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1 Abstract: Assuming the Multiple Point Principle (MPP) as a new law of Nature, we considered the
»  existence of the two degenerate vacua of the Universe: a) the first Electroweak (EW) vacuum at v 1 ~
s 246 GeV - “true vacuum", and b) the second Planck scale “false vacuum" at v, ~ 1018 GeV. In these
. vacua, we investigated different topological defects. The main aim of the paper is an investigation of
s the black-hole-hedgehogs configurations as defects of the false vacuum. In the framework of the f(R)
¢  gravity, described by the Gravi-Weak unification model, we considered a black-hole solution, which
»  corresponds to a “hedgehog” — global monopole, that has been “swallowed" by the black-hole with
s mass core Mgy ~ 10'® GeV and radius § ~ 1072! GeV~!. Considering the results of the hedgehog
o lattice theory in the framework of the SU(2) Yang-Mills gauge-invariant theory with hedgehogs in
10 the Wilson loops, we have used the critical value of temperature for the hedgehogs’ confinement
u  phase (T, ~ 10'® GeV). This result gave us the possibility to conclude that the SM shows a new
12 physics (with contributions of the SU(2)-triplet Higgs bosons) at the scale ~ 10 TeV. This theory
1z predicts the stability of the EW-vacuum and the accuracy of the MPP.
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7 1. Introduction

"

1s The present review is devoted to studying topological defects of the universal vacua.

10 During the expansion after the Planck era, the early Universe underwent a series of phase
20 transitions as a result of which there were arisen such vacuum topological defects (widely discussed in
=z literature) as monopoles or hedgehogs (point defects), strings (line defects), bubbles and domain walls
22 (sheet defects). These topological defects appeared due to the breakdown of local or global gauge
23 symmetries.

24 This paper is essentially based on the discovery that a cosmological constant of our Universe is
2 extremely small, almost zero [1-5]. We considered a Multiple Point Principle (MPP) first suggested by
26 D.L. Bennett and H.B. Nielsen [6], which predicts the existence in Nature of several degenerate vacua
2z with a very small energy density (cosmological constants).

28 The model developed in this article confirms the existence of the two degenerate vacua of the
20 Universe: The first (“true”) Electroweak (EW) vacuum with VEV v; = 246 GeV, and the second (“false")
s Planck scale vacuum with VEV v, ~ 1018 GeV.
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31 The main idea of this paper is the investigation of hedgehog’s configurations [7,8] as defects of
sz the false vacuum. We have shown that at super high (Planck scale) energies the black-holes-hedgehogs
s are responsible for the creation of the false vacuum of the Universe. In the framework of the f(R)
s« gravity, we have obtained a solution for a global monopole, which is a black-hole-hedgehog at the
ss  Planck scale. Here we have used the f(R) gravity predicted by the Gravi-Weak unification model
s previously developed by authors in papers [9-12].
37 Using the results of Refs. [13,14] obtained for the SU(2) Yang-Mills theory of the gauge-invariant
ss hedgehog-like structures in the Wilson loops, we have considered the lattice theory giving the critical
3o value of temperature for the hedgehogs’ confinement phase. Considering the hedgehog lattice theory,
s we have concluded that hedgehogs can exist only at the energy scale y > 10* GeV. Triplet Higgs fields
a P (with a = 1,2, 3), which are responsible for the formation of hedgehogs, can show a new physics at
«2 thescale ~ 10 TeV.
In Section 2 we reviewed the Multiple Point Principle (MPP) suggested by D.L. Bennett and H.B.
Nielsen [6]. In the assumption of the existence of the two degenerate vacua (Electroweak vacuum
at v; ~ 246 GeV, and Planck scale one at v; ~ 1018 GeV), Froggatt and Nielsen [15] obtained the
first prediction of the top quark and Higgs boson masses, which was further improved by several
authors in the next approximations. Section 3 is devoted to the general properties of topological
defects of the universal vacua. We considered topological defects in the “false vacuum", which
is presented as a spherical bubble spontaneously produced in the de-Sitter like Universe. The
space-time inside the bubble, which we refer to as a “true vacuum", has the geometry of an open
Friedmann-Lemaitre-Robertson-Walker (FLRW) universe. Section 4 is devoted to the Gravi-Weak
unification (GWU) model [9-12] as an example of the f(R) gravity. Subsection 4.1 considers the
existence of the de-Sitter solutions in the Planck phase. Subsection 4.2 is devoted to calculations of
parameters of the GWU-model, where we predicted the Planck scale false vacuum VEV equal to
vy ~ 6.28 x 10! GeV. In Section 5 we have investigated the hedgehog’s configurations as defects
of the false vacuum. We obtained a solution for a black-hole in the framework of the f(R) gravity,
which corresponds to a global monopole “swallowed" by a black-hole. The metric around of the global
monopole was considered in Subsection 5.1. The mass Mpy, radius ¢ and “horizon radius" r;, of the
black-hole-hedgehog were estimated in Subsection 5.2. Section 6 is devoted to the lattice-like structure
of the false vacuum which is described by a non-differentiable space-time: by a foam of black-holes,
having lattice-like structure, in which sites are black-holes with “hedgehog" monopoles inside them.
This manifold is described by a non-commutative geometry predicted an almost zero cosmological
constant. The phase transition from the “false vacuum" to the “true vacuum" was considered in Section
7, where it was shown that the Electroweak spontaneous breakdown of symmetry SU(2); x U(1)y —
U(1)e1.mag created new topological defects of EW vacuum: the Abrikosov-Nielsen-Olesen closed
magnetic vortices (“ANO strings") of the Abelian Higgs model and Sidharth’s Compton phase
objects. Then the “true vacuum" (EW-vacuum) again presents the non-differentiable manifold with
non-commutative geometry and again has an almost zero cosmological constant. Here we estimated
the black-hole-hedgehog’s mass and radius: Mpy =~ 3.65 x 10'® GeV and § ~ 0.29Ap; ~ 102! GeV !
near the second vacuum v;. In Subsection 7.1 we emphasize that due to the energy conservation
law, the vacuum density before the phase transition is equal to the vacuum density after the phase
transition, and we have
Pvac(at Planck scale) = pyac(at EW scale).

a3 Therefore, we confirmed the Multiple Point Principle: we have two degenerate vacua v; and v, with an
« almost zero vacuum energy (cosmological constants). This means that our EW-vacuum, in which we
s live, is stable. The Planck scale vacuum cannot be negative: V,¢s(minl) = V¢ (min2), these potentials
« are equal exactly. In Section 8 hedgehogs in Wilson loops of the SU(2) Yang-Mills theory, and phase
«z transitions in this theory were investigated using the results of Refs. [13,14]. Their lattice results gave
s the critical value of the temperature for the hedgehog’s confinement phase: B.,;; ~ 2.5, and this result
w0 gives the value of critical temperature T, ~ 10'® GeV. In Section 9 we show that the hedgehog’s


http://dx.doi.org/10.20944/preprints201811.0630.v1
http://dx.doi.org/10.3390/universe5030078

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 November 2018 d0i:10.20944/preprints201811.0630.v1

3 0f26

so confinement happens at energy ~ 10 TeV, which is a threshold energy of the production of a pair of
s the SU(2)-triplet Higgs bosons. In Section 10 we reviewed the problem of the vacuum stability in the
2 Standard Model. In Section 11 we show that hedgehogs can contribute at energy scale i > 10* GeV.
ss Therefore, a triplet Higgs field ®“ provides a new physics at the scale ~ 10 TeV. In this Section 11, we
sa predict an exact stability of the EW-vacuum and the accuracy of the MPP.

ss 2. Degenerate vacua of the Universe

56 This paper is based on the new law of Nature named Multiple Point Principle (MPP) which was
sz suggested by D.L. Bennett and H.B. Nielsen in Ref. [6]. The MPP means: There exist in Nature several
se degenerate vacua with very small energy density or cosmological constants.
Vacuum energy density of our Universe is the Dark Energy (DE). It is related with cosmological
constant A by the following way:

ODE = Povac = (Mﬁd)zA/ 1)

where Mﬁd is the reduced Planck mass: Mf,‘f ~ 243 x 10'® GeV. At present, cosmological
measurements give:
ppe =~ (2x 1073 eV)4, )

which means a tiny value of the cosmological constant:
A~ 10783 GeV2. (3)

ss This tiny value of ppg was first predicted by B.G. Sidharth in 1997 year [3,4]. In the 1998 year
e S. Perlmutter, B. Schmidt and A. Riess [5] were awarded the Nobel Prize for the discovery of the
&1 accelerating expansion of the Universe.

62 Having an extremely small cosmological constant of our Universe, Bennett, Froggatt and Nielsen
es [6,15-17] assumed to consider only zero, or almost zero, cosmological constants for all vacua existing
ea in Nature.

o5 The MPP theory was developed in a lot of papers by H.B. Nielsen and his collaborators (see for
es example, Refs. [6,15-31] and recent Refs. [32-36] by other authors).
o7 Restricted to pure Standard Model (SM) we assumed the existence of only three vacua:

1. Present Electroweak vacuum, “true vacuum", in which we live.
It has vacuum expectation value (VEV) of the Higgs field equal to:

2. High Higgs field vacuum, “false vacuum" — Planck scale vacuum, which has the following VEV:

vy = (¢y) ~ 10'8 GeV. (5)
68 3. Condensate vacuum. This third vacuum is a very speculative possible state inside the pure SM,
69 which contains a lot of strongly bound states, each bound from 6 top + 6 anti-top quarks (see
70 Refs. [37-41]).
7 From experimental results for these three vacua, cosmological constants — minima of the Higgs

72 effective potentials V(¢ ) — are not exactly equal to zero. Nevertheless, they are extremely small.
s For this reason, Bennett, Froggatt and Nielsen assumed to consider zero cosmological constants as a
7a good approximation. Then according to the MPP, we have a model of pure SM being fine-tuned in
75 such a way that these three vacua proposed have just zero energy density.
If the effective potential has three degenerate minima, then the following requirements are
satisfied:

Verr(Pmin) = Vers (Omina) = Verf (@hinz) =0, 6)
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and
Ve (Omint) = Ve (Pmin2) = Vers(Pmina) = 0, @)
where oV
V'(¢?) = . 8
@) = 572 ®
Here we assume that:
Veff(()b%u‘nl) = Vpresent/ Veff(‘P%u‘nZ) = Vhigh fields and Veff((P%u‘nB) = Veondensate- )
76 Assuming the existence of the two degenerate vacua in the SM:
7 a. the first Electroweak vacuum at v; =~ 246 GeV, and
78 b. the second Planck scale vacuum at v, ~ 1018 GeV,
Froggatt and Nielsen predicted in Ref. [15] the top-quark and Higgs boson masses:
M; =173+5 GeV; Mp =135+10 GeV. (10)
70 In Figure 1 it is shown the existence of the second (non-standard) minimum of the effective Higgs

s potential in the pure SM at the Planck scale.

bV _ (D)

New Vacuum
clDmin2
108 GeV

IleIanck |q)|

Figure 1. Minima of the effective Higgs potential in the pure Standard Model, which correspond to the
first Electroweak “true vacuum”, and to the second Planck scale “false vacuum”.

