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Abstract

An antimatter universe that serves in solving the problem of matter-antimat-
ter asymmetry and might shed light on the nature of dark energy was proposed
in a previous publication. The present article is an extension of our previous
study, where we consider the emitted electromagnetic radiation from the
spherical anti-universe as a synchrotron type of radiation that resulted from
the centripetal accelerations of the charges on its surface. The radiation power
from the relativistic rotating charges is maximized at the equatorial plane and
computed together with the direction of the emitted beams of radiation and
their angular spread. The base line for the power calculations is done using the
classical relativistic Larmor formula in flat spacetime. The general relativity
corrections to the classical one due to the large curvature around the compact
spherical anti-universe in its local spacetime are calculated. The evaluated gen-
eral relativistic refinements of the results are done by introducing the axisym-
metric exact solution of Einstein’s field equation, specifically: The Kerr metric,
which is suited to describe space time around celestial rotating objects. The
refined calculations took into account the extreme rotation of the anti-uni-
verse, which flattens the spherical shape of spacetime around its surface into
an oblate shape, causing frame dragging and other relativistic effects. The ra-
diation was mainly dominated by the electromagnetic beams emitted from the
free positron charges along the equatorial plane of the anti-universe. The sta-
bility of the anti-universe as a compact celestial object under a strong gravita-
tional force and a possible outward internal pressure was discussed, with the
study also suggesting that the anti-universe might be consistent with a Kerr
black hole. This article is an attempt to explore the spacetime around the an-
timatter universe and to investigate the effect of the emitted electromagnetic
radiation, which permeates and influences our universe. Furthermore, it can
be considered as one of the alternative explanations for the observed phenom-
enon of the cosmic microwave background (CMB) radiation that fills our uni-
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verse and supports the BIG Bang theory. Moreover, the present research may
contribute to the ongoing discussions on the origin of dark energy and put a
new perspective on the Hubble tension problem, thus paving the way to an
understanding of the forces driving the fast expansion of our universe.
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Cosmology, Antimatter, Dark Energy, High Energy Astrophysics

1. Introduction

The formation of an antimatter universe, as a consequence of the ejection of pri-
mordial anti-S particles during the Big Bang that differentiated themselves by
counter rotations relative to the ordinary § particles, was proposed in a previous
publication [1]. During the expansion of spacetime, the anti-universe lagged be-
hind ours in time needed for cooling and formation, in accordance with the rela-
tivistic Sagnac’s time difference [1]. It took about 380,000 years until the temper-
ature of our universe was sufficiently cooled down for electrons and protons to
combine into hydrogen atoms. Then, following the evolution processes which lead
to the formation of galaxies, planets and other celestial objects, our universe was
formed [2], of which the rotational velocity can be explained as being a remnant
of the primordial S particles. The subsequent large decrease in rotational velocity
due to the cooling and expansion of our universe, might account for the difference
in values measured for the Hubble constant and the rate of expansion of our uni-
verse, which was actually confirmed in a recent study [3]. On the other hand, fol-
lowing the anti-universe’s evolution processes, it took much longer until the for-
mation of the first anti-hydrogen atom (an anti-proton plus a positron around it).
Moreover, because the rate of cooling was not fast enough to form the other light
anti-atoms, the dense anti-hydrogen gas collapsed under its own gravity and ac-
creted with time, forming a compact object (the anti-universe) [4]. However, due
to the high surface temperature, pressure and collisions that led to the ionization
of the anti-hydrogen on the surface of the compact object, a thin plasma layer of
free heavy anti-protons and light positrons formed, which were slightly separated
from each other because of the large centrifugal acceleration. The formation of
these free charges on the surface of the compact object (anti-universe) was due to
the centrifugal force that pushed the heavy anti-protons apart from the positrons
on the outer surface. The centrifugal acceleration of the charged anti-protons and
positrons lead, together with the ultra-fast rotation, to the emission of the electro-
magnetic radiation from the anti-universe, which was dominated by the electro-
magnetic radiation emitted from the lighter positron layer. As a base line for cal-
culating the radiated power, we used the relativistic Larmor formula employed for
the study of radiation from rotating ultra-relativistic charged particles [5] [6].

