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We show that superbradyons defined as superluminal particles with positive-square mass may be created
in the de-Sitter region under specific conformal coupling constraints and later propagates to the Minkowskian
spacetime as anti-tachyons or anti-ghosts (normal particles). It was also proved that an increasing gravitational
constant with distance enriches the study where some interesting features are discussed in some details.
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I. INTRODUCTION

We believe today that there exist a huge discrepancy be-
tween the electroweak gauge bosons masses and gravito-
electroweak unification masses. The massive gauge bosons
have masses of the order of 100GeV

/
c2, at least eleven or-

ders of magnitude higher than sub-eV (superluminal) range
unification for neutrino masses m(νe). Despite the fact that
the majority of physicists believe that superluminal parti-
cles (m2(νe) < 0) in nature do not exist, recent experimen-
tal studies strongly hint that m2(νe) = −2.5± 3.3eV 2 and
consequently neutrino may be viewed as virtual or tachy-
onic fermion traveling with a speed > c(celerity of light) as
long as the parity symmetry is maximally violated.1,2,3,4,5 Ac-
cording to Ni and Chang, the finite and changeable mass of
a fermion is a manifestation of coherent cancellation effect
between two fields rotating with opposite helicities implic-
itly, either one of them can be excited infinitely in essence
explaining the interesting result that a tachyon’s energy ap-
proaches zero when its velocity increases to infinity.5,6 A
spin-1

/
2 tachyonic quantum field fermionic theory (QFFT)

is developed by some authors on the basis of a new modified
Dirac equation, where Einstein Special Relativity (ESR) is
extended to space-like region, and tachyons particles are al-
lowed without causality violation.7 The negative mass-square
theory or paradox was also discussed by Ni within the grav-
itational context versus a mass symmetry m → −m based
on standard quantum mechanics but unfortunately modifying
the Einstein General Relativity Theory (EGRT).8 The author
claimed that the deep symmetry of particle and antiparticle
as well as the antigravity between them may provide some
new phenomenological cosmological insights including the
accelerating expansion of the universe. An interesting sce-
nario was proposed by Ahluwalia-Khalilova and Dymnikova:
the superluminal masses are created in a de-Sitter manifold
around a gravito-electroweak vertex where gravitational ef-
fects of massive gauge bosons are important.9 If de Sitter
group is the spacetime symmetry group induced around the
gravito-electroweak vertex, then tachyonic particles (in par-
ticular neutrinos) are created in the de-Sitter (dS) region char-
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acterized by r→ 0 and metric

ds2 =
(

1− r2

r2
0

)
dt2−

(
1− r2

r2
0

)−1

dr2−r2 (dθ
2 + sin2

θdφ
2) ,
(1)

with r2
0 = 3

/
Λ, Λ = κρ0 is the classical cosmological constant

withρ0 = ρ(r→ 0) and κ = 8πG is the gravitational constant,
and later propagates to the Schwarzschild region character-
ized by r → ∞(Minkowskian to a good approximation) and
metric:

ds2 =
(

1− 2mG
r

)
dt2−

(
1− 2mG

r

)−1

dr2− r2

×
(
dθ

2 + sin2
θdφ

2) , (2)

where m = M(r → ∞) =
∫ r

0 ρ(R)R2dR is the ADM mass
(~ = c = 1). Note that the body moving inside a minkowskian
spacetime is governed by Lorentz transformations and rela-
tivistic kinematics. The particles participating in the vertex
are described by the eigenstates of Casimir operators of the
de Sitter group. Their further evolution in Minkowski back-
ground requires further symmetry change. Dymnikova sug-
gests that the flavor can emerge due to change in symmetry
of spacetime between de Sitter group around the vertex to
the Poincare group outside. Making use of the eigenvalues
of the de-Sitter Casimir operators (eigenstates), Ahluwalia-
Khalilova and Dymnikova (AKD) suggest that superlumi-
nal neutrinos particles are governed by the parameter m̃2

<0 =
−3
/

2r2
0.

II. MOTIVATIONS

The AKD theory described lies within the context of quan-
tum field theory (QFT) where effective cosmological con-
stant (ECC) and scalar field may play a crucial role. So,
it seems interesting for us to study the effect of the ECC
in the Ahluwalia-Khalilova-Dymnikova superluminal theory.
In fact, scalar fields play a fundamental role in the standard
model of particle physics. In particular, scalar fields generate
spontaneous symmetry breaking and provide masses to gauge
bosons and chiral fermions by the Brout-Englert mechanism
using the Higgs-Mexican potential. In addition, the scalar-
field energy condensed in the vacuum contributes to an effec-
tive cosmological constant with a typical value many orders
of magnitude larger than observed. At the same time, the
cosmological effects of scalar fields have been proposed as
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a mechanism to drive the evolution of the universe in var-
ious scenarios, in particular tachyonic inflation in warped
string background.10 The non-minimal coupling to all orders
in tachyon field can produce in reality an effective potential
which can have a local minimum which help in addressing
the reheating cosmological problem, just as the case of any
other scalar field driven cosmology having a potential with a
true minimum.

