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Abstract: A persistent idea in cosmology is that the universe originated and then continued to 

evolve as a black hole.  While the notion of a black hole universe has generally been framed within 

the standard cosmological model, the latter has had numerous problems related to dark matter, 

dark energy and other issues.  To avoid such problems an alternative is proposed which omits 

cosmic expansion, dark matter and dark energy.  The observable universe is cast instead as 

primarily a thin spherical shell of cold (~29 K) baryonic matter situated near the Hubble radius.  

This shell of plasma holds 95% of the observable universe’s mass, the remaining 5% existing in the 

interior galaxies and gas clouds.  A key premise of the model is that spacetime is fundamentally 

photonic in nature.  This allows photon energy to be transferred to spacetime in the Hubble redshift 

and to be transferred back to photons in a novel blueshift.  These exchanges together drive a cosmic 

energy cycle for gravity and the cosmological constant, Λ.  Photons of the cosmic microwave 

background originating in the plasma shell lose energy to ‘cooler’ regions of spacetime in interior 

zones via the Hubble redshift.  This gives rise to gravity through the optical gravity approach.  The 

depleted photons moving back towards the shell are then reenergized in ‘hotter’ spacetime regions 

via the Hubble blueshift.  These photons eventually exert outward pressures on the shell which 

perfectly balance the inward forces of gravity, in this manner functioning as Einstein’s cosmological 

constant.  The observable universe behaves as a closed system in thermodynamic equilibrium with 

constant energy and entropy and indeterminate age.  Black holes are suggested to have analogous 

plasma shell structures and gravity/Λ cycles. 

Keywords: cosmic microwave background; Hubble redshift; black hole; black hole universe; 

gravastar; optical gravity 

 

1. Introduction 

Recently there has been renewed interest in the idea that the observable universe arose and 

continues to exist as some form of black hole [1–8].  Proposals for a black hole universe have 

generally been premised on the Lambda cold dark matter (ΛCDM) consensus model of cosmology 

(expansion + dark matter + dark energy).  The inclusion of dark matter and dark energy is necessary 

to allow a black hole universe with its Schwarzschild radius near the Hubble radius to attain the 

critical density needed to form a black hole.  This density is the same as the ΛCDM critical density 

ρc, which requires just the same contributions from dark matter and dark energy [5]. 

Black hole universe models nonetheless face many problems.  Due to the black hole mass-

radius relationship, the radius of a black hole cannot increase without its mass increasing 

proportionately.  It is unclear how mass growth through accretion could precisely balance the 

supposed radial increase of cosmic expansion.  In addition, as initially described by Pathria [1], a 

black hole universe typically has a hybrid structure, with an external Schwarzschild metric enclosing 

an expanding Friedmann–Lemaître–Robertson–Walker internal metric.  These two metrics may not 

match up in the way Pathria supposed [9,10].  While the interior metric might conceivably be 

replaced with a Schwarzschild metric, there is no consensus solution for such a metric [11]. 
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Some mechanism is also needed to prevent a black hole universe from collapsing into a 

singularity.  While various mechanisms have been suggested for achieving this in ordinary black 

holes [12–24], none of these seem immediately applicable to a black hole universe.  Dark energy has 

been linked to possible expansion of black holes [25] and might similarly prevent cosmic collapse.  

Yet there has been negligible progress in identifying realistic candidates for either dark energy or 

dark matter over many decades.  In addition, if cosmological expansion were abandoned in a black 

hole universe, the conceptual underpinnings for both dark matter and dark energy would also largely 

disappear. 

A non-expanding black hole universe without dark matter and dark energy would be the very 

antithesis of the ΛCDM model.  Such a universe at first seems impossible.  Not only would there be 

no apparent mechanism to avoid singularity, but without dark matter and dark energy the observable 

universe would no longer have the mass density needed to enclose itself in a black hole [5]. 

Yet some black hole models do afford a clue as to where the additional baryonic mass required 

for a black hole universe could conceivably reside.  Adapting Susskind’s 2D holographic 

representation of a black hole, these models include thin spherical shells [18–20]; black shells [21]; 

dark energy stars [22] and gravastars [23,24].  These thin-shell models collectively suggest that the 

missing mass for a black hole universe could reside in a thin shell of plasma located near the Hubble 

radius. 

Pursuing this theme, we now propose a thin-shell black hole universe which is not expanding 

and possesses neither dark matter nor dark energy.  Its mass is instead entirely baryonic, with 95% 

of it residing in a shell of cold (~ 29 K) plasma positioned near the Schwarzschild radius (also the 

Hubble radius, c/H0) and the remaining 5% in interior galaxies, gas and dust.  The plasma shell is 

undetectable except through its influence on the cosmic microwave background (CMB).  The CMB 

originates at the shell and also terminates there, its outward pressure holding the shell in place 

against gravity.  The interactions between the CMB and the plasma shell dominate the model.      

The absence of cosmic expansion will greatly simplify our model.  The universe in this case 

need not have originated in an ultra-compact state, as in the ΛCDM model, but conceivably with 

galactic or even cosmic dimensions.  Moreover, as the long-range gravitational forces between 

remote shell baryons would be extremely weak, it becomes permissible to use Newtonian gravity 

initially and thus avoid the many mathematical complexities of relativistic black hole, gravastar and 

black hole universe models.  In this connection it should be recalled that the concept of ‘dark stars’ 

– large stars from which nothing can escape – predated general relativity by centuries. 

The plasma shell design furthermore allows for strict energy conservation to be built into the 

model.  The Hubble redshift removes enormous quantities of energy from the universe each second, 

primarily from the cosmic microwave background (CMB).  Unlike the ΛCDM model, which allows 

for non-conservation of energy in this process, the present model can account for both the Hubble 

redshift and the fate of the lost photon energy.  In cosmological models which omit expansion the 

Hubble redshift is typically ascribed to some ‘tired light’ mechanism, whereby photon energy is 

transformed to some other form.  Tired light mechanisms, however, encounter two basic problems: 

the temperature-redshift relation in the CMB and the time dilation seen in Type 1a supernovae.  

They otherwise afford explanations for cosmological observations that match or improve upon those 

of the ΛCDM model [26,27]. 