Moreover, to improve and refine the results by adding general relativistic correc-

DOI: 10.4236/jhepgc.2025.114084

1353 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2025.114084

T. M. El-Sherbini

tions due to the large curvature of spacetime around the relativistic spinning com-
pact object (the anti-universe), we introduced the Kerr metric, which is the sta-
tionary vacuum solution of Einstein Field Equation. Using the Kerr axisymmetric
metric with a full covariant form in the calculations is more appropriate since the
extreme rotation of the spherically compact object flattens the spacetime into an
oblate shape and drags it (frame-dragging [7]). These effects are taken into ac-
count by the axisymmetric Boyer-Lindquist coordinates [8] of the Kerr metric.
Furthermore, we calculated the direction of the emitted beam of radiation and its
angular spread together with the gravitational redshift [2]. However, more de-
tailed and exact calculations of the electromagnetic power emitted from the anti-
matter universe require Maxwell’s equations in curved spacetime together with

the axisymmetric Kerr coordinates, which will be considered in a future work.

2. The Relativistic Larmor’s Formula

The non-relativistic Larmor formula for the radiated power from accelerated
charges, based on the electric dipole approximation [6], does not apply to charged
particles moving with speeds approaching the speed of light v~ ¢. However, this
approximation is reasonable in the limit that the charge is instantaneously at rest
having v = 0 (since, when the charge is instantaneously at rest it may be still ac-
celerating and hence radiating). We can calculate the radiated power from charges
in instantaneous rest frame using the non-relativistic Larmor’s formula, and then
perform a Lorentz transformation of the power back to the original frame where
the charge is moving with any velocity v (since, when the charge is accelerating in
the instantaneous rest frame F'at a time ¢, it will not be the same as in the instan-
taneous rest frame Fat another time #). The power radiated in the inertial frame
of reference in which the charge is instantaneously at restis, P'=dE’/dt’, where
E'is the energy radiated. Further, if we consider the energy-momentum four-vec-
tor giving the total energy and momentum of the radiated electromagnetic (EM)
fields: p, =(E'/c,p’), to obtain the radiated power in the original frame F
(when the charge moves with velocity v), we should make a Lorentz transfor-
mation of energy-momentum four-vector p, and then look for the temporal com-
ponent, we get:
E/c=y(E'/c—(v-p')/c), since p'=0 in the instantaneous rest frame with
v'=0.
then E =yE’, where y= (1—[32 >_1/2 and B =v/c. Taking the Lorentz trans-
formation of the differential components of the position of the charge, dx,, we
get for the temporal component, cdt= y(cdt’ —(V/C)~dr) ,or dt=ydt’ (since
we are in the instantaneous rest frame where, v’ =dr’/dt’=0).

The F’ is the instantaneous rest frame of the charge and therefore, dt’, is the
proper time interval and dt =ydt' . Therefore, dE/dt=dE'/dt’ and hence,
P = P’. This shows that the radiated power is a Lorentz invariant scalar. In the F’

frame we can use the non-relativistic Larmor formula (in cgs units) [9] [10],
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P=2/3(q’a”/c?), 1)

where g is the charge of the particle and a’® is the square of its acceleration in
the rest frame F'

In order to get an expression for Pin any inertial frame Fwithout referring to
the frame F, we should find a Lorentz invariant scalar to replace a'’>. We must

find, therefore, the four-acceleration a, of the charged particle:
@, =du, /dt’ = ydu, /dt = yd/dt(yc,yv),

The temporal part is given by, yadp/d¢ while the spatial part is,
a = y*dv/dt+ yvdy /dt.

