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We use a semiclassical version of the Nexus paradigm of quantum gravity in which the quantum vacuum at large scales is
dominated by the second quantized electromagnetic field to demonstrate that a virtual photon field can affect the geometric
evolution of Einstein manifolds or Ricci solitons. This phenomenon offers a cogent explanation of the origins of astrophysical
jets, the cosmological constant, and a means of detecting galactic dark matter.

1. Introduction

In general relativity (GR), gravity is the curvature of a four-
dimensional space-time manifold due to the presence of mat-
ter. This description of gravity has allowed accurate predic-
tions of the kinematic behaviour of astrophysical objects at
both the solar system and cosmic scales. Notably, the preces-
sion of the perihelion of Mercury, the Shapiro delay, the
determination of the precise angle of deflection of light by
the Sun’s gravitational field, gravitational redshift, gravita-
tional lensing, frame dragging, black holes, and gravitational
waves.

At large scales, GR faces difficulties in explaining the
physical origins of dark matter (DM) and dark energy
(DE). DM and DE are necessary to account for the large-
scale cosmic structures and cosmic acceleration. In this con-
text, the adjective ‘Dark’ is synonymous with the unknown.
Strong evidence of these unknowns comes from the Planck
2013 [1, 2] and data from other sources such as the cosmic
microwave background (CMB) radiation anisotropies [3-
5], optical observations on supernovae Type Ia [6, 7], galaxy
rotational curve observations [8, 9], and observations of
galactic cluster dynamics [10, 11]. Understanding the nature
of DM and DE is a key challenge in modern astrophysics and
is further compounded by the lack of direct detection of the

material constituents of these phenomena by both space-
based and ground-based experiments [12, 13]. The challenge
of understanding the nature of DE has led to a plethora of
models of which the leading ones as compiled by Capozziello
et al. [14] is as follows:

(1) The ACDM (A cold dark matter) model

(2) DE models with a constant equation of state (WCDM
or quintessence), derived from a scalar field coupling
with curvature

(3) DE models in which the equation of state is parame-
trized in terms of the power of a(¢) as in for example
the CPL parametrization

(4) DE models that in which DE interacts with CDM as
in the Chaplygin gas model

(5) DE arising from quantum effects as in the Dvali-
Gabadadze-Porrati (DGP) model and its phenome-
nological extension

(6) f(R)-gravity theories
(7) f(T)-gravity theories

Models (1), (6), and (7) are also used to describe DM.
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The challenges facing GR in explaining the dark sector
stem from the fact that GR explains gravity in terms of the
geometry of space-time and excludes in its description of
gravity, an essential component, which is the quantum
vacuum.

Happily, a promising new approach in describing gravity
as a quantum field has been presented in [15-18]. Here, we
have a paradigm in which the geometric language of GR is
translated into the wave function language of quantum field
theory. In the Nexus paradigm of quantum gravity, GR has
been extended to include the quantum vacuum. The success
of this paradigm lies in that it naturally explains DE and DM
and derives the equations of galactic and cosmic evolution
from first principles. The Nexus paradigm includes the quan-
tum vacuum in its description of gravity, and at large scales,
the second quantized vacuum electromagnetic fields dominate
the quantum vacuum. As the length and time scales shrink to
subatomic scales, other quantum fields of the standard model
begins to dominate the high-energy quantum vacuum interac-
tions characterizing these microcosmic scales.

In this paper, we apply the semiclassical version of the
Nexus paradigm to investigate the effect of vacuum electro-
magnetic fields on Einstein manifolds and how this effect
can explain the enigmas of jet genesis in black holes and
the nature of DE and DM. This study is an extension of the
studies undertaken in [17]. Preliminaries has been written
for the reader who is not familiar with the Nexus paradigm
of quantum gravity as well as includes some improvements
and clarifications from previous publications.

