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Oscillating Universe with a Quantized Black Hole
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sascha.kulas@iu.org

Abstract: In cosmology dark energy and dark matter are included in the ACDM model, but they
are still completely unknown. Because in black holes Lorentz invariance seems not to be applicable
for curved space-time, we introduce a model for a reduced speed of light in black holes due to
quantum gravity effects and the Heisenberg uncertainty relation. Then black holes are a source for a
scalar field with dark energy characteristics. This model has no information paradox for black holes
because particles / radiation entering the black hole are redshifted in their wavelength that far that
the wavelength has the size of the Schwarzschild radius and thus they are in some way "frozen" in the
black hole. We show that the scalar field also has characteristics of dark matter shortly after Planck
time, when we use a Big Bounce model. This model also presents an alternative to cosmological
inflation with the possibility to solve the flatness and horizon problem and the problem of density
fluctuations.

Keywords: black hole information paradox; hubble constant; dark energy; dark matter; vacuum
energy density; Big Bounce; oscillating universe

PACS: 98.80.-k

Introduction

The ACDM model is very successful in describing the universe from the early beginning
(assuming a big bang) and compatible to the cosmic microwave background (CMB) in a lot of details.
In this model the scenario of an inflation phase is included, that solves different problems: amongst
others the flatness problem, the horizon problem and the problem of density fluctuations [1]. Since it
has difficulties, e.g. the big choice of physical parameters [2], it motivates for other views. One other
view is the scenario of a big bounce without inflation. That means at some point the expansion of a
universe stops and it contracts again [3]. After a rebound the next cycle begins. Among others the
Loop Quantum Gravity (LQG) theory demands a minimal length where the contraction stops [4]. A
contracting black hole, due to Hawking radiation, would stop the contraction at the Planck length or
several orders of magnitude before.

Since we will use a reduced speed of light in black holes and want to show the effects by this
reduced speed, we will use SI-units in the following. We use the Schwarzschild metric and no Kerr
metric with rotating black holes as a first iteration. This model can in principle be adapted to rotating
black holes.

1. The Reduced Speed of Light and the Scalar Field in Black Holes

For this new model we start with a minimum length in black holes. E.g. Loop Quantum Gravity
(LQG) demands a minimal length, the Planck length Lp [3]. Then the Heisenberg uncertainty relation
can not be fulfilled any more and has to be adjusted.

In an arbitrarily small area around a space-time-point in globally curved space-time, local flatness
and Lorentz invariance apply. This cannot be sustained in black holes. By assuming a reduced speed
of light the Heisenberg uncertainty can be maintained.

We start with the Heisenberg uncertainty relation for a particle with mass m:

AxAp = AxAmAv > 1 /2 €))
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Here x is the position, p = mv the momentum of the particle and v its speed, 7 is the reduced

Planck constant. To reach the extremal states the uncertainty for the mass m has to be extremal and we

use the mass of a black hole with its Schwarzschild radius Rg = 2?—2’" and the gravitational constant G:

2

CRS
AxAmAv = A
XQAMA© x2G

Av>Hh/2 ()

To reach the extremal states the next step is that the uncertainty for Ax has to be the smallest,
the Planck length Lp, and the uncertainty for Av has to be the greatest, the speed of light c. Then we
reach the state where the uncertainty relation would not hold true any more because we cannot reduce
Ax = Lp any more:

C%Rg

>
Lp 2GC7h/2 (3)

On this scale and in the black hole we assume that the speed of light is variable. The equation
does not forbid that the speed of light already changed before the Planck scale was reached. Here we
use the capital letter for C for the variable speed of light, which is connected to black holes by the
Schwarzschild radius. We do not use it as a speed of light c in general. After rearranging the equation

we have . CL L
LpRsC LpRsch RS

Here we expand the equation by the Planck length Lp = / "17?

When we look at black holes on the greatest and smallest scales we have a black hole with a Planck
mass mp on the one side. It has a Schwarzschild radius of the Planck length Lp.

