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Abstract

Haug and Tatum have developed a cosmological model which links the CMB
temperature, the Hubble parameter, cosmological redshift, and the Planck
length in a manner fully consistent with general relativity and the Stefan-Boltz-
mann law. This means that one can easily extract the Planck length from ob-
served cosmological redshifts. We demonstrate this by extracting the current
NIST CODATA Planck length from the Union2 supernova database using the
observed redshifts from all 580 type Ia supernovae. Our new mathematical
approach places tight constraints on a Hubble constant extracted from super-
novae in a manner that appears to resolve the Hubble tension. Importantly,
our linear expansion model offers a near-perfect match using these astronom-
ical observations without necessitating the expansion of space beyond the
speed of light ¢ or the introduction of an accelerating dark energy. We be-
lieve that this approach strongly favors growing black hole R, =ct cosmo-
logical models over the A-CDM model.

Keywords

Hubble Tension, Planck Length, Hubble Constant, CMB, Cosmological
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1. Introduction and Background

Haug and Tatum [1] have recently presented a cosmological model that is con-
sistent with both general relativity theory and a newly-quantized version of gen-
eral relativity theory, which we will discuss shortly. Haug and Tatum’s cosmolog-
ical model represents the culmination of many years of work by several research-

ers, wherein each piece of the puzzle has gradually fallen into place, leading to the
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sudden convergence of various elements into a single model that appears to be a
very simple and powerful cosmological framework. Here, we will outline some of
these components. In 2015, Tatum et al [2] arrived at the following predictive

formula for the CMB temperature:

h
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where k, isthe Boltzmann constant, A_ is the mass equivalent of the critical
c’R,

2G
Hubble parameter, /, is the Planck length, and m, is the Planck mass. It

(1

Friedmann [3] universe M_ = , R, is the Hubble radius, H, is the

should be noted that the left side of this equation is very similar to the Hawking
black hole radiation temperature formula, except that the A7 in the Hawking

denominator is replaced by /M m, .

Recently, Haug and Wojnow [4] [5] have derived the same formula from the
Stefan-Boltzmann law. Furthermore, since Haug and Tatum [6] have also derived
the same formula from general geometrical principles of the Hubble sphere, this
suggests that this formula could be valid within multiple black hole cosmological
models. In addition, Haug [7] has also shown how one can derive this formula if
one assumes light bending (space-time bending) is quantized and linked to the
Planck scale.

Haug and Tatum [8] have recently also presented a thermodynamic Friedmann-
type framework consistent with the CMB formula above.

Equation (1) essentially directly binds together the CMB temperature and the
Hubble constant, something that has not been done in other models. It also links
the Planck length with the CMB temperature and the Hubble constant, as elabo-
rated further in great detail by Haug [4]. We will soon revisit how this is also con-
sistent with a Planck-scale quantized version of general relativity theory, which
quantizes general relativity theory without altering any output predictions. Insight
into general relativity from a deeper perspective indeed seems to link gravity with
the Planck scale, something that was predicted by Eddington [9] as early as 1918
and has only recently come to pass.

Haug and Tatum [1] recently have also provided mathematical proof that Equa-
tion (1) is consistent with a cosmological redshift of:

R

z=—H 1 2
R )
1
which Haug and Tatum demonstrate can only be consistent with 7, =T, (1+2z)2.

Alternatively, Equation (1) is also consistent with a cosmological redshift of the

form:
R
z= [ 1 3)
Rt
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which they demonstrate is consistent with the well-known CMB temperature and
z relation T, =T§ (l + z). Observations seem to favor the latter CMB and z rela-

tion, as seen in [10]. From the Haug and Tatum model we also must have:

_ D(1+z) @
" 2ez+cd?
and
2
R, =% (5)
and
_2cz+ef’ ©)
D(1+z)

applying the first term of the Taylor series expansion, which is valid for z <1,

gives:
2cz
K 7
Furthermore, for any z we have:
2cz+cz’
D="""" (8)
H, (1 + Z)

This represents a proper distance to an object at redshift z . Notably, none of
the three distances in the A-CDM model corresponds to the distance in our
model. At first glance, one might think that our model must already be ruled out,
as the distances it predicts would not match any of those derived from a given
observed redshift within the A-CDM framework. However, this assumption
would be incorrect. All cosmological distances in the A-CDM model, or any other
model for that matter, are theoretical, model-dependent predictions, and none of
them is directly observed.

At long and short cosmological distances, this result is different than the dis-
tance given by the A-CDM model, since the first term of its Taylor series expan-

sion alone is given by:

D~— 9

This is twice the distance predicted by the A-CDM model: d z;{—z, when
0

zx1.

The only truly independent method for measuring distances is parallax, which
relies on pure geometric principles. However, parallax is practically limited to very
short cosmological distances. Hypothetically, parallax could be applied to distant
galaxies. Yet, for such distances, standard parallax methods do not retain their
robustness or accuracy. It is well known that applying standard parallax to distant

galaxies would require redshift adjustments. Thus, even parallax-based distance
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predictions for such distant objects would be influenced by the underlying cos-
mological model. See, for example, Hogg [11].

The fact that our linear expansion model can accurately match all observed su-
pernova redshifts, as we will soon demonstrate, without requiring adjustments for
phenomena such as an accelerating dark energy is, in our view, a very strong in-
dication that we are on the right track with our new cosmological redshift and
corresponding distance formulae.

It is important to note here that we will be referring to a particular subclass of
R, =ct linear expansion cosmology models. R, =ct cosmology is an ac-
tively-explored cosmology to this day. See, for example, [12]-[15]. There are mul-
tiple sub-classes of R,, =ct cosmology models. Herein, we will be working un-
der the assumption that the Hubble sphere acts as a growing black hole. The idea
that the Hubble sphere could be treated as a black hole was pointed out as early as
1972 by Pathria [16]. Even if black hole cosmology models are much less well-
known than the A-CDM model, they are seriously discussed to this day. See, for
example, [17]-[26]. Recent observations by JWST have also brought back the dis-
cussions of whether our observable universe (the Hubble sphere) could be a black
hole, see Shamir [27].

2. Planck-Quantized General Relativity Theory

Max Planck [28] [29] assumed in 1899 that there were three universal constants:
the speed of light ¢, the gravitational constant G, and the Planck constant 7.

Combining these with dimensional analysis, he arrived at a unique length:

_|Gh . |Gh R (R . 1 [hc’
lp— C—3,t1me. t,= C—S,mass. m, = E,an temperature: Tp:k_ ?
b

These are known today as the Planck units or natural units. However, in Planck’s
day, it was far from clear whether these Planck units had a real physical signifi-
cance, as they emerged solely from dimensional analysis. For example, Bridgman
[30], who received the 1946 Nobel Prize in physics, considered them to be pure
mathematical artifacts unrelated to physical reality.

Quantum gravity has been an unsolved challenge for more than 100 years. Al-
ready in 1916, Einstein [31] pointed out that the next step in gravity was quantum
gravity, or in his own words:

“While, according to the intra-atomic electron movement, atoms might emit
not only electromagnetic but also gravitational energy, albeit in a minuscule
amount. Since this should not be true in nature, it seems that the quantum theory
must modity not only Maxwell s electrodynamics but also the new theory of grav-
itation.”—Albert Einstein, 1916.

Einstein devoted much of the remainder of his life to this endeavor, but with
little success. However, Eddington [9] had already provided an important hint in
1918, suggesting that quantum gravity likely had to be dependent in some way on
the Planck length. Today, most researchers, particularly those working on devel-
oping quantum gravity theory, acknowledge the significance of Planck units [32]-
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[34]. The two best-known attempts to develop a reasonable quantum gravity the-
ory have been string theory and loop quantum gravity theory (LQG). However,
despite the initial enthusiasm, these theories have not achieved any consensus
among experts in the field. Despite the considerable talents of researchers involved
in the development of string theory and LQG, development of a useful quantum
gravity theory has eluded them.

