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1. Introduction to the EAU Model

Theoretical cosmology is at an exciting stage
because about 95% of the energy in the Visi-
ble Universe remains incompletely understood.
The 25% which is Dark Matter has constituents
whose mass is unknown by over one hundred
orders of magnitude. The 70% which is Dark
Energy is, if anything, more mysterious. Al-
though it can be parametrised by a Cosmolog-
ical Constant with equation of state ω = −1
which provides an excellent phenomenological
description, that is only a parametrisation and
not a complete understanding.

In this talk, we address the issues of Dark Mat-
ter and Dark Energy using a novel approach.
We use only the classical theories of electro-
dynamics and general relativity. We shall not
employ any knowledge of quantum mechanics
or of theories describing the short range strong
and weak interactions.
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This talk may be regarded as a follow up to a
2018 paper entitled On the Origin and Na-
ture of Dark Matter and could have simply
added and Energy to that title. We have,
however, chosen Status of Electromagnetic
Accelerating Universe because it more accu-
rately characterises our present emphasis on
the EAU model whose main idea is that elec-
tromagnetism dominates over gravitation in the
explanation of the accelerating cosmological ex-
pansion. This idea takes us beyond the first pa-
per (Einstein) which applied general relativity
to theoretical cosmology. This is not surpris-
ing, since in 1917 that author was obviously
unaware of the fact discovered only in 1998
that the rate of cosmological expansion is ac-
celerating.
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The make up of this paper is that Primordial
Black Holes are discussed in Section 2, then
Primordial Naked Singularities in Section 3.
Section 4 contains a possible supporting evi-
dence for the EAU model based on the recently
reported Amaterasu cosmic ray. Finally in Sec-
tion 5 there is a Discussion.
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2. Primordial Black Holes (PBHs)

Black holes may be classified into those which
arise from the gravitational collapse of stars
and others which do not. By primordial, we
shall refer to all of the others. In general,
PBHs with masses up to 105M⊙ are expected
to be formed during the first second after the
Big Bang and arise from inhomogeneities and
fluctuations of spacetime. The existence of
PBHs was first proposed by Novikov and Zel-
dovich and independently seven years later in
the West by Carr and Hawking The idea that
the dark matter constituents are PBHs was
first suggested by Chapline.
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Shortly after the original presentation of gen-
eral relativity a metric describing a static black
hole of mass M with zero charge and zero spin
was discovered by Schwarzschild in the form

ds2 = −
(
1− rS

r

)
dt2+

(
1− rS

r

)−1
dr2+r2dΩ2

(1)
Shortly thereafter, the Reissner-Nordstrommet-
ric for a static Black Hole with electric charge
was found. It then took a surprising forty-five
years until Kerr cleverly found a solution of
general relativity corresponding to a such a so-
lution with spin. We shall not discuss the case
of non-zero spin in the present paper because,
although we expect that all the objects we dis-
cuss do spin in Nature, according to the calcu-
lations which use Kerr’s generalisation, spin is
an inessential complication in all of our subse-
quent considerations.
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2.1 Primordial Intermediate Mass Black
Holes as Galactic Dark Matter

Global fits to cosmological parameters have led
to a consensus that about one quarter of the
energy of the universe is in the form of electrically-
neutral dark matter. It seemed natural to pro-
pose that the dark matter constituents are pri-
mordial black holes with masses many times
the mass of the Sun. In a galaxy like the
Milky Way, the proposal was that residing in
the galaxy are between ten million and ten bil-
lion black holes with masses between one hun-
dred and one hundred thousand solar masses.

Black holes in this range of masses are natu-
rally known as Intermediate Mass Black Hole
(IMBHs) since they lie intermediate between
the masses of stellar-mass black holes and the
masses of the supermassive black holes at galac-
tic centres.
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The existence of stellar mass black holes in Na-
ture was established sixty years ago in 1964 by
the discovery in Cygnus X-1 of such a black
hole with mass about 15M⊙. Such X-Ray bi-
naries were studied in which black holes appear
in the mass range between 5M⊙ and 100M⊙,

The existence of dark matter was first discov-
ered by Zwicky in 1933 in the Coma Cluster.
Its presence in individual galaxies was demon-
strated convincingly by Rubin in the 1970s from
measurement of the rotation curves which de-
manded the existence of additional matter to
what was luminous.
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The PBHmass function is all important, Possi-
ble PBH masses extend upwards to many solar
masses and without any obvious upper limit,
far beyond what was was thought possible in
the twentieth century when ignorance about
PBHs with many solar masses probably pre-
vented the MACHO and EROS Collaborations
from discovering a larger fraction of the dark
matter.