Gm
Lp=~5" ®)

Here ¢ ~ 3 x 10%m/s is the known speed of light. On the other side we have massive black holes
with their masses M and their different Schwarzschild radii Rg:
_2GM

Rs = 2 (6)

When the Schwarzschild radius of equation 6 gets smaller and smaller by Hawking radiation
the speed of light C gets higher, see equation 4. For the Schwarzschild radius of a Planck length in
equation 5 the reduced speed of light in equation 4 is not reduced any more and C = c. This makes
sense because then particles / radiation in the black hole interact such short time with the black hole
and with potential quantum gravity effects that the speed is not reduced. We add the factor 2 to the
Planck length for this special case C = c at the Planck length. This leads to

2Ly

C=c Rs

@)

That means a bigger Schwarzschild radius leads to a smaller speed of light of the photons inside
the black hole and a black hole close to the Planck size has photons with nearly the speed of light ¢ in
it.

Here equation 7 is derived with the instruments of quantum mechanics: the Heisenberg uncertainty
relation with the reduced Planck constant /.

Equation 7 can also be derived with only the instruments of gravity theory and the conservation
of energy. We use equation 6 and imagine the largest possible black hole. E.g. if their would be a Big
Crunch scenario in the future there would be one black mega hole with all the mass of the universe
My;. When we assume that there is a reduced speed of light in this black hole and all the particles /
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radiation / information is "frozen" we can have the same mass only by the Planck energy, which is
makable by the smallest black hole (see equation 5) and a reduced speed of light C:

E
Mu= & (®)
By using equation 6 for My; and Ep = mpc? the equation changes to:
2 R 2
C"Rg  mpcC ( 9)

26 C?

Now we use mp of equation 5 and end up with

~ farp

This is the result we already know (see equation 7).
The reduced speed of light in black holes of equation 7 / 10 is plotted in Figure 1.
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Figure 1. The reduced speed of light in black holes with different Rg

It can be seen that even very small black holes with a Schwarzschild radius of some meters trap
extremely slow photons with a typical speed of 10~"m/s.
Together with this reduced speed of light C we can derive an effective rest mass for these photons

with energy E in the black hole
E ERs

Meff = G2 7 ALpc? )

We call these photons with an effective rest mass massive photons (MP) in the following. For
these massive photons in the black hole we have:

2L
E= meffC2 = meffczR—SP = 2mthc/A (12)

Then the wavelength is:

.
B meffc 2Lp N 02Lp

(13)

2mth
meffc

That means the photons in the black hole are strongly redshifted by 21% That redshift factor is that
immense due to the Planck length in the denominator that even photons with the smallest imaginable

Here we used Ay = with the dynamical mass of normal photons (NP) in the last step.
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wavelength, the Planck length, would have wavelengths in the black hole about the Schwarzschild
radius. That means all the photons in the black hole must have a wavelength about the Schwarzschild
radius because nothing can leave the black hole and larger wavelengths are not possible then. Thus,
the typical wavelength A( can be set to 4Lp7r, which results in the longest possible wavelength in the
black hole, by definition the circumference: A = 271Rg. Then this results in a mass, which is half the

Planck mass mp.
1
Meff = oMp (14)

Also massive particles (baryonic matter) like electrons are redshifted inside the black hole, which
can be seen by the De Broglie wavelength App:

2mth v* | Rs
ADB—i —5 1—?21/@ (15)

That means the massive particles are redshifted by the factor 4/ Ts Here we have a similar
scenario and we can assume Rg for the typical wavelength of particles in the black hole.
The mass m with its rest mass g is changed in the following way:

mo moy ZLp
= = — 1
" _ 22 _ 2\ Rs (16
C2

C2

In massive black holes the particle mass gets extremely small, which is in harmony with the giant
wavelength. When the black hole shrinks down to the Planck length the particles leave the black hole
with their original mass.