Since there has been no lack of talent in this pursuit, and yet quantum gravity
theory remains unsolved even after 100 years, it could be that, at some point in
the history of physics, a wrong turn was taken. If such was the case, we must first
backtrack to the point where the wrong turn was possibly taken and proceed from
there. This is what Haug [35] has recently tried to do, leading to a new and simple
way to Planck-quantize general relativity theory. While this is not the main focus
of our paper, a brief historical context will provide the reader with an interesting
background for what we will soon demonstrate: a close connection between the
quantum scale and the cosmic scale, and how the quantum scale, in the form of
the Planck length value, constrains the H,, value when considering cosmological

redshift. We propose the result will be our newly-quantized version of general

relativity theory.
This brief history begins with Newton [36] in 1686. Newton’s original gravity
m
force formula was simply F' =—="—". There was no gravitational constant in
r

Newton’s formula, which he only expressed in words in his Principia. Despite
this, Newton provided a series of accurate gravitational effect predictions. See
Cohen [37]. For hundreds of years, Newton’s gravity force formula was used to
find planetary orbital velocities, the masses of planets, as well as their gravitational
accelerations. However, Newton’s mass definition was quite different from to-

day’s. Maxwell [38] used Newton’s original framework as late as 1873,

n
2
7

describing gravitational acceleration simply as g = (in contrast to today’s

formula of g= G”M2 ), meaning that the Newtonian mass of the Earth was
M, = gr’. Since gravitational acceleration has dimensions of L-T~2, this implies
that Newtonian mass dimensions were L>T2. So, obviously, this Newtonian unit
was very different from today’s kilogram mass unit. Maxwell actually took note of
this history. It was known as “astronomical mass” and, for many years, had been
understood in astrophysics in relation to Newton’s theory. However, for earthly
macroscopic objects and even microscopic ones, the kilogram had become the
standard in France and the pound in Great Britain, as Maxwell also mentioned.
There had been discussions for some years on whether it would be favorable to
use the same mass standard for astronomical objects as for everyday macroscopic
and microscopic ones, preferably across countries. The kilogram was ultimately
implemented as the standard in all areas of physics. This meant that the kilogram
mass had to be introduced into Newton’s formula. However, the original Newton

formula no longer worked if one simply replaced M, and m, with their kilo-
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gram counterparts M and m. Something was now missing from the formula,
which could be fixed by introducing a constant that soon would be known as New-
ton’s gravitational constant, despite Newton never attempting to invent it or even
search for it. Furthermore, Cavendish [39] in 1798 also did not attempt to measure
the gravitational constant, nor did he mention a gravitational constant, as incor-
rectly claimed in multiple papers and books, including by Feynman. See [40] [41].
What is known today as Newton’s gravitational constant was actually first intro-
duced in 1873 by Cornu and Baille [42] to make the Newtonian formula still work
after replacing the Newtonian mass with the kilogram mass definition. Thiiring
[43] pointed out that this gravitational constant was introduced without a deep
understanding of its physical significance. We realize that there is nothing inher-
ently wrong with the gravitational constant; it is indeed a constant and it is clearly
needed when working with the kilogram definition of mass. The key question,
however, is: “What exactly does the gravitational constant represent, from a deeper
perspective?”

Hossenfelder [44], in her otherwise excellent book, claims: “Newton’s constant
(G) quantifies the strength of gravity.” However, this does not seem to be the case,
since one could clearly predict the same Newtonian gravity phenomena with New-
ton’s original formula, which had no explicit gravitational constant. As early as
1984, Cahill [45] [46] solved the Planck mass formula for G and obtained

G= h—i He suggested that the Planck mass might be more fundamental than G
P

and that the gravitational constant could be expressed in this way as a composite
constant. However, in 1987, Cohen correctly pointed out that, since no one had
demonstrated how to derive the Planck units without first knowing G, Cahill’s
approach led to a circular problem in reasoning. Such views persisted at least until
2016, as mentioned in a paper by McCulloch [47], wherein the circular reasoning
problem is also addressed.

Nevertheless, in 2017, Haug [48] demonstrated that one could find the Planck
length from even small macroscopic objects using a Cavendish apparatus without
knowledge of G, and later he showed that one can find the Planck length without
relyingon G or % atall [49] [50].

Furthermore, in 2021, Haug demonstrated how one could find the Planck

length from cosmological redshift without knowing G, but by assuming

z z%, although this formula is only an approximation valid for low z.

Herein, we extend this history by developing a method that can be used to find
the Planck length even from higher z cosmological measurements. The main
focus of our paper, however, is to demonstrate that the Planck length imposes
constraints on the acceptable values of the Hubble constant, even when extracting
it from observed cosmological redshifts.

It is also highly significant that we can find the Planck length using two entirely
different methods. The first method follows Max Planck’s approach based on di-

mensional analysis, yielding:

DOI: 10.4236/jamp.2025.136115

2068 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2025.136115

E. G. Haug, E. T. Tatum

l =, — (10)

Since the Planck constant and the speed of light today are defined as exact (by
NIST CODATA 2018) with no uncertainty, the only uncertainty in the Planck
length, using this definition, must come from uncertainty in the gravitational
constant. The gravitational constant is one of the least precise physical con-
stants, and enormous work has been done to measure it more precisely, see for
example [51]-[54]. Today, the NIST CODATA 2018 standard gives it a value of
G =6.67430x10™" £0.00015x10™" m® -kg™' -s* . This means we must have:

/< @_\/6.67430x10“io.oomsxlo“><1.054571817><1034
7N 299792458’
=1.616255x10"* £0.000018x10* m

Here, one might well ask how the above historical context may guide us in
quantizing general relativity theory. We propose that if one can find the Planck
length without knowledge of G, it is indeed possible to express G in terms of

23
I’c

Planck units. If so, then we can use G = pT and now substitute this identity

into Einstein’s field equation, yielding (see [4] [55]):

1 8nG
Ryv _ERg,uv = C4 T,uv
1 8n/?
Ry~ R =— 5T, (11)

The Planck length now becomes a part of Einstein’s field equation. However,
the benefit of doing this is not entirely clear until we solve the equation for certain
boundary conditions and examine the metric solution, such as the Schwarzschild
solution. Before doing this, however, we will first take advantage of one more very

simple but, in our view, very important way to consider a kilogram mass. In 1923,

=~ h
Compton [56] described the Compton wavelength of an electronas 4 =— and
me

measured it through Compton scattering. If we solve the Compton wavelength
formula for the mass, we obtain:
nl

m_/I:Z (12)

In the spirit of complementarity, we will assert that any kilogram mass can be
represented in this way, not only the mass of an electron. The idea that protons
could also have a Compton wavelength has been discussed by multiple authors
[57] [58]. In actuality, it is likely that only fundamental particles have a “physical”
Compton wavelength. The Compton wavelength of a composite mass can be seen
as the aggregate of the Compton wavelengths of all of the constituent elementary
particles, including even photons, as the rest mass energy of the photon can be

expressed through the Compton wavelength, see [59]. To make a long story short,
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this means, for example, that the Schwarzschild metric can be expressed as (by

23
— and the kilogram mass M with M :%l):
c

1
ds? = (1 —2G—M) e - (l - 2GM) dr? —r2dQ?

replacing G with G=

2 2

Ccr rc
20 1 2 1Y
dszz(l——p_—pjczdlz—(l——p_—pj dr’ —r?dQ? (13)
r Ay r Ay

/
Theterm =2~ represents the reduced Compton frequency in the gravitational
‘M

mass of interest. This is natural, since we have the reduced Compton frequency
c
per second as f 27 and the reduced Compton frequency per Planck time is

C

/
then f= 3 t, ==, which, in our view, achieves the quantization of matter and

M
gravity. Interestingly, multiple recent research studies do indeed indicate that
matter ticks at the Compton frequency, see [60] [61].

Similarly, this approach can be applied to other metric solutions, such as the
Kerr [62] or Kerr-Newman [63] [64] solutions, which are often used to describe
black holes. The extent to which this quantized general relativity can be unified
with quantum mechanics is beyond the scope of this paper, but will be addressed
in the near future.

For our current purpose, we now have a straightforward formulation of general
relativity that includes the Planck length, yet does not alter any predictions from
general relativity. The potential benefit of Equations (11) and (13) is that they
likely allow for a new and deeper insight into the phenomenon of quantum grav-
ity. Modern cosmology theory has its origin in general relativity theory; and
R, =ct cosmology clearly has a general relativistic framework. As one will see
from our particular sub-class of R, =ct cosmology models, it is now possible
to extract the Planck length directly from cosmological redshift, by using the en-
tire Union2 supernova redshift database. In view of our new approach to general
relativity theory, this result is fully consistent. What is most important in this pa-
per is that the Planck length and its mathematical relationship to the Hubble con-
stant appears to impose a constraint on the Hubble constant that one can extract
from the supernova database. We maintain that this discovery appears to solve the
Hubble tension. Nevertheless, extraordinary claims require extraordinary proof,

so we will attempt to demonstrate this carefully in the next sections.