The solutions to these problems in our model lie in a different conceptualization of spacetime: 

as being essentially photonic in nature.  In previous work on gravitation and astro/geophysics 

spacetime was modeled as a network of graviton filaments interconnecting all particles, with the 

gravitons themselves having photonic structure.  This arrangement allows masses to be pushed 

together by photons in a classic gravity mechanism [28,29].  The photonic model of spacetime will 

now be augmented using the paired-photon vacuum (PPV) scheme of Annila and coworkers, in 

which the gravitons within these filaments consist of overlapping photon pairs [30–32].  Such a 

photonic spacetime would be able to exchange energy with photons, such that CMB radiation 

undergoing the Hubble redshift still has the characteristics of blackbody radiation. 
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A key point that will be emphasized throughout is that the CMB temperatures measured at high 

redshifts record not only the temperatures at those distances as they existed long ago, but also the 

temperatures likely existing there today.  The CMB closest to the plasma shell thus always has TCMB 

~ 29 K in our model.  This CMB has an energy density of u = 5.3 × 10−9 erg cm−3, similar to that of the 

cosmological constant Λ.  This supports the notion that CMB photons rather than dark energy 

prevent singularity in the universe. 

The Hubble constant H0 will also be reinterpreted as the fundamental recycling parameter 

describing the universe’s central functions.  The Hubble time Ht = H0−1 thus no longer describes an 

‘age of the universe’ but rather the basic cycle period of the universe.  It corresponds roughly to the 

time required for a photon to travel from the shell to the centre of the observable universe, at which 

point the photon energy has been almost entirely degraded.  This allows the Hubble radius to be 

defined as RU = cHt = c/H0, as it is in the ΛCDM model 

From wave-particle duality it can be inferred that particles should also transfer energy and 

momentum to photonic spacetime via the Hubble redshift.  While space does not permit 

development of this aspect here, in future work it will be connected to quantum physics and Modified 

Newtonian Dynamics (MOND).  Of significance for the present discussion is that establishing a firm 

basis for the latter model would remove one of principal reasons for supposing the existence of dark 

matter. 

The paper will be organized as follows.  An overview of the model is given in Section 2.  In 

Section 3 the problem of the TCMB-redshift relationship in tired light models is then reviewed.  Our 

proposed solution is then given that spacetime is photonic in nature and that the Hubble redshift is 

actually a multiphotonic process, in which the CMB attempts to reach thermal equilibrium with 

spacetime.  In Section 4 the Hubble blueshift of CMB photons will be examined in relation to shell 

stability and to the origin of the CMB and the cosmological constant Λ.  The general CMB cycle for 

gravity and Λ is then presented in Section 5.  In this section some CMB tests of the model are 

discussed, as well as some general implications for energy and entropy conservation in the model.  

Brief discussions of gravity and black holes are then given in Sections 6 and 7, with some general 

conclusions lastly made in Section 8. 

2. The Eggshell Universe 

 The basic model is shown in Figure 1.  Superficially, the graphic resembles familiar depictions 

of the ΛCDM model, where the ‘shell’ corresponds to the surface of the primordial cosmic object.  

The universe in the ΛCDM model evolves inwardly from that surface, first with formation of particles 

of matter and radiation and later with stars and galaxies.  The present model is entirely different 

from this.  The density of baryons and CMB photons at various positions remains nearly constant 

over time, with only slow changes arising due to mass accretion.  In the figure the network of 

graviton filaments, equated with spacetime, has its highest density nearest the shell and its lowest 

density near the centre, which is assumed to be close to our position in the Milky Way.  The CMB 

energy density has this same distribution, its highest value found near the shell. 

From the black hole mass-radius relationship, the observable universe has a mass M = RSc2/2G, 

where RS is the Schwarzschild radius.  Since RS = RU = c/H0, we then have M = c3/2GH0 ≈ 9 × 1055 gm.  

Since almost all the mass is in the shell, the shell surface density is then ρA ≈ cH0/8πG ≈ 4 × 10−2 gm 

cm−2.  Remarkably, this value is only about half that of the eggshell of a domestic chicken.  To 

highlight this unusual cosmic feature, the plasma shell universe is termed the ‘eggshell universe’ 

(EU). 

The thin-shell configuration affords a simple description of the metric in the interior space.  

From Birkhoff’s theorem the metric generated by the shell baryons alone would be flat and 

Minkowski.  The gravitational potentials at different positions within the interior would be constant, 

such that the shell exerts no gravitational effects there.  The interior galaxies, gas and dust 

comprising only 5% of the total mass would not significantly distort this flat interior metric.  Unlike 

the gravitational potentials, however, the density of gravitational potential energy – or equivalently 

of spacetime in our model – would not be uniform at each point in the interior space.  The density of 
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photonic spacetime would be at its maximum value near the shell and at its minimum at the cosmic 

centre. 

 

Figure 1. Eggshell universe with CMB cycle for gravity and Λ.  Representative shell baryons and one 

interior baryon are small blue circles.  Graviton filaments of spacetime connecting baryons are shown 

as dark lines, with line thickness representing filament energy (∝ |𝑈|).  Concentric zones of uniform 

TCMB are shown with yellow shading, with darker shades indicating higher values.  A CMB wave 

moving inwardly from the shell is redshifted by energy loss to spacetime filaments, causing masses 

to be attracted in gravity (∎ →← ∎).  The weakened photons are then blueshifted by return transfer 

of energy from spacetime filaments as they head back towards the shell.  This causes masses to be 

pushed apart, generating Λ (∎ ← → ∎).  At all positions the CMB temperature and energy density 

equals the spacetime temperature and density (indicated by ‘s’ subscripts).  See text for full 

description. 

This density gradient is the key to cosmic operation in the model.  It enables energy exchanges 

between spacetime and CMB photons which drive gravity and a CMB-based cosmological constant.  

In a vast cosmic cycle CMB photons originating at the shell are redshifted as they move towards the 

interior space.  The lost photon momentum is transferred to the graviton filaments connecting 

masses and then to the masses themselves, pushing them together.  Since the observable universe in 

our model has essentially fixed energy, mass and volume, however, increasing spacetime curvature 

at one position through gravitation of masses is necessarily balanced by spacetime relaxation (and 

thus mass separation) elsewhere.  By symmetry, the energy released by spacetime in this way would 

be transferred back to photons.  As will be discussed in Section 4, abundant evidence already exists 

for such an energy release in a variety of masses and mass systems [28,29,33–35].  In the model CMB 

photons that have been blueshifted in this manner eventually exert outward pressure on the shell, 

thereby preventing its gravitational collapse and performing the role of Λ in the Einsteinian sense of 

a cosmological constant. 