Equations 13 and 15 show that everything that enters the black hole is strongly redshifted. The
original information can still be deciphered by reducing the redshift.

When the photons enter the black hole and gain an effective mass similar to the Planck mass
they nearly do not move any more, e.g. ~ 10~ 1¥m/s for SgrA*, see Appendix A. That means these
photons span a scalar field very similar to the cosmological quintessence [5], but withw = p/p = —1
and here similar to a cosmological constant, we see in the following. Here p is the pressure and p the
density. These photons do not interact with other particles of effective mass in the field in the first
order because of their photonic properties.

Since their speed is so low, their energy density is not changing over time in the first approximation.
Due to the characteristics of a growing black hole and the statistics of black holes absorbing photons
from its environment, space inside the black hole is filled with these particles in an orderly pattern.

When considering a perfect fluid, described by its density p and pressure p filling a Robertson
Walker space time, the Friedmann equation for such a fluid is

o+ 2o+ By =0 17)

Here a dot means derivative with respect to time t. That means every change of the energy density
is proportional to the sum of positive energy density and pressure. For our scalar field the change is

approximately zero and thus the pressure is negative and w = —1.
., 3a
o+ o+ H)~sHp+ 5) =0 (8)
Then
o+ 2 ~o0 (19)

doi:10.20944/preprints202101.0017.v3
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and

w="5t=~-1 (20)

oI

In the last step ¢ = 1 is used for the typical convention in natural units. In the following SI-units
are used again.

That means normal matter, which is surrounded by the massive photons, realizes a repulsive
force and our scalar field acts as a fifth force and similar to dark energy. When the temporal derivative
of the energy density is bigger than the energy density itself the approximation of a not changing
energy density is not correct any more and we have the behaviour of dark matter, which is the case for
early times, we will see in section 4.

That means every black hole would consist of slow photons which posses something really similar
to a dark energy and are very similar to Dark Energy Stars [6], but with a theoretical singularity, which
does not have a practical significance (see section 2). For massive black holes a cosmological coupling
was measured ([7,8]), which indicates that massive black holes are growing with the same growing
rate than the universe is growing due to dark energy. This would mean that massive black holes could
save massive photons in their inner that act as dark energy and could be cosmological coupled. This is
in agreement with [9], who show that nonsingular BHs are unlikely to be the source of dark energy.

For today we can calculate the energy density of the scalar field. As already mentioned, in a Big
Crunch scenario there would be one massive black mega hole at the end with its mass My;. If the Big
Crunch is slow enough the black hole would shrink due to Hawking radiation [10]. By the shrinking
radius Rg more and more MPs would stay behind and when Rg reaches the Planck length the original
sphere is filled with MPs with their Planck masses mp. When this scenario is thought through further
and since the black hole cannot fall below the Planck length (see Appendix B), a rebound leads to
a new Big Bang embedded in the scalar field of a predecessor universe. For calculating the energy
density of this scalar field we use equation 8. And since the original mass My; of the black hole is
divided up to N effective masses (see equation 14), we can write

Ep = Nm,zC* (21)

Here N is a natural number. With this number we can calculate the number density and then the
mass density and end up with an equation for the scalar field mass density:

3111p

=5 (22)
SﬂLPR%

oM

By taking the radius of the observable universe of 1.3 x 10%°m for Rg which the Hubble parameter
H= 67.7%”—4S delivers [11], we end up with a mass density of pp; = 9.5 X 10-% Kg/m3 and slightly
above the critical density pc = 8.5 x 1072/ Kg/m?>. This means in our model that the universe did not
reach the Schwarzschild radius of the former mega black hole yet where the scalar field drops. By
using the density of dark energy of the ACDM model of ppr = 5.95 x 10~%” Kg/m3, which includes
a density parameter of Q5 = 0.7, we end up with a Schwarzschild radius of Rgx = 1.65 x 10%°m.
Then this would mean for the future, when the radius of the observable universe reaches Rgx, the
scalar field would end and according to equation 17 the temporal derivative of the energy density
would have a dropping negative value because the scalar field is "washed out" more and more during
the further expansion. That means the scalar field would switch to a field with gravitative attraction
leading to an already mentioned Big Crunch, because then there is no dark energy equivalent any
more, but a lot of additional normal matter in this scalar field.