Black holes formed by gravitational collapse
cannot satisfy MBH ≪ M⊙ because stars
powered by nuclear fusion cannot be far be-
low M = M⊙. This was contradicted by the
studies in primordiality which suggested that
much lighter black holes can be produced in
the earliest stages of the Big Bang.
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Such PBHs are of special interest for several
reasons. Firstly, they are the only type of black
hole which can be so light, down to 1012kg ∼
10−18M⊙, that Hawking radiation might con-
ceivably be detected. Secondly, PBHs in the
intermediate-mass region 100M⊙ ≤MIMBH ≤
105M⊙ can provide the galactic dark matter.

The mechanism of PBH formation involves large
fluctuations or inhomogeneities. Carr and Hawk-
ing argued that we know there are fluctuations
in the universe in order to seed structure for-
mation and there must similarly be fluctua-
tions in the early universe. Provided the radi-
ation is compressed to a high density, meaning
to a radius as small as its Schwarzschild ra-
dius, a PBH will form. Because the density in
the early universe is extremely high, it is very
likely that PBHs will be created. The two ne-
cessities are high density which is guaranteed
and large inhomogeneities which are possible.
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During radiation domination

a(t) ∝ t1/2 (2)

and
ργ ∝ a(t)−4 ∝ t−2 (3)

Ignoring factorsO(1) and bearing in mind that
the radius of a black hole is

rBH ∼

(
MBH

M2
Planck

)
(4)

with

MPlanck ∼ 10−8kg ∼ 10−38M⊙. (5)

Let us define a Planck density ρPlanck by

ρPlanck ∼ (10−5g)(10−33cm)−3 = 1094ρH2O.
(6)
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The density of a black hole ρBH(MBH) is

ρBH(MBH)∼

(
MBH

r3BH

)

= ρPlanck

(
MPlanck

MBH

)2

∼ 1094ρH2O

(
10−38M⊙
MBH

)2

(7)

which means that for a solar-mass black hole

ρBH(M⊙) ∼ 1018ρH2O (8)

while for a billion solar mass black hole

ρBH(109M⊙) ∼ ρH2O. (9)

and above this mass the density falls asM−2
BH .
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The mass of the PBH is derived by combining
Eqs. (3) and (7). We see from these two equa-
tions thatMPBH grows linearly with time and
using Solar Mass units we find

MPBH ∼
(

t

1sec

)
105M⊙ (10)

which implies, if we insist on PBH formation
before the electroweak phase transition, t <
10−12s, that

MPBH < 10−7M⊙ (11)
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Such an upper bound as Eq.(11) explains why
the MACHO searches at the turn of the twenty-
first century, inspired by the clever suggestion
of Paczynski, lacked motivation to pursue search-
ing above 100M⊙ because it was thought in-
correctly at that time that PBHs were far too
light. It was known correctly that the results of
gravitational collapse of normal stars, or even
large early stars, were below 100M⊙. Super-
massive black holes with M > 106M⊙ such
as SagA∗ in the Milky Way were beginning to
be discovered in galactic centers but their ori-
gin was unclear and will be discussed further
in Section 2.2.
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Using the mechanism for Hawking radiation
provides the lifetime for a black hole evaporat-
ing in vacuo given by

τBH ∼
(
MBH

M⊙

)3

× 1064years (12)

so that to survive for the age 1010 years of the
universe, there is a lower bound on MPBH to
augment the upper bound in Eq.(11), giving
as the full range of Carr-Hawking PBHs:

10−18M⊙ < MPBH < 10−7M⊙ (13)

The lowest mass possible for s surviving PBH
in Eq.(13) has the density ρ ∼ 1058ρH2O. It
is an object which has the physical size of a
proton and the mass of Mount Everest !!
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The Hawking temperature TH(MBH) of a black
hole is given by