We get from the temporal part: dy/dt = ZI/Cz (;/3V . a) ,butas ¥— 0, we get y=
1 and hence dy/d£— 0, and we also have for v= 0: the spatial acceleration a, goes
to dv/dt= a, and the temporal acceleration goes to zero. Hence, « > (0, a) and

ai - |a|2 . Thus, we can write in any inertial frame, the power as:
P=2/3(q2af,/c3). (2)

This is the relativistic Larmor formula, and the 4-acceleration of the charged

particle is: a, = <C7d)//dt ,y2dv/dtt + }/vd;//dt) . It is easy to show that,
2
al :7/4[a2 +7%(v-a) /cz]
For a charged particle moving in circular motion, v-a=0 (since, ‘¥ is the
tangential velocity and ‘@ is the radial acceleration (v L a)) and thus we have,

2 _ 4.2 o .
@, =y a". Substituting in Eq. (2), we get Larmor formula for the radiation power

from a relativistic charged particle in a circular orbit.
P=2/3(q2a2/03)7/4. (3)

Hence, we conclude that for a relativistic charged particle motion in a circular
orbit the radiated power is increased by a factor of y* compared to the non-rela-
tivistic one.

The relativistic Larmor formula for a rotating charged particle is written in SI
units as [9,10]:

P =(/10q2a2/67'c0))/4, (4)

where, 14 is the permeability of free space, ¢ is the charge of the particle, a is the
acceleration of the particle and cis the speed of light.

Now consider the anti-universe as a relativistic rotating astrophysical compact
object having a mass A4, a radius R and a total charge Q (uniformly distributed
over the surface). Assuming that it is spherically symmetric, rotating about the z-
axis with an angular velocity w (see Figure 1). The surface charge implies a charge
density, 0= Q/4nR?, and the charged elements on the surface (positrons) undergo
circular motion due to the rotation of the object (the anti-universe).

Each charged element has a spatial polar coordinate (R, 6, ¢), where at any polar

angle @ from the rotation axis, the distance from the axis is (Rsiné) and its tan-
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gential speed is v = w(Rsinf). The magnitude of the centrifugal acceleration is,
a= Vz/(RSin 0)= ®° (Rsin@), and the Lorentz factor yfor the element is, y = (1
— ¥*/&)7M2 Since we assume that the object is in ultra-relativistic rotation, the tan-
gential speed at the equator (6= 1/2), v= wR, approaches the velocity of light c.
Hence, the value of y at the equator is extremely high. Although a uniformly
charged sphere rotating about its axis of symmetry might cause the radiation fields
from opposite sides to interfere destructively leading to a zero net radiation, in
our case the ultra-high relativistic beams of radiation at the equatorial plane dom-
inate and significantly reduce the cancelation effects similar to a synchrotron ra-
diation [11]). The direction of the radiated energy flux is indicated by the Poyn-
ting vector S which represents the directional energy flux or the power flow of an
electromagnetic wave [6], which is given by §'= (1/u)E x B, and its direction is
tied to the motion of the accelerated charge. Along the circular motion the electric
and the magnetic fields change directions according to the rotation direction of
the particle, while the Poynting vector keeps with the direction of the particle’s
velocity, tangential to the circular orbit. For high relativistic velocities the radia-
tion will be strongly beamed in the direction of the charged particles’ instantane-
ous velocity due to relativistic effects. The radiation emitted will be in a tight cone
along the particle’s velocity vector at each point in its orbit.

In relativistic astrophysics, compact objects rotating at high speeds are approx-
imated by their equatorial dynamics [11]. Thus, we can consider that the total
surface charge Q radiates as if it is moving with the equatorial speed v = wR.
Hence, the relativistic radiation power from the anti-universe can be approxi-

mately, given by,
P ~(1Q°0'R’ [6mc)y*, (5)

where, a = «?R. In order to improve and refine the results of the classical relativ-
istic Larmor’s formula in flat space time, we should consider general relativity
corrections, and to account for the effects of spacetime curvature around the ultra-
fast rotating compact object. This was done by introducing the Kerr metric in the
calculations. The spacetime around fast rotating massive objects, co-rotates with
the object and hence is wrapped by its mass and fast rotation while changing its
shape from spherically symmetric to an axisymmetric oblate shape. Hence, it was
appropriate to consider the Kerr metric which applies to rotating objects in axially

symmetric spacetime.