3. How Finding the Planck Length from the Union2
Supernova Redshift Database Appears to Resolve the
Hubble Tension by Putting Constraints on H,

Here, we will demonstrate that one can find the Planck length from the Union2

supernova database without first relying on a knowledge of the value of G . Let
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us first revisit the CMB prediction redshift formula of Haug and Tatum [1]. In its

most general form, it is given by:

hc
T,y =——F—==T(1+z (14)
" kanr2l, (1+2)
Solving for R, we get:
h B
R = < — (15)
T, (142, ) k,4n | 21,

Next, we input this for R, in our cosmological redshift formula:

<c
Zpre = R_H —1= HO -1 (16)
\ R ( he 1

2
T0(1+zobs)kb4nJ 21,

To use this redshift prediction formula to predict or, more precisely, attempt to
match, the redshift from the Union2 supernova database, we need to know the
value of the Planck constant. It is defined exactly today based on the NIST CO-
DATA 2018 value of 71=1.054571817x107*J-s . The speed of light is also exactly
defined as ¢ =299792458 m/s, and the Boltzmann constant is exactly defined as
k, =1.380649x107 J-K™'. Therefore,in ¢, %,and k, ,there is no uncertainty.
In addition, we need the CMB temperature, the Hubble constant, and the Planck
length to predict the cosmological redshift. For T}, we require the CMB temper-
ature at present. The CMB temperature in the current cosmic epoch is measured
very accurately in a series of recent studies, as seen in [65]-[68]. We will use the
CMB temperature published by Dhal et al [68] of 2.725007 + 0.000024 K.

For the Hubble constant, we will initially use the value from one of the most
recent H, studies involving supernovae by one of the leading research teams. It
is important to note here that there is little or no disagreement regarding the CMB
temperature at present. For example, the 2009 Fixen [67] study of the current
CMB temperature reports the value 2.72548 + 0.00057 K. However, for the Hubble
constant, the standard uncertainties are much larger. Additionally, measurements
of the Hubble constant from supernovae have yielded considerably different val-
ues compared to those obtained from the CMB. This phenomenon is known as
the Hubble tension.

In our model, remarkably, we also need the Planck length. It’s important to note
that, in the standard view of Newtonian physics and general relativity theory, there
hasn’t been a successful attempt to connect gravity theory with the Planck length.
As pointed out in the last section, Haug has recently claimed to have developed a
quantized version of general relativity theory where, from a deeper perspective,
we see the Planck length and the Compton wavelength as playing an important
role. Theory is one thing, but herein we will use real observations in comparison
to theoretical predictions, in much of the remainder of this paper.

Here, we will assume that we do not know the exact value of the Planck length
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Redshiftz
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except for very rough estimates and qualified guesses. We will start by guessing
the Plancklengthas [/, =5x 107 meters. Then, we input this value together with
the CMB temperature from the Dhal study and the Hubble constant from Mura-
kami et al. [69] of 73.01 + 0.85 km/s/Mpc into our redshift prediction formula for
each type Ia supernova, and plot our findings relative to the real observations. This
is illustrated in Figure 1. The predicted redshifts based on our Planck length guess
of /,=5x 107 are represented by the red line, which is far above the observed
redshifts represented by the blue line. This indicates that our guess for the Planck
length is too high. Therefore, we make another qualified, but still wild, guess of
the Planck length being /, =0.5 x107° . Based on this Planck length guess, we ob-
tain predicted redshifts represented by the green line. As we can see, the green line
gives way too low predicted redshifts compared to the observed ones. Hence, we
deduce that the Planck length must lie between 0.5 X 10°* m and 5 x 107 m. We
can continue with trial-and-error like this to minimize the error between the ob-
served and predicted redshifts: min "'z, (i)~ z,,, (i). The number 580 is used
in our calculation because we take into account every single supernova in the Un-
ion2 database; there are 580 observed type Ia supernova redshifts in the database. A
simple “manual” trial-and-error method will work, or we can use a more efficient
and “intelligent” trial-and-error method like the bisection method or the Newton-
Raphson method. Both algorithms are much faster. One can even use the nearly

instantaneous Goal Seek function in Excel, which likely employs a bisection method.

z values observed and predicted

3.50

3.00
——Observed z

2.50
——Predicted redshifts using Planck length guess 0.5*104(-35) m

2.00

—Predicted redshifts using Planck length guess 5*107(-35) m

H
w
o
Redshiftz

1.00

0.50
O ANODODOUMNONT EHOUL ANODDWLOUMOTIMNTS — 0 L1 < < 01N
=N WM WWOANMINMNODOONMLL N Ng@l\mﬂf\lv@l\
R B B B IR | Mnm ;no;nmnon <t < S T TN N NN

(0.50)

The 580 Union 2 database supernovas sorted by z

Figure 1. This figure shows the predicted supernova redshifts with an assumed H;=73.01 km/s/Mpc and

wild guesses of the Planck length of 5 x 107 m and 0.5 x 1073 m, as well as the observed redshifts.

Our trial-and-error method that minimizes the difference between the predicted

and observed redshifts yields an estimated Planck length of /, ~1.7646x107 m, as
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1.60

1.40

1.20

1.00

0.80

Redshiftz

0.60

0.40

0.20

shown in Figure 2. It is important to note that this estimated Planck length carries
additional uncertainty due to the uncertainties in the Cosmic Microwave Back-
ground (CMB) temperature and the Hubble constant ( H,) that we used. The un-
certainty in CMB observations is significantly smaller compared to that for the
Hubble constant. Specifically, considering the Hubble tension, the uncertainty in
H, becomes considerably large. Not surprisingly, a Planck length of 1.7646 x
107 m significantly deviates from the Planck length estimated through dimen-

sional analysis. Returning to Max Planck’s formula, the
Planck length is defined as /, =, fG—3h , where the uncertainty in the Planck length
c

estimate then primarily arises from the uncertainty in the best estimates of G.
According to NIST CODATA 2018, the reported value of [, is 1.616255 x 107
m, with a standard uncertainty of 0.000018 x 107** m. The Planck length estimate
derived from the supernova database, using the Hubble constant from Murakami
et al. of 73.01 *+ 0.85 km/s/Mpec, is 82410 outside the NIST CODATA estimate
(based solely on dimensional analysis). We can slightly adjust the CMB tempera-
ture in our input based on its standard deviation, but we still remain far from the

recognized Planck length based on dimensional analysis.

z values observed and predicted

1.60
1.40
———Observed z
1.20
— = Predicted redshift and Planck length based on $H_0=73.01 km/s/Mpc
with found Planck fength of 1.7646*107(=35)m 1.00

o

o]

o
Redhsiftz

Figure 2. This figure shows that if we assume a Hubble constant value of H, =73.01£0.81 km/s/Mpc, the
matching found Planck length must be 1.7646 + 0.0020 x 107 m.

In Figure 3, we propose that the Planck length must fall within its standard
deviation (STD) as defined by the NIST CODATA 2018. This assumption leads
to an estimated Hubble constant from the Union2 redshift database of
66.8711"0 0010 » km/s/Mpc. This estimation potentially resolves the Hubble tension,

because it utilizes the entire supernova database, with observed redshifts ranging
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from z=0.015 to z=1.414, to find the matching Hubble constant. In other
words, to maintain the Planck length within its uncertainty range, especially when
considering the small standard deviation in the Cosmic Microwave Background

(CMB) temperature, this is the matching value necessary for the Hubble constant.

z values observed and predicted

1.60 1.60
1.40 1.40
— Observed z

1.20 1.20

1.00 1.00
s — — Predicted redshift and Planck length based on H_0=66.8711 km/s/Mpc o
£ 0.80 with found Planck length of 1.61625*10%(-35) m 0.80 2
® ®
o o

0.60

0.40
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a2 e I I B =2 B i 2}
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The 580 Union 2 database supernovas sorted by z

Figure 3. This figure shows the predicted redshifts and found Planck length when using a Hubble constant of
H,=66.8711 km/s/Mpc. We take into account the uncertainty in the current CMB temperature from the Dhal
et.al study and find that there is a match with the NIST CODATA 2018 value of the Planck length as a constraint
on the Planck length. We find that, to be inside the acceptable Planck length uncertainty, we must match the
Union2 supernova redshift database with a Hubble constant value of H;=66.8711+0.0019 km/s/Mpc. To
put it another way, if we want the Hubble constant value to be outside this value in relation to the observed
supernova redshifts, then we must accept a Planck length outside of the one STD uncertainty given by NIST
CODATA for the Planck length. As we have seen from the previous figure, a Hubble constant value of around
72 to 73 km/s/Mpc is totally unacceptable in our model, as it leads to unacceptable Planck length tension. We
conclude that neither Hubble tension nor Planck length tension is necessary, if one uses our model.