L.1. Preliminaries. Since the fundamental concept in GR is
the description of gravity using the language of geometry of
space-time and that of quantum field theory (QFT) is the eso-
teric wave function, then, the problem of quantum gravity is
therefore to seek a description of gravity in terms of the prin-
ciples of QFT. To seek a geometric description of the micro-
world using GR is impossible since at these levels GR vyields
infinities, which are a sure signal that the theory has reached
its limits. On the other hand, QFT can provide insights into
the properties of space-time at infinitesimal space-time inter-
vals. A direct attempt to apply the rules of QFT to the prob-
lem of quantum gravity at small scales yields infinities upon
infinities, a situation which is much absurd than applying
GR. Gravity therefore seems nonquantizable and only
accepting a classical geometric description.

The path to reconciling GR with QFT as suggested by the
author requires considering the following aspects:

(1) GR is preferably interpreted as a theory of straight
lines in curved space-time and yet Einstein’s equa-
tions can also be interpreted as curved lines in flat
space-time. By adopting the latter interpretation,
one can start embarking on an alternative path to
quantum gravity since QFT is a theory built on flat
space-time and has curved lines that appear as a
sum over histories in the Feynman interpretation of
QFT. Moreover, the Ricci tensor in GR is the average
of the possible paths a test particle can take in a grav-
itational field
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(2) Secondly the nonlocalizability of gravitational energy
hints at the uncertainty principle providing an
important role in formulating a self-consistent quan-
tum theory of gravity

In the Nexus paradigm of quantum gravity, we begin the
quantization process by considering the local coordinates in
Minkowski space as quantized wave packets of space-time
and expressing them as Fourier integrals as follows:

" erS m 0 . ikx U i
Ax = oV sinc (kx)e™dk =y k¥ (i AR (1)
where
2rys k:i’o
ZHs a,- (2)
o =

Here, y*are the Dirac matrices, ryyg is the Hubble radius,
VY (k) = SINC (kx)e** are Bloch energy eigenstate functions

in which the four wave vectors assume the following quan-
tized values:

K=—, (3)
rtIS

where n=+1,+2--- 109,

These quantized wave packets of space-time have a min-
imum four radius equal to the Planck length and a maximum
equal to the Hubble four radius. The 10 states arise from
the ratio of Hubble four radius to the Planck four length.
The Bloch functions in each eigenstate of space-time generate
an infinite Bravais four lattice.

Each displacement vector is a graviton and is associated
with a pulse of four momentum which can also be expressed
as a Fourier integral as

I 00

2n © [
Ap), = —:1 Y”J W(nky)dkzyMJ kY il (4)

where pf is the four momentum of the ground state.

The wave packet is essentially a particle of four-space and
can be envisioned as enveloping a spherically symmetric
lump of energy from the quantum vacuum. This vacuum
energy can be in any form of the fields described by the stan-
dard model of particle physics. At large scales, the electro-
magnetic field dominates the quantum vacuum since it is a
long-range field while the other fields are mainly confined
to extremely short space-time intervals. The displacement
vectors obey the rules of Clifford algebra because of the
gamma matrices implying an intrinsic quantized spin. Each
component vector is created in the vacuum according to
the oft-shell Heisenberg uncertainty principle, which implies
an angular momentum constraint of Ap.Ax <#/2 or half-
integral spin. Also, the components undergo a Lorentz trans-
formation according to the law:
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1
Ax"" = exp <§ Wy {yﬂ, yv} > Axt, (5)

where w,,,
the transformation.

Since each component of the 4-vector has a spin-half. A
summation of all four half-integral spins yields a total spin
of 2 for the composite graviton. Thus, bosons are created in
the vacuum according to the angular momentum constraint
AxﬁApnM <2h. This constraint allows bosons of only spin

0,1 and 2 to be created.

The norm squared of the four momentum of the nth state
graviton can be computed by multiplying the inner product
of Equation (3)by the square of the reduced Planck constant:

is an antisymmetric 4 X 4 matrix parameterizing

E?  3(nhH,)’
(h)*K'k, = = - 3(nhH,)" > 0) =0, (6)

where H,, is the Hubble constant (2.2 x 107!# s1) and can be
expressed in terms of the cosmological constant, A as

E? 3k

=n’A. 7
" (ko) (2m)? @

From Equation (7), the Nexus graviton can be considered
a compact Einstein manifold or a trivial Ricci soliton of the
positive Ricci curvature expressed in the form:

G(nk)yv = nzAg(n,k)yv = nzkpAg(n,k)yv’ (8)

where G, is the Einstein tensor of space-time in the nth
state and k is the Einstein constant. Equation (8) depicts a
contracting Ricci soliton, and as explained in Refs. [16-18],
this is DM which is a localized packet of vacuum energy n?
p, in the nth quantum state. Thus, DM is a Ricci soliton
and should exhibit the following soliton characteristics:

(1) It is a localized lump of (vacuum) energy

(2) It preserves its form while growing or diminishing in
size

(3) It preserves its speed and form after collision with
another soliton

The second feature might explain the existence of DM
less galaxies [19] as a result of a rapid decay in a Ricci soliton
which once enveloped a galaxy. The third feature explains the
observations of the dynamics of the Bullet Cluster [20].

The DE arises from the emission of a ground state gravi-
ton such that Equation (8) becomes

G(nk)yv = (nZ - I)Ag(n,k)yv = (n2 - 1)kpAg(n,k)yv' (9)

These are Einstein’s vacuum field equations in the quan-
tized space-time. The above equation depicts a high-energy
graviton emitting a ground state graviton. Thus, the Ricci sol-
iton decays to a low quantum state by the emission of the

ground state graviton. To find the force exerted by the emis-
sion of a ground state graviton, we apply the uncertainty
principle and consider the ground state graviton as having
a temporal interval At equal to the Hubble time and a spatial
interval Ax equal to the Hubble radius.

Thus,
F h
AtAE = AtAx.F= “ ~ —-, (10)
H? 2n
Therefore,
hH Hc
F ~ S = meq. (11)

This implies that the mass of the ground state graviton
m =hH/c* and the graviton-induced acceleration is a = Hc/
2m. This acceleration was first empirically observed by Mil-
grom from data on galaxy rotation curves [21]. Milgrom
noted that non-Newtonian dynamics began to manifest at
this critical acceleration. This critical acceleration therefore
marks a transition from the classical to the quantum gravity
regime.

If the graviton field is perturbed by the presence of bary-
onic matter then Equation (9) becomes

_ 2
Glutyuo = KTy + (n* - I)Ag(n)k)#v. (12)

From Ref. [16], the solution to Equation (8) is computed

e 2_(1 _ (%))&it% (1 - (%»_1‘”2 (13)

+17(d6? + sin’0dg?).

as

The above metric equation describes curved worldlines
in flat space-time. One remarkable feature of this metric
is that there are no singularities. At high energies which
are characterized by microcosmic scale wavelengths of the
Nexus graviton and high values of n, the worldline is
straight and the local coordinates are highly compact or
localized. This aspect also reveals asymptotic freedom in
quantum gravity since for high values of n, gravity (world
line curvature) vanishes asymptotically. Thus, at high ener-
gies, graviton-graviton interactions are nonexistent due to
the absence of curvature. The worldline begins to deviate
substantially from a rectilinear trajectory at low energies
where the uncertainties in its location are large and the
associated graviton wavelengths are at macrocosmic scales.
In the ground state of space-time (7 =+1), we notice that
the metric signature of Equation (13) becomes negative
and that the worldline is straight.

If we compare the quantized metric of Equation (13) with
the Schwarzschild metric, we notice that

2 2GM(r)

n (14)



This yields a relationship between the quantum state of
space-time and the amount of baryonic matter embedded
within it as follows:

2
2 cr

n’ = M) (15)

Equation (15) shows a family of concentric black hole like
spherical surfaces of radii r, = n*GM/c* with corresponding
orbital speeds v, = c/n. The innermost stable circular orbit
occurs at n=1 or at half the Schwarzschild radius implying
that in the Nexus paradigm the event horizon is half the size
predicted in GR. This distinguishing feature should be read-
ily observed by the event horizon telescope.

Energy transitions from higher energy levels to the
ground state orbital by a mass m can be computed from
Equation (15) as

1
AE,_,, = mdc* {1 - nz] . (16)

This implies that a free falling mass from infinity will lose
its total energy, including its rest energy as it falls towards the
event horizon leaving behind a Ricci soliton in the ground
state. The soliton is the final object that merges with the black
hole. The mass of a black hole is therefore a measure of miss-
ing mass just as an electron hole is a measure of a missing
electron. Gravitational mass can therefore be considered the
amount of vacuum energy that has been displaced from a
locality by inertial mass. This insight may explain the results
by [22] in which the strong equivalence principle appears
violated. That is, if some vacuum energy is fed back into
the locality from which it was displaced by some other
means, then the gravitational mass becomes less than the
inertial mass within that locality. Thus, increasing the vac-
uum energy density of a locality is a means of attenuating
the local gravitational field.

