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Abstract 
We will outline the relationship between luminosity distance and cosmological 
redshifts, demonstrating that it is consistent with a new cosmological model re-
cently proposed by Haug and Tatum [1], which appears to resolve the Hubble 
tension within the hR ct=  cosmology. 
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1. Luminosity Distance Consistent with the Haug and  
Tatum Cosmological Model 

According to the Stefan-Boltzmann law [2] [3], the luminosity of a spherical black 
body is given by: 

2 44L R Tσ= π                           (1) 

where T  is the black body temperature and 
5 4

2 3
2
15

bk
c h

σ π
=  is the Stefan-Boltzmann  

constant (where bk  is the Boltzmann constant), R  is the radius and L  is the 
luminosity. 

Let us assume this also holds true for a Schwarzschild [4] black hole (see 

[5]), where 2
2

s
GMR R
c

= = , meaning the radius is equal to the Schwarzschild  

radius. Solving for the radius, one gets: 

44L
LD R

Tσ
= =

π
                       (2) 

Furthermore, the flux density is given by: 

24
LF
R

=
π

                           (3) 
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This means we also have: 

4L
LD R
F

= =
π

                       (4) 

This is also called the luminosity distance. Moreover, we must have: 
2

2
t t

H H

F R
F R

=                           (5) 

where tF  is the flux density in a growing black hole in the hR ct=  cosmologi-
cal model at time t  and at radius tR , and HF  is the flux density. 

Haug and Tatum have demonstrated that if ( )0 1tT T z= +  (which seems to be 
supported by observations, see [6]-[8]), then in their type of hR ct=  cosmology, 
one must have: 

1
2

1h

t

Rz
R

 
= − 
 

                        (6) 

Solved for hR , this gives: 

( )21h tR R z= +                        (7) 

where tR  is the co-moving transverse luminosity distance. This also means the 
luminosity distance must follow accordingly. We can rearrange this to: 
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We define h tR R D− = , which is the distance to the object emitting photons 
toward us, so we have: 

( )

2

2
0

2
1

cz czD
H z

+
=

+
                        (9) 

This is the same formula that Haug and Tatum have presented, namely: 

( ) ( )

2

2 2
0 0

1 21
1 1

c cz czD
H z H z

  +
= − = 

 + + 
               (10) 

when 1z  this can be approximated as: 

0

2czD
H

≈                            (11) 

The well-known Etherington [9] equation gives the relationship between the 
luminosity distance of standard candles and the angular diameter distance, which 
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is given by: 

( )21L AD z D= +                        (12) 

Here, AD  represents the angular-diameter distance. We can see that this 
closely resembles our Equation (7). We have already proven that the luminosity 
distance in our hR ct=  cosmology is identical to hR  (at present) and that before 
the present time, it corresponds to tR . This implies that we have essentially  
demonstrated that the angular-diameter distance is identical to the luminosity 

distance in the Haug and Tatum cosmology model, which assumes 

1
2

1h

t

Rz
R

 
= − 
 

.  

However, this should naturally be studied carefully over time; for example, one 
should carefully study whether the Etherington formula is also valid under 

hR ct=  cosmology. We suspect it is, as our theory is consistent with the critical 
Friedmann equation [10]. It is also worth mentioning that there is a different  

variation of the Haug and Tatum cosmology, where they propose 1h

t

Rz
R

= − , 

which would yield different results that could also be studied further. However, as 

we will point out in the next section, the scaling 

1
2

1h

t

Rz
R

 
= − 
 

 seems preferable. 

2. hR ct=  Model Distance and the Hubble Tension 

The Hubble tension remains unresolved in standard cosmology, see Valentino et 
al. [11]. Krishnan et al. [12] have even suggested that the Hubble tension could 
even indicate a breakdown in standard cosmology, that is, in FLRW, which is the 
cornerstone of Λ-CDM cosmology. 

Haug and Tatum [1] have shown, through a combination of trial-and-error 
methods and intelligent search algorithms, that the Hubble tension can be re-
solved within a specific class of hR ct=  cosmology, where the Hubble sphere is 
essentially treated as a black hole. They achieve this by fitting their model to the 
complete distance ladder of observed Type Ia supernovae from the Union2 data-
base, where they get a close to perfect fit without the need to rely on dark energy 
or any additional free parameters. This is made possible by a new exact mathe-
matical relationship between the current (and past) CMB temperature and the 
Hubble constant, in conjunction with the hR ct=  principle. 