3. Photonic Spacetime 

The eggshell universe has at its centre a fundamentally different view of spacetime, one based 

on physicality rather than geometry.  This photonic spacetime allows for a new interpretation of the 

Hubble redshift that can be grouped with tired light (TL) mechanisms.  As noted above, TL models 

have had difficulty in accounting for two problems that are well addressed in the ΛCDM model: the 

linear TCMB-redshift relation and the time dilation seen in supernovae.  In other respects, however, 

they perform just as well as the ΛCDM model or better [26]. 
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Let us first consider the TCMB problem in TL models (for a general discussion of the historical 

roles of the CMB in cosmology see [36]).  In the ΛCDM model the CMB temperature Tz at a redshift 

z increases according to the relationship 

𝑇𝑧 = 𝑇0(1 + 𝑧), (1) 

where T0 = 2.726 K is the average CMB temperature today [37].  Here the CMB photons originate 

from the surface of last scattering at the time of recombination, with Tz ≈ 3,000 K and redshift z ≈ 1100.  

Evidence in favour of Equation (1) is found with the presumed CMB heating of atoms and molecules 

in remote gas clouds [38,39]; in the Sunyaev–Zeldovich (SZ) effect [40]; and with water molecules at 

the very high redshift of 6.34 [41]. 

The temperature-redshift relationship for the CMB follows from some basic relations for a 

photon gas: 

𝑢 =
𝑈

𝑉
=

4𝜎

𝑐
𝑇4, (2) 

𝑃 =
1

3

𝑈

𝑉
=

4𝜎

3𝑐
𝑇4, (3) 

𝑛 = 𝑟𝑇3. (4) 

Here U is the total energy, V the volume, u the energy density, P the pressure, T the temperature, 

n the photon number density, r a constant and σ the Stefan-Boltzmann constant.  In a laboratory 

system a photon gas is in constant contact with matter, such that equilibration between photons and 

baryons maintains the blackbody spectrum appropriate for the system.  In the ΛCDM model, 

however, the CMB photons after leaving the surface of last scattering are only able to retain their 

blackbody spectrum by virtue of cosmological expansion.  This allows the energy density and 

photon number of the CMB to diminish in the correct manner. 

Significant deviations from Equation (1) would be possible indications of other processes at 

work, such as a decaying vacuum energy density [42].  A net photon production or destruction over 

time would give TCMB(z) ∝ (1 + z)(1 – β), with β ≠ 0.  A positive β would be consistent with net photon 

production until today, while β < 0 would imply photon destruction.  With no clear evidence thus 

far for a non-zero β, however, a basic challenge for TL models lacking cosmic expansion is thus how 

to retain the CMB blackbody signature over time.  The CMB photon energy would vary as (1 + z)−1, 

but the photon number density would remain constant. 

3.1. Spacetime as a Photon Gas 

As in our earlier work on gravity, we model spacetime as a network of graviton filaments linking 

all the particles of the observable universe, with the graviton subunits themselves being photonic in 

nature [28,29,33,34].  The photonic energy in the graviton filaments connecting any two masses is 

assumed to be equal in magnitude to the mutual gravitational potential energy of those masses.  This 

arrangement allows spacetime to be continuously updated at each point in space by the masses 

embedded within it, as required in general relativity.  Information concerning a particle’s velocity 

or spin, for example, would be continuously encoded and carried away from it by gravitons.  

Particles act essentially as reprocessing centres for gravitons, converting gravitons with older, 

outdated information originating from remote masses into newer ones carrying updated information 

about local particles. 

The paired photon vacuum (PPV) model of Annila and coworkers can be integrated with this 

scheme (Figure 2) [30–32].  In the PPV model the vacuum likewise consists of filaments of spin-2 

gravitons, but with the latter occurring as overlapping pairs of in-phase and antiphase spin-1 

photons.  In their overlapping, double-stranded state, the photons do not exert electromagnetic 

forces but still have energy density.  When pushed into hotter states, the photon pairs unwind and 

the now single-stranded, non-overlapping photons (e.g., CMB photons) do exert electromagnetic 

forces.  The spectral density of the paired-photon vacuum in their model has the same form as 

blackbody radiation (Figure 2). 
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Figure 2. The paired-photon vacuum.  Vacuum spectral density, u, sums up from numerous rays of 

photons (blue-red waves) with a spectrum of energies, εi, about the average energy, kBT. The paired 

photons cannot be seen as light but are sensed as inertia and gravitation through their coupling to 

matter.  In contrast, the odd quanta (blue or red), distributed in-phase or antiphase among the paired 

rays, are seen as light and manifest as electromagnetism. Inset: The cumulative spectral density vs. 

energy (dashed line) (from Annila and Wikström [31]). 

From these considerations it is evident that such a photonic spacetime might be treated as a 

quasi-photon gas similar to the CMB.  Like the CMB, it would have analogous values for energy 

density us, pressure ps, temperature Ts and photon number ns (where the subscripts ‘s’ denote 

spacetime).  Since the CMB contributes the largest energy component to electromagnetic radiation 

fields, even in the local universe, the CMB and spacetime pools at all locations would thus exchange 

energy primarily with each other.  This would tend to bring these two photon gases into thermal 

equilibrium at each point in space, such that everywhere Ts = TCMB.  A laboratory model for such a 

spacetime could even exist in recent work showing that light pulses propagating in optical fibers 

organize themselves in the manner of ordinary gases [43]. 

A spacetime with variable photon content can account for the Hubble redshift, as well as the 

TCMB problem and supernova time dilation in TL models.  This is because spacetime would at points 

in space be capable of exchanging energy with the CMB or other electromagnetic waves directly, 

mediating their photon number in the process. 

3.2. Hubble Redshift of CMB versus Stellar Photons 

In our model the Hubble redshift is viewed as a multiphotonic process operating on wave trains 

of photons.  Stellar surfaces have effective temperatures thousands of degrees higher than that of 

the CMB at any point in the EU.  This gives rise to a critical difference in how the Hubble redshift 

would operate on CMB photons versus ordinary starlight. 