TH(MBH) = 6× 10−8K

(
M⊙
MBH

)
(14)

which would be above the CMB temperature,
and hence there would be outgoing radiation
for all of the cases withMBH < 2×10−8M⊙.
Hypothetically, if the dark matter halo were
made entirely of the brightest possible (in terms
of Hawking radiation) 10−18M⊙ PBHs, the ex-
pected distance to the nearest PBH would be
about 107 km. Although the PBH tempera-
ture, according to Eq. (14) is ∼ 6 × 1010K,
the inverse square law renders the intensity of
Hawking radiation too small, by many orders
of magnitude, to allow detection by any fore-
seeable terrestrial apparatus.
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The originally suggested mechanism produces
PBHs with masses in the range up to 10−7M⊙.
We shall now discuss formation of far more
massive PBHs by a quite different mechanism.
As already discussed, PBH formation requires
very large inhomogeneities. Here we shall il-
lustrate how mathematically to produce inho-
mogeneities which are exponentially large.

In the simplest single-stage inflation, no excep-
tionally large density perturbation is expected.
Therefore it is necessary to consider at least a
two-stage hybrid inflation with respective fields
called inflaton and waterfall. The idea then in-
volves parametric resonance in that, after the
first of the two stages of inflation, mutual cou-
plings of the inflaton and waterfall fields cause
both to oscillate arbitraily wildly and produce
perturbations which can grow exponentially.
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A second (waterfall) inflation then stretches
further the inhomogeneities, thus enabling pro-
duction of PBHs with arbitrarily high mass.
This specific model may not describe Nature
but provides an existence theorem to confirm
that arbitrarily large mass PBHs can be pro-
duced mathematically. The resulting mass func-
tion is spiked, but it is possible that other
PBH production mechanisms can produce a
smoother mass function.

Full details of the model are presented in 2010
(F.K.T.Y) where the inflaton and waterfall fields
are denoted by σ and ψ respectively. Between
the two stages of inflation, the σ and ψ fields
oscillate, decaying into their quanta via their
self and mutual couplings. Specific modes of σ
and ψ are amplified by parametric resonance.
The resulting coupled equations for the two
fields are of Mathieu type with the exponentially-
growing solutions.
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Numerical solution shows that the peak wave
number kpeak is approximately linear in mσ.
The resultant PBH mass, the horizon mass
when the fluctuations re-enter the horizon, is
approximately

MPBH ∼ 1.4× 1013M⊙

(
kpeak

Mpc−1

)−2

(15)

Explicit plots were exhibited in FKTY 2010 for
the cases MPBH = 10−8M⊙, 10−7M⊙ and
105M⊙. At that time (2010) , although not in-
cluded in the paper, it was confirmed that pa-
rameters can always be chosen such that arbi-
trarily high mass PBHs, at or even beyond the
mass of the universe, may be produced. This
is an important result to be borne in mind.
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In the PBH production mechanism based on
hybrid inflation with parametric resonance, the
mass function is generally sharply spiked at
a specific mass region. Such a peculiar mass
function is not expected to be a general feature
of PBH formation, only a property of this spe-
cific mechanism. But this specific mechanism
readily demonstrates the possibility of primor-
dial formation of black holes with many solar
masses. For completeness, it should be pointed
out that PBHs with masses up to 10−15M⊙
were discussed already in the 1970s, for exam-
ple by Carr and by Novikov, Polnarev, Starobin-
skii and Zeldovich.
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For dark matter in galaxies, PIMBHs are im-
portant, where the upper end must be trun-
cated at 105M⊙ to stay well away from galac-
tic disk instability first discussed by Ostriker et
al. They showed convincingly that an object
with mass one million solar masses out in the
spiral arms of the Milky Way destabilizes the
galactic disk to such an extent that the entire
galaxy collapses.

Observations of rotation curves reveal that the
dark matter in galaxies including the Milky
Way fills out an approximately spherical halo
somewhat larger in radius than the Disk occu-
pied by the luminous stars. Numerical simu-
lations of structure formation suggest a profile
of the dark matter of the NFW type.
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Note that he NFW profile is independent of
the mass of the dark matter constituent. and
the numerical calculations are restricted by the
available computer size, for a system as large
as a typical galaxy, to constituents which have
many solar masses.