1.2. The Equations of Galactic and Cosmic Kinematics. The
solution to Equation (12) in the weak field limit taking into
consideration the graviton acceleration is

H,
= +Hy, - 2l (17)

The first term on the right is the Newtonian gravitational
acceleration; the second term is a radial acceleration induced
by space-time in the nth quantum state, and the final term is
acceleration due to DE. The dynamics become non-
Newtonian when

GM(r) H, v
= —C= —.
r2 21 r

(18)

These are conditions in which the world line curvature
due to baryonic matter is annulled by that due to the presence
of DE. Under such conditions,
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2nv;

r= .
Hyc

(19)
Substituting for r in Equation (18) yields
vi=GM(r)c. (20)

This is the baryonic Tully-Fisher relation. The condi-
tions permitting the DE to cancel out the curvature due to
baryonic matter leave the state of the quantum vacuum as
the unique source of curvature. Thus, condition (18) reduces
Equation (17) to

d*r  dv
proi d_tn =Hyv,. (21)

From which, we obtain the following equations of galac-
tic and cosmic evolution:

1 H.o O\
r, H, e < (r) o c) Hy’ (22)
H 1/4

v, = efho?) (GM(r) 2_06> =Hyr,, (23)
s
H. \ 4
a, = HyelHo) <GM2—OC) =Hyv,. (24)
s

Here, r,, is the radius of curvature of space-time in the nth
quantum state (which is also the radius of the nth state Nexus
graviton), v,, is the radial velocity of objects embedded in that
space-time, and a,, is their radial acceleration within it. The
amplification of the radius of curvature with time explains
the existence of ultradiffuse galaxies and the spiral shapes of
most galaxies. The increase in radial velocity with time
explains why early-type galaxies composed of population II
stars are fast rotators. Equation (24) explains late-time cos-
mic acceleration which began once condition (18) was satis-
fied. Condition (18) also leads to the formation of ring
galaxies such as Hoag’s object (PGC 54559). The ring is a
result of gas from the intergalactic medium accumulating at
the Lagrange locus described by condition (18). Given the
mass of the central object and the inner radius of the ring,
one can compute the acceleration and find it to be ~ (H/2
T)C.

Equation (15) reveals that the black hole-like surfaces
generated by the presence of baryonic matter are Ricci soli-
tons in the nth quantum state:

G(nk);w = kTyv = nzAg(n,k)yv = nzkpAg(n,k)yv' (25)

Light grazing each black hole-like surface is deflected by
an angle a = 4/n*.

Interestingly, the solitons of the vacuum state in which
n? = (ryslr,)” are of De Sitter topology while those formed
in the presence of baryonic matter are anti-De Sitter where
n? = c*r/GM(r). This is apparent when one substitutes the
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term for n? for each soliton in the quantized metric of Equa-
tion (13). The De Sitter soliton assumes low-energy quantum
states with an increase in radius whereas the anti-De Sitter
soliton assumes high-energy quantum states with an increase
in radius.

1.3. The Covariant Canonical Quantization of GR and a
Speed of Entanglement. In the full quantum theory, GR is
translated into QFT by expressing the metric coefficients in
terms of the Bloch energy eigenstate functions as follows:

g(n,k)yv = YHw(nk)YVI//(ﬂk>' (26)

The Ricci flow for the vacuum equations is then
expressed in following form:

_atg(nk)pw CTus G(nk)yu

crys (n - I)Ag(nk)[w (27)

W[ = W] = W] —

crys(n=1)(n+1)Ag 0 -

The term on the right suggests a covariant and contravar-
iant derivative operating on the metric coeflicient such that
the Ricci flow when expressed in terms of the Bloch functions
becomes

Crys . e .
atyyvl(nk))/vv/(nk) = 371{28 IYHV( 1)Mv/(nk) lyvv(rwl)vw(nk),
(28)
where
yn=Du - gre_ gle
(29)

Vinyw = a(nv) +ky,.