Consider first the CMB photons.  At their hottest positions near the shell, we have TCMB = Tshell ~ 

29 K and u ~ 5 × 10−9 erg cm−3 (Figure 1).  At their weakest position, possibly near our location, the 

respective values could be 2.7 K and 4 × 10−13 erg cm−3.  As it moves towards the interior, an array of 

CMB photons would transfer energy to spacetime packets it encounters along the way.  The photon 

wavelengths in the array would thus increase, while its values for u and n would decrease: the Hubble 

redshift.  As discussed in Sections 5 and 6, the energy and momentum lost from the wave trains 

would be transferred to graviton filaments, setting them in motion and pushing masses together in 

gravitation. 

Conversely, an array of ‘cooler’ CMB photons moving from the interior back towards the shell 

encounters regions of progressively ‘hotter’ and denser spacetime, with higher TCMB and Ts.  With 

equipartition of energy the CMB photon wavelengths would accordingly diminish, while its values 

for u and n would increase: the Hubble blueshift (Figure 1).  This blueshift comes at the expense of 

graviton energies within spacetime filaments, with masses now being pushed apart and |U| thereby 

diminished.  In this picture, inwardly moving waves of CMB radiation would lose most of their 

energy in the outermost regions of the EU, since graviton filaments are densest there.  This would 

be consistent with Equation (1). 
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In the case of starlight, however, there would only be a Hubble redshift.  A sunlike star has TEff 

~ 6,000 K.  Its photon energies thus vastly exceed those of CMB photons at any point within the EU.  

With the assumption that Ts = TCMB at each point in space, equipartition of energy between starlight, 

spacetime and the CMB thus results in a one-way Hubble redshift for starlight photons. 

As will be discussed below, mechanisms for gravity and Λ can then exploit the difference 

between the energies of CMB photons entering or leaving a specific zone of space with those of CMB 

photons that are characteristic of that zone.  In each specific zone of space the decrease in TCMB due 

to the Hubble redshift is balanced by an increase arising from an analogous Hubble blueshift.  In a 

sense there would be two equal and opposite β terms in operation, such that overall β = 0. 

3.3. Supernova Time Dilation and Gravitational Time Dilation 

The other main piece of evidence considered to support the ΛCDM model rather than TL models 

is the observed time dilation in supernovae [27].  In the ΛCDM model this time dilation arises due 

to expansion of spacetime since the time of the stellar explosion.  The light curve of the distant 

supernova is stretched in the observer’s frame by a factor (1 + z) compared to the supernova’s rest 

frame [44]. 

A similar effect can be produced in the present model.  Consider a wave of radiation leaving 

the supernova.  As with stellar radiation generally, photon energy would flow unidirectionally in 

the Hubble redshift from these photons to spacetime photons due to the large energy gap between 

them.  The photon number in the wave would again diminish in this process, while the average 

photon wavelength would increase.  The wave as a whole would thus expand by a factor (1 + z), 

producing the same time dilation effect as in ΛCDM model. 

Gravitational time dilation in our model could have an additional interpretation not available in 

general relativity.  In the latter theory the gravitational redshift and gravitational time dilation are 

observed in a light source positioned relatively nearer to a mass than the observer.  Both effects arise 

because the observer’s clock runs faster than the clock at the source’s position.  Since only clocks are 

involved, photon energy is conserved throughout its trajectory.  In the photonic spacetime model 

the light wave leaving the vicinity of a mass encounters regions with progressively reduced 

spacetime density, since the array of graviton filaments attached to the mass thins out with increasing 

separation from it.  The energy gap with these spacetime photons consequently increases and there 

is a progressively greater flow of photon energy to spacetime.  The photon number in the wave 

consequently diminishes and the average photon wavelength again increases, again producing time 

dilation in the wave. 

This mechanism is also consistent with a simpler Newtonian explanation.  Observationally, it 

is hard to distinguish between the explanation of the gravitational redshift in general relativity and 

the classic Newtonian one, in which a photon loses energy climbing out of a gravitational well.  A 

theoretical problem exists in general relativity with the latter interpretation, as there is no obvious 

candidate sink for the lost photon energy.  In the present model, however, there is such a sink: the 

graviton filaments of spacetime.  As discussed in Section 6, these energy losses are what give rise to 

gravity. 

4. Origin of Λ, the CMB and Eggshell Structure 

With spacetime modeled in this way we next consider how the basic cosmic structure – a plasma 

shell enclosing a CMB – could have arisen in the first place and thereafter have remained stable.  As 

was noted in Section 2, the plasma shell in the EU is stabilized against gravitational collapse by the 

Hubble blueshift of CMB photons.  The energy density of the CMB thus constitutes a cosmological 

constant Λ in the Einsteinian sense.  It does not have a uniform value at each point in space, as 

Einstein’s constant does, but instead increases from its minimum at the centre of the EU to its 

maximum value at the shell, tracking the CMB energy density (Figure 1). 

Λ is a direct result of gravitation in our model.  Since the energy of the graviton filaments of 

spacetime consists of real energy quanta, the sum of their total energies within an EU of essentially 

fixed mass and radius must have a finite value.  This implies that the total quantity |U| is 
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approximately fixed also.  When two particles approach each other in gravitation, increasing their 

share of the total |U|, other spacetime filaments must diminish in energy by amounts which offset 

this energy increase.  For symmetry with the Hubble redshift, wherein photon energy is absorbed 

into spacetime filaments, the reverse process would be a transfer of photon energy from spacetime 

to other photons, leading to a blueshift of the latter. 

The Hubble blueshift of graviton filaments in each mass or system of masses would give rise to 

an effective ‘Λ luminosity’, described by 

𝐿Λ = −𝑈𝐻0, (5) 

where U is the internal gravitational potential energy (conventionally negative).  The term Λ 

luminosity replaces the ‘Hubble luminosity’ previously used to describe this process, in recognition 

of its essential cosmic function.  In those accounts it was suggested that the energy released through 

Equation (5) could account for the excess energy releases seen in planets, white dwarfs, neutron stars 

and supermassive black holes (SMBHs) (Figure 3) [33,34].  In geophysics it also forms the basis for a 

different model of plate tectonics, in which the release of core energy drives a slow expansion of the 

mantle [35].  Since the Λ luminosity of SMBHs would be mostly internally directed and thus not 

observable externally, the observed luminosity may arise from that portion of the mass residing 

outside the Schwarzschild radius [34]. 