In our discussion of 2015, we focused on galax-
ies like the Milky Way and restricted the mass
range for the dark matter constituents to lie
within the three orders of magnitude

102M⊙ < M < 105M⊙ (16)

We shall not repeat lengthy entropy arguments
here, just to say that the constituents were
proposed to be Primordial Intermediate Mass
Black Holes, PIMBHs.
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Assuming a total dark halo mass of 1012M⊙,
Eq.(16) implies that the numberN of PIMBHs
is between ten million (107) and ten billion
(1010) Assuming further that the dark halo has
a radius R of a hundred thousand (105) light
years the mean separation L̄ of PIMBHs can
then estimated by

L̄ ∼
(

R

N1/3

)
(17)

which translates approximately to

100ly < L̄ < 1000ly (18)

which provides also a reasonable estimate of
the distance to the nearest PIMBH from the
Earth which is very far outside the Solar Sys-
tem where the orbital radius of the outermost
planet Neptune is ∼ 0.001 ly.
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To an outsider, It may be surprising that mil-
lions of intermediate-mass black holes in the
MilkyWay can have remained undetected. Iron-
ically, hey could have been detected more than
two decades ago had the MACHO Collabora-
tion persisted in its microlensing experiment at
Mount Stromlo Observatory in Australia.

Dark matter was first discovered almost a cen-
tury ago by Zwicky in the Coma cluster, a
large cluster at 99 Mpc containing over a thou-
sand galaxies and with total mass estimated at
6 × 1014M⊙. A convincing proof of the exis-
tence of cluster dark matter was provided by
the Bullet cluster collision where the distinct
behaviours of the X-ray emitting gas which col-
lides, and the dark matter which does not, was
observable.
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Since there is not the same Disk stability limit
as for galaxies, the constituents of the clus-
ter dark matter can involve also PSMBHs up
to much higher masses than possible for the
PIMBHs within galaxies

The possible solution of the galactic dark mat-
ter problem cries out for experimental verifi-
cation. Three methods have been discussed:
wide binaries, distortion of the CMB, and mi-
crolensing. Of these, microlensing seems the
most direct and the promising. Microlensing
experiments were carried out by the MACHO
and EROS Collaborations decades ago. At
that time, it was believed that PBH masses
were below 10−7M⊙ by virtue of the Carr-
Hawking mechanism. Heavier black holes could,
it was then believed, arise only from gravita-
tional collapse of normal stars, or heavier early
stars, and would have mass below 100M⊙.
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For this reason, there was no motivation to sus-
pect that there might be MACHOs which led
to higher duration microlensing events. The
longevity, t̂, of an event is

t̂ = 0.2yrs

(
MPBH

M⊙

)1
2

(19)

which assumes a transit velocity 200km/s. Sub-
situting our extended PBH masses, one finds
approximately t̂ ∼ 6, 20, 60 years forMPBH ∼
103, 104, 105M⊙ respectively. It is to be hoped
that MACHO searches will soon resume at the
Vera Rubin Observatory and focus on highest
longevity microlensing events. Is it possible
that convincing observations showing only a
fraction of a light curve could suffice? If so,
only a fraction of the e.g. six years, corre-
sponding to PIMBHs with one thousand solar
masses, could be enough to confirm the theory.
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2.1 Primordial Supermassive Black Holes
(PSMBHs) at Galactic Centers

Evidence for supermassive black holes at galac-
tic centres arises from the observations of fast-
moving stars around them and such stars being
swallowed or torn apart by the strong gravita-
tional field. The first discovered SMBH was
the one, Sag A∗, at the core of the Milky Way
which was discovered in 1974 and has mass
MSagA∗ ∼ 4.1 × 106M⊙. The SMBH at the
core of the nearby Andromeda galaxy (M31)
has massM = 2×108M⊙, fifty timesMSagA∗.
The most massive core SMBH so far observed
is for NGC4889 withM ∼ 2.1×109M⊙. Some
galaxies contain two SMBHs in a binary, ex-
pec5ed to be the result of a galaxy merger.
Quasars contain black holes with even higher
masses up to at least 4× 1010M⊙. .
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A black hole with the mass of SagA∗ would
disrupt the disk dynamics were it out in the
spiral arms but at, or near to, the center of
mass of the MilkyWay it is more stable. SagA∗

is far too massive to have been the result of a
gravitational collapse, and if we take the view
that all black holes either are the result of
gravitational collapse or are primordial then
the galaxies’ core SMBHs must be primordial.
Nevertheless, it is probable that the PSMBHs
are built up by merging and accretion from less
massive PIMBH seeds.
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3. Primordial Naked Singularities (PNSs)