The derivative operators on the RHS are entangled, and
the coupling coefficient, cryq/37% is an areal speed which is
the speed of entanglement with a numerical value of approx-
imately 5.2 square parsecs per second.

The Ricci flow in the presence of baryonic matter is
expressed as

cr e
atYp,W(nk)YvW(nk) = ?HZSYHV( 1)”‘/’(nk))’vv(n+1)v‘//(nk)

: (30)
=W Ho Y W ) Vo ¥ (k)
where
}’[2 = Czrn = f
2 bl

1
3 cruys/A = H,

Thus, baryonic matter behaves as a heat sink and the vac-
uum state of space-time as a heat source. Gravitational

attraction therefore occurs as a flow of space-time in much
the same way as heat flows from a heat source to a heat sink.
A test particle of baryonic matter flows along with the space-
time to the gravitating mass.

1.4. Effects of Vacuum Electromagnetic Fields on Compact
Einstein Manifolds. The presence of extravacuum excitations
of the electromagnetic field elevates the energy state of the
quantum vacuum or the vacuum expectation value of the sec-
ond quantized electromagnetic field (F*'F,,) by introducing
more virtual photons into the zone of impressed field. The
quantum state of space-time will be elevated by an additional
s state where

sSA=k(F*F,,). (32)

The Ricci soliton with impressed extravacuum electro-
magnetic field excitations can therefore be expressed as

G(nk)}‘»v = k<FMvF}w>g(n,k)‘uv + nzkpAg(n,k)‘uv' (33)

The inner product F*'F,, yields

, F
FF,, = 2(3 - ?>. (34)
For virtual photons, the electric and magnetic fields are

out of phase suggesting that vacuum fluctuations can have
the following conditions for the invariant term:

(BZ - EZ) >0
e ’
E2
<32 - (:2) =0, (35)

2 E2
B - <0.
C

These conditions can be referred to as magnetic, null, or
electric. The electric mode has negative energy density just
like the cosmological constant. This suggests that cosmolog-
ical constant is a product of the electric mode of the vacuum
electromagnetic field.

We can therefore express the semiclassical form of Ein-
stein’s field equations in the form:

G(nk);w = kT;w + k<FHvF;w>g(n,k)yv + (I’l2 - l)kPAg(n,k);w

EZ
_ 2 2
=kT,, + 2k<B - C_2>g(n,k)/w + (n* - 1)kpAg(n,k)[w.

(36)

The first and last terms of Equation (36) can be replaced
by combining Equations (25) and (32) yielding
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= k(F"™Fy) G g + (21" = 1)k<FI(4<;}) F(O)H">g("’k)ﬂv’
(37)

where T, = 52k<F’(‘(;’> F o)) Impyrr & =1 = 1r/GM(r),

and Pa= <F‘24(;))F(O)yv>
Here, Fﬁ;; is the ground state of the second quantized

electromagnetic field in which the vacuum energy density
at large scales is considered to be purely electromagnetic
nature. DE has been expressed in terms of the energy density
of the ground state of the vacuum electromagnetic field. The
middle term is the contribution of extra virtual photon fields
within the Einstein manifold. If the virtual photon fields are
magnetic in nature then the Einstein manifold will be of pos-
itive Ricci curvature resulting in contraction and giving rise
to the attractive gravity of Ricci solitons. If the vacuum fields
are strongly electric, the Ricci curvature is negative and Ein-
stein manifold expands giving rise to dark voids—expanding
patches of space-time which expel matter from their interior.
This effect can also explain the relativistic jets from black
holes and neutron stars as we shall explore in the next
section.