3. The Kerr Metric Approach

Exact solutions of Einstein field equation in empty space are usually expressed in
metrics. Among these solutions is the Kerr solution which is perfectly suited for
the study of celestial rotating objects in vacuum, and which is of special im-
portance in astrophysics. It describes the geometry of stationary empty spacetime
around axially symmetric rotating objects. The Kerr metric is typically expressed

in Boyer-Lindquist coordinate (% r, 6, ¢), that is characterized by its axisymmetric
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properties. The line element of the Kerr metric is given by [12] [13]:
ds® = —(1-2Mr/ p? )dt* +( p* /A)dr* + p’d6” - (4Mrasin’ 6/ p° ) dtdg
(6)
+ [rz +a’ +(2Mra’sin’ 6/ p* )Jsin2 0dg?,
where, p? =r®+a’cos’d, A=r’-2Mr+a’, a=J/M , Mis the mass of the
rotating object, ris the distance from the center of the rotating object, and Jis the
angular momentum of the object. ‘@ is called the specific angular momentum or
the spin parameter. The metric g,, in Equation (6), has non-zero diagonal com-
ponents g, g o, 844 and off-diagonal components gy = gy, reflecting the frame-
dragging effect of fast rotation, while the axisymmetric coordinates imply no de-
pendence on the angle of rotation ¢. Therefore, the frame-dragging effect arises
from the dzd¢ cross term, which couples time and azimuthal coordinates. The

components of the Kerr metric can be obtained from Equation (6) by substituting:
9o =—(1-2Mr/p?), g, =(p°/A), g, = p?,
Uy = [rz +a’ +(2Mra2 sin? 6/ p? )Jsin2 0, Gy =0y = —(4Mrasin2 9/,02) .

The presence of the non-zero component gy in the metric, introduces general
relativity effects on particles’ trajectories [14]. Because of the symmetric rotation
about the Kerr rotation (aligned with the z-axis), the metric is independent of ¢

and the trajectory conserves the angular momentum py. Thus, the trajectory will
have [14] [15]:

p’/p' =dg/dt=9"/g¥ = @y, (r.6), 7

at which the observer’s worldline remains orthogonal to the hypersurface of con-
stant time. For such observer, the 4-vector has a form where the spatial compo-
nents are dragged along with the rotating object. @ae (1, ) can be obtained for
the Kerr metric by evaluating the contravariant components g’ and g#. This effect
is present in any metric for which g4 # 0, ie., for any rotating celestial object. This
important result shows that if a particle having (py) dropped from infinity will be
dragged by the influence of gravity and acquires an angular velocity, in the same
sense as that of the source of the Kerr metric. To compute w.., we should first
find the matrix inverse of the covariant metric to get the contravariant metric g,
ie., by solving the matrix equation, g“'g,, =6*,,(where &*, isthe Kronecker
delta). Thus, we get:

g” = —2Mra/ p?A,

g% :—[r2+a2+(2Mra2 sinze)/pz]/Asinza. ®

Substituting in equation (7), the simplified form of wu,, at the equatorial plane
will be given by,

Ograg =— 9" /9% =2Mra/(r4+r2a2+2Mra2). )
The emitted radiation is beamed in the equatorial plane tangential to the surface

of the object and perpendicular to the radial distance from the axis of rotation (&
=0), Figure 1.
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Figure 1. An artistic cross-sectional view illustrating: (a) Our universe in blue, (b) The fast rotating anti-universe in red, emitting

the electromagnetic radiation.

The dual universe consists of our universe together with its antimatter counter-
part at its core.