4. Supernova Team H, Determinations Point to Incorrect
CMB Temperature Predictions from Union2 Supernova
Redshifts

We can also find the CMB temperature from cosmological redshift based on

Equation (16) that we repeat here for convinence:

c

2= [N o L M— (17)
R hic 1
TO( )kb4n

1+z i

obs

This time, we will assume that the Planck length is known, and we will used the
NIST CODATA 2018 value for it. In addition, we will use the H, value esti-
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mated by Riess efal [70] at H,=73.04£1.04 km/s/Mpc. Based on these inputs,
we can now minimize the difference between the predicted and observed red-
shifts by adjusting the 7] until we have minimized the error, according to

. 580 s s s P .
min z 1 Zobsi ~Zpreq - This is illustrated in Figure 4.

z values observed and predicted can only match based on Riess et. al H_0=73.04
km/s/Mpc if one also accepts a current CMB temperature of 2.8479K

1.6000 1.600
1.4000 1.400
1.2000 1.200
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~ — = Predicted z when using H_0=73.04 km/s/Mpc gives current CMB N
& temperature of T_0=2.8479K &
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ke el
Q [
o o
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Figure 4. This figure shows that, based on the Riess et.al Hubble constant determination of H,=73.04+1.04
km/s/Mpc, one can match the observed Union2 supernova redshifts in our model only if one accepts a current CMB

best-fit temperature of 7, =2.8479"00°°K . This is far outside the measured current CMB temperature of

T, =2.725007 £ 0.000024 K by Dhal et al. and indicates that the Riess et al. H, value is way too high, and not con-

sistent with our new model.

5. Additional Arguments in Support of a Hubble Tension
Solution

In addition to the above arguments in support of a Hubble tension solution, one
can also employ a different approach which reaches the same basic conclusion and
is complementary to the one above. This approach makes use of our newly-de-
rived “Upsilon equation” which couples H, with the current CMB temperature

T, (see[71]-[73]) by the simple and exact formula:
H,=0T; (18)

The Latin Capital Upsilon symbol O is a compound coupling constant with
the following value: U=2.91845601x10"" £0.00003279x10"s™" - K. This is
the value for this composite constant based on the NIST CODATA values of its
constituent constants. This composite constant was derived in relation to Equa-
tion (18) and given first by Tatum et al [71]:
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_k32m’GY?

U= = 2.91845601x 107" £0.00003279x10™"s™ K (19)
C

This is a composite constant composed entirely of already very well-known
physical constants. There is no uncertainty in the Boltzmann constant £, , the
reduced Planck constant 7, or the speed of light ¢, as these are all exactly de-
fined in today’s most updated S.I. unit system, the NIST CODATA 2018 standard:
k, =1.380649x107J-K™' ; ¢=299792458 m/s ; 7 =1.054571817x107*J-s .
Only the gravitational constant G has a residual small uncertainty; its NIST
CODATA value is given as G =6.67430x10™"' £0.00015x10™" ' m’ - kg™ -s7>.

Rearrangement of Equation (18) gives:

/2
o

which can be used to calculate a current 7] value for any given H, or vice
versa. We can then compare the coupled H, and 7, values from four recent
CMB temperature studies (see Table 1) with the coupled H, and 7 values of
the most recent high precision SHOES Team study reported in 2022 by Riess et al.
[70].

Table 1. This table presents Hubble constant estimates derived from Equation (18) across several notable CMB studies. The uncer-

tainties in the predicted H, account for both the uncertainty in the measured 7; and the uncertainty in the Upsilon constant.

CMB study: Temperature measurement: H,=0T}:

2004: Fixsen et al. [65]: 2.721 £0.010K H,;=66.68+0.49 km/s/Mpc
2009: Fixsen et al. [67]: 2.72548 + 0.00057 K H,=66.89441+0.0287 km/s/Mpc
2011: Noterdaeme et al. [66]: 2.725 £0.002 K H,=66.8708+0.0989 km/s/Mpc
2023: Dhal et al. [68]: 2.725007 + 0.000024 K H,;=66.8712+0.0019 km/s/Mpc

In Table 1, the values of H, in units of km/s/Mpc (after conversion from their
S.I. unit values) are coupled to a tight 7] range of 2.721 * 0.010 K to 2.72548 +
0.00057 K. As a result of these high precision 7], measurements, the calculated
H, values using Equation (18) show a tight range of 66.68 + 0.49 km/s/Mpc to
66.8944 £ 0.0287 km/s/Mpc. This is much higher H precision than given by
any other method and is fully consistent with our findings from the last section,
wherein we incorporated all 580 type Ia supernova redshifts in the Union2 data-
base, and found a best-fitting H;=66.8711£0.0019 km/s/Mpc.

We can then compare what 7; value would, according to Equation (20), be
coupled to the SHOES study H, value of 73.04 + 1.04 km/s/Mpc. Given this H,
range of 72.0 to 74.08 km/s/Mpc (once converted to S.I. units), Equation (20) in-
dicates that the coupled 7; value should be 2.8479 + 0.0203 K. This surprisingly
high 7, value, greater than 0.1 K higher than the measured 7] value, is clearly
an outlier when analyzing it using our “Upsilon equation”.

Using our CMB redshift prediction formula and method of reference [1], we
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can also show how the Union2 database of 580 type Ia supernova redshifts, in
combination with the Riess et al. H, value of 73.04 + 1.04 km/s/Mpc, is a best
match for a T, value of 2.8479 + 0.0203 K. See Figure 4. This is simply yet an-
other way to show the same outlier appearance of local H, determination, in
comparison to H, determinations made from CMB studies. So, we conclude
that the equivalent found Planck length and Upsilon equation approaches demon-
strated herein add further support to the impression that the Hubble tension is
now solved in favor of the Planck Collaboration result, particularly since, in every
case, we have used the local universe supernova redshift data to do so.
Gh

Furthermore, if we solve the Planck length formula /, =,|—- for G, we get
c
2.3

G==2L (see [55]), so the Upsilon constant used above can also be expressed as:

k;32ml 1o 9 1 2
G:TF=2.91845601><10 +0.00003279x107" s~ -K (21)

c
or from the Planck time:

k, 32m’t 19 19 -1 1,2

U:h—2”:2.91845601><10 +0.00003279x10™" s~ - K (22)

n
Since the Planck energy is givenby E, = l—c , we can also re-write the Upsilon
P
constant as:

k232r?
O="2""T _ 5 91845601x10°" +0.00003279 10" s . K2 (23)

p

Again, the only uncertainty in the Upsilon constant comes from G or altern-
. e h .
tively /,, as we have E, = < l—c. The uncertainty now comes from the

P

Planck length NIST CODATA [, = 1.616255x107 £0.000018x10™° m . The

-35
relative standard uncertainty in the Planck length: 0.000018x10 "m _ 1.1x107°

/

P

is exactly half that of the relative standard uncertainty in G:
0.00015x10"" m? -kg™" -5
G
the same no matter if calculated from G or /,. Because the formula relying on

~2.2x107° . However, the uncertainty in Upsilon is

2.3
G uses /G and the Planck length formula uses G =-~ Pl the uncertainty af-

fecting Upsilon must be the same. The relative standard uncertainty in Upsilon
based on inputs from NIST CODATA 2018 must be:

0.00003279x10™" s - K™
O

In other words, exactly the same as for the Planck length, as we would expect.

~1.1x107° (24)

So, from Equation (18) we can most readily see that there are key inter-relation-

ships between the CMB temperature, H, and the Planck length, fully consistent
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with the previous sections of this paper. This also means that we naturally have:

H, =0T}
H, = ky ;zzzzlp 7
and since we have 7, =T, (1+z) we must also have:
;o Hy(1+z)" 1 26)

? T k32

Equation (25) was recently presented and discussed by Haug [4], who derived it
by simply rearranging the formula of Tatum et a/. [2]. One can readily see that this
equation yields the Planck length from 7, and H,. One can do this derivation
either by using the best current high precision measurements of the CMB tem-
perature and the Hubble constant, or even more precisely by incorporating all
580 type Ia supernova redshifts in the Union2 database, as demonstrated herein.
This confirms the consistency of our framework and also supports the contention

that the Planck length is constant through time, as expected by many physicists and
2

— - has an exact value due

b

quantum gravity theorists. Furthermore, since

to 7,and c¢ and k, being exact constants, it implies also that, if /, is con-
stant over cosmic time, there are compelling reasons to believe that, by Equation
(25), /, imposes a constraint on the ratio relation between H, and T;, as
clearly seen in our Upsilon equation and other work in this paper. Given that T}
is extremely accurately measured (with very low standard deviation), it is the uncer-
taintyin H, that we have greatly reduced by understanding this deeper relation.
We also can easily incorporate cosmological redshift into our Upsilon equation.