1.5. Near Field Radiation at the Event Horizon. At the event
horizon, the quantum state of space-time is #n = 1 and Equa-
tion (33) is reduced to

— v Hv
Glrmw = k(F* F,w>!](1,k),w + k<F(0)F(0),w>g(1,k),w

E}, E? (38)
- 2, g2 ©)
= k<<B +Bjg) - (c_z + C_2>>g(1~k)w'

The extravirtual electromagnetic fields at the poles of the
black hole are sourced from the near field region of an electri-
cally excited accretion disc. These electrical excitations are a
consequence of turbulence and disc oscillation modes. The
disc is considered a radiating patch array antenna of uniform
patch separation d,,. The discretization of the radiating
accretion disc into radiating patches is consistent with
numerical analysis of complex physical phenomena. The
near fields generated by the N patch antenna at radius r are
then expressed as follows in polar coordinates:

I,d,cos0 _,
Er: Z —i 0 mCO: e—zkmr’
B 27kr
N .
B - . 1od,,sind
0= Z in——"—s—e ",
= 4mkr
N .
Id,,sind _,
B, = Z ﬂe—lkm,%:gr:]ge:o, (39)

- = Hi 47rkr?
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Ficure 1: Three-dimensional —amplitude patterns for
broadside/end-fire arrays. Image source: Constantine A. Balanis
Antenna Theory Analysis and Design. John Wiley and Sons
ISBN0-471-59268-4.

The total near field electric radiation being E;, =

VETER).
For broadside/end fire patch antenna, the radiation pat-
tern is concentrated at the poles as illustrated in Figure 1.
For radiation-emitting regions of the same separation
distance, the half-power beam width is

1.391
®, =2cos™! (1 - %). (40)

The Ricci flow in the presence of these fields becomes

1 E}y E;?
_atg(l.k)yv = 567H5k<<3¢2 + B%o) - (% + C_z g(l.k);w‘

(41)

When the near field radiation is predominantly electric,
the metric expands as follows:

9(0), = 9(0), " E 0NN (42)

The increase in virtual photons density in the electric
mode attenuates the gravitational field or the Ricci flow as
follows:
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_atg(tn),w = gcrHSG(nk)yv = 5 Cryg <n2A - C—z) g(n,k)yv’
(43)

where n? = ¢*r,/GM and M is the black hole mass.
The covariant and contravariant derivative terms for
Equation (43) when expressed in the canonical form are

\/I;.E”(r)

y(n-Du — gnu _ ,
\/kc (r) “
E (r
— U
V(n+1)v - a(nv) c .

This suggests a 4-momentum gap or gain of 2(AkE,(r

))/c attenuating the polar gravitational potential well. This
attenuation will allow the lateral gravitational pressure to
implode accretion material and releasing it through the polar
regions where the gravitational pressure is weak. The implo-
sion in turn concentrates the B, fields bringing the polar
region into a strongly magnetic mode. The strong B fields

then contract the metric and increases gravitational pressure
at the polar regions. As a consequence, an oscillation of the
metric occurs which result in periodic jet outbursts as well
as oscillations in the size of the event horizon. If the following
condition n*A — (kE*(r)/c?) < 0 from Equation (43) is satis-
fied then the jets can escape to infinity. Thus, for jet activa-
tion to occur, the virtual photon field must be in the
electric mode and the magnetic mode in an attenuated state.

2. Discussion

By assuming that the energy of the quantum vacuum is elec-
tromagnetic at large scales, we have managed to express DM
and DE as manifestations of the underlying quantized elec-
tromagnetic field and that space-time and gravity are emer-
gent phenomena from this field. Thus, the detection of DE
and DM requires the detection of the underlying electromag-
netic field at large scales using highly sensitive synchroton
radiation detection techniques. We have also shown that
the enigmatic phenomenon of astrophysical jets can arise
from the near field focus of virtual photons at black hole
polar regions which leads to expansions or contractions of
the space-time metric resulting in jet activation.

3. Conclusion

Understanding the nature of DM and DE is a key challenge in
modern astrophysics. Almost all modified gravity theories
attempt to explain the nature of the dark sector by modifying
the geometric description of Einstein’s equations. The hidden
flaw in these attempts is the assumption that gravity at large
scales can only be described in terms of geometry and that
quantum gravity can only manifest at extremely small scales.
DM and DE in the Nexus paradigm are a large-scale manifes-
tation of quantum gravity. Thus, quantum gravity opens a
new perspective on the nature of DE and DM and jet genesis

which must be further pursued to reveal more hidden sym-
metries of nature.
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