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(2023) Adiabaticity Violated Not Enough:

Presume Primordial Black Holes to Gener- ~ 1nstant preheating as given in terms of window where adiabaticity is violated
ate Gravitons for Cosmological Constant,  is a completely inefficient form of particle production if we use Padmandab-
as Candidate for DE Initially. Journal of High
Energy Physics, Gravitation and Cosmolo-
g7 9, 100-107.
https://doi.ore/10.4236/ihepgc.2023.91009 initial “mass” formed about 10 times Planck mass into graviton emitting 10°

han scalar potentials. This necessitates using a very different mechanism for
early universe gravition production as an example which is to break up the

gram sized micro black holes. The mechanism is to assume that we have a
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different condition than the usual adiabaticity idea which is connected with
reheating of the universe. Hence, we will be looking at an earlier primordial

black hole generation for generation of gravitons.
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1. Start off with the Following from [1] [2] with an Assumed
Value as Stated
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This of course makes uses of
TZ
H=1.66 \/g _ _ temperature (2)
mp

We will make the following calculation [3] [4] where we start off with [3],
page 19 that:

Whereas
4
0.022 v(v—l)/l2
V, = = > (3)
Y} qufolds 8TCGmP

We can then set the coefficient 1 asa dimensionless parameter which can be
calculated by Equation (3).
Whereas we will look at from [4] how to obtain a bound on the inflaton via

what is in page 125

g g
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Whereas from [4] and its page 125 there is a number, per unit volume a pro-

(4)

duction of y particles
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2. Start off g° and Time t Values Picked for Equation (5)

for pre Heating Particle Production? We See Almost No
Particle Production This Way via the Mechanism of
“Particle Density”
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The smaller time is, the more the value of the initial particle generation is, per
volume. ie. if this means that we have a large N(effective) value, it means that
there are almost no particles generated. The N(eff) refers to the number of e
folds for inflation. Meaning that there would be almost NO particles generated
per unit time INITIALLY by the mechanism of Pre Heating.

3. What Would Be a Way to Generate Particles? Decay of the
Inflaton?

Again going to [4], if we look at the decay product for inflaton by use of a for-
mula given in page 118
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Here, we would be interpreting m as being the mass of the inflaton. In this
case, the Corda value given in [5] The normalization of mass, would be in terms
of the Planck units, with the mass of Planck’s mass normalized to 1 and the value
of m in Equation (8) would then be in terms of a number times Planck mass,
meaning that Equation (8) would then be a numerical value

The value would then be if we are looking at Planck units, as given in [5] for
m a value of about 10* grams, for the presumed mass of an inflaton field whe-
reas Planck mass would be about 10~ grams

Meaning per unit time a value of 10%

This is an ENORMOUS decay rate, and it presumes an inflaton mass of about
10? grams, as given in [5]. Since we do not know WHAT m is exactly, we would
have to look at a different mechanism for a value of m which would perhaps tie

in with other mechanisms for decay and primordial mass than the inflaton

4. Use of Primordial Black Holes Assumed to Be of Greater
than or Equal to Planck Mass in Initial Configuration

This is from [6] and we quote it exactly.

quote

Why we consider BECs and Equation (10), Ze. if there is a break up of massive
black holes into say Planck mass sized black holes, as or about the Planck era,
very likely will not have a surviving signal which has a chance of being measura-
ble in the CMBR data. Le. the discussion of Equation (2) below uses the device of
having BEC condensation in gravitons for masses up to about 10 grams or so,
and in doing so a dodge as to getting entropy counts per black hole.

That is after the black hole masses, as given in Equation (10) are likely built up
by the consolidation of two mini black holes going through an inspiral collapse,
as has been modeled in GW

MP

\/ N, gravitons

My, = N,

gravitons -M P
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Here, the first term, m, is in the effective mass of a graviton. This is my take as

m =~

to how to make all this commensurate as to special relativity.

m M
m~ £ ~ P ~107" grams (10)
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The effective mass of a graviton so discussed is due to the huge acceleration of
the massive graviton. Mainly the effective mass would be 10* times greater than

the rest mass, of 107 grams and this is using [7] [8]

N ~10" (11)

* * * ¥ gravitons

With this, if say one has a 1 gram black hole, about 10° times larger than a
Planck mass, one would be having say an entropy generated this way of about
10", assuming Planck normalization and we are counting massive acceleration
of a heavy graviton mass.