We can start with:

T,=T,(1+z) (27)
and then naturally we must have:
T,
Ty =— (28)
1+z

We can now replace 7; with this in the Upsilon equation and we get:

o1’
Hy=—-" (29)
(1 + Z)
and
12
H
T = (on (1+2) (30)
Furthermore, we can also have:
2
+
D= % (31)
OT; (l + z)
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Table 2 summarizes additional key inter-relationships between the CMB tem-
perature, H,and the Planck units. It is important to note here that the only uncer-

tainty in the Planck units arises from difficulties in measuring /, with precision.

/
The uncertainty is the same in every Planck unit since we have 7, =+,
c
nl ) c o
m,=——, E =m,” =h—,and a,=—. Since ¢ and 7 are exact con-
[, c B l,

stants, the uncertainty in all of these arises only from /,. The considerable un-

certaintyin /, and #, should notbe surprising, as it is likely that they respectively

represent the smallest length and time interval possible. They cannot be measured
directly, but indirectly, we can measure them by finding the best fit with high pre-
cision Hubble constant and CMB temperature values, and now we can even in-
corporate a large database of cosmological redshifts. See also [49]. Despite the high
uncertainty in /, its uncertainty is still very small compared to that foundin H,
by traditional studies. We believe that our Upsilon Equation (18) is the key to
minimizing uncertainty in H, thus representing an important development in

quantum cosmology.

Table 2. This table illustrates how to determine the Hubble constant from the current CMB temperature and various Planck units

as well as the CMB temperature from F/, and various Planck units.

Hubble constant H,;: CMB temperature 7 :

12
From Upsilon formula: H,=0T; T, = [%)
T2 1/2
From Upsilon formula: Hy=0—— T = H,y (1 + z)
(1 + Z) (¢
k2321*G" , ,
where O= 5/2—W is a composite constant
e
2 2
or U= kb:}:fnl” the same as above, but re-written.
c
2 2
or 0= 1%327275% the same as above, but re-written.
n
k;32n*
or 0= ThE the same as above, but re-written.
P
Planck unit:
From Planck length: H, =IT? ky32m° T = Hye 7
gt 0TI B2, 0 L, k,,n@
k2320 H, h
From Planck time: Hy=t T -2 L=, —
rom Planck time 0o =0T =5 0 0 k,,n\/ﬁ
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Continued

From Planck mass:

From Planck energy:

From Planck acceleration:

From Planck force:

_ T} k32

2
m, he

H,

H - T k;32n’
E, h
_Lfckf32rc2

2
a, h

H,

H,= Tozlﬁ k; 321
" F n

P

0

0

0

0

JHm,h
NV
k,mN32

e [H,E,h

- kbrc\/ﬁ

. /Hoap h
c kbnx/3_2

- [H,F,

- kbnm

Table 3 gives additional relationships between cosmic parameters, expressed in

terms of the Upsilon constant.

Table 3. This table summarizes a series of relations between cosmic parameters, expressed in terms of the Upsilon constant.

Entity: Equation:
k321G
Upsilon constant U= %
P

or

value (NIST CODATA 2018)

Hubble constant:

CMB temperature

Hubble time:

CMB temperature

Hubble radius:

CMB temperature

Cosmological redshift

Cosmological redshift

Redshift proper distance

Redshift proper distance

k232t
Gt

2.91845601x107" £0.00003279x107"s™" - K

H,=0T;
H,
Ty=\%
(6]
1
H 67;)2
1
L
Ot,
Cc
R, =
(o¥)s
I= =
OR,
s [Tl
H, T
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Continued

Redshift proper distance

Critical mass (Friedmann)

Critical density (Friedmann)

CMB temperature

~—— 'when zxl1

Table 4 summarizes a series of relations between cosmic parameters in past

cosmic epochs, in terms of the Upsilon constant.

Table 4. This table summarizes a series of relations between cosmic parameters in past cosmic epochs, in terms of the Upsilon

constant.
Entity: Equation:
k232mG"?
Upsilon constant U= bs—
c /2 h3/2

or

value (NIST CODATA 2018)

k232t
G=tt
2.91845601x10™" +0.00003279x 10" s - K

Hubble constant in the past:

Hubble constant in the past:

Hubble (CMB) temperature in the past:

Hubble time in the past:

Hubble radius in the past:

Critical mass (Friedmann)

Critical density (Friedmann)

CMB temperature in the past

CMB temperature in the past

CMB temperature in the past

CMB temperature in the past

H, =0T} (1+z)

H, =0T’

CRNLATS

3 :ézﬁ(uz)z

4
R =Ty (1+z)

3
C

Mt :ﬁ
26T (1+2)'0

3677 (1+2)° 4
=2 —p (1
Pes e p.(1+2)

i
“No
3
T=(1+z), |—
2GM 0
H
n=(1+2) 5
1
(., 87G)*

t

1
345
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6. Possible Underlying Reasons Why We Appear to Have
Resolved the Hubble Tension and Dramatically Increased
Precision in Estimates

We have claimed to have resolved the Hubble tension and, in addition, to have
dramatically reduced the uncertainty (standard deviation, STD) in H, esti-
mates. This almost seems too good to be true. However, we have carefully re-
viewed our logic and derivations, and find no obvious errors. The reason our
method appears to be much more powerful than the existing A-CDM model is
that we have established exact relations between H,, 7;, z, and the Planck
length, as we illustrate in Figure 5. These appear to be exact relations between the
smallest and largest scales of the universe. Thus, our model appears to have a solid
framework. If we know any three of these parameters, we can find the remaining
one with high precision. It makes sense to take what is measured most accurately,
namely, the CMB temperature, the Planck length, and the redshifts, and then use
these high-precision measurements to determine the Hubble constant with high
precision. In the A-CDM model, such exact relations have not yet been established
between these parameters; and for this reason, the A-CDM model does not appear
to be as good at describing certain aspects of the universe as the model we have
presented; nor can it predict the Hubble constant with the precision that we can
achieve. That said, the A-CDM model has evolved from work over time; it has
been adjusted over time. We do not exclude the possibility that our findings can
be incorporated into that model as well. Both models should be carefully investi-
gated and compared by multiple researchers over time.

Lo Ho h%c
& Tg k33272

HO:UT(? T0=(%1)1/2

z="T; HQO—I

Figure 5. This figure illustrates that we have established exact relations between the Hubble
constant H, the current CMB temperature 7, and CMB temperatures from the past
T, the cosmological redshift z, and even the Planck length /. It is these newly-estab-
lished exact inter-relationships that appear to have allowed us to resolve the Hubble ten-
sion. In addition, they allow for dramatically-improved Hubble constant prediction. Here,
there appear to be foundational relationships between the microcosmos and the macrocos-
mos.
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Figure 6 shows key equations for the current universal parameters which in-

corporate the Upsilon constant.

Hy = UT¢

_ _ /&
M°_2G§“,$15 To = T)“Q
=T/ 8 -1

Figure 6. This figure shows how the Upsilon constant can be used to calculate current uni-
versal parameters. Note that the cosmological redshift equation at the bottom gives the link

between past and present.

Figure 7 illustrates the different global parameters of the universe in past cos-
mic epochs, and shows how they are inter-related in terms of the Upsilon con-
stant; this scenario is based on expansion of the universe in so-called R, =ct

growing black hole cosmology.

H; = OT2(1 + 2)?

Ri= st ty = U—l
t = O12(1+2)2 Tg (1+2)2
{23
M= 2GTZ(1+2)20 Ty = (1+ 2), /%Q

z:Tt\/HEu—l

Figure 7. This figure illustrates the different global parameters of the universe in past cos-
mic epochs in terms of the Upsilon constant and cosmological redshift.