The late universe has a value for the Hubble parameter of Hy = 74.03 + 1.42KMLP/C5 [12]. This is the
so called Hubble tension we explain by this model in Section 3.
In Appendix B the temperature in the black hole is derived by the model of the scalar field with
effective photon mass. The temperature is the Hawking temperature. This shows that the temperature
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in the black hole (transmitted by the effective mass particle) is the same than around the black hole,
transmitted by Hawking radiation, and there is a temperature coupling between inside and outside of
the black hole.

2. Post-Schwarzschild-Metric

In the derivation of the new metric, we call Post-Schwarzschild-Metric (PSM), we start with the
Schwarzschild metric (SM) and a change of the speed of light c by the reduced speed of light C in the
expression for the Schwarzschild radius and the time coordinate. The original Schwarzschild metric is

the following:
dr? . 2GM
ds® = T—zn + r*(d6* + sin®(0)d¢p?) — (1 — ﬁ)c%ltz (23)
cer

We can do the following transformation when jumping form the surroundings of the black hole

into the black hole:
2Lp
C = _—
c— o Rs
2GM ZGTTZP 2Gmp RS LPRS 2GM
ST T RS T T 2 2Lp  Lp ST T2

Here the Schwarzschild radius for the Planck mass (Planck length) of equation 5 was used. During
transformation mass M has to be changed by the Planck mass. Otherwise the Schwarzschild radius of
the inner solution (PSM) does not fit with the Schwarzschild radius of the outer solution (SM). Since C
is that small the Schwarzschild radius would be much higher. That means dr? stays the same under
transformation. Then the PSM-metric with 452 instead of ds? (SM) is:

452 = 9 2 (ag? 4 sin2(0)dg?) — (1 — R8)2 2k g (24)
1—=s r° Rg

T

For the interior of the black hole that means there is a core with the Planck mass mp in the center
and all particles / radiation entering the black hole (leaving the Schwarzschild radius behind) are
slowed down massively. In some way radiation and particles are "frozen" inside the black hole. This
is no violation of energy conservation since the mass of the black hole M = E/c? is now saved in
the mass of all the particles / radiation inside the black hole with a much lower speed of light and
thus a much higher (effective) mass. The difference compared to the SM is a massive shift of the time
coordinate in the black hole. Particles /radiation inside a black hole with a typical size will never enter
the center of the black hole in the life time of the black hole. So the question if there is in anyway a
singularity in the center makes no practical sense any more because no particle / radiation will enter
this center in typical black holes in the universe. Apart from this we introduced a minimum length,
the Planck length.

Now we look at the massive photons in the black hole in more details. We assume that the photon
is taking a constant radius and dr = 0. Of course we have a massive photon and thus ds # 0. We rotate
the coordinate system in a way that 6 stays constant and 46 = 0. This leads to:

ds?,p = r*sin®(0)d¢* — 2(i — 1)czdt2 (25)
R S r
To see if this metric still holds true for normal photons (NP) at the surroundings of the black hole
we set dSy;p = 0 = dSyp and end up with

dp> 1 1. 2Lpc?

ar (Ris B ;)rzsin2(9) (26)
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The geodesic equation provides an expression for 7
dg? C?R ?Rs2L 2L
¢ _ s CRs2Lp c2Lp 27)

a2~ 2/3sin2(0)  2r3sin2(0)Rg  2r3sin2(0)

When we equate equations 26 and 27 we end up with v = %Rs, which is the well known photon
sphere or photon orbit around Schwarschild black holes. That means the metric holds true for normal
photons, which can not get closer to the center of the black hole than the photon sphere. When they get
closer they transform to massive photons with a strongly reduced speed by a probably still unknown
quantum gravity effect. That also means that they directly transform hitting the milestone r = %RS.
Maybe this can be detected in the future in characteristics of the photon ring(s) of M87* [13].

