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Cosmic Neutrino Background (CvB) Temperature
Derived from the Stefan Boltzmann Law in

Ry, = ct Cosmolgy
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Abstract: We are proposing a temperature formula for the Cosmic Neutrino background (Cv)B temper-
ature that can be derived from the Stefan-Boltzman law under certain assumptions, such as Ry, = ct
cosmology. Our derived formula gives a prediction of the CvB temperature of 1.9336K £ 0.0072K
which is in line with the current literature on the topic.
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1. CMB Temperature

In contrast to the cosmic microwave background the cosmic neutrino background is very hard to
detect directly as neutrinos are only known to have very weak interactions with other particles [1], so
before we get to how to predict it we will sumamrize some important development in relation to the
CMB temperature. The CMB temperature is approximately 2.725K [2-6]. Tatum et. al [7] suggested
based on heuristics in 2015 that the CMB temperature for Ry = ct cosmology could be given by:

hc3 he

T = e
M 087G/ Moy kydr\/R2I,

where R; = H% =ctl, = ,/%h represents the Planck [8,9] length, and k; denotes the Boltzmann

2R
constant. Furthermore M, ; = c ZGHf is the time dependent critical Friedmann [10] mass.

1)

Haug and Wojnow [11,12] have demonstrated that the following formula can be derived from the
Stefan-Boltzmann law:
T, |21
o\ e @)

cmb,t =
81 RHt

where T), = \/T%S = m,fbcz is the Planck temperature. That Haug and Wojnow also demonstrated can
be re-written into the Tatum et al formula.

Haug and Tatum [13] have indicated it also can be derived from geometric principles in a Rj, = ct
type universe. See, for example, [14]. Haug [15] has demonstrated that the CMB temperature simply
can be predicted as:

Tcmh,t =V Tmamein,t 3)

where Tyay = kb Silrfémp = kbgfr T is the Hawking [16] temperature of a Planck mass black hole
— hc3 _ hic : :
and Ty, = RSTCMy;, —  RdrRp is the Hawking temperature of the Hubble sphere, when

2R
My, = My = CZ—GHf is the black hole mass equal to the critical Friedmann mass.

Equation 1, 2 and 3 are different ways to express the same. The most intuitive way is likely
Tembt = \/Timax Tonin ¢ @s it shows the CMB temperature is simply the geometric mean of the lowest and
highest possible temperature in the universe, something that is consistent with the universe being a
ideal heat engine (Carnot engine).
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2. Derivation of CvB Temperature from the Stefan-Boltzmann Law

The Cosmic Neutrino Background temperature is assumed to be approximately 1.95K (see [17]).
The cosmic microwave background (CMB) radiation spectrum is known to be that of a nearly perfect
black body. This has been pointed out by for example Muller et al. [18]:

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

It is natural to assume also the Neutrino background fits well the assumption of almost a perfect
black body and thereby one should be able to use the Stefan-Boltzmann law for deriving the CvB
temperature. From the Stefan-Boltzmann law, the Neutrino “luminosity" of the Hubble sphere must
should be given by:

Ly = 4nR%,0T} 4)

where T, is the Neutrino background temperature of the Hubble sphere. This should likely at least be
a good first approximation as Neutrinos moves with almost indistinguishable speed to the speed of
light so they behave like heat radiation.
Further the Hawking temperature of a Planck mass black hole must be as shown by Haug and
Wojnow [11]:
h anh7 fic Tp

_ hg _ s _ _
Thwyp = 2nick, — 2mck,  8mlpk, 87 ©)

We will assume Planck mass black holes are building blocks are linked to a hypothetical
Planck mass particle that plays a central role in nature and cosmos, something discussed by
Motz and Eppstein [19] as well as Haug [20]. The energy passing through a sphere with a radius
equal to the Reissner-Nordstrom [21,22] extremal solution or the Haug Spavieri [23] minimal solution
of a Planck mass black hole must be:

Ly

= ) 6
4rmr? ©)
where r;, = GC—ZM = %rs is the extremal black hole event horizon. The radiant flux absorbed by the

Planck mass black hole cross-section 772 = nl}% is thus expressed as:

2 4 2 24TRy 0T} 2 _rd
@)
Solved for T, this gives:
ZP
T, = THw,p E
T I h

T, = —L4L = ¢ ~ 1.9336K + 0.0072K. 8)

g RH B Sﬂkb\/RHlig

which is very close to what is also estimated by the standard cosmological model, as seen in [17,24,25],
of about 1.95K. We have used a Hy = 67.4 0.5 km/s/Mpc as given by the Particle Data Group (PDG)'
in their Astrophysical Constants and Parameters. We have naturally also taken into account the uncer-
tanity in the Planck length and used the NIST CODATA value of I, = (1.616255 4 0.000018) x 10~ m.

1 https:/ /pdg.Ibl.gov/2023/reviews/rpp2023-rev-astrophysical-constants.pdf
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However, unlike the CMB temperature [2,3,6], the CvB temperature has not been measured, as neutri-
nos interact so weakly with other particles that it is hard to measure, however it could be that we in
the future are able to measure the CvB background temperature also.