Recently, we have investigated a particular conformally
cosmological model with complex scalar field in the pres-
ence of a cosmological constant and is based on supergrav-
ities argument.11,12 The model with the complex potential
V (φφ∗) = p(ωφ2φ∗2−1),p = 3m2

/
4 is a free parameter in the

theory andω = O(1), leads to the conclusion that there are ul-
tra light scalars with the mass of the order m≈H0≈ 10−33eV ,
H0 is the Hubble parameter at present time, implemented nat-
urally in the Einstein field equations (EFE), leading to an ef-
fective cosmological constant Λ̄ in accord with observations.
The metric tensor of the spacetime is treated as a background
with

Λ̄ = Λ− 3m2

4
+

3m2ωφ2φ∗2

4
≡ Λ+Λinduced +Λφ, (3)

= Λ−
3m2

e f f ective

4
, (4)

where m2
e f f ective = m2(1−ωφ2φ∗2), Λinduced = −3m2

/
4 and

Λφ = 3m2ωφ2φ∗2
/

4. In addition, the gravitational constant is
replaced in fact by an effective one κe f f = κ

/
(1−ξκφφ∗),

ξ = 1
/

6 (conformal coupling). In fact, these ultra-light
masses are part of the dark energy hidden sector and have de-
sirable feature for the description of the accelerated universe.
Such a small value of the Hubble masses is only natural in
the context of an approximate symmetry and consequently
the field φ is a pseudo-Goldstone boson. Their presence sig-
nals that the corresponding potentials are very shallow. In
extended supergravity theories ultra light fields necessarily
come in a package with too small Λ. Due to the presence
of Λ, supersymmetry (SUSY) in dS vacua is broken sponta-
neously at scale about 10−3eV .13,14 Before it is coupled to a
‘visible sector’, both the tiny Λas well as the ULM of scalars
are protected from large quantum corrections. Coupling of
these theories to real universe is a big problem, of course. If
they play a role of a ‘hidden sector’, one may ask whether
the tiny m≈H will be preserved after coupling to the ‘visible
sector’. The preservation of the small Λ may imply preser-
vation of small scalar masses m. Usually, in the absence of
macroscopic matter, ULM are treated dynamically in order
to protect and conserve the masslessness of the scalar fields.
As long as they stay massless, they could mediate correctly
gravity-competing forces. Such masses were proved to be re-
sponsible of developing an approximately stable network of
domain walls with thickness assumed to be comparable with
that of the luminous part of the spiral galaxies and conse-
quently, providing trapping for galactic matter. Note also that
conformal coupling theories (CCT) (ξ = 1

/
6) for the scalar

field φ is the unique physical and mathematical prescription
that guarantees the validity of the equivalence principle in
curved spacetime. In fact, CCT have proved to play an im-
portant and leading role in diverse settings of current physi-
cal interest where a non-trivial solution to the ECCM coupled

scalar field equations in asymptotically flat space exists.

III. EFFECTIVE ULTRA-LIGHT MASSES AND
SUPERLUMINAL PARTICLES

In the present work, we will assume Λinduced =−3m̄2
/

4π3

where m̄2 = m2(1−ωφ2φ∗2) is the square of the effective
ultra-light masses within the scalar field theory. If ρ0 is iden-
tified now with the electro-gravito mass scale Muni f (ρ0 =
Muni f

/
V with V = 4πL3

/
3 and L = 1

/
Muni f ), then follow-

ing AKD arguments in particular at the origin of distance
r2

0 = 3
/

κe f f (ρ0−ρ1) where

ρ1 =
3m̄2

32π4Ge f f
=

3m2

32π4G

×
(
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3
−ωφ

2
φ
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3
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,
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4π3

(
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3
−ωφ

2
φ
∗2 +
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3

)
, (5)

if we assume that m ≈ H0 and ρc = 3H2
0
/

8πG the critical
density of the universe. Consequently,

m̃2
<0 = 4πGe f f

[
3m2

32π4Ge f f
−

3M4
uni f

32π4

]
,

=
3

8π3m2
P

(
1− 4πGφφ∗

3

) [M4
SUSY −M4

uni f +φφ
∗M2

SUSY

(
4πG

3
(
1−ωφ

2
φ
∗2)+ωφφ

∗
)]