 

Figure 3. Λ luminosity at many scales.  On the horizontal axis are plotted the bolometric luminosities 

of representative white dwarfs (WD); neutron stars (NS); supermassive black holes (SMBH); the 

observable universe (U); and the excess heat emissions of Earth and Jupiter.  Their respective Λ 

luminosities are on the vertical axis.  The solid line is the 1:1 correspondence.  The range of 

luminosities covers 35 orders of magnitude.  Adapted from [34]. 

The Hubble blueshift would give rise to repulsive Λ forces between masses.  For local systems, 

where the separation r is much less than RU, these forces would be negligible in comparison to the 

gravitational force.  Supposing that the radiation released with the Λ luminosity is transported along 

the graviton filaments connecting masses, the force arising in two masses separated by a distance r 

would be 

𝐹Λ =  
𝐺𝑚1𝑚2𝐻0

𝑟𝑐
. (6) 

The factor c appears in the denominator since a quantum of radiation with energy E has 

momentum E/c. 

The gravitational and Λ forces come into balance, however, when r ≈ RS = RU = c/H0, the radius 

of the baryon shell.  As a spherical shell of plasma, the internal gravitational potential energy of the 

EU is 

𝑈𝐸𝑈 = −
𝐺𝑀2

𝑅𝑈
. (7) 
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Since H0 = c/RU, the Λ luminosity from Equation (5) is then 

𝐿Λ =
𝐺𝑀2𝐻0

𝑅𝑈
=

𝐺𝑀2𝑐

𝑅𝑈
2 . (8) 

From the black hole mass-radius relationship we have RS = RU = 2GM/c2.  Substituting for RU in 

Equation (8), we have 

𝐿Λ =
𝑐5

4𝐺
= 9.1 × 1058 𝑒𝑟𝑔 𝑠−1. (9) 

Since a photon with energy E has momentum E/c, the sum of the forces associated with this 

power is 

𝐹Λ =
𝑐4

4𝐺
= 3.0 × 1048 𝑑𝑦𝑛𝑒𝑠. (10) 

By comparison, the sum of all the inwardly acting Newtonian forces on the particles of the shell 

is 

𝐹𝑔 = −
𝐺𝑀2

𝑅𝑈
2 . (11) 

Once again making the substitution for RU, the magnitude in Equation (11) becomes equal to 

that of Equation (10).  The inward forces of attraction thus precisely balance the outward forces of 

repulsion at the shell.  It is the Λ luminosity which thus ensures stability of the plasma shell against 

gravitation.  Any material entering the shell would tend to remain there indefinitely.  In Section 7 

it is suggested that similar values for total power and total force occur in all objects of the black hole 

class. 

The power c5/4G and force c4/4G have long attracted interest as a possible maximum power and 

maximum force in the universe, possibly even reflected in the field equations of general relativity 

[20,45–48].  The essentially Newtonian model for gravity and Λ presented here may thus nonetheless 

connect with general relativity through the EU Λ luminosity.  The so-called ‘Dyson luminosity’ 

would be just the Λ luminosity of the observable universe. 

4.1. Cosmic Microwave Background 

We next consider the nature and origin of the CMB and its role in stabilizing the plasma shell.  

As the EU is a black hole, the radiation emitted from the shell would be entirely directed inwards.  

Under equilibrium conditions the redirected bolometric luminosity must be equal to the rate at which 

radiation returns to the shell as blueshifted CMB photons.  The effective shell temperature in this 

case can then be estimated as 

𝑇shell = (
𝐿Λ

4𝜋𝑅𝑈
2 𝜎

)

1

4
, (12) 

where σ is the Stefan-Boltzmann constant = 5.67 × 10−5 erg cm−2 s−1 K−4.  With LΛ = c5/4G from Equation 

(5) and RU = c/H0, we find Tshell = 29 K.   

Near the shell the CMB would thus have TCMB = 29 K and a corresponding energy density u = 5.3 

× 10−9 erg cm−3.  By comparison, recent measurements from the Planck Collaboration for the ΛCDM 

model give a strikingly similar vacuum energy density ρvac = 5.36 × 10−9 erg cm−3.  Despite the 

different assumptions used, this is consistent with the CMB energy functioning as the cosmological 

constant Λ in the static Einsteinian sense. 

Concerning the origin of the proto-CMB in an EU, it might be supposed that it arose from 

gravitational energy released by a collapsing baryon cloud, with this energy subsequently captured 

as photons within the Schwarzschild radius (see [49] for a similar scenario in the ΛCDM model).  It 

is unclear, however, whether enough energy could have been captured before enclosure to generate 

the proto-CMB in this way. 

It is suggested instead that the proto-CMB arose through the action of the EU Λ luminosity.  

With its thin-shell structure, the total gravitational potential energy of the EU is given by Equation 

(7).  The density of this gravitational energy would then be ug = −U/V = GM2/(4/3πRU4).  From the 
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black hole mass-radius relationship RS = 2GM/c2 and with RS = RU we then obtain a gravitational 

energy density in the EU of 

𝑢𝑔 =
3𝑐2𝐻0

2

16𝜋𝐺
. (13) 

This density, expressed in terms of mass, corresponds to half the cosmic critical density of the 

ΛCDM model, ρc = 3H02/8πG.  For H0 = 67 km s−1 Mpc−1 = 2.2  10−18 s−1 gm−1, we find ug = 3.9 × 10−9 erg 

cm−3. 

We next apply the Λ luminosity to this gravitational energy.  From Equation (5) electromagnetic 

radiation would be produced inside the EU per unit volume at the rate ug × H0.  Over one EU cycle 

period of Ht the quantity of radiation generated per unit volume would then be ug × H0 × H0−1 = ug.  

Assuming that this radiation is ultimately converted to CMB radiation with density u, we would then 

have u = ug = 3.9 × 10−9 erg cm−3.  This would match the density of a uniform CMB throughout the 

proto-EU with TCMB = 27 K.  If TCMB values in the EU range from ~ 0 at the centre to ~ 29 at the shell, 

as discussed below, then this value for u would not be unreasonable.  Its similarity to the value for 

Λ in the ΛCDM model is again suggestive of a link between the CMB and Λ.  After many cycles of 

duration Ht the Λ luminosity would eventually chiefly operate by reenergizing CMB photons, 

thereby generating Λ. 