Our Vacuum

a1 3. Topological defects of the universal vacua

82 Topological structures in fields are as important as the fields themselves. The presence of defects
es determines the special features of the vacuum.
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8s It is well known that in the early Universe topological defects may be created in the vacuum
es during the vacuum phase transitions. The early Universe underwent a series of phase transitions, each
e one spontaneously breaking some symmetry in particle physics and giving rise to topological defects
ez of some kind, which can play an essential role throughout the subsequent evolution of the Universe.
a8 In the context of the General Relativity, Barriola and Vilenkin (see Ref. [42]) studied the
e gravitational effects of a global monopole as a spherically symmetric topological defect. The authors
%0 found, that the gravitational effect of the global monopole is repulsive in nature. Thus, one may
o1 expect that the global monopole and cosmological constants are connected through their common
»2 manifestation as the origin of repulsive gravity. Moreover, both the cosmological constant and vacuum
o3 expectation value (VEV) are connected while the VEV is connected to the topological defects. All these
9« points lead us to a simple conjecture: There must be a common connection among the cosmological
s constant, topological defects and the vacuum expectation values (VEVs).

% Different phase transitions have resulted, during the expansion of the early Universe after the
oz Planck era. They produced the formation of the various kind of topological defects: point defects
es (monopoles, hedgehogs, etc.); line defects (strings, vortices), and sheet defects (for example, domain
oo walls). The topology of the vacuum manifold dictates the nature of these topological defects, appearing
10 due to the breakdown of local or global gauge symmetries.

In the present paper, we shall discuss another potentially observable manifestation of topological
defects. It has been shown in Ref. [43] that topological defects, like spherical domain walls and circular
loops of cosmic string, can be spontaneously produced in a de-Sitter like universe. The initial radii of
walls and strings are close to the de-Sitter horizon, which corresponds to the Universe radius:

28
Ryn =~ Rde-Sitter horizon = 107" cm. (11)

In the present paper, we study the evolution of the two bubbles: one having a “false vacuum", and the
other one having a “true vacuum'". The bubble, which we shall refer to as the false vacuum, to be a
de-Sitter space with a constant expansion rate Hr . It is convenient to use flat de-Sitter coordinates to
describe the background of the inflating false vacuum:

ds? = dt* — 2t (dr? 4 r2d0)?), (12)

where
dO? = d6? + sin® 0dp>. (13)

The space-time inside the bubble, which we shall refer to as a true vacuum, has the geometry of an
open Friedmann-Lemaitre-Robertson-Walker (FLRW) universe (see for example review [44]):

ds? = dt* — a(7)?(d&? 4 sinh? £dO?), (14)

101 where a(7) is a scale factor with cosmic time 7. In the true vacuum, we have a constant expansion rate
102 Ht, which has the meaning of the slow-roll inflation rate inside the bubble at the early stage of its
103 evolution.

108 Cosmological theory of bubbles was developed in a lot of papers by A. Vilenkin and his
105 collaborators (see for example Refs. [43,45,46]). The physical properties of defects depend on the
s embedding vacuum.

17 4. Gravi-Weak unification and hedgehogs as defects of the false vacuum

108 In the paper [9] (using the ideas of Refs. [47] and [48]) we have considered a Spin(4,4)-group of
100 the gravi-weak unification which is spontaneously broken into the SL(2, C)(8") x SU(2)(®¢ek)  Such
10 a model was constructed in agreement with experimental and astrophysical results. We assumed that
w1 after the Bing Bang there existed a Theory of the Everything (TOE) which rapidly was broken down to
u2 the direct product of the following gauge groups:
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G( wy x U(4) = SL(2,C)8™) x st (2)“e™) x U(4)
SL(2,C)870) 5 Su(2) @) 5 SLI(4) x U(1)y
SL(2,C) (™) x S (2)e™) x SU(3) x U(1)(_1) x U(1)y
SL(2,C) &™) 5 SU(3), x SU(2)p, x U(1)y x U(1)5_p)
SL(2,C)

G(toE)

(grav)

L L4l

X Ggm x U(1)(p_)-

And below the see-saw scale (Mg ~ 10° ~ 10'* GeV) we have the SM group of symmetry:
GSM = SU(3)C X SU(Z)L X U(l)y.

us  The action Sgyy) of the Gravi-Weak unification (obtained in Ref. [9]) was given by the following
114 expression:

Sew) = / Xf[m(RI@I2 |<I>|4)

gunz

1 1 1,
+ 7¢ (aRWRY +bR?) + DO DID 4 JF F ””} , (15)

where g,,,; is a parameter of the graviweak unification, parameters a,b (with a +- b = 1) are “bare"
coupling constants of the higher derivative gravity, R is the Riemann curvature scalar, Ry is the Ricci
tensor, |®|? = 7P is a squared triplet Higgs field, where ®“ (with a = 1,2, 3) is an isovector scalar
belonging to the adjoint representation of the SU(2) gauge group of symmetry. In Eq.(15):

D@ = 0, ®" + gre”° AL D¢ (16)
is a covariant derivative, and
Fi, =0, A% — 9, A} + g2e™ AL AS (17)

us is a curvature of the gauge field Aj, of the S U(2) Yang-Mills theory. The coupling constant g, is a
ue “bare” coupling constant of the SU(2) weak interaction.
The GW action (15) is a special case of the f(R) gravity [49-51] when:

f(R) = R|®[*. (18)

In a general case of the f(R) gravity, the action contains matter fields and can be presented by the
following expression:

1
5= / d*x\/=8 f(R) + Sgrao + Sgauge + Sm, (19)

ur where S;; corresponds to the part of the action associated with matter fields, fermions and Higgs fields.
Using the metric formalism, we obtain the following field equations:

1

F(R)Ruw — 5 f(R)guw — VuVoF(R) + guOF(R) = KTf, 0)
where: p
F(R) = f;(:), (1)

us &k = 871Gy, Gy is the gravitational constant, and T™ is the energy-momentum tensor derived from the
11 matter action Sy,.
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120 4.1. The existence of the de-Sitter solutions at the early time of the Universe

It is well-known that at the early time of the Universe an acceleration era is described by the
de-Sitter solutions (see for example [52,53]). The investigation of the problem that de-Sitter solutions
exist in the case of the action (15) was considered by authors of Ref. [47]. Our model [9] is a special case
of the more general SU(N) model [47], and we can assume that the Universe is inherently de-Sitter.
Then the 4-spacetime is a hyperboloid in a 5-dimensional Minkowski space under the constraint:

x% + x% + x% + x% + xi = rﬁs, (22)

where 75 is a radius of a curvature of the de-Sitter space, or simply “the de-Sitter radius". The Hubble
expansion of the Universe is then viewed as a process that approaches the asymptotic limit of a pure
space which is de-Sitter in nature, evidenced that the cosmological constant A describes the dark
energy (DE) substance, which has become dominant in the Universe at later times:

Qpg = PPE ~ 0.75, (23)
Pcrit

where ppr is the dark energy density and the critical density is:

3H}

Perit = g5 = 1.88 x 107%° H3, (24)
where Hj is the Hubble constant:
Hy ~ 1.5 x 107# GeV. (25)
Identifying the Einstein tensor as
3
Gyv = — 5 8uvs (26)
Tis

we see that the only nontrivial component that satisfies this equation is a constant for the Ricci scalar:

12
Ro= —

. (27)
2

"ds
As it was shown in Ref. [47], the nontrivial vacuum solution to the action (15) is de-Sitter spacetime
with a non-vanishing Higgs vacuum expectation value (VEV) of the triplet Higgs scalar field &:
vy = (P) = P. The standard Higgs potential in Eq.(15) has an extremum at &y = R/3 (with R > 0),

corresponding to a de-Sitter spacetime background solution:

12

"ds
which implies vanishing curvature:
1 1
Fy = SRo— — %P} 2
0= 5Ro— 7-X0®p (29)

121 solving the field equations DF = dF + [A, F] = 0, and strictly minimizing the action (15).

Based on this picture, the origin of the cosmological constant (and DE) is associated with the
inherent spacetime geometry, and not with vacuum energy of particles (we consider their contributions
later). We note that as a fundamental constant under the de-Sitter symmetry, 745 is not a subject to
quantum corrections. Local dynamics exist as fluctuations with respect to this cosmological background.
In general, the de-Sitter space may be inherently unstable. The quantum instability of the de-Sitter
space was investigated by various authors. Abbott and Deser [54] have shown that de-Sitter space is
stable under a restricted class of classical gravitational perturbations. So any instability of the de-Sitter
space may likely have a quantum origin. Ref. [55] demonstrated through the expectation value of the
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energy-momentum tensor for a system with a quantum field in a de-Sitter background space that in
general, it contains a term that is proportional to the metric tensor and grows in time. As a result, the
curvature of the spacetime would decrease and the de-Sitter space tends to decay into the flat space
(see Ref. [56]). The decay time of this process is of the order of the de-Sitter radius:

T~ 145~ 133 Hy L. (30)

122 Since the age of our universe is smaller than r;5, we are still observing the accelerating expansion in
123 action.

124 Of course, we can consider the perturbation solutions of the de-Sitter solution but these
125 perturbations are very small [52,53].

126 4.2, Parameters of the Gravi-Weak unification model

127 Assuming that at the first stage of the evolution (before the inflation), the Universe had the
126 de-Sitter spacetime — maximally symmetric Lorentzian manifold with a constant and positive
120 background scalar curvature R — we have obtained the following relations from the action (15):

1. The vacuum expectation value v, — the VEV of “the false vacuum" - is given by the de-Sitter
scalar curvature R:

R
2
= —. 31
}=1 (31)
2. At the Planck scale the squared coupling constant of the weak interaction is:
8% = &uni- (32)
The replacement:
(Dﬂ
— = P (33)
82
130 leads to the following GW-action:
R 3¢3 1 1 .
— 4. o 2 2 |1 pld +
S(GW) = —/md X —g (16 q)l —§|q>| +§qu) DHCD‘F@F;IVFIVU
+grav. terms), (34)
Now considering the VEV of the false vacuum as v = v;, we have:
R
= (35)
382

The Einstein-Hilbert action of general relativity with the Einstein’s cosmological constant Af is
given by the following expression:

Sey = —% /d4x\/?g (15 _ AE) . (36)

3. The comparison of the Lagrangian Lry with the Lagrangian given by Eq.(34) near the false
vacuum v leads to the following relations for the Newton’s gravitational constant Gy and
reduced Planck mass:

(MR = (smGy) T = £ = % @)

4. Then we have:
0 =2V2M? ~ 6.28 x 10'8 GeV, (38)
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and )
3
Ap = %vz. (39)
Eq.(37) gives:
1. 3¢ 4

Using the well-known in literature renormalization group equation (RGE) for the SU(2) running
constant a, L(u), where ap = g5/4m and  is the energy scale, we can use the extrapolation of
this value to the Planck scale [20,21] and obtain the following result:

1
ap(Mpy) ~ —

=5 Suni = g5 = 47t (Mp;) = 47t x 0.02 ~ 0.25. (41)

