N

N

The Blackbody CMB Temperature, Luminosity, and
Their Relation to Black Hole Cosmology, Compared to
Bekenstein-Hawking Luminosity
Espen Gaarder Haug, Stéphane Wojnow

» To cite this version:

Espen Gaarder Haug, Stéphane Wojnow. The Blackbody CMB Temperature, Luminosity, and Their
Relation to Black Hole Cosmology, Compared to Bekenstein-Hawking Luminosity. 2024. hal-
04369924v2

HAL Id: hal-04369924
https://hal.science/hal-04369924v2

Preprint submitted on 4 Jan 2024

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche frangais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - ShareAlike 4.0 International

License


https://hal.science/hal-04369924v2
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
https://hal.archives-ouvertes.fr

The Blackbody CMB Temperature, Luminosity, and Their
Relation to Black Hole Cosmology, Compared to
Bekenstein-Hawking Luminosity

Espen Gaarder Haug' and Stéphane Wojnow*
*tNorwegian University of Life Sciences,
Christian Magnus Falsensvei 18, Aas, Norway
As, Norway; espenhaug@mac.com
https://orcid.org/0000-0001-5712-6091
* Independent Researcher,

Limoges, France; wojnow.stephane@gmail.com
https://orcid.org/0000-0001-8851-3895

January 3, 2024

Abstract

We use the Stefan-Boltzmann law to derive and investigate what we will call the black
hole CMB temperature luminosity. Interestingly, the CMB luminosity is always the same
for every black hole at a luminosity distance equal to the Schwarzschild radius, which is
fully valid in black hole cosmology, a topic that is actively discussed to this day. The CMB

. . . 2 . . .
black hole luminosity is always Ly = O'T;Lﬁ, which can also be written in the form
8 h

Loy = 153607 GPm3” regardless of the mass of the black hole. This is in contrast to the

Bekenstein-Hawking luminosity, which is linked to the Hawking temperature, that is mass
6
dependent and equal to L, = ﬁwﬁ.

Keywords: CMB temperature luminosity, black hole luminosity .

1 Introduction

Black holes are considered near-perfect black bodies because they absorb all the radiation
that falls on them. It has been suggested that black holes emit blackbody radiation known as
Hawking radiation, which depends on the mass of the black hole. However, Hawking radiation
has likely never been observed, possibly due to the difficulty in detecting it. Nevertheless, we
will briefly examine it here, as the equation and derivation for Bekenstein-Hawking luminosity
share many similarities with what we will coin as: “CMB luminosity” or alternatively “inter-
nal black hole luminosity”. We will mathematically explore Hawking luminosity in section 2
and then CMB luminosity in section 3 and 4.

Additionally to Hawking temperature that is assumed to be a black body temperature,
there is another black body temperature associated with black holes and cosmology in general
including the A-CDM model, even if the A-CDM model possibly will fail short for what we will



discuss in this paper, so called Ry = ct cosmological models and particular growing black-
hole Ry = ct will much better fit what we will describe, see [1-7]. In various cosmological
models, it is assumed that the Hubble sphere could be a black hole. This idea dates back
to at least 1972, as suggested by Pathria [8], and was later revisited by Stuckey [9] in 1994.
Although the A-CDM model community may overlook the possibility that the Hubble sphere
is a black hole, many researchers continue to work on or discuss black hole cosmology to this
day, as shown by [10-13]. Assuming, for a moment, that the Hubble sphere is a black hole, we
then have a significant amount of information about the interior of a black hole. Furthermore,
there is another type of black body radiation associated with the interior of black holes. The
CMB temperature is often linked with a black body temperature; for example, Muller et al.
in [14] state (see also [15]):

“Observations with the COBE satellite have demonstrated that the CMB cor-
responds to a nearly perfect black body characterized by a temperature Ty at z = 0,
which is measured with very high accuracy, Ty = 2.72548 £+ 0.00057k.”

In recent years, there has been tremendous progress in understanding the CMB (Cosmic
Microwave Background) temperature from a practical perspective, particularly in terms of
more accurate measurements, as cited in [16-19]. Additionally, there has been a deeper the-
oretical understanding of the CMB temperature and its relationship to black hole cosmology.
In section 3, we will utilize this knowledge to derive what we will refer to as the CMB lumi-
nosity. This luminosity should, in theory, apply to the interiors of all or at least most black
holes, even though there are likely to be modifications for different metrics.