3. The Hubble Tension

For the Hubble parameter we can use the following simple correlation by using H =
Ac?/(3Q1p), equation 5 and equation 22 with ppr = pa:

_ c _ 184 . Km/s
RivOn 218 x107°°1/s =674 Mpe
The sphere with the radius R, filled with the scalar field, leads to the Hubble parameter measured
in the CMB by the Planck satellite.
But new precise and different measurements of the Hubble constant lead to the so called Hubble
tension. On the one hand there are above mentioned Planck data which lead to a Hubble constant
of 674+ 0.5I§\/I"1—p/cS [11]. On the other hand measurements of the late universe by Riess et al. yield a

Hubble constant Hy = 74.03 + 1.42 IRTP/ = [12]. A reason for this in our model could be that when the
previous universe was shrinking on the way to the Big Bounce there was not one mega black hole

H

(28)

formed, but giant black holes first, which merged to the mega black hole. The giant black holes were
smaller than the mega black hole and thus had a smaller Schwarzschild radius Rgs. Equation 28 shows
that a smaller Schwarzschild radius leads to a higher Hubble parameter in our universe. Since we go
the other way round and by expansion of our universe first the smaller Hubble parameter is noticed
due to the evaporation of the mega black hole and later a higher Hubble parameter is noticed due to

the evaporation of a giant black hole. The Hubble parameter of Hy = 74.03 I%p/ = would have its origin

in a previous black hole with a Schwarzschild radius Rgg = 0.75 X 10%°m.

4. Dark Matter

When the mega black hole in the predecessor universe was evaporating and shrinking its
Schwarzschild radius decreased. That means due to equation 7 the reduced speed of light grew.
As already specified closer to the Planck length the reduced speed of light was to high to realize a
stable energy density in the scalar field and the photons with effective mass had properties like the
postulated dark photon. In [14] a standard deviation of 6.5¢ is found for dark photons with typical
energies of Epp = mpC? = 5 GeV. This leads to a reduced speed of light of Cpp = 0.2m/sand toa
Schwarzschild radius of Rgpp = 1.8 x 10~7m. That means that the black hole created dark photons
with energies of around 5 GeV when the black hole in the predecessor universe had a size on the sub
femtometer scale. After the repelling these photons act as dark matter. It is important to say that this
model includes a whole range of different energies for the dark photons. The Big Bounce produces
dark photons when the typical reduced velocity of 1, is too high. We can estimate Rspp for this.
Since the change in energy over time for black holes [15] is

fic®

Fo__ 2
153607tG? M? (29)
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and M = %, this leads to
: 3hc? 21
p=E/V=—MC < 186x 102/ (30)
15360712R3 s Ripp

For Rgpp ~ 3.2mm the change in energy density over time is equal to the energy density and
with smaller radius the change grows further with 1/R°. That means during the Big Bounce dark
matter was produced when the radius during the shrinking process fell below the mm-range. Before
that the change was small enough that dark energy was produced.

5. Alternative to Inflation Theory

Inflation theory solves these main problems: the flatness problem, the horizon problem and the
problem of density fluctuations. In the following we show how our model can solve these problems.

Flatness Problem: We start with the following equation from [16]:

e=(1 —I—e)eg(l +3w) +2§e (31)

Here € = () — 1 with ) = p/p. and w is the energy density. As we see in Appendix B: when
the Planck length is reached, the speed of light grows above the value c. That means when there is a
repelling effect (see Appendix B) a sharp phase transition would happen back to the value ¢ and thus
(%) < 0. Then € strives towards 0 and the flatness problem is solved because then () strives towards 1
and the density strives towards the critical density.