5. The solution for the black-holes-hedgehogs

A global monopole is described by the part L, of the Lagrangian L gy given by the action (34),
which contains the SU(2)-triplet Higgs field ®?, VEV of the second vacuum v, = v and cosmological
constant A = Ap:

R 3¢5 1
L, = ——|®?+22|p|* - 29, + A
h 16| |~ + 32| | 2314 d + Ag
1 A 2 A A
= 0 + (|c1>|2 - vz) + 58— ot
1. ., A 2
- _ - N i 2_ .2
S0P D"+ (|<1>| v) . 42)
Here we have: )
3
r=22 (43)

Substituting in Eq.(43) the value g3 ~ 0.25 given by Eq.(41), we obtain:
A —. (44)

Eq.(40) gives:
Ae 3B A

k320 4 45)
and in Eq.(42) we have the compensation of the Einstein’s cosmological term. Then
1
Ly = —EGVCD“NCD” +V(P), (46)
where the Higgs potential is:
_ Mo _ 2\
V(@) =% (|c1>| v) . (47)
This potential has a minimum at (|®|),,;;, = v, in which it vanishes:
v (10R) =V (10f) =0, (48)

in agreement with the MPP conditions (6) and (7).
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136 The field configurations describing a monopole-hedgehog [7,8] are:
a
P = vw(r) =,
’
xb
Al}ll = a(r)eyab P (49)

17 where x*x" = 2 with (a = 1,2,3), w(r) and a(r) are some structural functions. This solution is
13s  pointing radially. Here ®* is parallel to 7 — the unit vector in the radial, and we have a “hedgehog"
130 solution of Refs. [7,8]. The terminology “hedgehog" was first suggested by Alexander Polyakov in
10 Ref. [8].

The field equations for @ in the flat metric reduces to a single equation for w(r):

2 2 w(w? —1)
1 /
Wk W - S g = 0, (50)

where ¢ is the core radius of the hedgehog. In the flat space the hedgehog’s core has the following size:

1
5~ T (1)

11 The function w(r) grows linearly when r < é and exponentially approaches unity as soonasr > § .
12 Barriola and Vilenkin [42] took w = 1 outside the core which is an approximation to the exact solution.
13 As a result, the functions w(r) and a(r) are constrained by the following conditions:

w(0) = 0, and w(r) 1 when r— oo,
1
a(0) = 0, and a(r)~ - when r — oo. (52)
1as  5.1. The metric around of the global monopole
The most general static metric around of the global monopole is a metric with spherical symmetry:
ds®> = B(r)dt*> — A(r)dr? — r*(d6? + sin®0d¢?). (53)

s For this metric the Ricci tensor has the following non-vanishing components:

o _ B B (A B\ 1B
7 2474A\A "B) 1A’
R = B7H+B7/ £+B;, _lil
" 7 2B 4B\A B) rA’
r A B 1
Rgg = _1+2A<_A+B>+A,
Ryy = sin®6ORg. (54)
s The energy-momentum tensor of the monopole is given by
2 1
TLL = Uz% + UZZUT + 1)\04('(/02 — 1)2,
”
— 2 W 2 1) a2 2
T: = —vﬁ+07+i)\v(w —1),
T =T = vzw—,2+1)w4(w2—1)2. (55)
6 2A ' 4

sz Herex = 1.
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148 Considering the approximation used by Barriola and Vilenkin in Ref. [42], we obtain an
140 approximate solution for monopole-hedgehog taking w = 1 out the core of the hedgehog (see also
1o Refs. [57-61]). In this case scalar curvature R is constant and Eq.(20) comes down to the Einstein’s

1/1 1A\ 1 1.,

A(rz_rA)_rz = gl (56)
1 /1 1B 1 1

A<r2+rB)_r2 = a2 ©7)

152 Where the energy-momentum tensor is given by the following approximation:

11 equation:

2
(%

t T s
! = T'=—
7

r

2 4
Ty = Tg=0. (58)

Taking into account Eq.(58), we obtain the following result by substraction of Eqs.(56) and (57):

A" B
and then asymptotically (when r — o) we have:
A~B L (60)

From Eq.(56) we obtain a general relation for the function A(r):

Ay =1- % /0 "T Par. (61)
153 In the limit r — oo we obtain:
Alr) = 1—xv*— 268 M +
B(r) = (1 —xv? — M + ) o (62)

s 5.2. The mass, radius and horizon radius of the black-hole-hedgehog
Eq.(61) suggests the following equation for the hedgehog mass M:

M =8n /0 T! 2dr, 63)
ot 2 (w? — 1)
a2 (O w1 (w1 2
M = 8nv /0 (w + o + 152 > redr. (64)

The function w(r) was estimated in Ref. [60] at 7 < J:

w(r) ~1—exp (—%) , (65)

and we obtain an approximate value of the hedgehog mass:

M = Mgy ~ —87033. (66)
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There is a repulsive gravitational potential due to this negative mass. A freely moving particle near the
core of the black-hole experiences an outward proper acceleration:

_ GyM _ Gy|M|

N r r 67)

We have obtained a global monopole with a huge mass (66), which has a property of the hedgehog. This
is a black-hole solution, which corresponds to a global monopole-hedgehog that has been “swallowed"
by a black-hole. Indeed, we have obtained the metric result by M. Barriola et.al. [42] like:

2 2
s (1 P M ) P 2‘” s — 17 (46% + sin? 0dg?) 68)
1 —xvs + B

A black-hole has a horizon. A horizon radius ry, is found by solving the equation A(r;,) = 0:

2y 20N IM] _

1—
™ 0, (69)
and we have a solution: 26y M|
_ 26N
r, = 7’(02 —1- (70)

According to Eq. (37), xv?> = 8, and we obtain the black-hole-hedgehog with a horizon radius:

2 16
X 2 X M| = = x — x 8702 ~ =6~ 229. (71)

2
= ZGn M| =2 x o 7" 8n

NN

We see that the horizon radius ry, is more than the hedgehog radius J:
>0,
155 and our concept that “a black-hole contains the hedgehog" is justified.

1se 6. Lattice-like structure of the false vacuum and non-commutativity

157 Now we see, that at the Planck scale the false vacuum of the Universe is described by a
1ss non-differentiable space-time: by a foam of black-holes, having lattice-like structure, in which sites are
10 black-holes with “hedgehog" monopoles inside them. This manifold is described by a non-commutative
o geometry [3,4,62-71].

161 In Refs. [3,4] B.G. Sidharth predicted:

1

o

1. That a cosmological constant is given by a tiny value:
A ~ H3, (72)
where H is the Hubble rate in the early Universe:
Hy ~ 1.5 x 107% GeV. (73)

2. That a Dark Energy density is very small:

ppe ~ 10712 eV* = 107% GeV¥; (74)
162 3. That a very small DE-density provides an accelerating expansion of our Universe after the Big
163 Bang.
162 Sidharth proceeded from the following points of view [65]: Modern Quantum Gravity [72] (Loop

165 Quantum Gravity, etc.,) deal with a non-differentiable space-time manifold. In such an approach, there


http://dx.doi.org/10.20944/preprints201811.0630.v1
http://dx.doi.org/10.3390/universe5030078

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 November 2018 d0i:10.20944/preprints201811.0630.v1

13 of 26

166 eXists a minimal space-time cut off A,,;,, which leads to the non-commutative geometry, a feature
167 shared by the Fuzzy Space-Time also.
If the space-time is fuzzy, non-differentiable, then it has to be described by a non-commutative
geometry with the coordinates obeying the following commutation relations:

[dx!, dx"] =~ B*I2 # 0. (75)

1es  Eq. (75) is true for any minimal cut off [.
Previously the following commutation relation was considered by H.S. Snyder [73]:

2
[x,p] =h (1 + (ii) p2> , etc., (76)

which shows that effectively 4-momentum p is replaced by

P p <1+ <,;>2P2> _1, 77)

Then the energy-momentum formula becomes as:

-2
I 2
E? =m?+p? (1 - (ﬁ) p2> , (78)

l 2
E2xm? 4 p? -2 (ﬁ) pt. (79)

or

1es In such a theory the usual energy momentum dispersion relations are modified [66-70]. In the above
170 equations, [ stands for a minimal (fundamental) length, which could be the Planck length Ap;, or for
i1 more generally — Compton wavelength A..
Writing Eq. (79) as
E=E+E, (80)

172 where E’ is the usual (old) expression for energy, and E” is the new additional term in modification.
s E’ can be easily verified as E” = —m;c? — for boson fields, and E” = +m ¢c? - for fermion fields with
17a masses my, my, respectively. These formulas help to identify the DE density, what was first realized by
175 B.G. Sidharth in Ref. [4].

176 DE density is a density of the quantum vacuum energy of the Universe. Quantum vacuum,
177 described by Zero Point Fields (ZPF) contributions, is the lowest state of any Quantum Field Theory
1ze (QFT), and due to the Heisenberg’s principle has an infinite value, which is renormalizable.

170 As it was pointed out in Refs. [63,74], the quantum vacuum of the Universe can be a source of the
10 cosmic repulsion. However, a difficulty in this approach has been that the value of the cosmological
11 constant turns out to be huge [74], far beyond the value which is observed by astrophysical
12 measurements. This phenomenon has been called “the cosmological constant problem" [75].

183 A global monopole is a heavy object formed as a result of the gauge-symmetry breaking during the
1es  phase transition of the isoscalar triplet &7 system. The black-holes-hedgehogs are similar to elementary
s particles because a major part of their energy is concentrated in a small region near the monopole core.
1es  Assuming that the Planck scale false vacuum is described by a non- differentiable space-time having
17 lattice-like structure, where sites of the lattice are black-holes with “hedgehog" monopoles inside them,
1es  we describe this manifold by a non-commutative geometry with a minimal length [ = Ap;. Using the
10 Non-commutative theory of the discrete space-time, B.G. Sidharth predicted in Refs. [4,63] a tiny value
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w0 of the cosmological constant: A ~ 1078 GeV? as a result of the compensation of ZPF contributions by
11 non-commutative contributions of the hedgehog lattice.