Just as neutral black holes can be formed as
PBHs in the early universe, it is natrual to
assume that objects can be formed based on
the Reissner-Nordstrom metric

ds2 = f (r)dt2−f (r)−1dr2−r2dθ2−r2 sin2 θdϕ2
(20)

where

f (r) ≡

(
1− rS

r
+
r2Q

r2

)
. (21)

with
rS = 2GM rQ = Q2G (22)

The horizon(s) of the RN metric occur when

f (r) = 0 (23)

which gives

r± =
1

2

(
rS ±

√
r2S − 4r2Q

)
(24)
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It follows that for 2rQ < rS, Q
2 < M , there

are two horizons. On the other hand, when
2rQ = rS, Q

2 = M the RN black hole is
named extremal and there is only one horizon.
If 2rQ > rS, Q

2 > M , the RN metric may
be called super-extremal. in this case there
is no horizon at all and the r = 0 singularity
becomes observable to a distant observer. This
is called a naked singularity. With this last
inequality, it is no longer a black hole which,
by definition, requires an horizon.

Consider two identical objects with mass M
and charge Q. Then the electromagnetic re-
pulsive force Fem ∝ keQ

2 and the gravita-
tional attraction Fgrav ∝ GM2. Thus, for the
electromagnetic repulsion to exceed the grav-
itational attraction we need Q2 > GM2/ke
and hence perhaps super-extremal Reissner-
Nordstrom or Naked Singularities(NSs)∗ We

∗To anticipate NSs we shall replace BH by NS for charged dark matter. If charges satisfy Q2 < M this
replacement is unnecessary.
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cannot claim to understand the formation of
PNSs. One idea hinted at in [?] is that ex-
tremely massive ones, charged PEMNSs might
begin life as electrically neutral PBHs then,
during the dark ages, selectively accrete elec-
trons over protons. However this formation
process evolves, it must be completed before
the onset of accelerated expansion some 4 bil-
llion years ago at cosmic time t ∼ 9.8 Gy.
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3.1 Primordial Extremely Massive
Naked Singularities – the EAU Model

A novel EAU model has been suggested in
where dark energy is replaced by charged dark
matter in the form of PEMNSs or charged Pri-
mordial Extremely Massive Naked Singulari-
ties†. That discussion involved the new idea
that, at the very largest cosmological distances,
the dominant force is electromagnetism rather
than gravitation. This differs from the assump-
tion tacitly made in the first application of gen-
eral relativity to cosmology by Einstein.

The production mechanism for PBHs in gen-
eral is not well understood, and for the PEMNSs
we shall make the assumption that they are
formed before the accelerated expansion begins
at t = tDE ∼ 9.8 Gy, For the expansion before
tDE we shall assume that the ΛCDM model
is approximately accurate.

†In the original paper the PEMNSs were called PEMBHs
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The subsequent expansion in the charged dark
matter model will in the future depart markedly
from the ΛCDM case. We can regard this
as advantageous because the future fate of the
universe in the conventional picture does have
certain unaesthetic features in terms of the ex-
tremely large size of the asymptotic extroverse.

In the ΛCDM model the introverse, or what is
also called the visible universe, coincides with
the extroverse at t = tDE ∼ 9.8 Gy with the
common radius

REV (tDE) = RIV (tDE) = 39Gly. (25)

The introverse expansion is limited by the speed
of light and its radius increases from Eq. (25)
to 44 Gly at the present time t = t0 but asymp-
totes only to

RIV (t→ ∞) → 58Gly (26)
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The extroverse expansion is, by contrast, expo-
nential and superluminal. Its radius increases
from its value 39 Gly in Eq. (25) to 52 Gly
at the present time t = t0 and grows without
limit. After only a trillion years it attains the
extremely large value

REV (t = 1Ty) = 9.7× 1032Gly. (27)

This future for the ΛCDM scenario seems dis-
tasteful because the introverse becomes of ever
decreasing, and eventually vanishing, signifi-
cance, relative to the extroverse.