The beam is centered on the tangential direction and is spread in a narrow cone
of width A@= 1/y. The frame dragging shift [7] [14], is given by @a.g which is the
angular velocity where the spacetime is dragged around the rotating object. This
shift is caused by the relativistic rotating object, which affects the emitted electro-
magnetic waves by decreasing their frequency and hence reducing the energy of
the propagated radiation. It is usually observed near the source of radiation, but it
is diluted at far distance (where, M < r, in natural units G = c=1). At very far
distances the spacetime is approximately flat, approaching Minkowski spacetime.

The other general relativity effect is the curvature effect due to the heavy mass
of the rotating object; this is described by the Riemann tensor R, which is non-
zero and significant near the oblate region outside the rotating compact object.

This tensor is non-zero in Kerr spacetime, and is given by,
A _ai b A A
R ouv a/zr vo _avr Ho +I ,uprpva -T vprpyo' (10)
Computing R, requires the connection coefficients known as “Christoffel
symbols”, T, given by,
A 1 Lo
., :ngv (0,9, +0,9,, 0,9, ) (11)

However, we used known results for Riemann tensor in Boyer-Lindquist coor-
dinates, with the non-zero components listed in the standard book by Chandra-

sekhar [15]. The relevant component is: Ry = giR'us where at the equatorial plane
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&ris given by, g = P/A. The R component is simplified by the Kerr metric, and
is given approximately by,

Ry zMr(r2—3a2cos2 9)/(,02)3, (12)

where, its value near the equatorial plane goes to, R ~ M/, (adjusted for Kerr
terms). The Riemann tensor is relevant to describe the curvature effects which
cause tidal stretching in the radial direction, and which grow as r decreases to-
wards the surface of the object.

Thus, the strong curvature near the massive object is captured by the Riemann
tensor which is significantly large near the surface. However, the trace of the Rie-
mann tensor, called the Ricci tensor, is obtained by cancelation and contraction
of indices, R,y = R4, where in vacuum it goes down reaching zero. Thus, even at
the strong curvature region outside the rotating compact object, R,, = 0 because

of the empty spacetime. The Ricci tensor is giving by [7],
A A A o A o
R, =0,I",-0I",, +" 7, -1, 7., (13)

The non-zero components, Ry, R., and the Riemann Tensor Ry describing cur-
vature, affect the electromagnetic field.

Finally, the Kerr metric induces curvature and frame-dragging effects as a con-
sequence of the central massive axisymmetric rotating compact object (the anti-
universe). The curvature, oblateness and frame-dragging at the equatorial plane 8
= 1/2, are maximized.

Further, we tried to repeat the calculations using the Kerr-Newman metric [16]
which describes the spacetime geometry around a rotating massive object that is
electrically charged. It is an exact vacuum solution to Einstein field equation and
is considered a generalization to Kerr metric solution. The difference in the results
between the two metrics was minimal. The Kerr-Newman metric is not often used
in astrophysics, since observed astronomical objects do not possess an appreciable
net electric charge. Therefore, the Kerr-Newman metric is primarily of theoretical

interest.

4. A Numerical Example and Discussions

In this section, I will assign some specific numbers for the Kerr parameters related
to the compact massive object and subsequently I will calculate the power of the
electromagnetic radiation, the general relativity covariant refinement and correc-
tions.

The parameters are (in SI units):
e mass M= 1004 Solar mass =~ 1.989 x 10°* Kg, in natural units (G=c=1): M

= GMg/ & =~ 1.477 x 10° m.

e radius R=150 Km = 1.5 x 10° m.
o the surface density of the positron’s 7= 2 x 10"/m?
e tangential velocity v= 0.99c =~ 2.968 x 10® m/s.
e angular velocity w = v/ R= 1.978 x 10° rad/s.
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e centrifugal acceleration a= v*/R =~ 5.873 x 10" m/s>.

e angular momentum /= Jw = (2/5MR)w = 3.54 x 10* Kg-m?*/s.
e spin parameter a= /M= 1.78 x 10"* m?/s.