As a further check on our general approach, the rate of energy loss by spacetime via the Λ 

luminosity in the EU should equal the rate at which energy is absorbed by it from CMB photons in 

the Hubble redshift.  For the EU this equality can be written as uVH0 = c5/4G.  This condition is once 

again satisfied for u = 3.9 × 10−9 erg cm−3 and for a uniform TCMB ~ 27 K, consistent with the other 

estimates given above. 

While the hypothesis of cosmic acceleration supported by dark energy is enshrined in the ΛCDM 

model, a number of outstanding difficulties remain with it.  For example, its energy density is far 

below the amount predicted to exist from quantum field theory.  There is also a problem of timing, 

since the ratio ΩΛ/Ω, while adequate to explain the supposed acceleration at this particular epoch, 

would be ever changing in an expanding universe.  Even within the ΛCDM model the requirement 

for dark energy to account for cosmic acceleration can be removed if gravitational time dilation were 

assumed to proceed in parallel with spacetime expansion [50].  As shown here, however, there is no 

need for dark energy at all if the universe is not expanding and reenergized CMB photons play the 

role of cosmological constant. 

4.2. Evolutionary Processes 

Due to the mass-radius relationship of black holes, a proto-EU of fixed mass could not have 

increased in size through cosmological expansion while at the same time remaining a thin-shell black 

hole.  Just as in ordinary black holes, however, it could have grown by accretion, capturing dust and 

gas at the rim until reaching its current size.  Inside the proto-EU smaller black holes could at all 

times also have formed and likewise have grown through accretion.  The oldest and largest of these 

would presumably be at the very centre of the EU, perhaps near our position, while the youngest 

ones would presumably be out at the rim.  Some evidence already exists for such a pattern of black 

hole growth over time [25].  In this case observations of star and galaxy formation out at the Hubble 

radius could match predictions of the ΛCDM model, with these new galaxies and stars having a 

‘younger’ look.  The general pattern would be one of successive waves of black hole-like structures 

emanating from the centre of the observable universe, engulfing extant structures encountered.  

Voids would arise with the counterbalancing of the Λ luminosity and gravity, in a manner perhaps 

akin to the forces operating in soap bubbles. 

5. CMB Cycle for Gravity and Λ 

In the EU model gravity arises from absorption of photon energy by spacetime, while Λ results 

from the reverse process of release of photon energy from spacetime.  We now link these two 

processes more formally to CMB photons in a cosmic cycle.  In this context it is noteworthy that 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 February 2024                   doi:10.20944/preprints202402.0712.v1

https://doi.org/10.20944/preprints202402.0712.v1


 11 

 

Carnot cycles for the CMB have previously been discussed within the ΛCDM model framework [51–

53]. 

In Figure 1 the EU is shown as having concentric zones of space each having a uniform CMB 

temperature.  Let us take the outermost zone near the shell to have TCMB ~ 29 K and thus u ~ 5.3 × 10−9 

erg cm−3.  This is 104 times that of the zone nearest our position, where TCMB = 2.73 K and u = 4.2 × 

10−13 erg cm−3.  As the CMB photons move inwards from the shell they lose energy and momentum 

to spacetime filaments, leading to gravitational work being done.  Gravitational work here also 

refers unconventionally to masses being pushed together rather than exclusively to them being forced 

apart.  During this cooling phase the CMB photon number and energy density in these inwardly 

moving waves diminish. 

When the CMB photons reach the innermost points along their trajectories, they have completed 

their gravitational work.  The photons then continue along on routes which ultimately take them 

back towards the shell, passing through regions of higher spacetime density.  Having already been 

maximally ‘cooled’, these photons can now only gain energy back from spacetime.  As discussed 

above, the rate of energy gain here on the cosmic level yields the Λ luminosity output, c5/4G.  With 

the release of energy spacetime curvature is relaxed and masses are pushed apart. 

The validity of the temperature-distance relationship for the CMB is only well established for 

redshifts less than z ~ 3.  The present model thus requires verification out to the Hubble distance RU.  

Recent observations from the JSWT have up to this point not found galaxies with redshifts larger than 

z ~ 17 [54].  If these were the galaxies closest to the EU baryon shell, then applying the relationship 

from Equation (1) would yield TCMB ~ 50 K near the shell.  As discussed above, however, other 

considerations favour a cooler shell with Tshell ~ 29 K. 

5.1. Conservation of Energy and Entropy 

The EU model has major implications regarding energy and entropy conservation in the 

observable universe.  Energy would not be endlessly dissipated in the EU, as it is in the ΛCDM 

model.  At each point in space the energy density of CMB radiation u would be equal to that of the 

photonic spacetime and thus also to the gravitational energy density there, i.e., u = us ≡ ug. These 

equalities would also hold for the EU as a whole.  Energy would be conserved under the Hubble 

redshift and gravitation, since the lost photon energy is converted to spacetime energy, i.e., du/dt = − 

dus/dt.  With the action of the Λ luminosity spacetime energy reenergizes CMB photons, such that 

on the cosmic scale the two pools of energy are always equal. 

It is generally supposed, as originally by Kelvin, that a gradual conversion of all the universe’s 

mechanical energy to thermal energy would steadily increase the universe’s entropy, ultimately 

culminating in a ‘heat death’ of the universe.  If the universe’s temperature were to become the same 

everywhere, there would be no temperature difference that could be exploited to perform useful 

work.  That concept is clearly negated in the EU model.  While kinetic and electromagnetic energy 

are steadily lost to photonic spacetime, the lost energy goes into gravitation and thence to processes 

such as star formation, which inject new photon energy into space.  Nor would matter fall into one 

heap as a singularity, since the energy stored in spacetime is returned to CMB photons, in the process 

restoring Λ. 

Unlike a Carnot cycle, there would be no net work done and no increase in system entropy.  The 

system, if it were acting in complete isolation, would instead operate endlessly.  The universe in this 

case would more aptly be viewed as a perpetuum mobile, with all its energy forms being 

interconvertible at rates proportional to H0.  This consideration potentially has significant 

philosophical and even political ramifications, as a society no longer believing that the universe is 

doomed may be more motivated to invest time and energy in securing long-term survival of humans 

and Earth life [55].   