One attempt at a possible formation mecha-
nism of PEMNSs was provided by Chileans,
Araja et al where their common sign of elec-
tric charge, negative, arises from preferential
accretion of electrons relative to protons.

35



This formation mechanism is not well under-
stood ‡ so to create a cosmological model we
shall for simplicity assume that the PEMNSs
are all formed before t = tDE ∼ 9.8 Gy and
thereafter the Friedmann equation ignoring ra-
diation, is(

ȧ

a

)2

=
Λ(t)

3
+
8πG

3
ρmatter (28)

where Λ(t) is the cosmological ”constant” gen-
erated by Coulomb repulsion between the PEMNSs.
From Eq.(28), in the ΛCDM model with a(t0) =
1 and constant Λ(t) ≡ Λ0, we would predict
that, in the distant future

a(t→ ∞) ∼ exp

(√
Λ0
3
(t− t0)

)
(29)

‡Electrically neutral PEMBHS were first considered, with a different acronym SLABs, by Carr et al.
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In the case of charged dark matter, with no
dark energy, we must re-write Eq.(28) as(

ȧ

a

)2

=
8πG

3
ρcPEMNSs +

8πG

3
ρmatter

(30)
in which

ρmatter(t) =
ρmatter(t0)

a(t)3
(31)

where matter includes normal matter and un-
charged dark matter.

Of special interest to the present discussion is
the expected future behaviour of the charged
dark matter

ρPEMNSs(t) =
ρPEMNSs(t0)

a(t)3
(32)

so that comparison of Eq.(28) and Eq.(30) sug-
gests that the cosmological constant is pre-
dicted to decrease from its present value.
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Table 1: COSMOLOGICAL “CONSTANT”.

time Λ(t)

t0 (2.0meV )4

t0 + 10Gy (1.0meV )4

t0 + 100Gy (700µeV )4

t0 + 1Ty (230µeV )4

t0 + 1Py (7.4µeV )4

More specifically, we find that asymptotically
the scale factor will behave as if matter-dominated
and the cosmological constant will decrease at
large future times as a power

a(t→ ∞) ∼ t
2
3 Λ(t→ ∞) ∼ t−2. (33)

so that a trillion years in the future Λ(t) will
have decreased by some four orders of magni-
tude relative to Λ(t0). See Table 1 ut supra.
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In both the ΛCDM model and the EAUmodel,
the present time is an unusual time in cos-
mic history. In the former case, there is the
present similarity between the the densities of
dark matter and energy. In the latter case
with charged dark matter, the present acceler-
ated expansion is maximal and will disappear
within a few more billion years.

In the EAU model, acceleration began about
4 Gy ago at tDE = 9.8Gy = t0 − 4Gy. This
behaviour will disappear in a few more billion
years. The value of the cosmological constant
is predicted to fall like a(t)−2 so that, when
t ∼

√
2t0 ∼ 19.5Gy ∼ t0 + 4.7Gy, the value

of Λ(t) will be one half of its present value,
Λ(t0). On the other hand, the equation of state
associated with Λ is predicted to be accurately
ω = −1, so close to that value that measuring
the difference seems forever impracticable.
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For charged dark matter, we now discuss the
future time evolution of the introverse and ex-
troverse. For the introverse, nothing changes
from the ΛCDM , and after a trillion years,
the introverse radius will be at its asymptotic
value RIV = 58Gly, as stated in Eq.(26). By
contrast, the future for the extroverse is very
different for charged dark matter than for the
conventional ΛCDM case. WIth the growth

a(t) ∝ t
2
3 we find that the radius of the extro-

verse at t = 1 Ty is

REV (t = 1Ty) ∼ 900Gly. (34)

This is in stark contrast to the extremely large
value 9.7× 1032 Gly predicted by the ΛCDM
model, quoted in Eq.(27) above. Eq.(34) means
that if there still exist scientific observers their
view of the distant universe will be quite sim-
ilar to the present one and will include many
billions of galaxies.
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In the ΛCDM case, such a hypothetical ob-
servational cosmologist, trillions of years in the
future, could observe only the Milky Way and
objects which are gravitationally bound to it,
so that cosmology would become an extinct
science.