2 Bekenstein—Hawking luminosity of a black hole

The luminosity of of a black body is given from the Stefan-Boltzman law [20, 21] and is:

L = 4nR?cT* (1)

where o is the Stefan-Boltzman constant, 7' is the black body temperature, and R is the
luminosity distance.

For luminosity directly related to a black hole, we will set the luminosity radius equal to
the black hole’s event horizon radius and the temperature 1" to the black hole’s temperature.
There are actually two temperatures associated with black holes. One is the Bekenstein-
Hawking temperature, as given by [22], which is described as follows:
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Next we input this in the Stefan-Boltzman luminosity equation:

(2)
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and since the Stefan-Boltzman constant is ¢ = if we insert this in above equation we

get:

b
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Further since Ry = Q%M we can also re-write this as
b
Lyy=—r———.
v = 153600 G2 M2 ®)

This is the well-known Bekenstein-Hawking luminosity of a black hole. Please note that
the Bekenstein-Hawking luminosity scales with the inverse square law of both the black hole’s
radius and its corresponding mass.

3 CMB luminosity of a black hole is the same for
every black hole

Haug and Wojnow [23] has derived the CMB temperature from the Stapfan-Boltzman law
and got the formula:

T, |21,

~ 2.72k. 6
8 ( )

cmb =

where T}, is the Planck [24, 25] temperature T}, = —“ / %5 = mlbeQ (see also [26]). This formula
holds for any Schwarschild black hole and in more general forms is given by

Ty = 87 25 279 (7)
This correspond also to the formula given by Tatum et al. [27], who likely is the first to
obtained a formula for predicting the CMB temperature using heuristic methods that we soon
also will discuss. Furthermore, Haug and Tatum [28] derived the CMB temperature from a
very general geometric mean of the shortest and longest possible wavelengths in a black hole.
In addition, Haug [37] has derived the same formula from quantized light bending related to
black holes.
This can be generalized for any Schwarzschild [29] black hole:

21,
Tem Trw ~ 2.72k.
by =1TH \/21) 877“ 7 (8)

where T,,,; is the black body temperature associated with the black hole, the temperature
on the inside of the black hole. Therefore, the term ’cosmic microwave background’ might be
misleading since smaller black holes will have a wavelength spectrum for their temperature
that consists of much shorter wavelengths than microwaves, so alternatively we could just
have called it the inside temperature of a black hole. The luminosity for any black hole,
derived from the internal black body temperature, is then given by:
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What is remarkable here is that we observe the black body luminosity as constant no
matter the size of the black hole, and furthermore, it is only a function of the Planck scale.
The black hole mass is not relevant. We can conclude that all black holes have the same
CMB luminosity, despite the CMB temperature scaling with f for different black holes.
Therefore, the temperature inside each black hole varies between black holes with different
size, but the CMB luminosity at a distance of the Schwarzschild radius for the black hole of
interest remains the same for all black holes.

Furthermore, since the Stefan-Boltzmann constant is given by o =
rewrite equation 9 as:

51.4
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Alternatively we can derive the black hole CMB luminosity by using the first formula
presented by Tatum et. al [27] and later derived by Haug and Tatum [30] from a geometric
mean approach, we get:

4
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as the Stefan-Boltzman constant o =
above and we get
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52 a5 and we can now insert this into the equation
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where my, is the Planck mass. Equations 9, 10 and 12 are ultimately the same, it is just
different ways to express the same formula. What is important is that the CMB luminosity of
any black hole is the same. This means every black hole has a luminosity of 7.50338 x 10*" .

This is also fully consistent with the observed relation between the cosmological red-shift
and the CMB temperature that is assume to follow of T; = Tp(1 + 2) and z = % —1 (see for
example [31]). This mean we can replace this back into the formula and we get

Lempy = 47R20 (To(1+2))*

T 4
Lempy = 4AwR20Ty (1 + =L - 1)

T 4
Leyp = 47rR%(7T6l <t>

T,
Lempy = A4nR20T]. (13)

As R; = R; for a Schwarzschild black hole in a R; = Ry = ct type cosmological growing
black hole models then T, = —¢— as pointed out by Tatum et. al [27] and Haug and

kydmy/Re2,

Tatum [28] this leads to exactly the luminosity equations as we have derived above. That is
for the first time we have demonstrated that any black hole has a the same CMB luminosity
if measured from the Schwarzschild radius distance of the black body. This naturally when
the luminosity distance is set equal to the Schwarzschild radius.