102 7. The phase transition from the “false vacuum" to the “true vacuum"

103 In the Guendelman-Rabinowitz theory [57] of the universal vacua, the authors investigated the
10s  evolution of the two phases:

105 1. one being the “false vacuum" (Planck scale vacuum), and
106 2. the other — the “true vacuum" (EW-scale vacuum).
197 By cosmological theory, the Universe exists in the Planck scale phase for extremely short time.

s By this reason, the Planck scale phase was called “the false vacuum". The presence of hedgehogs
100 as defects is responsible for the destabilization of the false vacuum. The decay of the false vacuum
200 is accompanied by the decay of the black-holes-hedgehogs. These configurations are unstable, and
201 at some finite cosmic temperature which is called the critical temperature T¢, a system exhibits a
202 spontaneous symmetry breaking, and we observe a phase transition from the bubble with the false
203 vacuum to the bubble with the true vacuum. After the phase transition, the Universe begins its
20a evolution toward the low energy Electroweak (EW) phase. Here the Universe underwent the inflation,
205 which led to the phase having the VEV v; ~ 246 GeV. This is a “true" vacuum, in which we live.
206 Guendelman and Rabinowitz [57] also allowed a possibility to consider an arbitrary domain wall
20z between these two phases. During the inflation, domain wall annihilates, producing gravitational
20s  'waves and a lot of the SM particles, having masses.
200 The Electroweak spontaneous breakdown of symmetry SU(2)1 x U(1)y — U(1)e.maq leads to
210 the creation of the topological defects in the EW vacuum. They are the Abrikosov-Nielsen-Olesen
2 closed magnetic vortices (“ANO strings") of the Abelian Higgs model [76,77], and Sidharth’s Compton
212 phase objects [78-80]. Then the electroweak vacuum again presents the non-differentiable manifold,
23 and we have to consider the non-commutative geometry.
214 Kirzhnits [81] and Linde [82] were first who considered the analogy between the Higgs mechanism
215 and superconductivity, and argued that the SM (SU(2)-doublet) Higgs field condensate v; = (H) ~
zne 246 GeV disappears at high temperatures, leading to the symmetry restoration. As a result, at high
a1z temperatures T > T, all fermions and bosons are massless. These conclusions were confirmed, and the
zus  critical temperature was estimated (see review by A. Linde [83]).
210 At the early stage, the Universe was very hot, but then it began to cool down.
220 Black-holes-monopoles (as bubbles of the vapour in the boiling water) began to disappear. The
=1 temperature dependent part of the energy density died away. In that case, only the vacuum energy will
222 survive. Since this is a constant, the Universe expands exponentially, and an exponentially expanding
223 Universe leads to the inflation (see review [84]). While the Universe was expanding exponentially, so
224 it was cooling exponentially. This scenario was called supercooling in the false vacuum. When the
225 temperature reached the critical value T;, the Higgs mechanism of the SM created a new condensate
226 Ppin1, and the vacuum became similar to a superconductor, in which the topological defects are
22z magnetic vortices. The energy of black-holes is released as particles, which were created during the
226 radiation era of the Universe, and all these particles (quarks, leptons, vector bosons) acquired their
220 masses m; through the Yukawa coupling mechanism Y rip¢¢. Therefore, they acquired the Compton
20 wavelength, A; = ii/m;c. Then according to the Sidharth’s theory of the cosmological constant, in
21 the EW-vacuum we again have lattice-like structures formed by bosons and fermions, and the lattice
232 parameters “[;" are equal to the Compton wavelengths: [; = A; = fi/m;c.

As it was shown in Ref. [62], the Planck scale vacuum energy density (with the VEV v;) is equal

to:

Poac(at Planck scale) = pzpr(at Planck scale) — pl(ﬁcck) notes = 0, (81)
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23 and the EW-vacuum gives:
Ooac(at EW scale) =
NC NC NC
PzPF (at EW scale) - pz(Jorte)x contr. — pl(yosmz fields + p](‘erm)ion fields ~ 0. (82)

23s  In the above equations “NC" means the “non-commutativity" and “ZPF" means “zero point fields".
Assuming by example that hedgehogs form a hypercubic lattice with lattice parameter [ = Ap;,
we have the negative energy density of such a lattice equal to:

Prat = —MpyM3,. (83)

If this energy density of the hedgehogs lattice compensates the Einstein’s vacuum energy (45), we have
the following equation:

A
104 ~ |MBH|M%J[/ (84)
Using the estimation (38), we obtain:
O MY, ~ | My M3 85
5> Mp; ~ |Mpn|Mpy, (85)
or 3
|Mpy| = > Mp; ~ 3.65 x 10'® GeV. (86)
Therefore hedgehogs have a huge mass of order of the Planck mass. Eq.(66) predicts a radius ¢ of the
hedgehog's core:
|MpH| 1287 o 21 oyl
o~ R~ M ~ 107 GeV™-. 87
87102 3 Pl € ( )

25 7.1. Stability of the EW vacuum

Here we emphasize that due to the energy conservation law, the vacuum density before the phase
transition (for T > T¢) is equal to the vacuum density after the phase transition (for T < T¢), therefore
we have:

Poac(at Planck scale) = pyac(at EW scale). (88)

The analogous link between the Planck scale phase and EW phase was considered in the paper [78].
It was shown that the vacuum energy density (DE) is described by the different contributions to
the Planck and EW scale phases. This difference is a result of the phase transition. However, the
vacuum energy densities (DE) of both vacua are equal, and we have a link between gravitation and
electromagnetism via the Dark Energy. According to the last equation (88), we see that if py, (at the
Planck scale) is almost zero, then py, (at EW scale) also is almost zero, and we have a triumph of the
Multiple Point Principle: we have two degenerate vacua with almost zero vacuum energy density.
Almost zero cosmological constants are equal:

AN =N =0,

23s  where A; is a cosmological constant for i-vacuum with VEV v; (here i = 1, 2).
237 Now we see that we have obtained a very important result: our vacuum, in which we live, is
23s  stable. The Planck scale vacuum cannot be negative: V,¢f(miny) = V,¢¢(miny) exactly.

230 8. Hedgehogs in the Wilson loops and the phase transition in the SU(2) Yang-Mills theory

240 The authors of Ref. [13] investigated the gauge-invariant hedgehog-like structures in the Wilson
2e1 loops of the SU(2) Yang-Mills theory. In this model the triplet Higgs field & = "¢ vanishes at the
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2a2  centre of the monopole x = xp: @(xp) = 0, and has a generic hedgehog structure in the spatial vicinity
a3 of this monopole.
In the Yang-Mills theory, a hedgehog structure can be entirely defined in terms of Wilson-loop
variables [14]. In general, we consider an untraced Wilson loop, beginning and ending at the point x
on the closed loop C:

We(xg) = Pexp igf dxHAy. (89)
C
To improve the analogy with the triplet Higgs field &, we subtract the singlet part from Wc(xp):

A

Tc(xg) = Wc(xO) -1 %TI’WC(X()). (90)

This is a traceless adjoint operator similar to the field . Associating the triplet part I'c(xg) of Wilson
loop Wc(xp) with the triplet Higgs field ®, we notice the following property: As the Higgs field
vanishes in all points x, belonging to the monopole trajectory, similarly I'c vanishes on the hedgehog
loop C:

WeeZ, & Tc=0.

248 In conventional superconductivity [76], Abrikosov vortices are singularities in the
2es  superconducting condensate (i.e., in the Cooper-pair field). Abrikosov vortices are “two-dimensional
2e6  hedgehogs" (see Ref. [57]). In the core of the Abrikosov’s vortices, the superconductivity is broken, and
2a7  the normal state is restored. As temperature increases, the condensate weakens, and nucleation of the
2es  vortices due to thermal fluctuations strengthens. Thus, the higher the temperature is, the density of the
a0 (thermal) vortices should be larger. It can be expected in the YM theory that the density of hedgehog
=0 loops is also sensitive to the phase transition.

The order parameter of the phase transition is the vacuum expectation value (trace) of the

Polyakov line:
R 1/T
L(x) = Pexp ig/ dxsAy(X, x4). 91)
0

21 Here T is a temperature and VEV is L = %Trﬁ. Functional L(x), called the thermal Wilson line, is a
22 basic variable in an effective theory, which describes the properties of the finite-temperature phase
=3 transition of the system. In the confinement phase, the expectation value of the Polyakov line is zero:
e (L) = ¢~ TH = 0, indicating that the free energy of a single quark becomes infinite when F, — c.
s In the deconfinement phase, the Polyakov line has a non-zero expectation value: (L) # 0, and the
2ss  quarks are no longer confined. Considering lattice model of the SU(2) Yang-Mills theory, Belavin,
a7 Chernodub and Kozlov showed numerically that the density of hedgehogs structures in the thermal
zss Wilson-Polyakov lines is very sensitive to the finite-temperature phase transition. The hedgehog line
20 density behaves like an order parameter: the density is almost independent of the temperature in the
260 confinement phase and changes substantially as the system enters the deconfinement phase. These
201 authors obtained a very important result: B.;; ~ 2.5, which shows that the critical temperature T,
262 corresponding to the hedgehogs’ confinement, is smaller than the Planck scale value.

Indeed,
1
_ 2 _ —
B=1/g —1/(4mx)—T/\Pl. (92)
Then the critical temperature is:
T, = Mpr 0.4Mp; ~ 10'® GeV. (93)

- .Bcrit
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26s 9. Threshold energy of the SU(2)-triplet Higgs bosons

Eq.(92) also gives the critical value of the couplingconstant g2,., of the SU(2) Yang-Mills theory:
8l ~ 04, (94)

or

a5 A~ AT X 2.5 ~ 314 (95)
The renormalization group equation (RGE) for a~1(u) (see for example [85] and references there) is
given by the following expression:

() = a(My) " 40t (96)

2a  where t = In(p/M;), and My ~ 173.34 GeV is the top quark mass.
Usually RGE is a function of x: x = log;, ¢. Then

X
t=In <§\(/)I> = xIn10 — In M; =~ 2.30x — 5.16. 97)
t

For SU(2)-gauge theory b ~ 19/127 and a;, ' (M;) ~ 29.4 £ 0.02, and we obtain the following RGE
equation [85]:
ay ! (x) A2 29.4 + 0.504(2.30x — 5.16). (98)

Then we can calculate x.,;; using the following result:
a;}t ~ 314 =29.4 + 1.16x.; — 2.60, (99)
which gives:
Xerit ~ 4,

or
Herip ~ 10% GeV.

This result means that the hedgehog’s confinement happens at energy of 10 TeV, which is a threshold
energy of the production of a pair of the SU(2)-triplet Higgs bosons ®:

Ethreshold ~ 104 GeV =10 TeV. (100)

205 At this energy we can expect to see at LHC the production of the triplet Higgs particles with mass
266~ 5 TeV.If we assume that in the region E > Eje1014 the effective Higgs potential has an interaction
267 between the triplet field & and Higgs doublet H* (here a = 1,2,3 and a = 1, 2), then we have such an
s effective Higgs potential with two Higgs fields: SU(2)-triplet ®* and SU(2)-doublet H:

Verr = Mnesr(h) (!‘1’|2 - U%>2 + An,eff(H) (\H|2 - U%)z
At epy (1, H) (|0 = 03) (IHP = o) + A, (101)

At T = T,, we have the phase transition in the Universe when the electroweak spontaneous breakdown
of symmetry SU(2); x U(1)y — U(1)e1.maq creates new topological defects of the EW vacuum: the
Abrikosov-Nielsen-Olesen closed magnetic vortices (“ANO strings") of an Abelian Higgs model [76,77]
and point-like Compton phase objects [78-80]. Therefore below energy E = Ejjes014 We have the
following effective Higgs potential:

2
V= Aeps (H) (IHP = 23)" + A, (102)
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260 Which has the low-energy first vacuum with the VEV ;.

270 Here it is necessary to comment that our Gravi-Weak unification described in Section 4 is not
2n valid exactly due to the presence of a mixing term in the effective Higgs potential V,¢s. This unification
272 is not correct if the mixing coupling constant Ay, ¢ is not very small and negligible. The hedgehog'’s
273 parameters obtained in Sections 4 and 5 are approximately valid if Apy, . < 1. In this paper, we
27a assume that this coupling Ay ¢ is negligibly small.