e Lorentz’s factor y= (1 - v/&)™? = 7.07, (y = 2500).

e Permeability of empty space p = 41 x 107 = 1.256 x 107 H/m.
e Gravitational constant G= 6.674 x 10" m*Kg.s™2

4.1. The Power of the Electromagnetic Radiation

The centrifugal acceleration of the object’s charged particles generates time vary-
ing electric and magnetic fields which radiate electromagnetic waves. Assume a
spherical object with radius R, hence the surface area A = 2.8 x 10" m?, thus, the
total charge of positrons on the surface will be Q=nx A x e" = 9x10° Coulomb.
In relativistic astrophysics, the majority of the charged particles on the surface of
the ultra-fast rotating compact object are considered to be moving on the equato-
rial plane with the speed, v= wR, carrying the total surface charge Q and emitting
a considerable amount of radiation [11]. Therefore, the radiative power emitted
from the positrons on the surface of the anti-universe can then be calculated ap-

proximately by the classical-Larmor relativistic formula Equation (5), given by:
Py = 1.56 X 10°' W.

It is the non-relativistic power value of Larmor’s formula Equation (2), boosted
by the )* factor due to the charged particles’ relativistic speed. The power radiated
exceeds the solar luminosity (3.8 x 10 W) by about 5 orders of magnitude, plau-

sible for a compact object.

4.2. The General Relativity Refinement and Corrections

e Frame dragging shift

The emitted radiation is beamed in the equatorial plane at &= n/2, with a nar-
row cone of a width given by, A@ = 1/y = 0.14 rad. = 8°. To compute the beam
dragging shift when observed by a zero angular momentum observer and assum-
ing a near-extremal case of stability at 2 = M (in natural units), we get by substi-
tuting in equation (9): @ae = 0.33 x 107> m™", and in ST units W, = (0.33 X 107°)c
=~ 10’ rad./s near the surface of the object which decreases at large distances from
the object.
¢ Gravitational redshift

The Kerr metric which describes the spacetime around a rotating mass, the red-
shift factor z for a photon emitted from a distance r= R (assuming emission from
the equatorial plane) and observed at infinity, is given by:
14 Z = Vnived /Vobserved = m , at infinity g, , =-1, and
Oy = —(1— 2GM/ CZR) is its time dilation component (in SI units). Redshift,
therefore, approximately is given by z ~ (ZI/ \/——gu ) —1~0.02. Thus, the radiation
power is corrected and given by,
P = P -(1+2)° ~1.56x10% - (1.02)° ~1.62x10™ W , which reaches the ob-
server, with a slight modification because of curvature and frame-dragging. The
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power is slightly, increased because of frame-dragging.

The covariant curvature near the surface is given by R = 0.59 x 10" m™%, while
at far distance (e.g., 10" m) it is about 1.99 x 10~"* m~2, showing strong curvature
at the surface which is weakened at large distances giving a minimal impact when
the spacetime is nearly flat.

Full and more refined treatment for the radiative power emitted, requires solv-

ing Maxwell’s equations in the curved antisymmetric Kerr spacetime.

5. Stability of the Anti-Universe

The substantial amount of electromagnetic radiation power emitted from the anti-
universe supports its behaviour as an ultra-relativistic rotating compact object [4].
The high pressure at its surface, due to the gravitational compression and rotation,
leads to the ionization of the anti-hydrogen and the formation of a plasma layer
from anti-protons and positrons.

The gravitational force between the compact object and anti-protons on the
surface, is given by F= GMm,/R® = 9.77 x 107'¢ N, thus the acceleration of the
anti-protons = F/m, =~ 5.82 x 10" m/s?, (m, = 1.67 x 107 Kg). This high acceler-
ation participates through collisions in ionizing the anti-hydrogen atoms on the
surface. Also, the relativistic surface speed (v = 0.99¢), causes frequent collisions
and further ionization.