Horizon problem: Since the scalar field, which was generated during the collapse of the
predecessor universe, acts as a background field in the new universe we live in, there was already a
structure when the big bang began. These background photons with their effective mass have their
temperature imprinted for such a long time (see Appendix B) that the field is completely homogeneous.

Problem of density fluctuations: Inflation theory solves this problem by quantum fluctuations
which are inflated during the inflation phase. In our model this effect can be the same. The scalar field
acts as a vacuum field and quantum fluctuations which "borrow" their energy from this scalar field can
happen the same way.

6. Entangled Vacuum

Different experiments like [17,18], which simulate a black hole, show that the radiation from these
simulated black holes is entangled. When we speculate that the massive photons with their origin
in the black holes in our model are entangled too, this would mean that the whole scalar field that
runs through our observable universe is entangled. That means we have the basic framework for "the
spooky action at a distance" (Einstein).

7. Entropy

For the model of the oscillating universe the entropy has to be at a low value every time before
the Big Bounce happens. That means first we have to know how the entropy changes when the black
mega hole shrinks and the scalar field remains.

We start with equation 11 for the energy of a massive photon in the black hole:

2
_ mprc _ ﬁ (32)

E
Rs Rs

Here mpLp = Ii/c is used. After expanding the equation by 471Rg, we have en expression that
includes the surface of the event horizon A = 471R%:

_ 4mRgch

E
A

(33)
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With E = mpc?, where mp is the Planck mass, and equation 6,the following is obtained:
8mhGM
Meff = —1 35— (34)

When the black hole is completely radiated by Hawking radiation, all the massive photons which
remain should sum up to the mass M of the black hole again and thus M = Nmp. Here N is a natural
number. Then

Ac® A
- 87Gh  G'h (35)
Then the entropy S is the following;:
3
S = Nkgln(f) = ACC;,;;Bln( ) (36)

This entropy is the Beckenstein-Hawking entropy Spy = ‘1%—2‘,3 when f ~ 1.28. This can be
explained by the mixture of degrees of freedom. Since the massive photons have f = 1 (see Appendix
B), but their is also massive baryonic matter in M, that has f = 3 and both should be saved with their
share in the black hole, f ~ 1.28 is a result of the mixture, that indicates that more massive photons are
saved than baryonic matter.

The whole model scenario can be seen in Figure 2. When the universe expands, it is embedded
in a dark photon environment until it reaches Rspp. Then the expanding universe is embedded in a
scalar field of massive photons with an effect like the cosmological constant. During the expansion the
entropy is growing. Today our universe has the size Rs. When it will reach Rg, the background scalar
field will be "washed out" more and more and due to the Friedmann equation (see equation 17) the
scalar field will act as a gravitational field and the universe will collapse. The massive photons in the
scalar field will be absorbed by a mega black hole with a growing entropy. After it absorbed all the
matter My, it will shrink by Hawking radiation, generating a new scalar field and the entropy stays
constant. When the shrinking black hole reaches the Planck length the pressure gets that high (see
Appendix B), that this results in a Big Bounce and the next oscillation starts. In our model there is a
reset of entropy during this process, which is shown in the following. We start with the Beckenstein

Hawking entropy S
5= %‘2“ (37)
P
The surface depends on the mass M of the black hole
2 2
E
A =161 (GCZZVI) =167 <2C§) (38)
Here equation 8 is used. Then the entropy is the following:
ks, (GEp)
When the black hole reaches the Planck length the reduced speed C reaches c and % — % = mp.
Thus
ks, (G \° )
S= L—247r 2me) = 173 x107=°J /K (40)
P

This shows that the entropy is reset to a quite low value and the next cycle starts.
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Figure 2. The Oscillating Universe with its expansion (left) and collapse (right) as an artistic
representation. When the universe expands, it is embedded in a dark photon environment until
it reaches Rgpp. Then the expanding universe is embedded in a scalar field of massive photons with an
effect like the cosmological constant. Today our universe has the size Rg. When it will reach R, the
background scalar field will be "washed out" more and more and due to the Friedmann equation (see
equation 17) the scalar field will act as a gravitational field and the universe will collapse. The massive
photons in the scalar field will be absorbed by a mega black hole, which will shrink by Hawking
radiation, generating a new scalar field. When the shrinking black hole reaches the Planck length the
pressure gets that high (see Appendix B), that this results in a Big Bounce and the next oscillation starts.