This is assuming massive acceleration of heavy gravity, as to have 10" gravi-
tons for a 10° gram mini black hole. According to the ideas presented it would
then entail 10° mini black holes formed.

Equation (11) above would be for a single black hole, and if we take into ac-

count, 10° initial primordial black holes, we would be seeing

~10°x N

graviton

N, ~(number black holes)x N,

graviton

~10'° (12)

Doing so would mean that we would have say Equation (12) commensurate
with Equation (8).

How could we interpret this? Easiest way would be that the decay rate as in
Equation (8) is over a specified time interval and that the production of gravi-
tons would be the decay rate leading to particle production of gravitons ie. the
effective mass would be about 10% times Planck mass, according to [9] whereas
we would be forming 10° black holes, of micro sized 10° grams, for black holes

which could then release gravitons.

5. Reconciling What We Did with [9]

The value of the initial effective mass is about 10* times larger than the mass of a
mini black hole of about 10° grams. What we did in [9] is to specify an initial ef-
fective mass roughly commensurate with the mass of the universe and what is
done in this paper as to Equation (12) is to consider a much smaller mass asso-
ciated with primordial black holes, say of 10" grams, a shrinkage of 107* in the
initial effective black hole mass generated.

The huge drop off of mass would be commensurate with the radiation of the ef-

fective mass of [9] dwarfing the primordial black hole creation regime of space-time.

6. Relationship to Energy Values, and Also the Degrees of
Freedom Initially with Questions to Be Asked and
Investigated

In an earlier paper, we have the following value for initial mass [9]

M = \/\/g ﬂ ’ \/% V NGravituns ' ml’lanck

64n’m,G’k;,
P B ( 1 3)
1.66 o
—_— = 14l SN el EN| . . ~ .
Planck Units 8 647[2 mPlanck NGravnons mPlanck 10 mPlanck
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The N gravitons in this calculation have Not been accelerated at nearly the
speed of light and are of the effective mass for an initial configuration. This is a
toy calculation in order to ascertain what the effective mass A/ would be poten-
tially capable in terms of initial space time entropy. And we would be consider-
ing the mass of massive gravitons NOT accelerated at the speed of light.

The value of Equation (11) refers to the production of massive gravitons, each of
which would be accelerated so drastically that we would be employing Equation (10)

What we would be doing would be in future research to confirm these details as
well as giving more tie in if possible with [5] and see what could be done to give fur-
ther confirmation in Planck time to this calculation in [9] with [5] as a back up

If so recall from [9]

1.66
g ~10% 14
& 64n° (14)

How could this be reconciled with [5]? I would look at that one. In addition if
we are looking at rest mass calcultions can make the bridge done by Novello [10]
as to rest mass of a graviton, and the cosmological constant not in contradiction
to [5] [9]. And this paper?

If so, by Novello [10] we then have a bridge to the cosmological constant as

given by

m, = (15)
All these steps need to be combined and rationalized three different pieces.

7. Comparison with the Idea of Vacuum Energy as Brought
Up by [11] Cheng

Ina [11] Cheng on page 272-273

4
p,\C2=ﬂ%l-J.OE/C /p2c2+m2~4npd3 N E
2 (27:?1)

v " 16m - (ne)’
(3x107ev)’ (16
E=Ep ( hc)3
Whereas if we scale the actual vacuum energy value, the numerator is so
(3x107ev)’ (2.5x10% ev)’
Prc = ( hc)3 Critical density ( hc)3 (17)

In other words, we see energy of about 107 smaller so then we have to look at
what would cause it.

To do this consider say what if we had graviton production so that
E(field theory) ~ m, ~107° g 107 eV
E(vacuum meas) ~ 10 g~ 107 g ~ 107 eV (18)
E(gravion rest) ~ 10 g~ 107 eV
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Assume then that what is involved is say 10'° gravitons, and then when we do
the acceleration of gravitons to nearly the speed of light, we have say a generated
relativistic increase due to relativistic mass of about 10" from the rest mass in-
itially for a massive graviton.

We could say presume that we have 10* small black holes, meaning a release of
about a million gravitons being released per black hole. In primordial space time
in order to form DE/Cosmological constant.

The idea is that the 10* number of small initial black holes may be enough to
give initial formation of DE via a cosmological constant.