The stability of the anti-universe should be satisfied by the following two con-
ditions [14]:

1) Rotational stability:

The rotational stability condition is fulfilled if the surface velocity v < vkepler,
where Vi, = GM/R = 2.98x10° m/s . This velocity matches the equatorial ve-
locity v=2.968 x 10° m/s.

2) Structural stability:

The structural stability condition is fulfilled if there is a balance between the
inward gravitational force which is related to the value of the compactness param-
eter G, and the outward internal pressure. According to the previously assumed
parameters, the value of the compactness of the anti-universe is, C= GM/ZR =
0.98. This value indicates an extremely high gravitational force, and hence sug-
gests an intense internal pressure to support the balance and to prevent a gravita-
tional collapse. For typical celestial compact objects, for example a white dwarf or
aneutron star [4]: (i) For a white dwarf the stability relies on electron degeneracy
pressure supporting M < 1.4 M, with compactness C~ 107, (ii) For a neutron star,
the stability relies on neutron degeneracy pressure and nuclear forces, supporting
M < 2.5M, with compactness C~ 0.1 - 0.2.

The assumed compact object’s mass (anti-universe) of 10014 and its compact-
ness number C= 0.98, are exceeding the limits of white dwarfs and neutron stars.
Hence, the stability of the anti-universe requires an exotic mechanism to produce
an outward internal pressure that is much stronger than neutron degeneracy pres-

sure and to prevent gravitational collapse, this might include anti-quark matter or
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a modified gravity theory [17]. Alternatively, the heavy mass, the extreme com-
pactness and the ultra-fast rotation of the anti-universe are consistent with a Kerr
black hole, which is a more likely configuration. In case of black hole regime, the
stability mechanism does not require internal pressure since it is defined by its

event horizon [14].

6. Conclusions

In this paper, the counter (antimatter) universe is treated as a spherically sym-
metric rotating anti-hydrogen compact object that emits electromagnetic radi-
ation from its surface charges, which were formed by ionization. The radiation
is emitted mainly by the positron layer on the surface because of the large cen-
trifugal acceleration resulting from the ultra-relativistic speed of rotation. The
radiation power is calculated using the relativistic Larmor’s formula and shows
a pronounced energy flux peaking in the equatorial plane at (8 = n/2) and di-
minishing toward the rotation axis at (¢ = 0). The radiation is beamed in the
tangential direction to the surface of the ultra-relativistic rotation of the com-
pact object (anti-universe) while spreading in a narrow cone similar to synchro-
tron radiation.

The Kerr metric, which is perfectly suited to describe the empty spacetime
around any axisymmetric rotating celestial object, is introduced in order to refine
the calculations and to account for general relativity effects. Thus, it was possible
to compute the strong curvature near the surface of the compact object that is
weakened at far fields, as well as the beam-dragging angular shift, the gravitational
redshift, and the modified radiation power.

The electromagnetic radiation (the S-radiation) from the antimatter universe
enters and permeates through our universe, possibly participating in its fast ex-
pansion. The fact that the rate of expansion of our universe would have started to
accelerate about six billion years ago [18] could be related to the large lagging in
time between the formation of the antimatter universe and our universe. It is also
proposed that this high energy radiation emitted from the anti-universe is cooled
with the expansion of the space to lower energies (low frequencies), leading to the
cosmic microwave background radiation observed in our universe at the present
time [18]. This picture is consistent with the standard cosmological model, which
assumes the Big Bang marks the beginning of our universe’s evolution. Moreover,
the results of the numerical example showed that the anti-universe might be con-
sistent with a Kerr black hole.

The present research may contribute to ongoing discussions on the origin of
dark energy, thus paving the way to the understanding of the fast expansion of
our universe.

Finally, on the basis of this publication and the previous one [1], it appears that
our universe should be considered as having a dual nature, consisting of a “matter
constituent” in which we exist, together with an “antimatter constituent” located

at its core.
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