The principal physics advantage of charged dark
matter is that it avoids the idea of an unknown
repulsive gravity inherent in ”dark energy”.
Electromagnetism provides the only known long-
range repulsion so it is more attractive to adopt
it as the explanation for the accelerating uni-
verse. The secondary advantage of charged
dark matter, that it provides a conducive envi-
ronment for observational cosmology trillions
of years into the future, is not by itself a suffi-
cient reason to select a theory.
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4. Possible Support for EAU Model
from the Amaterasu Cosmic Ray

Particle theory deals with very tiny particles
which are typically smaller than an atomic nu-
cleus of size 10−15 m and therefore at least
fifteen orders of magnitude below the scales fa-
miliar to us. It treats objects far smaller than
anything we can see with the naked eye. Theo-
retical cosmology, by contrast, deals with very
large objects which are typically larger than
the Milky Way galaxy of size 1023 m and hence
in excess of twenty-three orders of magnitude
larger than familiar scales. It considers objects
so huge that they stretch the powers of our hu-
man imagination.
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An outsider could reasonable surmise that physi-
cists who research particle theory form an en-
tirely separate group from the physicists who
research theoretical cosmology because the two
groups study scales which differ by over thirty-
eight orders of magnitude. However, it has
been known for many decades that this surmise
is mistaken because when we consider the early
universe the temperature can be so high that
subnuclear particles are inevitably produced.
This fusion of the two research fields is some-
times displayed on an Ouroboros diagram, and
the small-large connection has been very suc-
cessfully exploited for over half a century.
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In the present section, we hope to convince
the reader of the claim that a small (proton)-
large (Local Void) fusion can exist even at the
present time. The claim is based on the recent
observation of a super-GKZ cosmic ray, called
Amaterasu, which provides us with a type of
paradox whose resolution frequently results in
a significant increase in human knowledge.

Historically, the most important theoretical re-
sult for ultra high energy cosmic rays is the
GKZ bound that, to traverse the CMB, the
energy is bounded by

E < 50EeV (35)

Observationally, over the years the fortunes of
the bound have ebbed and flowed but, at the
present time, the cut off in Eq.(35) is very well
established with only a few rare outliers ex-
hibiting super-GKZ behaviour.
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The Amaterasu’s energy isE = 240 EeV (2023),
the third largest ever recorded after previous
super-GKZ cosmic rays with 320 EeV (1991)
and E = 280 EeV (2001).

What makes the Amaterasu particle doubly in-
teresting is that not only is it super-GKZ, but
the direction tracks back to the Local Void
which contains no galaxies and therefore, it
was thought, no source§.

The Amaterasu authors, however, restricted
their attention to the ΛCDM model, without
considering the more recently proposed EAU
model. The latter forgoes the century old as-
sumption that gravitation dominates electro-
magnetism at all length scales greater than
that characterising molecules. We shall ar-
gue in the present section that the EAU model
provides a natural resolution of the Amaterasu
paradox.

§To allay all possible concerns that the primary direction used in [?] might be distorted by foreground
effects, we found the excellent review by Anchoroqui [?] to be convincing.
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In the EAU model, all the dark matter is com-
posed of Primordial Black Holes (PBHs) with
that in galaxies and clusters being Primordial
Intermediate Mass Black Holes (PIMBHs), while
at galactic centres there are Primordial Super-
massive Black Holes (PSMBHs). All of these
PBHs are electrically neutral like the stars and
planets. Only Primordial Extremely Massive
Naked Singularities (PEMNSs), with masses in
excess of a trillion solar masses have negative¶

electric charge with an overall charge asymme-
try, relative to the totatlty of the proton or
electron charges, of about one in a billion bil-
lion.

¶Note that if all the PEMNSs had, instead, a positive charge our discussion of accelerated expansion
would go through.
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Structure formation for galaxies and clusters,
including the Local Void, is due only to gravi-
tational forces. On the other hand, the struc-
ture formation regarding PEMNSs is due only
to electromagnetic forces, and the two results
regarding voids are expected to be quite dif-
ferent. In particular, what is the Local Void,
in terms of galaxies, is expected to contain
PEMNSs and their electric charge can underly
the origin of the Amaterasu cosmic ray.