5.2. CMB Tests of the Model 

Measuring TCMB at different points in space potentially affords a method of testing between the 

EU and ΛCDM models.  Such measurements may not be feasible in the regions that would be closest 
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to the shell but could well be in the central regions closer to us.  If the Milky Way is not at the very 

centre of the EU, for example, TCMB might drop further than 2.7 K, conceivably reaching 0 K at the 

centre.  In this connection, other asymmetries in the CMB and in galaxy/quasar counts already lend 

support for such an offset and to the notion that the cosmological principle may no longer be valid 

[56].  At the same time, searching for nearby anisotropies in TCMB could be problematic.  A CMB 

with TCMB = 1 K, for example, would have an energy density only 2% that of the 2.7 K CMB.  Its peak 

wavelength could thus be obscured by other radiation known to exist in that range. 

A further possibility is that TCMB cools to a minimal but non-zero temperature in the central 

region incorporating our position.  This could arise, for example, through the Λ luminosity that is 

specific to galaxies and galaxy filaments, which we have not considered here.  Possessing only 5% 

of the EU mass, the Λ luminosity of this component from Equation (5) would be lower than the EU 

total by a factor ~ 2.5 × 10−3.  Yet this small luminosity could still be enough to generate a temperature 

of a few degrees K at the centre.  This energy output could have a role in preventing bulk 

aggregation of galactic matter, analogous to the role of the CMB in generating Λ. 

Further tests of the EU model would involve reinterpretation of data from Planck and other CMB 

studies to search for signatures of a cold plasma shell.  Just as this data had previously been used to 

characterize the dimensions of the primordial mass configuration in the ΛCDM model, it might 

likewise allow structural details of the EU shell to be revealed, such as its thickness and whether or 

not it has a dual or composite structure.  The observed baryon structure inferred from CMB 

observations already demonstrates that the shell would have to be formed of gas and dust. 

In an EU the many problems connected to inflation in the ΛCDM model are notably avoided, as 

the cool glow of a spherical baryonic shell alone suffices to account for the extreme smoothness of the 

CMB.  The concentration of the universe’s mass in the shell also eliminates the need for dark matter 

to explain the CMB data. 

6. Gravity from CMB Photons 

The model of optical gravity is based on the treatment of relativistic light deflection as a quasi-

refraction of light in an optical medium with a varying density gradient [57–64].  This optical 

analogy has been used in numerous studies of gravitational lensing and simulation of black holes 

[65–67] and in gravity models featuring spacetime as a material medium [68–71].  Within this context 

the possibility that gravity arises from absorption of CMB photon energy in a photonic spacetime 

was considered by the author [28].  The local CMB of 2.7 K was found, however, to have insufficient 

energy to drive gravity and in a later proposal gravity was powered instead by photons released in 

the Λ luminosity [29]. 

The two approaches can be unified, however, with the provision that the Λ luminosity 

reenergizes redshifted CMB photons and the recognition that the hotter CMB in remote regions closer 

to the shell has enough energy to drive gravity.  In this case energy is essentially transferred from 

inwardly moving, hotter CMB photons to cooler regions of spacetime due to the Hubble redshift.  

That same energy is later returned to outwardly moving, cooler CMB photons with the Hubble 

blueshift and Λ.  Where the graviton filaments around masses are evenly balanced no force from 

absorption of photon energy occurs.  Gravity only arises when the graviton filaments about masses 

are unbalanced. 

This can easily be shown as follows.  With the Hubble redshift photon energy and momentum 

are lost to filaments at the rates: 

𝑝̇

𝑝
= −𝐻0; 

𝐸̇

𝐸
= −𝐻0. (14) 

The linear absorption coefficient of light with the Hubble redshift in TL models is given by α = 

1/RU = H0/c [29]. From this the mass absorption coefficient h is obtained as 

ℎ =
1

𝜌𝑅𝑈
=

𝐻0

𝜌𝑐
, (15) 

with units of cm2 gm−1.  For H0 = 67 km s−1 Mpc−1 = 2.2  10−18 s−1 gm−1 and ρ = c  3H02/8πG = 8.7  

10−30 gm cm−3, we have h = 8.5 cm2 gm−1.  This large value reflects that absorption occurs mainly in 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 February 2024                   doi:10.20944/preprints202402.0712.v1

https://doi.org/10.20944/preprints202402.0712.v1


 13 

 

the extended filaments of spacetime connecting each particle to other masses rather than in the 

particle centres.  It is also consistent with gravity being driven by CMB photons in the remotest and 

hottest parts of the EU, rather than the weak local CMB [29].  The remote CMB energy is vastly 

greater due to the higher CMB energy densities and volumes of space. 

The CMB radiation pressure conventionally is p = u/3, which includes terms for the incident and 

emitted radiation.  Since the CMB photon energy absorbed by graviton filaments is only reradiated 

later, where it generates Λ, the effective pressure on graviton filaments is just one half this, i.e., p = 

u/6.  Due to this remote CMB pressure, a uniform force would be exerted isotropically on all bodies.  

The force on an isolated mass M1 from any direction would be 

𝐹 =
𝑢ℎ𝑀1

6
. (16) 

Since the impulses from CMB photons are symmetrical from all parts of the sky, they cancel out 

and for M1 no velocity boosts would occur. 

Let us now introduce a second mass M2 at a distance d from M1, where d << RU.  Ordinarily, in 

a Le Sage-type mechanism, the inverse square relationship with distance results from mutual flux 

shielding by the subatomic components of matter.  In optical gravity the shielding arises instead 

from mutual shielding of the spacetime envelopes about masses, which can likewise be shown to 

have an inverse square relationship.  We then find that the solid angle that M2 effectively subtends 

at M1 is hM2/d2.  The force generated on M1 due to this missing momentum flux is then 

𝐹 =
𝑢ℎ2𝑀1𝑀2

6𝑑2 . (17) 

Accordance with Newton’s law is gained if we write 

𝐺 =
𝑢ℎ2

6
. (18) 

With the value obtained above for h, a suitable value for G is obtained if u = 5.5 × 10−9 erg cm−3.  

This corresponds to a uniform CMB with TCMB ~ 29 K, which is once again consistent with other values 

given above for the outermost regions of the EU. 