3. Further Discussion

Equation (8) above is likely related to metrics such the Haug Spavieri metric and the extremal
solutions off Kerr [26], and Kerr-Newman [27,28], as seen in [29]). The Haug-Spavieri metric as well
as the extremal Reissner-Nordstrom metric leads to a total mass-energy in the observable universe
given by:

®Ry | *AR}, Ry

Mi==5c*%=% ~ ¢ ©)

2
The first part, %, is identical to the critical Friedmann mass. The second part is linked to

relativistic gravitational energy and the cosmological constant (“Dark energy"), which has an exact

value of A = 3(%) = R% This latter part of the total mass represents relativistic gravitational
H
energy, which can also be considered dark energy since only gravitational interactions from it are likely

observable. We can also write the CvB temperature as:

3 1 VH,
fe f _ _WHo ~ 1.9336K + 0.0072K.  (10)

c
= = h = =
kb87TG\/Mump ‘/RHZp kb87'[ kbgﬂ,/thtp kb87'[\/tp

where M, represents the Haug-Spavieri universe mass as well as the Reissner-Nordstrom extremal

T,

universe mass [29] given by M, = 2M, = CZGA, where R; = ct. This is equivalent to the critical
Friedmann mass plus 50% dark energy, which essentially constitutes relativistic gravitational energy
interacting with matter. The Haug-Spavieri universe adheres to Ry = ct and also to the Haug extremal
universe. This naturally implies that the formula is applicable to any cosmic epoch. However, further
investigation is warranted, both mathematically and experimentally, as each metric and argument
used must be carefully investigated before one hastily draws conclusions.

4. Neutrino Density and Neutrino Density Parameter

We further predict that the density of the CvB radiation must be based on Planck’s radiation law
which should result in:

1 /o abT4
Pt = C—Z/O hon(v)do = sz't (11)

214
ek
i, — b
c 15c37

Haug and Tatum [? ] has demonstrated that the critical Friedmann density can be written as:

3H? 4 230407
Pert = 871’& = Tcmb,tciga

where a;, =

~ is the radiation constant.

(12)

214
where ¢ = a7 = 67(;;723 is the Stefan-Boltzmann constant and a;, = %(7 is the radiation constant and
Temp,t is the CMB temperature. The neutrino density parameter is defined as (), = % so we get:
0 %UT;IJ
0 = -
P~ Th P
4
O _ Tv,t
v T4
T2 157607
Q, = L 138x10°° (13)
YT 230407 T

This means the Neutrino temperature after the neutrino decoupling can be written as (see also [30])
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c 1 3¢20), 1
T,:=h =4 LA 14
v Rl k8 \ 87Gay, 172 (14)

If weinput t = HLO and are using a Hy = 66.9 km/s/Mpc (see Haug and Tatum [31] for estimation

3c¢20) 1
Tyo=+ Y~ 193K 1
vo \ 87Gay, (L)l/z %3 (15)

Hy

of such a Hy ) we get

Which is very close to the assumed CvB temperature in standard theory also [17], despite calcu-
lated from Ry, = ct.
Equation (14) is not restricted only to a specific Ry, = ct model, but can be used to predict the
CvB temperature also in other models that uses different assumptions and therefore have a different
function or value for Q.
It is also interesting to note that we have:
Q, py 5760 1

= == 16
Q, o, 230407 4 (16)

An interesting question is why the CvB density would be exactly one fourth of the CMB density. If this
is correct also in the real universe, what would be the physical explanation for this? We do not yet
have the answer, but we encourage others to research this as well.

5. Further Discussion

The derivations above are based on certain assumptions, such as the metric solutions of Reiss-
ner—Nordstrém or the Haug-Spavieri metric. While the CMB temperature has been measured with
high precision and aligns well with recent developments in CMB predictions, the CvB temperature
remains highly uncertain from an observational standpoint. Therefore, theoretical models regarding
it should remain open to revision. The uncertainty primarily lies in (),; however, there is no such
uncertainty in the model derived above, which yields an exact value of (), = m. Gtill, this result is
based on assumptions that, with today’s technology, are difficult to test due to the challenges involved
in measuring the CvB temperature.

An interesting question is why the predicted neutrino and CMB energy densities are so close

in value. Specifically, why do we find that the CvB density is exactly a quarter of the CMB density:
v 1
py 4
many other questions warrant further investigation.

. Could the CvB be more closely related to the CMB than is commonly assumed? This and

6. Conclusions

We have suggested a formula that links the CvB temperature and the Hubble constant (Hubble
radius and Hubble time), as well as actually also linking the CvB to the CMB temperature, as we,

based on the derivations above, must have the following relation: TCT;h = L ~0.70711 and further

V2
that % = %, through the cosmic epochs of Ry, = ct cosmology. Furthermore, we have derived a CvB
density parameter equal to (), = m = %Q% valid for any time after neutrino decoupling inside
Ry, = ct cosmology.
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