Figure 6 and Figure 7 bring us back to Isaac Newton. In his Principia, he actu-
ally mentioned an absolute minimum time interval, and further stated that all of
his philosophy was based on minimum units (see [74]). Herein, we have demon-
strated that the Planck scale plays an important role in cosmology. The Planck
length and the Planck time impose constraints on the values acceptable for such
parameters as the Hubble constant. They even appear to resolve the Hubble ten-
sion in favor of the Planck Collaboration Hubble constant value. Of course, our
claims should not be taken for granted. Our work should be studied and scruti-

nized over time by multiple researchers. After all, time is the best referee.

7. CMB Power Spectrum

An important aspect of the CMB is the CMB power spectrum and the baryonic
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acoustic oscillations (BAO). Figure 8 shows the observed power spectrum as well
as the theoretical fit to the ACDM model. The ACDM model uses a series of de-
grees of freedom parameters to match the CMB power spectrum, such as the
amount of dark matter, dark energy, baryons, space curvature &, and more. An
important outstanding question is, therefore, whether the R, =ct cosmology

can also explain and match the CMB power spectrum.

Angular scale
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Figure 8. This figure illustrates the CMB power spectrum. The placement of the first peak
is consistent with flat space. Source of the figure:

https://en.wikipedia.org/wiki/Cosmic_microwave background.

First of all, studies have shown that the placement of the first major peak is
consistent with a nearly flat space, k=0, which is an assumption in our model
(see [8)]). Flat-space predicts that the first peakisat /~220 which it is. Whether
our model can match and explain all the observed peaks in the power spectrum is
too early to say. Melia [75] [76], with his R, =ct model, has done some inter-
esting work in this area, claiming that the R, =ct cosmology outperforms the
ACDM model. However, his model differs considerably from ours in many as-
pects, so it is too early to determine how well our model can describe baryonic
acoustic oscillations. We also encourage other researchers to investigate this fur-
ther.

8. Conclusion

We have demonstrated that it is possible to extract the Planck length from the 580
type Ia supernova redshifts in the Union2 database by using the current tempera-
ture of the Cosmic Microwave Background (CMB) and the Hubble constant.
However, this Planck length extraction approach imposes significant constraints
on the Hubble constant value, which must be 66.8711%101s , km/s/Mpc to match
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the observed redshifts in the Union2 database, so long as we accept the NIST CO-
DATA value for the Planck length. Alternatively, we would have to introduce the
idea that the Planck length has changed since the beginning of the universe, some-
thing that seems much less likely. For the local universe Hubble constant deter-
minations by Riess and others to be compatible with the Union2 supernova red-
shift database, the best-fitting Planck length would have to deviate by more than
82410 from the NIST CODATA value. This deviation appears to be unacceptable,
since the Planck length almost surely must remain constant. Although the uncer-
tainty in the Planck length may be higher than in most constants, it nevertheless
imposes significant constraints on the Hubble constant value that best-fits the red-
shift database. To our knowledge, ours is likely the first cosmological model to
establish a clear connection between the CMB temperature, the Hubble constant
(H,), cosmological redshift (z ), and the Planck length. We believe that the A-
CDM model does not provide for a method for estimating the Planck length by
imposing constraints on the Hubble constant. Our method of extracting a Hubble
constant tightly constrained by the uncertainty in the Planck length, suggests a
solution to the Hubble tension in favor of the Planck Collaboration CMB Hubble
constant determination. We invite others to study our model and to evaluate its

potential usefulness in the context of Planck-scale quantum cosmology.
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https://supernova.lbl.gov/Union/figures/SCPUnion2.1 mu vs z.txt.

Conflicts of Interest

The authors declare no conflicts of interest.

References

[1] Haug, E.G. and Tatum, E.T. (2025) Solving the Hubble Tension Using the Pantheon-
PlusSHOES Supernova Database. Journal of Applied Mathematics and Physics, 13,
593-622. https://doi.org/10.4236/jamp.2025.132033

[2] Tatum, E.T., Seshavatharam, U.V.S. and Lakshminarayana, S. (2015) The Basics of
Flat Space Cosmology. International Journal of Astronomy and Astrophysics, 5, 116-
124. https://doi.org/10.4236/ijaa.2015.52015

[3] Friedman, A. (1922) Uber die Kriimmung des Raumes. Zeitschrift fiir Physik; 10,
377-386. https://doi.org/10.1007/bf01332580

(4] Haug, E.G. (2024) CMB, Hawking, Planck, and Hubble Scale Relations Consistent
with Recent Quantization of General Relativity Theory. International Journal of The-
oretical Physics, 63, Article No. 57. https://doi.org/10.1007/s10773-024-05570-6

[5] Haug, E.G. and Wojnow, S. (2024) How to Predict the Temperature of the CMB Di-
rectly Using the Hubble Parameter and the Planck Scale Using the Stefan-Boltzmann
Law. Journal of Applied Mathematics and Physics, 12, 3552-3566.

https://doi.org/10.4236/jamp.2024.1210211
[6] Haug, E.G. and Tatum, E.T. (2024) The Hawking Hubble Temperature as the Mini-

DOI: 10.4236/jamp.2025.136115

2085 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2025.136115
https://supernova.lbl.gov/Union/figures/SCPUnion2.1_mu_vs_z.txt
https://doi.org/10.4236/jamp.2025.132033
https://doi.org/10.4236/ijaa.2015.52015
https://doi.org/10.1007/bf01332580
https://doi.org/10.1007/s10773-024-05570-6
https://doi.org/10.4236/jamp.2024.1210211

E. G. Haug, E. T. Tatum

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

mum Temperature, the Planck Temperature as the Maximum Temperature, and the
CMB Temperature as Their Geometric Mean Temperature. Journal of Applied Math-
ematics and Physics, 12, 3328-3348. https://doi.org/10.4236/jamp.2024.1210198
Haug, E.G. (2023) Planck Quantized Bending of Light Leads to the CMB Tempera-
ture. https://hal.science/hal-04357053

Haug, E.G. and Tatum, E.T. (2025) Friedmann Type Equations in Thermodynamic

Form Lead to Much Tighter Constraints on the Critical Density of the Universe. Dis-
cover Space, 129, Article No. 6. https://doi.org/10.1007/s11038-025-09566-y

Eddington, A.S. (1918) Report on the Relativity Theory of Gravitation. Fleetway
Press.

Riechers, D.A., Weiss, A., Walter, F., Carilli, C.L., Cox, P., Decarli, R., et al. (2022)
Microwave Background Temperature at a Redshift of 6.34 from H.O Absorption. Na-
ture, 602, 58-62. https://doi.org/10.1038/541586-021-04294-5

Hogg, D.W. (2000) Distance Measures in Cosmology. arXiv: astro-ph/9905116.
https://doi.org/10.48550/arXiv.astro-ph/9905116
John, M.V. (2019) R, =ct and the Eternal Coasting Cosmological Model. Monthly

Notices of the Royal Astronomical Society: Letters, 484, 1L35-L37.
https://doi.org/10.1093/mnrasl/sly243

Melia, F. and Shevchuk, A.S.H. (2011) The R, =ct Universe. Monthly Notices of
the Royal Astronomical Society, 419, 2579-2586.
https://doi.org/10.1111/j.1365-2966.2011.19906.x

Melia, F. (2021) Thermodynamics of the R, =ct Universe: A Simplification of
Cosmic Entropy. The European Physical Journal C, 81, Article No. 234.
https://doi.org/10.1140/epjc/s10052-021-09028-5

Melia, F. (2023) A Resolution of the Monopole Problem in the R, =ct Universe.
Physics of the Dark Universe, 42, Article ID: 101329.
https://doi.org/10.1016/j.dark.2023.101329

Christillin, P. (2014) The Machian Origin of Linear Inertial Forces from Our Gravi-
tationally Radiating Black Hole Universe. The European Physical Journal Plus, 129,
Article No. 175. https://doi.org/10.1140/epjp/i2014-14175-2

Pathria, R.K. (1972) The Universe as a Black Hole. Nature, 240, 298-299.
https://doi.org/10.1038/2402982a0

Zhang, T.X. and Frederick, C. (2013) Acceleration of Black Hole Universe. Astro-
physics and Space Science, 349, 567-573. https://doi.org/10.1007/s10509-013-1644-6

Poptawski, N. (2016) Universe in a Black Hole in Einstein-Cartan Gravity. The As-
trophysical Journal, 832, 9Article 6. https://doi.org/10.3847/0004-637x/832/2/96

Zhang, T.X. (2018) The Principles and Laws of Black Hole Universe. Journal of Mod-
ern Physics, 9, 1838-1865. https://doi.org/10.4236/jmp.2018.99117