275 A cosmological constant A in Egs. (101) and (102) is given by the tiny value of DE (see Eq. (3)).

zre  10. The Higgs mass and vacuum stability/metastability in the Standard Model

277 As it was mentioned in Section 2, assuming the existence of two degenerate vacua in the SM
e (the first Electroweak vacuum and the second Planck scale one), Froggatt and Nielsen predicted the
2rs  top-quark and Higgs boson masses: M; = 173 &5 GeV and My = 135 £ 10 GeV [15]. Their prediction
20 for the mass of the SM SU(2)-doublet Higgs boson was improved in Ref. [86] by calculations of
201 the two-loop radiative corrections to the effective Higgs potential V,¢¢(H) (here H? = ¢'¢)). The
202 prediction of Ref. [86]: My = 129 £ 2 GeV provided the possibility of the theoretical explanation of
2ss  the value My ~ 125.7 GeV observed at LHC.
204 The authors of reference [87] extrapolated the SM parameters up to the high (Planck) energies
2es  with full 3-loop NNLO RGE precision. From Degrassi et al. calculation [86], the effective Higgs field
28 potential V,¢¢(H) has a minimum, which slightly goes under zero, so that the present EW-vacuum is
2sz  unstable for the experimental Higgs mass My ~ 125.09 £ 0.24 GeV, while the value that would have
2ee  made the second minimum v, just degenerate with the present vacuum v, would be rather mpy ~ 129.4
20 GeV.

A theory of a single scalar field is given by the effective potential V¢ (¢c) which is a function of

the classical field ¢.. In the loop expansion V, is given by a series:

Verr = V(0) + TV, (103)

where V(0) is the tree-level potential of the SM:

V(0) = —%m%q(pz - %/\an‘*. (104)

200 The vast majority of the available experimental data is consistent with the SM predictions. No sign
201 of new physics has been detected. Until now there is no evidence for the existence of any particles
202 other than those of the SM, or bound states composed of other particles. All accelerator physics seems
203 to fit well with the SM, except for neutrino oscillations. These results caused a keen interest in the
204 possibility of the emergence of new physics only at very high (Planck scale) energies and generated a
205 great attention to the problem of the vacuum stability: whether the EW-vacuum is stable, unstable,
206 O metastable. A largely explored scenarios assume that new physics comes only at the Planck scale
207 Mp; = 1.22 x 10! GeV. According to these scenarios, we need the knowledge of the Higgs effective
20s potential V,¢¢(¢) at very high values of ¢.
The loop corrections give the V, ¢ with values of ¢, which are much larger than v, ~ 246 GeV.
The effective Higgs potential develops a new minimum at v, > v;. The position of the second
minimum depends on the SM parameters, especially on the top and Higgs masses, M; and M. This
V,ff(min2) can be higher or lower than the V,¢(minl) showing a stable EW vacuum (in the first case),
or metastable one (in the second case). The red solid line of Figure 2 by Degrassi et al. shows the
running of the Ay, ¢r(¢) for My =~ 125.7 GeV and M; ~ 171.43 GeV, which just corresponds to the
stability line, that is, to the stable EW-vacuum. In this case the minimum of the V,;(H) exists at the
¢ = ¢o ~ 10'® GeV, where according to MPP:

Atieff(90) = B(Areff(d0)) = 0.
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200 Unfortunately, according to Refs. [86,87], this case does not correspond to the current experimental
300  values.
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Figure 2. The RG evolution of the Higgs selfcoupling A for M; ~ 173.34 GeV and a5 = 0.1184 given by
£30. Blue lines present metastability for current experimental data, red (thick) line corresponds to the

stability of the EW vacuum.

In Figure 2 blue lines (thick and dashed) present the RG evolution of Agy(y) for current
experimental values My ~ 125.7 GeV and M; ~ 173.34 GeV. The thick blue line corresponds to
the central value of &; = 0.1184 and dashed blue lines correspond to its errors equal to £0.0007. We
see that absolute stability of the Higgs potential is excluded by at 98% C.L. for My < 126 GeV. Figure
2 shows that asymptotically Ag(p) does not reach zero but approaches to the negative value:

Ay — —0.01 4 0.002, (105)

s01  indicating the metastability of the EW vacuum. According to the paper [86], the stability line is given
502 in Figure 2 by the red thick line and corresponds to My = 129.4 & 1.8 GeV. We see that the current
;03 experimental values of My and M; show the metastability of the present EW-vacuum of the Universe,
sos and this result means that the MPP law is not exact.

305 11. A new physics in the SM

306 Can the MPP be exact due to the corrections from hedgehogs’ contributions? We think that it is
307  possible.

If we assume that in the region E > Ejeqn014 the effective Higgs potential contains not only the
SU(2)-triplet field @7, but also the SU(2)-doublet Higgs field H* (where a = 1,2,3 and « = 1,2),
then there exists an interaction (mixing term) between these two Higgs fields as it was shown in
Eq. (101). Of course, the effective Higgs self-interaction coupling constant Ay .¢f(p#) is a running
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function presenting loop corrections to the Higgs mass My, which arise from the Higgs bosons H
(AAg(p)) and from hedgehogs 1 (0Ax(1)):

G
Mresr(#) = M+ SAn(H) + A (k). (106)
where Gr is the Fermi constant. The main contribution to the correction dAg (), described by a series
in the mixing coupling constant Ay, is a term Ag given by the Feynman diagram of Figure 3 containing
the hedgehog h in the loop:

SAH (1) = Zucn (WA = As(p) + ... (107)

sos Here the effective Higgs self-interaction coupling constant Ay .¢f(pt) is equal to A, ¢¢(p) considered in
s00  Refs. [86,87]

N '
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’ N
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Figure 3. The main Feynman diagram containing hedgehogs in the loop, which corrects the effective

Higgs mass.

Our hedgehog is an extended object with a mass M, and radius Ry, therefore it is easy to estimate
Ag at high energies y > Eyposn014 by methods of Ref. [32]:

1 A%H(V)

where Ay () is a running coupling constant of the interaction of hedgehogs I with the Higgs fields
H (see Eq. (101)). In Eq. (33) parameters M;, = |Mpy| and R;, are the running mass and radius of the
hedgehog, respectively. According to Egs. (66), (86) and (87), we have:

My (u) = 8r0*5(n) and Ry, () = 8(p). (109)
At high Planck scale energies, they are:
M, ~ 10" GeV, R, ~1072! GeV~}, (110)

and
R,Mj, ~ 1073, (111)
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As a result, asymptotically we have:
Mb® 1 12
Ag ~ —=10". 112
S 1672 ( )
If hedgehog parameter Ay is:
A~ 1079, (113)
then
As ~0.01, (114)

s and the hedgehogs’ contribution transforms the metastable (blue) curve of Figure 2 into the stable
au (red) curve, and we have an exact stability of the EW-vacuum and the accuracy of the MPP with two
sz degenerate vacua in the Universe.

313 A tiny value of the mixing coupling A;y, given by Eq. (113), confirms a good accuracy of our
as  calculations in the framework of the GWU model. Of course, the results obtained in our investigation
ais depend on details of the f(R) gravity and Gravi-Weak unification model. Nevertheless, we predict a
ae  production of triplet Higgs bosons at LHC at energy scale ~ 10 TeV and the existence of two degenerate,
a1z or almost degenerate vacua of our Universe provided by the existence of black-holes-hedgehogs in the
ae  false Planck scale vacuum.

s10 12. Conclusions

a20 1. In this investigation, we have based on the discovery that a cosmological constant of our Universe
sz is extremely small, almost zero, and assumed a new law of Nature which was named as a Multiple
;22 Point Principle (MPP). The MPP postulates: There are two vacua in the SM with the same energy density,
s23 or cosmological constant, and both cosmological constants are zero, or approximately zero. We considered
224 the existence of the following two degenerate vacua in the SM: a) the first Electroweak vacuum at
;25 U1 = 246 GeV, which is a “true" vacuum, and b) the second “false" vacuum at the Planck scale with
s VEV 0, ~ 1018 GeV.

a2z 2. The bubble, which we refer to as “the false vacuum", is a de-Sitter space with its constant expansion
s2¢ rate Hp. The initial radius of this bubble is close to the de-Sitter horizon, which corresponds to the
;20 Universe radius. The space-time inside the bubble, which we refer to as “the true vacuum", has the
330 geometry of an open FLRW universe.

a1 3. We investigated the topological structure of the universal vacua. Different phase transitions, which
sz were resulted during the expansion of the early Universe after the Planck era, produced the formation
a3 of the various kind of topological defects. The aim of this investigation is the consideration of the
:3s  hedgehog configurations as defects in the false vacuum. We have obtained a solution for a black-hole
s3s  in the region which contains a global monopole in the framework of the f(R) gravity, where f(R) is a
;s function of the Ricci scalar R. Here we have used the results of the Gravi-Weak unification (GWU)
;37 model. The gravitational field, isovector scalar ®* with a = 1,2, 3, produced by a spherically symmetric
:3e  configuration in the scalar field theory, is pointing radially: ®“ is parallel to # — the unit vector in the
330 radial direction. In this GWU approach, we obtained a “hedgehog" solution (in Alexander Polyakov’s
a0 terminology). We also showed that this is a black-hole solution, corresponding to a global monopole
s that has been “swallowed" by a black-hole.

sz 4. We estimated all parameters of the Gravi-Weak unification model, which gave the prediction of the
sas Planck scale false vacuum VEV equal to v = ZﬁMffld ~ 6.28 x 10'8 GeV.

sas 5. We have shown, that the Planck scale Universe vacuum is described by a non-differentiable
s space-time: by a foam of black-holes, or by lattice-like structure, where sites are black-holes with
s the “hedgehog" monopoles inside them. This manifold is described by a non-commutative geometry,
sz leading to a tiny value of cosmological constant A =~ 0.

sae 6. Taking into account that the phase transition from the “false vacuum" to the “true vacuum" is a
se0  consequence of the electroweak spontaneous breakdown of symmetry SU(2); x U(1)y — U(1)e1.maq,
0 we considered topological defects of EW-vacuum: the Abrikosov-Nielsen-Olesen closed magnetic
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=1 vortices (“ANO strings") of the Abelian Higgs model and Sidharth’s Compton phase objects. We
2 showed that the “true vacuum" (EW-vacuum) again is presented by the non-differentiable manifold
s with non-commutative geometry leading to an almost zero cosmological constant.

ss¢ 7. By solving the gravitational field equations we estimated the black hole-hedgehog’s mass, radius
sss and horizon radius are M, ~ 3.65 x 10!8 GeV, R, ~ 10721 GeV~! and rj, ~ 2.29R,, respectively.

s 8. We considered that due to the energy conservation law, the vacuum energy density before the phase
7 transition is equal to the vacuum energy density after the phase transition: pyu(at Planck scale) =
s Poac(at EW scale). This result confirms the Multiple Point Principle: we have two degenerate vacua v;
30 and vp with an almost zero vacuum energy density (cosmological constants). By these considerations,
0 we confirmed the vacuum stability of the EW-vacuum, in which we live. The Planck scale vacuum
s cannot be negative because of the exact equality V,¢s(miny) = V,r¢(ming).