Conclusion

We show a mostly phenomenological approach for the solution of the information paradox in black
holes. Since the Lorentz invariance does not hold true for strong gravitational curved backgrounds, we
assume a variable speed of light in black holes. This variable speed explains the Heisenberg uncertainty
relation close to the Planck length and below. Then the information of matter and radiation is saved
in the black holes with typical (Compton) wavelengths in the range of the size of the black hole for
matter or radiation. The characteristics of radiation in the black hole are quite similar to dark energy,
which could explain the cosmological coupling and the mass growth of black holes similar to the
cosmological growth due to the Hubble constant. When black holes decay by Hawking radiation the
slow photons are left as remnants. They put up a scalar field for the next universal cycle. That means
in every oscillating universe cycle this scalar field is the reason for a later expansion phase and has the
same characteristics like the cosmological constant. When the radius of the former mega black hole
is exceeded, the scalar field changes its properties to a gravitational field and the universe starts to
collapse again. Shortly before the remnant black hole falls below the Planck length a repelling effect
with a speed of light much higher than c leads to a new Big Bounce with a phase transition back to
c. This change in the speed can explain the flatness problem and no additional field for inflation is
necessary.

Appendix A

Average photon velocity in sphere with shrinking radius from Rg to 2Lp:

Rs
1 2L 2co+/2L
c(Rs) = 5 [ 0| 2 dRs ~ ==L (/R — /2Ly) (A1)
Rs —2Lp Rs Rs
20p

For a Schwarzschild blackhole (no electric charge, no angular momentum) with a Schwarzschild
radius of Ry = 1.2 x 10! m, which is the Schwarschild radius of SgrA* in our milky way, the
average photon velocity is c(Ryw) &~ 3 x 1074 m/s.
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For the sphere with the radius R} = 1.65 x 10%*m in section 1 the average photon velocity is
c(Rs) =1.32 x 1072 m/s.

Appendix B

By assuming a scalar field with the Planck mass we can derive the temperature of massive photons
in the black hole. We start with the kinetic energy of one photon with effective mass 1. Since these
photons are massive, they can have a temperature.

Here f is the number of degrees of freedom. That means the temperature is

2meffchp
T=—"7— A3
FRskp (A3)
By using Rg = 2GC;M we get
4
. meffc Lp
T= FkpGM (A4)
By using the expression of m, s = 3mp (equation 14) we end up with
3 3
T fic fic (A5)

T 2kgfG'M ~ 2kgf8nGM

This temperature is the Hawking temperature when f = 1/2. For a photon gas f = 2 applies and
for massive spin-1-particles f = 3. We suppose that since the massive photons are restricted in their
movements due to the black hole, the degrees of freedom are reduced.

When the black hole shrinks and the Schwarzschild radius is close to the Planck length, the
reduced speed is similar to the speed c (see equation 7). Then we can assume the pressure of a
black-body photon gas for the massive photons:

nzk‘}g 4
45¢%h

(A6)

The temperature is given in equation A3. Below the Planck length the decreasing Schwarzschild
radius leads to a massive temperature increase « R% and a pressure increase « T*. That means the

pressure acts as

X — A7
Pe (A7)
For Rg = Lp this is already the Planck pressure and with decreasing Rs the pressure gets that
high that it could lead to the next Big Bang in the Big Bounce scenario. Then the Planck length is
not the absolute minimum of length but due to the dependency in equation A7 the minimum length

cannot be far below the Planck length.
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