Easson, D.A. and Brandenberger, R.H. (2001) Universe Generation from Black Hole
Interiors. Journal of High Energy Physics, 2001, Article 24.
https://doi.org/10.1088/1126-6708/2001/06/024

Gaztanaga, E. (2022) The Black Hole Universe, Part I. Symmetry, 14, Article 1849.
https://doi.org/10.3390/sym 14091849

Roupas, Z. (2022) Detectable Universes Inside Regular Black Holes. The European
Physical Journal C, 82, Article No. 255.
https://doi.org/10.1140/epjc/s10052-022-10202-6

Siegel, E. (2022) Are We Living in a Baby Universe That Looks Like a Black Hole to

DOI: 10.4236/jamp.2025.136115

2086 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2025.136115
https://doi.org/10.4236/jamp.2024.1210198
https://hal.science/hal-04357053.
https://doi.org/10.1007/s11038-025-09566-y
https://doi.org/10.1038/s41586-021-04294-5
https://doi.org/10.48550/arXiv.astro-ph/9905116.
https://doi.org/10.1093/mnrasl/sly243
https://doi.org/10.1111/j.1365-2966.2011.19906.x
https://doi.org/10.1140/epjc/s10052-021-09028-5
https://doi.org/10.1016/j.dark.2023.101329
https://doi.org/10.1140/epjp/i2014-14175-2
https://doi.org/10.1038/240298a0
https://doi.org/10.1007/s10509-013-1644-6
https://doi.org/10.3847/0004-637x/832/2/96
https://doi.org/10.4236/jmp.2018.99117
https://doi.org/10.1088/1126-6708/2001/06/024
https://doi.org/10.3390/sym14091849
https://doi.org/10.1140/epjc/s10052-022-10202-6

E. G. Haug, E. T. Tatum

(25]

[26]

(27]

(28]

(29]

(30]
(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

[42]

(43]

[44]

Outsiders? Hard Science, Big Think.
https://bigthink.com/hard-science/baby-universes-black-holes-dark-matter/

Lineweaver, C.H. and Patel, V.M. (2023) All Objects and Some Questions. American
Journal of Physics, 91, 819-825. https://doi.org/10.1119/5.0150209

Haug, E.G. (2024) The Extremal Universe Exact Solution from Einstein’s Field Equa-
tion Gives the Cosmological Constant Directly. Journal of High Energy Physics,
Gravitation and Cosmology, 10, 386-397.
https://doi.org/10.4236/jhepgc.2024.101027

Shamir, L. (2025) The Distribution of Galaxy Rotation in /WST Advanced Deep Ex-
tragalactic Survey. Monthly Notices of the Royal Astronomical Society, 538, 76-91.
https://doi.org/10.1093/mnras/staf292

Planck, M. (1899) Natuerliche Masseinheiten. Der Koniglich Preussischen Akademie
Der Wissenschaften: Berlin, Germany.
https://www.biodiversitylibrary.org/item/93034#page/7/mode/1up

Planck, M. (1959) Vorlesungen iiber die Theorie der Warmestrahlung [The Theory
of Radiation]. J.A. Barth, 163.

Bridgman, P.W. (1922) Dimensional Analysis. Yale University Press.

Einstein, A. (1916) Ndherungsweise Integration der Feldgleichungen der Gravitation.
Sitzungsberichte der Kéniglich Preussischen Akademie der Wissenschaften Berlin.
Adler, R.J. (2010) Six Easy Roads to the Planck Scale. American Journal of Physics,
78, 925-932. https://doi.org/10.1119/1.3439650

Hossenfelder, S. (2012) Can We Measure Structures to a Precision Better than the
Planck Length? Classical and Quantum Gravity, 29, Article ID: 115011.
https://doi.org/10.1088/0264-9381/29/11/115011

Hossenfelder, S. (2013) Minimal Length Scale Scenarios for Quantum Gravity. Living
Reviews in Relativity, 16, Article No. 2. https://doi.org/10.12942/lrr-2013-2

Haug, E.G. (2023) Different Mass Definitions and Their Pluses and Minuses Related
to Gravity. Foundations, 3, 199-219. https://doi.org/10.3390/foundations3020017
Newton, I. (1687) Philosophiae Naturalis Principia Mathematica. Jussu Societatis
Regiae ac Typis Josephi Streater. Prostat apud plures bibliopolas.
https://doi.org/10.5479/sil.52126.39088015628399

Cohen, I.B. (1998) Newtons Determination of the Masses and Densities of the Sun,
Jupiter, Saturn, and the Earth. Archive for History of Exact Sciences, 53, 83-95.
https://doi.org/10.1007/s004070050022

Maxwell, C. (1873) A Treatise on Electricity and Magnetism. Macmillan and Co.

Cavendish, H. (1798) Experiments to Determine the Density of the Earth. Philosophical
Transactions of the Royal Society of London, (Part II), 88, Article 469.

Clotfelter, B.E. (1987) The Cavendish Experiment as Cavendish Knew It. American
Journal of Physics, 55, 210-213. https://doi.org/10.1119/1.15214

Lally, S.P. (1999) Henry Cavendish and the Density of the Earth. The Physics Teacher,
37, 34-37. https://doi.org/10.1119/1.880145

Cornu, A. and Baille, J.B. (1873) Détermination nouvelle de la constante de
Pattraction et de la densité moyenne de la terre. Comptes Rendus Mathematique
Academie des Sciences, Paris, 76, 954-955.

Thiiring, B. (1961) The Gravitational Constant. Annales Academiz Scientiarum Fen-
nicae, 269.

Hossenfelder, S. (2022) Existential Physics: A Scientist’s Guide to Life’s Biggest Ques-

DOI: 10.4236/jamp.2025.136115

2087 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2025.136115
https://bigthink.com/hard-science/baby-universes-black-holes-dark-matter/
https://doi.org/10.1119/5.0150209
https://doi.org/10.4236/jhepgc.2024.101027
https://doi.org/10.1093/mnras/staf292
https://www.biodiversitylibrary.org/item/93034#page/7/mode/1up
https://doi.org/10.1119/1.3439650
https://doi.org/10.1088/0264-9381/29/11/115011
https://doi.org/10.12942/lrr-2013-2
https://doi.org/10.3390/foundations3020017
https://doi.org/10.5479/sil.52126.39088015628399
https://doi.org/10.1007/s004070050022
https://doi.org/10.1119/1.15214
https://doi.org/10.1119/1.880145

E. G. Haug, E. T. Tatum

(45]

[46]

(47]

(48]

[49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

(60]

(61]

tions. Viking Books.

Cahill, K. (1984) The Gravitational Constant. Lettere al Nuovo Cimento, 39, 181-184.
https://doi.org/10.1007/bf02790586

Cahill, K. (1984) Tetrads, Broken Symmetries, and the Gravitational Constant.
Zeitschrift fiir Physik C Particles and Fields, 23, 353-356.
https://doi.org/10.1007/bf01572659

McCulloch, M.E. (2016) Quantised Inertia from Relativity and the Uncertainty Prin-
ciple. EPL (Europhysics Letters), 115, Article ID: 69001.
https://doi.org/10.1209/0295-5075/115/69001

Haug, E.G. (2017) Can the Planck Length Be Found Independent of Big G ? Applied
Physics Research, 9, 58-66. https://doi.org/10.5539/apr.v9n6p58

Haug, E.G. (2020) Finding the Planck Length Multiplied by the Speed of Light with-
out Any Knowledge of G, ¢, or &, Using a Newton Force Spring. Journal of
Physics Communications, 4, Article ID: 075001.
https://doi.org/10.1088/2399-6528/ab9dd7

Haug, E.G. (2022) Planck Units Measured Totally Independently of Big G . Open
Journal of Microphysics, 12, 55-85. https://doi.org/10.4236/0jm.2022.122004

Fixler, ].B., Foster, G.T., McGuirk, J.M. and Kasevich, M.A. (2007) Atom Interferometer
Measurement of the Newtonian Constant of Gravity. Science, 315, 74-77.
https://doi.org/10.1126/science.1135459

Scholkmann, F. (2014) Indications for a Diurnal and Annual Variation in the Ani-
sotropy of Diffusion Pattern SNa Reanalysis of Data Presented by J. Dai. Progress in
Physics, 10, 137.