sz 9. Hedgehogs in the Wilson loops of the SU(2) Yang-Mills theory, and phase transitions in this theory
s were investigated revising the results of Refs. [13,14]. Using their lattice result for the critical value
ses  Of the temperature of hedgehog’s confinement phase: B = 2.5, we predicted the production of the
ss  SU(2)-triplet Higgs bosons at LHC at energy scale 1 ~ 10 TeV, providing a new physics in the SM.
ses  10. We considered an additional confirmation of the vacuum stability and accuracy of the MPP taking
se7  into account that hedgehog fields ®” produce a new physics at the scale ~ 10 TeV, and calculating at
see  high energies the contribution of the black-hole-hedgehog corrections to the effective Higgs potential.
ses  This result essentially depends on the hedgehog field parameters: mass, radius and mixing coupling
s7o  constant Ay of the interaction of hedgehogs with the SM doublet Higgs fields H.

sz1 Acknowledgments: LVL greatly thanks to the B.M. Birla Science Centre (Hyderabad, India) and personally Prof.
s72  B.G. Sidharth, for hospitality, collaboration and financial support. HBN wishes to thank the Niels Bohr Institute

s73 for the status of professor emeritus and corresponding support. CRD is thankful to BLTP Director Prof. D.L
s7a  Kazakov for support.

s7s  References

sze 1. Das, C.R, Laperashvili, L.V., Nielsen, H.B., Sidharth, B.G. Cosmological model with black-holes-hedgehogs

377 and two degenerate vacua of the Universe. Mathematical Modelling and Geometry 2018, 6, 12-27,
378 doi:10.26456 / mmg/2018-622.

sz 2. Sidharth, B.G., Das, CR. Laperashvili L.V, Nielsen, H.B. Gravi-weak unification and the
380 black-hole-hedgehog’s solution with magnetic field contribution. Intf. ]. Mod. Phys. A 2018, 33 1850188
381 (21 pages), d0i:10.1142/50217751X18501889 [arXiv:1809.00126].

ss2 3. Sidharth, B.G. An alternative perspective in quantum mechanics and general relativity. In Proceedings of the
383 8th Marcell Grossmann Meeting on General Relativity, Jerusalem, 22-27 Jun 1997; Piran, T., Ruffini, R., Eds.; World
384 Scientific: Singapore, 1999; pp. 476-479, ISBN 10:9810237936, ISBN 13:9789810237936.

sss 4. Sidharth, B.G. The Universe of fluctuations. Int. J. Mod. Phys. A 1998, 13, 2599-2612,
386 doi:10.1142/50217751X98001335 [arXiv:quant-ph/9808031].

ss7 5. Perlmutter, S. et al. Discovery of a supernova explosion at half the age of the Universe and its cosmological
388 implications. Nature 1998, 391, 51-54, doi:10.1038 /34124 [arXiv:astro-ph/9712212].

sss 6. Bennett, D.L., Nielsen, H.B. Predictions for nonAbelian fine structure constants from multicriticality. Int. J.
390 Mod. Phys. A 1994, 9, 5155-5200, doi:10.1142/50217751X94002090 [arXiv:hep-ph/9311321].

so1 7. 't Hooft, G. Magnetic Monopoles in Unified Gauge Theories. Nucl. Phys. B 1974, 79, 276-284,
302 do0i:10.1016/0550-3213(74)90486-6.

se3 8. Polyakov, A.M. Particle Spectrum in the Quantum Field Theory. Pisma Zh. Eksp. Teor. Fiz. 1974, 20, 430-433 [].
304 Exp. Theor. Phys. Lett. 1974, 20, 194-195].

ses 9. Das, C.R,, Laperashvili, L.V., Tureanu, A. 24. Graviweak Unification, Invisible Universe and Dark Energy. Int.
396 J. Mod. Phys. A 2013, 28, 1350085 (18 pages), doi:10.1142/50217751X13500851 [arXiv:1304.3069].

sz 10. Froggatt, C.D., Das, C.R., Laperashvili, L.V., Nielsen, H.B., Tureanu, A. Gravi-Weak Unification and Multiple
308 Point Principle. In Proceedings of Conference on Physics of Fundamental Interactions, Protvino, Russia, 5-8
300 November, 2013; Phys. Atom. Nucl. 2015, 78, no. 3, 440-442 [Yad. Fiz. 2015, 78, no. 5, 471-474],

400 do0i:10.1134/51063778815020131 [arXiv:1311.4413].


http://arxiv.org/abs/1809.00126
http://arxiv.org/abs/quant-ph/9808031
http://arxiv.org/abs/astro-ph/9712212
http://arxiv.org/abs/hep-ph/9311321
http://arxiv.org/abs/1304.3069
http://arxiv.org/abs/1311.4413
http://dx.doi.org/10.20944/preprints201811.0630.v1
http://dx.doi.org/10.3390/universe5030078

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 November 2018 d0i:10.20944/preprints201811.0630.v1

23 of 26

a1 11. Laperashvili, L.V., Nielsen, H.B.,, Tureanu, A. Standard Model and Graviweak Unification with

402 (Super)Renormalizable Gravity. Part I: Visible and Invisible Sectors of the Universe. Int. |. Mod. Phys.
403 A 2015, 30, 1550044 (25 pages), do0i:10.1142/50217751X1550044X [arXiv:1411.6456].

204 12. Laperashvili, L.V., Nielsen, H.B., Sidharth, B.G. Planck Scale Physics, Gravi-Weak Unification and the Higgs
405 Inflation. [arXiv:1503.03911].

a6 13. Belavin, V.A., Chernodub, M.N., Kozlov, L.E. Hedgehogs in Wilson loops and phase transition in
407 SU(2) Yang-Mills theory. Nucl. Phys. B 2000, 748, 524-539, do0i:10.1016/j.nuclphysb.2006.05.017
408 [arXiv:hep-lat/0512030].

200 14. Chernodub, M.N. A gauge-invariant object in non-Abelian gauge theory. Phys. Lett. B 2006, 634, 255-261,
410 doi:10.1016 /j.physletb.2006.01.062 [arXiv:hep-lat/0503018].

a1 15. Froggatt, C.D., Nielsen, H.B. Standard Model Criticality Prediction: Top mass 173 +/- 5 GeV and Higgs mass
412 135 +/- 9 GeV. Phys. Lett. B 1996, 368, 96-102, d0i:10.1016 /0370-2693(95)01480-2 [arXiv:hep-ph/9511371].

a1z 16. Bennett, D.L., Froggatt, C.D., Nielsen, H.B. Multiple point criticality, fine structure constants and mass
414 hierarchies. In Proceedings of the 27th International Conference on High Energy Physics (ICHEP 94), Glasgow,
415 Scotland, 20-27 July, 1994; Bussey, P.J., Knowles, 1.G., Eds.; Institute of Physics Publishing Ltd.: Bristol,
416 Philadelphia, Pa., USA, 1995; 2 volumes, pp. 557-560, ISBN: 0750301236 9780750301237 0750301252
a17 9780750301251 0750301244 9780750301244.

a1s 17. Bennett, D.L., Nielsen, H.B. Gauge couplings calculated from multiple point criticality yield alpha**(-1) = 136.8
410 +- 9: At last the elusive case of U(1). Int. |. Mod. Phys. A 1999, 14, 3313-3385, doi:10.1142/50217751X9900155X
420 [arXiv:hep-ph/9607278].

sz1 18, Bennett, D.L., Nielsen, H.B. The multiple point principle: Realized vacuum in nature is maximally degenerate,
422 In Proceedings of 5th International Conference on Symmetry in Nonlinear Mathematical Physics (SYMMETRY 03),
423 Kiev, Ukraine, 23-29 June, 2003; Nikitin, A.G., Boyko, V.M., Popovych, R.O., Yehorchenko, I.A., Eds.; Part 1
a2a (pages 1-524), Part 2 (pages 525-1024) and Part 3 (pages 1025-1528) of Volume 50 of Proceedings of Institute of
425 Mathematics of NAS of Ukraine, pp. 629-636, ISBN: 9660232241 966-02-3225-X 966-02-3226-8 966-02-3227-6.
426 In Proceedings of Euresco Conference on What Comes Beyond the Standard Model? Symmetries Beyond the Standard
427 Model, 12-17 July, 2003. Portoroz, Slovenia; Borstnik, N.S.M., Nielsen, H.B., Froggatt, C.D., Lukman, D., Eds;
428 Bled Workshops Physics 2003, 4, no. 2-3, 1-138; Bled Workshops Phys. 2003, 4, no. 2-3, 138-276, pp. 235-246,
420 [arXiv:hep-ph/0401043] [arXiv:hep-ph/0401055].

430 19. Bennett, D.L. The multiple point principle: Characterization of the possible phases for the SMG. In Proceedings
431 of 12th Workshop on What Comes beyond the Standard Models?, 14-24 July, 2009. Bled, Slovenia; Borstnik,
432 N.S.M., Nielsen, H.B., Froggatt, C.D., Lukman, D., Eds.; Bled Workshops Physics 2009, 10, no. 2, pp. 9-18,
433 [arXiv:0912.4532].

a3 20. Bennett, D.L., Laperashvili, L.V., Nielsen, H.B. Finestructure constants at the Planck scale from multiple point
435 principle. In Proceedings of the 10th Workshop on What Comes Beyond the Standard Model?, Bled, Slovenia, 17-27
436 July, 2007; Borstnik, N.S.M., Nielsen, H.B., Froggatt, C.D., Lukman, D., Eds.; Bled Workshops Physics 2007, 8, no.
437 2, pp. 1-30, DMFA-Zaloznistvo, Ljubljana, 2007 [arXiv:0711.4681].

a3s  21. Bennett, D.L., Laperashvili, L.V., Nielsen, H.B. Relation between the structure constants at the Planck scale
430 from multiple point principle. In Proceedings of the 9th Workshop on What Comes Beyond the Standard Model?,
440 Bled, Slovenia, 16-26 September, 2006; Ansoldi, S., et al., Eds.; Bled Workshops Physics 2006, 7, no. 2, pp. 1-10,
441 DMFA-Zaloznistvo, Ljubljana, 2006 [arXiv:hep-ph/0612250].

a2 22. Froggatt, C.D., Laperashvili, L., Nevzorov, R., Nielsen, H.B., Sher, M. Implementation of the multiple
443 point principle in the two-Higgs doublet model of type II. Phys. Rev. D 2006, 73, 095005 (10 pages),
444 do0i:10.1103 /PhysRevD.73.095005 [arXiv:hep-ph/0602054].

aas 23, Froggatt, C.D., Nevzorov, R., Nielsen, H.B. Smallness of the cosmological constant and the multiple
446 point principle. J. Phys. Conf. Ser. 2008, 110, 072012 (3 pages), doi:10.1088/1742-6596/110/7 /072012
447 [arXiv:O708.2907].

aas 24, Das, C.R,, Laperashvili, L.V. Phase transition in gauge theories, monopoles and the Multiple Point Principle.
aa9 Int. J. Mod. Phys. A 2005, 20, 5911-5988, d0i:10.1142/50217751X05025279 [arXiv:hep-ph/0503138].

