Pre prints.org

Article Not peer-reviewed version

The Photon Energy Density Parameter
Qy of the Universe Exactly Derived

Espen Haug i
Posted Date: 27 March 2024
doi: 10.20944/preprints202403.1663.v1

Keywords: Photon energy density parameter; Friedmann equation; critical density; Thermodynamical
Friedmann equation

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions.of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.




Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 March 2024 d0i:10.20944/preprints202403.1663.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
The Photon Energy Density Parameter (), of the
Universe Exactly Derived

Espen Gaarder Haug

Norwegian University of Life Sciences, Christian Magnus Falsensvei 18, Aas, Norway As, Norway; espenhaug@mac.com

Abstract: We will demonstrate that the photon energy density parameter (), of the universe can be derived
exactly in Ry, = ct cosmology. We find that it must be (), = ﬁ A 5.52621330180192 x 10~°. This indicates that

there is no uncertainty in the radiation density within at least some sub-classes of R;, = ct cosmology.
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Deriving the Photon Energy Density Parameter ().,
The photon energy density: p, is normally found by doing the following integral:

oot = [ hon(o)dv = a,T3 1)
0
which mean we have:
ay T4
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where the radiation density constant: a;, is given by:
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In 1978, Emslie and Green [1] presented the photon energy density relative to the critical Fried-
mann energy density as:

Py
Oy = —
POc
aTé‘
2
8nG
T

Haug and Tatum [2] have recently shown that the Friedmann [3] equation can be expressed in
thermodynamic form, indicating that the critical density must be given by:

3Hy 230407
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By replacing this into equation (4) one get:
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Q.0 = ﬁz5.52621330180192x10*5 (6)
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This implies that the photon density parameter remains exact for all cosmic time epochs. This
consistency aligns with at least two potential types of R;, = ct cosmological models. It is conceivable
within growing black hole models, as exemplified in [4], and also within steady-state black hole
cosmology, where the metric from general relativity suggests that density inside the black hole varies
as one approaches the center, as discussed in [5,6]. Additionally, this holds true in the extremal universe
scenario, where the density inside the black hole’s Hubble sphere varies, as indicated in [7]. The idea
of black hole cosmology goes at least back to 1972 by Pathria [8] and is actively discussed to this day
[9-17], even if the A-CDM model currently takes most headlines.

When observing the black hole (Hubble sphere), it resembles a growing black hole model due to
the density change along the radius in the steady-state black hole.

In Rj, = ct black hole cosmology in earlier epochs of the universe, we must have:

ay T (1+2)* _ apT}
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Furthermore, we must have a critical density, as demonstrated by Haug and Tatum [2,18], of:

 3H,
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By substituting these into the equation below, we obtain:
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In a black hole growing R, = ct cosmology during the entire cosmic epoch, the photon radiation
density ratio remains constant and exact. This is likely inconsistent with the predictions of the A-CDM
model in earlier times, but it should be correct for the current time as well.
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