Andrews, J.J. and Bobowski, J.S. (2019) Automation of the Cavendish Torsion-Balance
Experiment to Measure G . European Journal of Physics, 40, Article ID: 035001.
https://doi.org/10.1088/1361-6404/ab01a8

Xue, C, Liu, J., Li, Q., Wu, ], Yang, S., Liu, Q., et al (2020) Precision Measurement
of the Newtonian Gravitational Constant. National Science Review, 7, 1803-1817.
https://doi.org/10.1093/nsr/nwaal65

Haug, E.G. (2022) Progress in the Composite View of the Newton Gravitational Con-
stant and Its Link to the Planck Scale. Universe, 8, Article 454.
https://doi.org/10.3390/universe8090454

Compton, A.H. (1923) A Quantum Theory of the Scattering of X-Rays by Light Ele-
ments. Physical Review, 21, 483-502. https://doi.org/10.1103/physrev.21.483

Levitt, L.S. (1958) The Proton Compton Wavelength as the ‘Quantum’ of Length.
Experientia, 14, 233-234. https://doi.org/10.1007/bf02159173

Trinhammer, O.L. and Bohr, H.G. (2019) On Proton Charge Radius Definition. EPL
(Europhysics Letters), 128, Article ID: 21001.
https://doi.org/10.1209/0295-5075/128/21001

Haug, E.G. (2023) The Compton Wavelength Is the True Matter Wavelength, linked
to the Photon Wavelength, While the de Broglie Wavelength Is Simply a Mathematical
Derivative. Qeios. https://doi.org/10.32388/OZ0IRU.5

Lan, S., Kuan, P., Estey, B., English, D., Brown, ].M., Hohensee, M.A., et al. (2013) A
Clock Directly Linking Time to a Particle’s Mass. Science, 339, 554-557.
https://doi.org/10.1126/science.1230767

Dolce, D. and Perali, A. (2015) On the Compton Clock and the Undulatory Nature
of Particle Mass in Graphene Systems. The European Physical Journal Plus, 130, Ar-

DOI: 10.4236/jamp.2025.136115

2088 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2025.136115
https://doi.org/10.1007/bf02790586
https://doi.org/10.1007/bf01572659
https://doi.org/10.1209/0295-5075/115/69001
https://doi.org/10.5539/apr.v9n6p58
https://doi.org/10.1088/2399-6528/ab9dd7
https://doi.org/10.4236/ojm.2022.122004
https://doi.org/10.1126/science.1135459
https://doi.org/10.1088/1361-6404/ab01a8
https://doi.org/10.1093/nsr/nwaa165
https://doi.org/10.3390/universe8090454
https://doi.org/10.1103/physrev.21.483
https://doi.org/10.1007/bf02159173
https://doi.org/10.1209/0295-5075/128/21001
https://doi.org/10.32388/OZ0IRU.5.
https://doi.org/10.1126/science.1230767

E. G. Haug, E. T. Tatum

(62]

(63]

(64]

(65]

[66]

(67]

(68]

[69]

(70]

(71]

(72]

(73]

(74]

(75]

(76]

ticle No. 41. https://doi.org/10.1140/epjp/i2015-15041-5

Kerr, R.P. (1963) Gravitational Field of a Spinning Mass as an Example of Algebraically
Special Metrics. Physical Review Letters, 11, 237-238.
https://doi.org/10.1103/physrevlett.11.237

Newman, E.T. and Janis, A.I. (1965) Note on the Kerr Spinning-Particle Metric. Jour-
nal of Mathematical Physics, 6, 915-917. https://doi.org/10.1063/1.1704350

Newman, E.T., Couch, E., Chinnapared, K., Exton, A., Prakash, A. and Torrence, R.
(1965) Metric of a Rotating, Charged Mass. Journal of Mathematical Physics, 6, 918-
919. https://doi.org/10.1063/1.1704351

Fixsen, D.]J., Kogut, A., Levin, S., Limon, M., Lubin, P., Mirel, P., ef al. (2004) The
Temperature of the Cosmic Microwave Background at 10 GHz. The Astrophysical
Journal, 612, 86-95. https://doi.org/10.1086/421993

Noterdaeme, P., Petitjean, P., Srianand, R., Ledoux, C. and Lépez, S. (2011) The Evolu-
tion of the Cosmic Microwave Background Temperature. Astronomy & Astrophys-
ics, 526, L7. https://doi.org/10.1051/0004-6361/201016140

Fixsen, D.J. (2009) The Temperature of the Cosmic Microwave Background. 7he As-
trophysical Journal, 707, 916-920. https://doi.org/10.1088/0004-637x/707/2/916
Dhal, S., Singh, S., Konar, K. and Paul, R.K. (2023) Calculation of Cosmic Microwave
Background Radiation Parameters Using COBE/FIRAS Dataset. Experimental As-
tronomy, 56, 715-726. https://doi.org/10.1007/s10686-023-09904-w

Murakami, Y.S., et al. (2023) Leveraging SN Ia Spectroscopic Similarity to Improve
the Measurement of /4, . arXiv: 2306.00070.

Riess, A.G., Yuan, W., Macri, L.M., Scolnic, D., Brout, D., Casertano, S., et al. (2022)
A Comprehensive Measurement of the Local Value of the Hubble Constant with 1
Km S~ Mpc™* Uncertainty from the Hubble Space Telescope and the SHOES Team.
The Astrophysical Journal Letters, 934, L7.
https://doi.org/10.3847/2041-8213/ac5¢5b

Tatum, E.T., Haug, E.G. and Wojnow, S. (2024) Predicting High Precision Hubble
Constant Determinations Based on a New Theoretical Relationship between CMB
Temperature and H,, . Journal of Modern Physics, 15, 1708-1716.

https://doi.org/10.4236/jmp.2024.1511075

Tatum, E.T. and Seshavatharam, U.V.S. (2024) How the Flat Space Cosmology Model
Correlates the Recombination CMB Temperature of 3000 K with a Redshift of 1100.
Journal of Modern Physics, 15, 174-178. https://doi.org/10.4236/jmp.2024.152008
Tatum, E.T. (2024) Upsilon Constants and Their Usefulness in Planck Scale Quantum

Cosmology. Journal of Modern Physics, 15, 167-173.
https://doi.org/10.4236/imp.2024.152007

Haug, E.G. (2024) God Time = Planck Time: Finally Detected! and Its Relation to
Hubble Time. Open Journal of Microphysics, 14, 40-66.
https://doi.org/10.4236/0jm.2024.142004

Melia, F. and Lépez-Corredoira, M. (2016) Alcock-Paczynski Test with Model-Inde-
pendent BAO Data. International Journal of Modern Physics D, 26, Article ID:
1750055. https://doi.org/10.1142/s0218271817500559

Melia, F. (2023) Model Selection with Baryonic Acoustic Oscillations in the Lyman-
aForest. Europhysics Letters, 143, Article ID: 59004.

https://doi.org/10.1209/0295-5075/acf60c

DOI: 10.4236/jamp.2025.136115

2089 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2025.136115
https://doi.org/10.1140/epjp/i2015-15041-5
https://doi.org/10.1103/physrevlett.11.237
https://doi.org/10.1063/1.1704350
https://doi.org/10.1063/1.1704351
https://doi.org/10.1086/421993
https://doi.org/10.1051/0004-6361/201016140
https://doi.org/10.1088/0004-637x/707/2/916
https://doi.org/10.1007/s10686-023-09904-w
https://doi.org/10.3847/2041-8213/ac5c5b
https://doi.org/10.4236/jmp.2024.1511075
https://doi.org/10.4236/jmp.2024.152008
https://doi.org/10.4236/jmp.2024.152007
https://doi.org/10.4236/ojm.2024.142004
https://doi.org/10.1142/s0218271817500559
https://doi.org/10.1209/0295-5075/acf60c

	Finding the Planck Length from the Union2 Supernova Database in a Way That Appears to Resolve the Hubble Tension
	Abstract
	Keywords
	1. Introduction and Background
	2. Planck-Quantized General Relativity Theory 
	3. How Finding the Planck Length from the Union2 Supernova Redshift Database Appears to Resolve the Hubble Tension by Putting Constraints on  
	4. Supernova Team  Determinations Point to Incorrect CMB Temperature Predictions from Union2 Supernova Redshifts
	5. Additional Arguments in Support of a Hubble Tension Solution
	6. Possible Underlying Reasons Why We Appear to Have Resolved the Hubble Tension and Dramatically Increased Precision in Estimates
	7. CMB Power Spectrum
	8. Conclusion
	Data Availability Statements
	Conflicts of Interest
	References