7. Black Holes 

As emphasized at the outset, the semi-Newtonian method that we have used in the present 

analysis on the cosmic scale is not appropriate for the ultra-dense objects that have been termed black 

holes or gravastars.  These objects typically require full relativistic treatment in general relativity.  

Relativistic models of black holes and gravastars have become so densely convoluted, however, that 

we nonetheless briefly consider whether the present approach can still yield any useful clues as to 

the structures and processes of these objects. 

We first consider non-rotating black holes.  Immediately it is seen that the Hubble constant is 

no longer a true constant in these objects.  Drawing from the basic relationship in the EU that H0 = 

c/RU, we would have for black holes, by analogy, 

𝐻𝑏ℎ =
𝑐

𝑅𝑆
. (19) 

The Hubble constant in each black hole would thus be inversely proportional to RS.  Since 𝜌bh 

= Mbh/(4/3πRS3) and RS = 2GMbh/c2, we would then have 

𝜌𝑏ℎ =
3𝑐2

8𝜋𝐺𝑅𝑆
2 , (20) 

and thus 𝜌bh ∝ 1/RS2.  Inserting Equation (19) in Equation (20), we find that the expression for the 

black hole density then becomes precisely analogous to that of the cosmic critical density, i.e., 

𝜌𝑏ℎ =
3𝐻𝑏ℎ

2

8𝜋𝐺
 . (21) 

Would G have a constant value in all non-rotating black holes?  Using the gravity model from 

Section (6) we have from Equation (18) that G ∝ uh2.  From Section (4) we also have a general 
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equality u = ug, with the expression for ug given in Equation (13).  Assuming that all non-rotating 

black holes have a thin-shell structure, we then have u ∝ 1/RS2.  Since by analogy from Equation (15) 

we have h = 1/(ρbhRS) and from Equation (20) that ρbh ∝ 1/RS2, we then have h ∝ RS.  From this we 

find that the expression for G in Equation (18) is invariant in black holes, even though Hbh varies 

significantly.     

With these relationships, we can also follow the same sequence of steps that was used in Section 

(4) to determine the cosmic Λ luminosity to find the respective values for black holes.  Remarkably, 

it is found for each black hole that LΛ has the same maximal value, c5/4G, regardless of the black hole 

mass.  Black holes would thus all feature the ‘maximum luminosity’ or ‘Dyson luminosity’ discussed 

in Section 4 [20,45–48].  The larger Hubble constant of a black hole would here reflect the greater rate 

of photon recycling needed to prevent gravitational collapse into a singularity. 

The eggshell model can again be roughly applied to estimate the characteristics of the internal 

radiation of black holes.  The equivalent blackbody radiation inside a non-rotating, thin-shell SMBH, 

for example, would have a much higher energy density than the CMB at any point in the EU, since u 

∝ 1/RS2.  Using the same sequence of steps as in the EU model for Sagittarius A*, where RS ≈ 1012 cm, 

we would find Tshell ≈ 109 K.  Its peak blackbody wavelength would therefore be ~ 1 pm, in the gamma 

ray band.  This radiation would ordinarily be confined within the shell, but in certain situations 

could conceivably give rise to the GRB-type phenomena that have been observed. 

The situation would be quite different in rapidly rotating SMBHs, however, where photographic 

evidence and theoretical considerations related to the Kerr metric suggest that the spherical shell 

collapses to a torus. 

On a larger scale, supposing that the EU itself resides in a still larger thin-shell black hole, the 

Hubble constant of the latter would be much smaller than H0 and its internal blackbody radiation 

much cooler than the CMB.  Yet from the above considerations it can be inferred that G would once 

again remain unchanged. 

8. Concluding Remarks 

In this paper we have used some key concepts of black holes to construct a model of the 

observable universe termed the eggshell universe.  Almost all the mass in this universe is 

concentrated in a thin membrane of cold plasma situated near the Hubble radius.  This plasma shell 

anchors a CMB energy cycle linking gravity and Λ.  The cycle requires a novel premise concerning 

spacetime: that it is photonic in nature and thus has the capacity to absorb and release photon energy 

and exchange it with the CMB.  This permits the CMB to maintain its characteristic blackbody 

spectrum at all times, locations and temperatures.  While patterned on thin-shell black hole and 

gravastar models, the EU model can potentially be used to reverse engineer these dense objects and 

assist in finding relativistic solutions for them. 

A general consistency in our approach can be seen with two estimates for a shell temperature 

and outermost TCMB of ~ 29 K, one based on the Λ luminosity and one from the density of gravitational 

energy.  There is also a requirement for an average energy of a 29 K CMB in the EU for gravity, a 

density which also remarkably matches the required value for Λ in the ΛCDM model.  On the other 

hand, strict adherence to the observed temperature-redshift relationship in the CMB would seem to 

require a higher TCMB ~ 50 K near the shell. 

While the eggshell black hole universe accounts for numerous observations that are problematic 

in the ΛCDM model, the central premises of the model still require additional theoretical and 

experimental support.  It needs to be verified that spacetime indeed has photonic characteristics that 

enable it to exchange energy with photons, in such a way that the CMB retains its blackbody spectrum 

at all times and locations.  The pathway to this verification is unclear. 

The situation is more promising, however, with respect to the Λ luminosity.  In this paper we 

have now linked the Λ luminosity to gravity, Λ and the basic structure of the cosmos.  There is thus 

a pressing need to study and confirm the Λ luminosity in objects and mass systems on all scales.  In 

this effort promising candidates for study might include such objects as brown dwarfs, planetary 

moons and icy asteroids – objects which might in some cases be free of other sources of internal 
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heating.  Theoretical support for a fundamental gravitational decay process might come from 

further geophysical evidence of expansion-related tectonic processes [35] or astrophysical evidence 

of a general secular increase in the orbits of moons and planets, as highlighted in some recent studies 

[72,73]. 

In addition to confirming the Λ luminosity, future work will focus on the analogous deceleration 

of particles in the EU frame that would arise from the Hubble redshift mechanism and linking this to 

MOND and to quantum physics generally.  Photonic spacetime would after all be particularly well-

suited to incorporate quantum entanglement, as all particles within the observable universe would 

be physically interconnected by filaments of photon-like gravitons. 
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