aso  25. Froggatt, C.D., Laperashvili, L.V.,, Nevzorov, R.B., Nielsen, H.B., Sher, M. The Two Higgs doublet model and
451 the multiple point principle. In Proceedings of the 7th Workshop on What Comes Beyond the Standard Model?, Bled,
452 Slovenia, 19-30 July, 2004; Borstnik, N.S.M., Nielsen, H.B., Froggatt, C.D., Lukman, D., Eds.; Bled Workshops

453 Physics 2004, 5, no. 2, pp. 28-39, Ljubljana, 2004 [arXiv:hep-ph/0412208] [arXiv:hep-ph/0412333].


http://arxiv.org/abs/1411.6456
http://arxiv.org/abs/1503.03911
http://arxiv.org/abs/hep-lat/0512030
http://arxiv.org/abs/hep-lat/0503018
http://arxiv.org/abs/hep-ph/9511371
http://arxiv.org/abs/hep-ph/9607278
http://arxiv.org/abs/hep-ph/0401043
http://arxiv.org/abs/hep-ph/0401055
http://arxiv.org/abs/0912.4532
https://arxiv.org/abs/0711.4681
https://arxiv.org/abs/hep-ph/0612250
https://arxiv.org/abs/hep-ph/0602054
https://arxiv.org/abs/0708.2907
https://arxiv.org/abs/hep-ph/0503138
https://arxiv.org/abs/hep-ph/0412208
https://arxiv.org/abs/hep-ph/0412333
http://dx.doi.org/10.20944/preprints201811.0630.v1
http://dx.doi.org/10.3390/universe5030078

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 November 2018 d0i:10.20944/preprints201811.0630.v1

24 of 26

asa 26. Froggatt, C.D., Laperashvili, L., Nevzorov, R., Nielsen, H.B. No-scale supergravity and the multiple point

455 principle. In Proceedings of the 7th Workshop on What Comes Beyond the Standard Model?, Bled, Slovenia, 19-30
456 July, 2004; Borstnik, N.S.M., Nielsen, H.B., Froggatt, C.D., Lukman, D., Eds.; Bled Workshops Physics 2004, 5, no.
457 2, pp. 17-27, Ljubljana, 2004 [arXiv:hep-ph/0412208] [arXiv:hep-ph/0411273].

ass  27. Laperashvili, L.V. The Standard Model and the fine structure constant at Planck distances in
459 Bennet-Brene-Nielsen-Picek random dynamics. Phys. Atom. Nucl. 1994, 57, 471-478 [Yad. Fiz. 1994, 57,
460 501-508].

a1 28. Laperashvili, L.V., Nielsen, H.B. Multiple point principle and phase transition in gauge theories. In
462 Proceedings of the Workshop on What Comes Beyond the Standard Model?, Bled, Slovenia, 29 June - 9 July, 1998;
463 Borstnik, N.S.M., Nielsen, H.B., Froggatt, C.D., Eds.; What comes beyond the standard model? 1999, pp. 15-19,
464 [arXiv:hep-ph/9905357].

ses  29. Laperashvili, L.V. The Multiple point principle and Higgs bosons. In International Bogolyubov Conference on
466 Problems of Theoretical and Mathematical Physics, Moscow, Russia, 2-6 September, 2004, Phys. Part. Nucl. 2005, 36,
467 S38-540 [arXiv:hep-ph/0411177].

sz 30. Froggatt, C.D., Laperashvili, L.V., Nevzorov, R.B., Nielsen, H.B. Cosmological constant in SUGRA models
469 and the multiple point principle. Phys. Atom. Nucl. 2004, 67, 582-589 [Yad. Fiz. 2004, 67, 601-608]
470 [arXiv:hep-ph/0310127].

ar1 31. Nielsen, H.B., Kleppe, A. Towards a Derivation of Space. In Proceedings of the 16th Workshop on What
472 Comes Beyond the Standard Model?, Bled, Slovenia, 14-21 July, 2013; Borstnik, N.S.M., Nielsen, H.B., Lukman,
473 D., Eds.; Bled Workshops Physics 2013, 14, no. 2, 1-231, DMFA-Zaloznistvo, Ljubljana, 2014, pp. 171-196,
a7a [arXiv:1403.1410].

475 32. Laperashvili, L.V., Nielsen, H.B., Das, C.R. New results at LHC confirming the vacuum stability and
476 Multiple Point Principle. Int. J. Mod. Phys. A 2016, 31, 1650029 (26 pages), doi:10.1142/50217751X16500299
a77 [arXiv:1601.03231].

a7z 33. Volovik, G.E., Coexistence of different vacua in the effective quantum field theory and Multiple Point Principle.
479 J. Exp. Theor. Phys. Lett. 2004, 79, 101-105 [Pisma Zh. Eksp. Teor. Fiz. 2004, 79, 131-135], d0i:10.1134/1.1719122
480 [arXiv:hep-ph/0309144].

451 34. Kawana, K. Multiple Point Principle of the Standard Model with Scalar Singlet Dark Matter and Right Handed
482 Neutrinos. Prog. Theor. Exp. Phys. 2015, 023B04 (11 pages), doi:10.1093/ptep /ptv006 [arXiv:1411.2097].

453 35. Kawana, K. Multiple Point Principle of the Gauged B-L Model. [arXiv:1504.06707].
4sa  36. Haba, N, Ishida, H., Okada, N., Yamaguchi, Y. Multiple-point principle with a scalar singlet extension of the

485 standard model. Prog. Theor. Exp. Phys. 2017, 013B03 (13 pages), d0i:10.1093/ptep/ptw186 [arXiv:1608.00087].
ass  37. Froggatt, C.D., Nielsen, H.B. Trying to understand the Standard Model parameters. Invited talk by H.B. Nielsen
487 at the “XXXI ITEP Winter School of Physics”, Moscow, Russia, 18-26 February, 2003; Surveys High Energy Phys.
ass 2003, 18, 55-75, d0i:10.1080/0142241032000156559 [arXiv:hep-ph/0308144].

a0 38. Froggatt, C.D., Nielsen, H.B., Laperashvili, L.V. Hierarchy-problem and a bound state of 6 t and 6 anti-t.
490 In Proceedings of Coral Gables Conference on Launching of Belle Epoque in High-Energy Physics and Cosmology
401 (CG 2003), Fort Lauderdale, Florida, USA, 17-21 December, 2003; Curtright, T., Frampton, P., Kursunoglu, B.,
202 Mintz, S., Perlmutter, A., Eds.; World Scientific, Singapore, 2005, pp. 20-27, ISBN: 9812562028 9789812562029,
493 doi:10.1142/9789812701992_0003.

s0s  39. Froggatt, C.D., Nielsen, H.B., Laperashvili, L.V. Hierarchy-Problem and a Bound State of 6 t and 6 t bar. Int. J.
pre Mod. Phys. A 2005, 20, 1268-1275, doi:10.1142/50217751X0502416X [arXiv:hep-ph/0406110].

a6 40. Nielsen, H.B., Laperashvili, L., Froggatt, C.D., Das, C.R. Topological Structure of the Vacuum, Cosmological
207 Constant and Dark Energy. Int. ] Mod. Phys. A 2016, 31, no. 34, 1630051 (24 pages),
408 doi:10.1142/S0217751X16300519 [arXiv:1605.01169].

490 41. Nielsen, H.B. F(750), we miss you as bound state of 6 top and 6 antitop. Int. ]. Mod. Phys. A 2016, no. 36, 31,
500 1650186 (27 pages), doi:10.1142/50217751X16501864 [arXiv:1610.00364].

so1 42, Barriola, M., Vilenkin, A. Gravitational Field of a Global Monopole. Phys. Rev. Lett. 1989, 63, 341-343,
502 doi:10.1103 /PhysRevLett.63.341.

sos  43. Basu, R, Guth, A H., Vilenkin, A. Quantum creation of topological defects during inflation. Phys. Rev. D 1991,
504 44, 340-351, d0i:10.1103 / PhysRevD.44.340.

sos 44. Copeland, E.J., Sami, M., Tsujikawa, S. Dynamics of dark energy. Int. ]. Mod. Phys. D 2006, 15, 1753-1936,
506 doi:10.1142/5021827180600942X [arXiv:hep-th/0603057].


https://arxiv.org/abs/hep-ph/0412208
https://arxiv.org/abs/hep-ph/0411273
https://arxiv.org/abs/hep-ph/9905357
https://arxiv.org/abs/hep-ph/0411177
https://arxiv.org/abs/hep-ph/0310127
https://arxiv.org/abs/1403.1410
https://arxiv.org/abs/1601.03231
https://arxiv.org/abs/hep-ph/0309144
https://arxiv.org/abs/1411.2097
https://arxiv.org/abs/1504.06707
https://arxiv.org/abs/1608.00087
https://arxiv.org/abs/hep-ph/0308144
https://arxiv.org/abs/hep-ph/0406110
https://arxiv.org/abs/1605.01169
https://arxiv.org/abs/1610.00364
https://arxiv.org/abs/hep-th/0603057
http://dx.doi.org/10.20944/preprints201811.0630.v1
http://dx.doi.org/10.3390/universe5030078

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 November 2018 d0i:10.20944/preprints201811.0630.v1

25 of 26

sor  45. Vilenkin, A. A quantum measure of the multiverse. Journal of Cosmology and Astroparticle Physics 2014, 1405,

508 005 (17 pages), doi:10.1088/1475-7516/2014/05/005 [arXiv:1312.0682].

soo  46. Garriga, J., Vilenkin, A., Zhang, ]. Black holes and the multiverse. Journal of Cosmology and Astroparticle Physics
510 2016, 1602, 064 (38 pages), doi:10.1088/1475-7516/2016/02 /064 [arXiv:1512.01819].

s 47. Garrett Lisi, A., Smolin, L., Speziale, S. Unification of gravity, gauge fields, and Higgs bosons. J. Phys. A 2010,
512 43, 445401 (11 pages), doi:10.1088/1751-8113 /43 /44 /445401 [arXiv:1004.4866].

s13 48, Bennett, D.L., Laperashvili, L.V., Nielsen, H.B., Tureanu, A. Gravity and Mirror Gravity in Plebanski
514 Formulation. Int. ]. Mod. Phys. A 2013, 28 1350035 (20 pages), doi:10.1142/50217751X13500358
515 [arXiv:1206.3497].

s16  49. Carroll, S.M., Duvvuri, V., Trodden, M., Turner, M.S. Is cosmic speed-up due to new gravitational physics?.
517 Phys. Rev. D 2004, 70, 043528 (5 pages), doi:10.1103 /PhysRevD.70.043528 [arXiv:astro-ph/0306438].

sie  50. Fay, S., Tavakol, R., Tsujikawa, S. f(R) gravity theories in Palatini formalism: cosmological dynamics and
510 observational constraints. Phys. Rev. D 2007, 74, 063509 (16 pages), doi:10.1103/PhysRevD.75.063509
520 [arXiv:astro-ph/0701479].