Consider a Primordial Extremely Massive Naked
Singularity (PEMNS) with massMPEMNS =
1012M⊙ and negative electric charge qPEMNS =
−1032 Coulombs at a distance 1Mpc from the
Earth. Consider also a proton p approximately
at rest, a candidate for the Amaterasu pri-
mary, at a distance x metres behind the Earth
and precisely aligned with the PEMNS and the
Earth. To be justified a posteriori we assume
that x metres << 1 Mpc.
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The Coulomb attraction between PEMNS and
p is given by

F =
keqPEMNSqp̄

r2
(36)

where the electric force constant is ke = 9 ×
109N.m2/C2. Using 1Mpc = 3× 1022m and
proton charge +1.6×10−19 Coulombs gives an
attractive electric force which is approximately
constant if x is sufficiently small

F = 1.6× 10−22N (37)

in Newtons N ≡ kg.m/s2. Inserting the pro-
ton mass m(p) = m0 = 1.6 × 10−19 kg the
initial acceleration is

ai = a(βi = 0) =
F

m0
= 1.0×105m/s2. (38)
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The required BKZ final relativistic velocity βf =
vf/c is given by

Ef
m0

=
1√

1− β2f

=
2.4× 1020eV

938× 106eV
= 2.56×1011,

(39)
so that

β2f = 1− 1.52× 10−23. (40)

For the relativistic acceleration of β = v/c
from βi = 0 to βf =

√
1− 1.52× 10−23 we

may use the integral∫
dx√
1− x2

= sin−1 x. (41)

We now integrate the motion from rest at time
t = ti to reaching energy 2.4×1020 eV at time
t = tf as follows.
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d2s

dt2
= c

dβ

dt
=

F

m0

√
1− β2 = ai

√
1− β2

(42)
with the initial acceleration ai = 105m/s2 and
c = 3× 108m/s.

Using the integral in Eq.(41) now gives the re-
sult

βf = sin

[
tf − ti

3000s

]
. (43)

Since βf < 1, we deduce from Eq.(43) that
(tf − ti) < 3000s which implies that the ini-

tial at-rest proton must be less than 109 km
from the Earth which is well within the Solar
System, actually within the orbit of Saturn.

We emphasise that this requires precise align-
ment of the Amaterasu primary with the PEMNS-
to-Earth direction and this is expected only
extremely rarely. .
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Cosmic rays have historically had a major rôle
in particle physics, such as the original discov-
eries of the positron, the pion and many other
hadrons. The Amaterasu cosmic ray is only
one event but it is an extraordinary one, as
one of the three most energetic cosmic rays ever
recorded and the only one of those three point-
ing back to the Local Void where, according to
the ΛCDM model, there is no obvious source.

If our discussion is correct, this single cosmic
ray has helped determine the correct choice of
theoretical cosmological model.
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5. Discussion

Although this paper is essentially speculative,
we are unaware of any fatal flaw. We have re-
placed the conventional make up for the slices
of the universe’s energy pie (5% normal mat-
ter; 25% dark matter; 70% dark energy) with a
similar but crucially changed version(5% nor-
mal matter; 25% dark matter; 70% charged
dark matter).

The name dark energy was coined by Turner
in 1998 shortly after the announcement of ac-
celerated expansion. An outsider familiar with
E = Mc2 might guess that dark energy and
matter are equivalent. If our model is correct,
she would be correct although it has nothing
to do with E = mc2. Charged dark matter
replaces dark energy, an ill-chosen name be-
cause it suggested that there exists an addi-
tional component in the Universe.
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In the previous section, we argued that the un-
usual properties of the Amaterasu cosmic ray
reported in November 2023 could provide sup-
port for the EAU model. More recently in
April 2024, news from the Dark Energy Spec-
troscopic Instrument (DESI) at Kitt Peak in
Arizona, USA, gave a preliminary indication
that the cosmological constant Λ(t) is not con-
stant but diminishing with time, as suggested
by our Eq.(33), and by our Table 1, thus pro-
viding a second possible support for the EAU
model.
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Other supporting evidence could appear in the
foreseeable future from the James Webb Space
Telescope (JWST) which might shed light on
the formation of PBHs in the early universe,
also from the Vera C. Rubin Observatory in
Chile which will study long duration microlens-
ing light curves which could provide evidence
for the existence of PIMBHs inside the Milky
Way.

It will be interesting to learn how these and
other observations may support the idea that
the observed cosmic acceleration is caused by
charged dark matter.

Thank you for your attention

54