, (6)

where mP =
√

1
/

G is the Planck mass. Note that is the ab-

sence of the scalar field and for m << M2
uni f

/
mP, we find

the AKD model. In reality, one can describe the spacetime
geometry with real as with complex scalar field provided the
complex scalar field is only giving by a constant phase term
φ = ϕeiψ(ϕ2 = φφ∗). Consequently, equation (III) may be
written as:

m̃2
<0 =

3

8π3m2
P

(
1− 4πGϕ2

3

) [M4
SUSY −M4

uni f +ϕ
2M2

SUSY

(
4πG

3
(
1−ωϕ

4)+ωϕ
2
)]

,

≡ 3
8π3m2

P

[
M̄4

SUSY − M̄4
uni f
]
, (7)

where

M̄4
SUSY = M4

SUSY

(
1−ϕ2

( 4πG
3

(
1−ωϕ4

)
+ωϕ2

))(
1− 4πGϕ2

3

) , (8)

and

M̄4
uni f =

M4
uni f

1− 4πGϕ2

3

≡
M4

uni f

1− ϕ2

ϕ2
c

, (9)
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where ϕ2
c = 3

/
4πG.

Some interesting features may arise if we assume one of the
following three propositions:
1-The real scalar field decays with r while G is constant.
2-The gravitational constant varies with distance while ϕ is
constant
3-Both the gravitational constant and the scalar field vary with
distance

Case 1: We assume that the real scalar field decays naively
with r as

ϕ(r) = ϕ0e−r/r0 +ϕce−r/r0 , (10)

where zero indices stand for the present time (asymptoti-
cally satisfying the following appropriate boundary condi-
tions limϕ(∞) ≈ 0 and limϕ(0) ≈ ϕ0 + ϕc << 1).15,16 In
other words, we will assume that the scalar field approaches a
tiny constant as r→ 0 where the geometry approaches dS and
vanishes at infinity.17,18 That is, when r → 0, ϕ→ ϕ0 + ϕc
and consequently M̄4

SUSY ≈ M4
SUSY for ω << 1. If in con-

trast r → ∞, ϕ → 0 and M̄4
SUSY → M4

SUSY , M̄4
uni f → M4

uni f

and m̃2
<0 = 3(M4

SUSY −M4
uni f )

/
8π3m2

P > 0 if MSUSY > Muni f .

Without any loss of generality, we let ϕc ≈ ϕ0, then M̄4
uni f =

−M4
uni f

/
3. As a result, m̃2

<0→ m̃2
>0 = M4

uni f

/
8π3m2

P and an
important feature arise at first sight: superluminal mass with
positive square-mass may exist. From equation (III), one find
easily:

ρ1 (r→ 0)≈ ρc

4π3

(
1−

16πGϕ2
0

3

)
, (11)

with

r2
0 =

4π3

G
(

M4
uni f +3m2m2

P

) . (12)

When r→ ∞, ϕ(r)→ 0, and we find (AKD) standard case.

Case 2: Despite that the gravitational constant considered as
one of the fundamental constant in nature, there exist a lot of
experimental astrophysical (in particular black hole physics)
and cosmological evidence that G may vary with distance and
orientation.19,20,21 Thus, it will be of interests to understand
the effect of an effective G(r) on the described problem. One
may expects that the effective Newton’s gravitational constant
is modified at short as well as at large distances. There are
several astrophysical models which predict a spatial depen-
dence of the gravitational coupling constant (slowly increas-
ing with distance), generally based on some non-perturbative
studies of quantum gravity.22 They are simply parameterized
as:

G = G0

(
1+

r
r0

)m

, (13)

where G0 is the present gravitational constant, r0 is the
present length and m is a real parameter with

∣∣G′/G
∣∣
0 =

|m|
/

r0. The atmospheric neutrino data implies r0 ≈ 5×

10−6meter while in the ADK solar neutrino mass-squared dif-
ference r0 ≈ 3×10−5 meter, thus the constraints on G′ is:

∣∣∣∣G′G

∣∣∣∣
0
=
|m|
r0

< β×
(

5×10−6
)

, (14)

Therefore, we can assume |m| < β where the value of βis of
the order 0.1−0.01 depending on the assumptions used in the
ADK theory. Consequently, the critical scalar field is spatially
dependent as:

ϕ
2
c =

3
4πG

=
3

4πG0

(
1+

r
r0

)−m

= ϕ
2
c,0

(
1+

r
r0

)−m

, (15)

where ϕ2
c,0 = 3

/
4πG0and consequently the effective SUSY

and unification masses are also spatially dependent. It is
worth-mentioning that as long as r → ∞, ϕ2

c → 0 while for
r → 0, ϕ2

c → ϕ2
c,0 . In contrast to the first case, if r →

∞,G→ ∞ and consequently M̄4
SUSY → M4

SUSY while m̃2
<0 =

−3M4
SUSY

/
8π3m2

P. As mP =
√

1
/

G, this relation diverge for

r→ ∞ unless the SUSY mass M2
SUSY ∝ G−1 and this is inter-

esting. In this case, m̃2
<0 = 9M4

uni f

/
32π4ϕ2 which is positive.