4 The CMB temperature in yet another perspec-
tive

We can naturally also solve the standard Stefan-Boltzman luminosity equation with respect
to the temperature T, this gives the well known formula:

[ L
T =4 ) 14
AT R20 (14)

As we have found that the black hole luminosity is the same for every Schwarzschild black
hole and is given by: L¢y,p = this means we for any Schwarzschild black hole we

hcb
15360mG2m2
must have a CMB temperature (on the inside) of:
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In the case we set the Schwarzschild radius to the Hubble radius we get Ry = Ry which
is the case in the critical Friedmann [32] universe we get:
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we have here used a Hubble parameter in calculation of Ry = 77 given by the recent published
study by Kelly and et. al [33] of 66.6733 (km/s)/Mpc. However different Hubble parameter
studies give considerably different Hubble constant values, so the exact value will naturally
vary with input, see for example [34-36].

We can naturally also re-write equation 16, by replacing R with Ry = QCC;QM this gives:
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If one now input the critical Friedmann mass of the universe M = M, = %, we get

51.4
again Tp,np =~ 2.72K. Let us next input the for the Stefan-Boltzman constant: o = % and
we get:
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This is the same formula as heuristically suggested by Tatum et. al [27], which has recently
been derived from the Stefan-Boltzmann law by Haug and Wojnow [23], and by the geometric
mean approach by Haug and Tatum [28], and also by quantization of light bending by Haug
[37]. Despite possibly, and even likely, not fitting into the A-CDM model, we think it can
be no coincidence that the CMB formula first heuristically suggested by Tatum et. al can
just be a coincidence; it predicts the right CMB temperature very accurately compared to
measurments and have now been derived from a series of different complementary angles.
We think cosmologies would likely benefit from taking notice of it. That said we naturally
do not claim to have all the answers. There is certainly more to investigate here in relation
to both theoretical CMB temperature and CMB luminosity; for example, there are multiple
metrics that can be applied to black holes that should be investigated, such as the Reissner-
Nordstrom [38, 39] metric, the Kerr [40] metric, the Kerr-Newman [41, 42] metric, and the
recent Haug-Spavieri [43] metric, as well as other metrics used in cosmology and for black
holes.

Tatum et. al [44] has clearly demonstrated that one can also use the CMB tempera-
ture formula, and when solved for Hy, it can dramatically reduce the standard deviation in



uncertainty from other methods. This is because we now, for the first time, have a much
deeper theoretical understanding of the relation between CMB temperature and the Hubble
parameter. The A-CDM model has, on the other hand, not developed any method to theo-
retically predict the CMB temperature now. All they have is the formula to predict the CMB
temperature back in time based on the formula T; = Ty(1 + z), which is also fully consistent
with this work.

There are also other challenges that could be related to this and that could possibly be
resolved with a deeper understanding of CMB, namely the Hubble tension [45, 46]. In our

model, we must have z = \/% —1= % — 1, as recently pointed out by Haug and Tatum

[30].

5 Black hole internatal radiation pressure

The total energy per unit of time per unit of surface area that is radiated by a black body
maintained at a temperature 7' is according to Stefan-Boltzman law the radiation pressure
given by:

p_ doT! L
3c 3mR2c
Next we will derive the black hole internal radiation pressure that also can be called the
CMB radiation pressure as it can be derived from what we called the CMB luminosity:

(19)
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So the black hole radiation pressure follow the inverse square law rule, unlike the CMB
luminosity that is the same for every black hole. Equation 20 can also be re-written as:
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In the special case where M is the critical mass of the Friedmann universe M = M, = G,
we get a radiation pressure of:
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If we replace the Stefan-Boltzmann constant with its components: ¢ = %, we get:
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6 Conclusion

We have demonstrated that there is another form of black body radiation or luminosity
associated with every black hole. We have named this the CMB luminosity, even though it
applies to any black hole. The CMB luminosity is identical for every black hole and is always

. _ 4 l2 . o 6 h
given by Leymp = ol 5=, which can also be expressed as Loy = mﬂ):sz—mg. It depends
solely on the Planck scale and is not affected by the mass of the black hole. This discovery

can have significant implications for both cosmology and other aspects of black hole research.
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