They achieved this for both a model with 

1
2

1h

t

Rz
R

 
= − 
 

 and a model with 

1h

t

Rz
R

= − . However, they have shown that only 

1
2

1h

t

Rz
R

 
= − 
 

 predicts tT =

( )0 1T z+ , which is consistent with observations. The more commonly assumed 

1h

t

Rz
R

= − , is inside this framework instead consistent with ( )
1
2

0 1tT T z= +  that  
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do not seem supported by observational studies. 
Haug [13] has recently extended on the Haug-Tatum model and provided a formal 

mathematical proof that the Hubble tension can be resolved by a closed-form  

solution for the more general redshift function 1
x

h

t

Rz
R

 
= − 
 

, where x  can take  

any real value. The Haug-Tatum model is a special case of this general model, with 
1
2

x =  and 1x = . Resolving the Hubble tension alone is not sufficient for a model  

to be considered a good representation of the cosmos; it must also be consistent 
with various other cosmological aspects. Haug demonstrates that only when  

1
2

x =  (the Haug-Tatum model) does it predict and remain consistent with the 

observed ( )0 1tT T z= +  relationship. Furthermore, only when 1
2

x =  do all  

three distances-luminosity distance, angular diameter distance, and comoving 
distance-become the same. 

All of these hR ct=  cosmological models based on the Haug-Tatum model 
will predict the same Hubble constant, but only one appears consistent with 

( )0 1tT T z= + , which is also the model that offers maximum simplification, as the 
three different distances converge into one. 

In conclusion, we can infer that the Λ-CDM model likely predicts incorrect dis-
tances for emitting photons. Additionally, its various types of distances for a given 
observed z  seem overly complex, even if such complexity is required when as-
suming accelerated expansion of space. While this is internally consistent within 
their model, a much simpler model seems capable of explaining the cosmos. The 
Haug-Tatum model strongly suggests that no accelerated expansion is necessary 
and that a simpler model can address phenomena such as the Hubble tension. 

3. The Mattig Formula  

The Mattig [14] formula (see also [15]) is used to calculate the luminosity distance 
in terms of redshift and is inside FLRW cosmology given by: 

( )( )
( )

0 0 0

2
0 0

1 1 2 1

1

q z q q zcR
H q z

+ − + −
=

+
                 (13) 

If we set 0 1q = , we obtain: 

( )0 1
czd R

H z
= =

+
                        (14) 

This is the same distance as given by the Haug and Tatum model when they  

assume 1h

t

Rz
R

= − . The first-term Taylor series expansion of this is the well-known  

distance formula often used in the Λ-CDM model: 

0

czd
H

≈                             (15) 
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4. Speculative Equivalent Mattig Formula  

for ( )
1
2 1h tz R R= −  Scaling 

We are suggesting a speculative modification to the Mattig [14] formula in an  

attempt to make it consistent with 

1
2

1h

t

Rz
R

 
= − 
 

. Equation (16) is the only  

equation in this paper that is not strictly based on derivation, so it should simply 
be regarded as an initial guess (that could be wrong). The idea is that the Mattig 
formula may require modification to accommodate the redshift scaling  

1
2

1h

t

Rz
R

 
= − 
 

 inside hR ct=  cosmology. Based on a qualified assumption, we  

propose the following: 

( ) ( )
( )

2 2
0 0 0 0

22
0 0

2 1 1 2 1

1

q z z q q q zcd
H q z

+ + − + −
=

+
            (16) 

When 0 1q = , we obtain: 

( )

2

2
0

2
1

cz czd
H z

+
=

+
                        (17) 

This is equivalent to the distance Haug and Tatum [1] presented when they  

assume 

1
2

1h

t

Rz
R

 
= − 
 

. Naturally, someone should derive an equivalent Mattig  

formula from scratch, as our speculative suggestion in this section could be wrong 
as it is not based on derivations but a speculative guess. It is simply meant to point 
to an additional idea that can be investigated. 

5. Conclusion 

The Haug-Tatum cosmological model, in which they propose the redshift scaling  
1
2

1h

t

Rz
R

 
= − 
 

, leads to a co-moving luminosity distance relationship of hR =  

( )21tR z+ , as was already indirectly suggested in their paper. We have pointed 
out that the angular diameter distance in their model appears to be identical to 
this. In our hR ct=  cosmological model, it seems that many types of cosmolog-
ical distances converge to the same value. We suspect that some of the many dif-
ferent types of cosmological distances in the Λ-CDM model may result from an 
overly complex framework that does not represent the cosmos as accurately. 
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