 X 10° GeV for
V)0 in accordance with (17). For supersymmetric gen-
eralization of the MHU, the constraints on relic grav-
itino concentration impose limitations Ty < 10 GeV
on the heating temperature [29], which may lead to
an additional constraint on (n),;, for V,,, namely,
(Mmin = 6 X 107M,,. The substitution of the value of
(M) into (16) leads to a constraint on Vj; < 10'6 GeV,
i.e., Vy < Vgyr (the GUT scale [30]). The upper limit

obtained for V}; indicates that the last stage of SUQ3)y
breaking in (5) occurs after breaking of the GUT
symmetry. In order to remain in the framework of self-
consistence of the model, we must obviously require
that the first two stages of symmetry breaking in
scheme (5) occur after breaking of the GUT symmetry,
i.e., Vi < Vgyur, thus justifying the elimination of scales
above 10" GeV in [2, 24].

(24

5. CONCLUSION

The MHU is associated with a high energy scale of
symmetry breaking, which is inaccessible for a direct
investigation on operating or planned accelerators.
However, it can be verified in laboratory experiments
combined with astronomical observations. For exam-
ple, a consistent analysis of physical experiments

aimed at the search for rare decays and K~-K , B-B
oscillations, as well as astrophysical observations
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of evolution of stars and experiments on the search
for neutrino mass, neutrino oscillations, and also the
a —= 2y decays, becomes an effective method of veri-
fication of the Vi scheme, which takes place only in the
IHM. In addition, axion haloscopy, which is most effec-
tive in the case of V), taking place both in the DHM
and the IHM,, is worthy of notice.

The interpretation of COBE data [31] for anisotropy
in the relic radiation leads to a mixed model based on
dark matter, which can provide arguments in favor of
the IHM in the case of Vy,.

Note that the V5 model, and apparently the mixed
HDM + CDM model based on V4, cannot result in a
significant resonance amplification of neutrino oscilla-
tions in the Sun (the MSW mechanism [32]), which can
be reproduced only for the CDM model based on V.
However, the emission of archions by the Sun in the V;
model may ensure smoothing of the temperature distri-
bution in the central region of the Sun and a decrease in
its core temperature. This may provide a solution of the
solar neutrino problem in the framework of the Vi
model, which is similar to the solution of the type from
the “cooled” Sun model or cosmion models [33]. On the
contrary, V;, models are fraught with a serious problem
of archioles, namely, the problem associated with the
fact that nonuniformities of the energy density of coher-
ent oscillations of the axion field have large-scale
Brownian structure [34], which reflects the large-scale
structure of axion walls and strings formed during
“switching on” of the axion mass in the early Universe at
T =1 GeV. The prediction of such a large-scale structure
of initial inhomogeneities of cold dark matter is in seri-
ous contradiction with the observed isotropy of the relic
radiation. These considerations evidence in favor of the
Vs model as a realistic phenomenology of “everything.”

Thus, the MHU leads to an abundance of indirect
consequences accessible to laboratory and astronomi-
cal tests, whose number is larger than the number of
independent parameters of the theory. Therefore, the
verification of consequences can be reduced to a rede-
fined system of equations in these parameters.

The model considered here is an initial stage in the
construction of a realistic description of the unified fun-
damental structure of micro- and macrocosms. The dif-
ficulties encountered in the MHU, i.e., the problem of
scale hierarchy in the case of V,, [22], which requires a
supersymmetric extension, and the problem of cancel-
lation of the color anomaly in the IHM, which requires
an extension to the model based on the GUT, illustrate
this statement. Nevertheless, a detailed analysis of the
low-energy basis of the theory of “everything,” i.e., the
MHU, may provide a set of criteria for selection of
models claiming to play the role of a comprehensive
fundamental physical theory.
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