s21 51. Nojiri, S., Odintsov, S.D., Unifying inflation with LambdaCDM epoch in modified f(R) gravity consistent with
522 Solar System tests. Phys. Lett. B 2007, 657, 238-245, doi:10.1016/j.physletb.2007.10.027 [arXiv:0707.1941].

s23 52, Chen, P. Gauge Theory of Gravity with de Sitter Symmetry as a Solution to the Cosmological Constant Problem
524 and the Dark Energy Puzzle. Mod. Phys. Lett. A 2010, 25, no. 33, 2795-2803, d0i:10.1142/50217732310034274
525 [arXiv:1002.4275].

s26  53. Odintsov, S.D., Oikonomou, V.K. Viable Mimetic F(R) Gravity Compatible with Planck Observations.
527 [arXiv:1508.07488].

sz 54. Abbott, L.F,, Deser, S. Stability of Gravity with a Cosmological Constant. Nucl. Phys. B 1982, 195, 76-96,
520 do0i:10.1016/0550-3213(82)90049-9.

sso 55. Ford, L.H. Quantum Instability of De Sitter Space-time. Phys. Rev. D 1985, 31, 710-717,
531 d0i:10.1103 /PhysRevD.31.710.

ss2 56. Antoniadis, I, lliopoupos, J., Tomaras, T.N. Quantum Instability of De Sitter Space. Phys. Rev. Lett. 1986, 56,
533 1319-1322, d0i:10.1103 /PhysRevLett.56.1319.

ssa  57. Guendelman, E.I, Rabinowitz, A. The Gravitational field of a hedgehog and the evolution of vacuum bubbles
535 . Phys. Rev. D 1991, 44, 3152-3158, d0i:10.1103 /PhysRevD.44.3152.

sss  58. Lustosa, F.B., Guimaraes, M.E.X., Ferreira, C.N., Neto, ].L. Thermodynamical Analysis of a Black Hole with a
537 Global Monopole Within a Class of a f(R) Gravity. [arXiv:1510.08176].

sss 59. Delice, O. Gravitational hedgehog, stringy hedgehog and stringy sphere. Journal of High Physics 2003, 0311,
530 058 (11 pages), doi:10.1088/1126-6708 /2003 /11 /058 [arXiv:gr-qc/0307099].

ss0  60. Shi, X., Li, X-z. The gravitational field of a global monopole. Class. Quant. Grav. 1991, 8, 761-767,
541 doi:10.1088/0264-9381/8/4/019 [arXiv:0903.3085].

sa2 61. Caramés, T.R.P, Bezerra de Mello, E.R., Pessoa, J., Guimardes, M.E.X. On the motion of a test particle
543 around a global monopole in a modified gravity. Mod. Phys. Lett. A 2012, 27, no. 30, 1250177 (15 pages),
544 doi:10.1142/50217732312501775 [arXiv:1111.1856].

sas 62, Sidharth, B.G,, Das, A., Das, C.R., Laperashvili, L.V., Nielsen, H.B. Topological structure of the vacuum,
546 cosmological constant and dark energy. Int. J. Mod. Phys. A 2016, 31, no. 34, 1630051 (24 pages),
547 doi:10.1142/50217751X16300519 [arXiv:1605.01169].

sas  63. Sidharth, B.G. The Chaotic Universe: From the Planck to the Hubble Scale. Nova Science Publishers: New
5490 York, USA, 2001, ISBN: 1560729775 9781560729778 [arXiv:physics/9907024].

sso  64. Sidharth, B.G. The Universe of Fluctuations: The Architecture of Space-time and the Universe. Springer,
551 Netherlands, 2005, ISBN: 1402037856 978-1402037856. Fundam. Theor. Phys. 2005, 147, pp. 1-191.

ss2 65. Sidharth, B.G. The Thermodynamic Universe: Exploring the limits of physics. World Scientific Publishing:
553 Singapore, 2008, ISBN: 9812812342 978-9812812346.

ssa  66. Sidharth, B.G. Different Routes to Lorentz Symmetry Violations. Found. Phys. 2008, 38, no. 1, 89-95,
555 d0i:10.1007 /s10701-007-9193-x.

sse  67. Sidharth, B.G. The Limits of Special Relativity. =~ Found.  Phys. 2008, 38, no. 8, 695-706,
557 doi:10.1007 /s10701-008-9229-x.

sss  68. Sidharth, B.G. Int. ]. Theor. Phys 1998, 37, 1307-1312, d0i:10.1023 / A:1026684022878.


https://arxiv.org/abs/1312.0682
https://arxiv.org/abs/1512.01819
https://arxiv.org/abs/1004.4866
https://arxiv.org/abs/1206.3497
https://arxiv.org/abs/astro-ph/0306438
https://arxiv.org/abs/astro-ph/0701479
https://arxiv.org/abs/0707.1941
https://arxiv.org/abs/1002.4275
https://arxiv.org/abs/1508.07488
https://arxiv.org/abs/1510.08176
https://arxiv.org/abs/gr-qc/0307099
https://arxiv.org/abs/0903.3085
https://arxiv.org/abs/1111.1856
https://arxiv.org/abs/1605.01169
https://arxiv.org/abs/physics/9907024
http://dx.doi.org/10.20944/preprints201811.0630.v1
http://dx.doi.org/10.3390/universe5030078

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 November 2018 d0i:10.20944/preprints201811.0630.v1

26 of 26

sso  69. Sidharth, B.G. Discrete space-time and Lorentz symmetry. Int. J. Theor. Phys 2004, 43, no. 9, 1857-1861,
560 doi:10.1023/B:IJTP.0000048995.39272.b2 [arXiv:physics /0402007].

ser /0. Sidharth, B.G. What if Superluminal Neutrinos Exist but not Higgs Bosons? [arXiv:1201.0915].

se2 /1. Das, A., Sidharth, B.G. Revisiting the Lamb Shift. Electronic Journal of Theoretical Physics 2015, 12, no. IYL15-34,

563 139-152 [arXiv:1705.01870]

sea  72. Rovelli, C. Quantum Gravity. Cambridge University Press: 2010, ISBN: 9780511755804,
565 doi:10.1017/CB09780511755804.

see /3. Snyder, H.S. The Electromagnetic Field in Quantized Space-Time. Phys. Rev. 1947, 72, 68-71,
567 doi:10.1103 /PhysRev.72.68.

ses /4. Zeldovich, Ya.B. J. Exp. Theor. Phys. Lett. 1967, 6, 316 [Pisma Zh. Eksp. Teor. Fiz. 1967, 6, 883].
seo /5. Weinberg, S. Baryon and Lepton Nonconserving Processes. Phys. Rev. Lett. 1979, 43, 1566-1570,

570 doi:10.1103 /PhysRevLett.43.1566.

s71 76. Abrikosov, A.A. On the Magnetic properties of superconductors of the second group. Sov. J. Exp. Theor. Phys.
572 1957, 5,1174-1182 [Zh. Eksp. Teor. Fiz. 1957, 32, 1442-1452].

sz 77. Nielsen, H.B. Olesen, P. Vortex Line Models for Dual Strings. Nucl. Phys. B 1973, 61, 45-61,
574 doi:10.1016/0550-3213(73)90350-7.

szs /8. Sidharth, B.G., Das, A., Roy, A.D. The Anomalous Gyromagnetic Ratio. Int. J. Theor. Phys. 2016, 55, 801-808,
576 doi:10.1007 /s10773-015-2718-8.

s77 79. Sidharth, B.G. Gravitation and electromagnetism. Nuovo. Cim. B 2001, 116, 735 [arXiv:physics/0106051]
sze  80. Sidharth, B.G., Das, A. The zitterbewegung region. Int. ]. Mod. Phys. A 2017, 32, nos. 19 & 20, 1750117 (12

579 pages), doi:10.1142/50217751X17501172 [arXiv:1704.00840].

sso  81. Kirzhnits, D.A. Weinberg model in the hot universe. . Exp. Theor. Phys. Lett. 15 (1972) 529-531 [Pisma Zh.
581 Eksp. Teor. Fiz. 1972, 15, 745-748].

ss2 82, Kirzhnits, D.A., Linde, A.D. Macroscopic Consequences of the Weinberg Model. Phys. Lett. B 1972, 42,
583 471-474, doi:10.1016/0370-2693(72)90109-8.

ssa 83. Linde, A.D. Phase Transitions in Gauge Theories and Cosmology. Rept. Prog. Phys. 1979, 42, 389-437,
585 doi:10.1088/0034-4885/42/3/001.

sse  84. Linde, A.D. Inflation and Quantum Cosmology. Academic Press: Boston, USA, 1990, ISBN: 9780124501454
587 0124336930 978-0124336933 d0i:10.1016/B978-0-12-450145-4.X5001-4.

sss  85. Froggatt, C.D., Laperashvili, L.V., Nielsen, H.B. The Fundamental-Weak Scale Hierarchy in the Standard
589 Model. Phys. Atom. Nucl. 2006, 69, 67-80 [Yad. Fiz. 2006, 69, 3] doi:10.1134/51063778806010108
590 [arXiv:hep-ph/0407102].

so1  86. Degrassi, G., Di Vita, S., Elias-Miro, J., Espinosa, ].R., Giudice, G.E, Isidori, G., Strumia, A. Higgs mass and
502 vacuum stability in the Standard Model at NNLO. Journal of High Energy Physics 2012, 1208, 098 (33 pages),
503 doi:10.1007 /JTHEP08(2012)098 [arXiv:1205.6497].

soa 87. Buttazzo, D., Degrassi, G., Giardino, PP, Giudice, G.F, Salab, F.,, Salvio, A., Strumia, A. Investigating
505 the near-criticality of the Higgs boson. Journal of High Energy Physics 2013, 1312, 089 (49 pages),

596 doi:10.1007 /JTHEP12(2013)089 [arXiv:1307.3536].


https://arxiv.org/abs/physics/0402007
https://arxiv.org/abs/1201.0915
https://arxiv.org/abs/1705.01870
https://arxiv.org/abs/physics/0106051
https://arxiv.org/abs/1704.00840
https://arxiv.org/abs/hep-ph/0407102
https://arxiv.org/abs/1205.6497
https://arxiv.org/abs/1307.3536
http://dx.doi.org/10.20944/preprints201811.0630.v1
http://dx.doi.org/10.3390/universe5030078

	Introduction
	Degenerate vacua of the Universe
	Topological defects of the universal vacua
	Gravi-Weak unification and hedgehogs as defects of the false vacuum
	The existence of the de-Sitter solutions at the early time of the Universe
	Parameters of the Gravi-Weak unification model

	The solution for the black-holes-hedgehogs
	The metric around of the global monopole
	The mass, radius and horizon radius of the black-hole-hedgehog

	Lattice-like structure of the false vacuum and non-commutativity
	The phase transition from the ``false vacuum" to the ``true vacuum"
	Stability of the EW vacuum

	Hedgehogs in the Wilson loops and the phase transition in the SU(2) Yang-Mills theory
	Threshold energy of the SU(2)-triplet Higgs bosons
	The Higgs mass and vacuum stability/metastability in the Standard Model
	A new physics in the SM
	Conclusions
	References