In other words, the theory is free from ghosts. Moreover,
one may ask whether M4

uni f ∝ G−2. As a result, the last re-
lation may hold constant if ϕ ∝ G−1 and this is identical to
the Brans-Dicke theory in general relativity.23 In the previous
case, we have obtained a superluminal mass independent of
the scalar field at very large distance, in contrast to the present
case. If in contrast, r→ 0, then G→ G0 and the arguments
given in the fist case hold here. From equation (III), one find
easily:

ρ1 (r→ ∞)≈ ρc

4π3
4πG

3
(
ωφ

3
φ
∗3−φφ

∗) , (16)

with

r2
0 =

4π3

G
(

M4
uni f +3m2m2

P

) . (17)

In other words, the density tends to infinity as long as the
gravitational coupling increases with distance. In order to
avoid this fatal scenario (anti-black hole), we may assume
that the scalar field ϕ ∝ G−1 where ϕ = Re(φ) (real part) while
M4

uni f ∝ G−2, then ρ1(r→ ∞) = 0 while r2
0 → ∞ and this is

physically acceptable.

Case 3: In this last case, we will assume that both the phe-
nomenological laws (10) and (13) hold. In this case, as long
as r → 0, G → G0 and ϕ → ϕ0 + ϕc. In other words, at
very small distances, m̃2

<0 = 3(M4
SUSY −M4

uni f )
/

8π3m2
P > 0

if MSUSY > Muni f and the arguments of the first case may hold
here again. If in contrast, r→ ∞, then ϕ→ 0 while G→ ∞.
Consequenlty, m̃2

<0 → 3G(M4
SUSY −M4

uni f )
/

8π3 which di-

verge unless M4
uni f −M4

uni f ∝ G−1, with M4
uni f > M4

uni f . More-
over:
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ρ1 (r→ ∞)→ 3m2

32π4G
, (18)

which tends to zero as long as G→ ∞.

IV. CONCLUSIONS

As a first conclusion, in contrast to the AKD model, super-
luminal particles with positive-square mass may be created
in the de-Sitter region under specific non-minimal coupling
constraints and later propagates to the Minkowskian space-
time as anti-tachyon mass with positive square masses. The
changes from m̃2

>0→ m̃2
<0 is due to the change in the behavior

of the scalar field from ϕ→ ϕ0 +ϕcto ϕ(r)→ 0 respectively.
The above non-minimal coupling quantum tachyonic con-
strained theory augmented by a spatially varying scalar field
and gravitational constant provide a theoretical framework to
study the hypothesis that tachyonic fermions with negative
square-mass may be generated from superluminal fermions
with positive square-mass (antitachyons or free quarks!24 or
superbradyons25). This conversion may explain the huge en-
ergy produced by a black hole and may release Cherenkov
radiation as ordinary particles in vacuum and may provide a
new source of high energy cosmic rays. The effects of the
superluminal sector (broken Lorentz symmetry) on the ordi-

nary one is high energy and short distance phenomena, which
is far from conventional tests of Lorentz invariance. We are
presently exploring the consequences of all this for black-hole
physics and antitachyons in string theory and cosmology. An-
titachyons may be part of the dark matter and energy of the
observable cosmos and, if a large amount of antitachyons ex-
ist in the universe, one may detect their presence from our
underground laboratories as well as through pair annihila-
tion in astroparticle experiments.26 Moreover, it is interest-
ing to have a superluminal theories with SUSY and unifica-
tion masses which depends on the scalar field and the spa-
tially varying gravitational constant. This could have impor-
tant consequences on high energy physics. A better knowl-
edge of the variations of the gravitational constant with dis-
tance could help reconcile quantum mechanics and relativity.
Finally notes that from quantum mechanical points of view,
light quanta can spontaneously emit superluminal or tachyons
particles leading to Cherenkov effect-like in which the roles
of tachyon and photon are interchanged. Such a possible en-
ergy loss mechanism would have to be taken into account in
cosmology and could lead to a redshift of starlight but such a
redshift seems to imply a line broadening also of the shifted
spectral lines. One may ask at the end whether Smanradache
hypothesis that there is not a limit speed on the nature, based
on the EPR-Bell (Einstein, Podolsky, Rosen, Bell) paradox is
a realistic fact.27,28
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