Keep in mind that in Equation (8) we were thinking of a much larger number
of black holes, namely 10 for the total decay of the inflaton.

The difference between 10% in terms of essential black holes needed to form a
cosmological constant, and DE, and the figure 10'* number of black holes being
generated by the TOTAL decay of the inflaton means that DE would be gener-
ated after 10* black holes, WELL before 10 black holes created by the decay of
the inflaton Ze. this would be similar in effect to the value of a large number of
primordial black holes being released as given by the Starobinsky model [12]
[13].

Our model is a bit different but we agree to a point with the start of their hy-
pothesis. Keep in mind that this is in tandem with [8] for a rapid dissemination

of gravitons as given in [8] from extremely small micro black holes.

8. Conclusions: An Open Question Here. Can the Holographic
Model of DE Provide Additional Insight?

In [14] we have that as given on page 201 that we have a holographic DE model
given by [15] with ¢ defined in [15]

P = 3Ezml2,L’2 (19)

Where the variable L is defined by
L=1/R, (20)

And R, isthe so called future event horizon defined by

» da
Ry=a-[ 21)

This would yield an equation of state given by

=3T3 53 22

The author, myself, would take some variant of this argument, Z.e. an applica-
tion, with suitable modifications of the Holographic model, in order to ascertain
the reasons for the formation of DE say with 10* micro black holes as suggested
in the above discussion for the formation of a cosmological constant, and use
that to reconcile the figure of 10* black holes in order to form DE via the cos-

mological constant as separate from the figure of 10*® done for black hole pro-
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duction created by the decay of the inflaton in a complete sense.
Doing that would allow for making sense of early universe conditions and also

tie in with additional review and checks upon the Corda hypothesis given in [5].

Acknowledgments

This work is supported in part by National Nature Science Foundation of China
grant No. 11375279.

Conflicts of Interest

The author declares no conflicts of interest regarding the publication of this pa-

per.

References

[1] Sarkar, U. (2008) Particle and Astroparticle Physics. Taylor and Francis, New York.
https://doi.org/10.1201/9781584889328

[2] Padmanabhan, T. (2006) An Invitation to Astrophysics. World Scientific Series in
Astronomy and Astrophysics, Volume 8, World Press Scientific, Singapore.
https://doi.org/10.1142/6010

[3] Li, B.J. and Koyamja, K. (2020) Modified Gravity. World Scientific, Hackensack.

[4] Dimopoulos, K. (2021) Introduction to Cosmic Inflation and Dark Energy. CRC
Press, Boca Raton. https://doi.org/10.1201/9781351174862

[5] Corda, C. (2011) Primordial Gravity’s Breath. Electronic Journal of Theoretical Phys-
ics, 9, 1-10. https://arxiv.org/abs/1110.1772

[6] Beckwith, A.W. (2021) Does the Penrose Suggestion as to Black Holes from a Prior
Universe Showing Up in Today’s Universe Have Credibility? Examined from a Sin-
gular, and Nonsingular Beginning of Cosmological Expansion. Journal of High
Energy Physics, Gravitation and Cosmology, 7, 149-171.
https://doi.org/10.4236/jhepgc.2021.71008

[7] Chavanis, P.H. (2012) Self Gravitating Bose-Einstein Condensates. In: Calmet, X.,
Ed., Quantum Aspects of Black Holes, Fundamental Theories of Physics, Vol. 178,
Springer Nature, Cham, 151-194. https://doi.org/10.1007/978-3-319-10852-0 6

[8] Calmet, X., Carr, B. and Wityhstanley, E. (2014) Quantum Black Holes. Springer
Briefs in Physics, Springer Verlag, New York.
https://doi.org/10.1007/978-3-642-38939-9

[9] Beckwith, A. (2022) How Initial Degrees of Freedom May Contribute to Initial Ef-
fective Mass. https://vixra.org/abs/2209.0144

[10] Novello, M. (2005) The Mass of the Graviton and the Cosmological Constant Puz-
zle. https://arxiv.org/abs/astro-ph/0504505

[11] Cheng, T.P. (2012) Relativity, Gravitation and Cosmology, a Basic Introduction.
2nd Edition, Oxford Master Series in Particle Physics, Astrophysics and Cosmology,
Oxford University Press, Toronto.

[12] Frolovsky, D., Ketov, S.V. and Sultan, S.P. (2022) Formation of Primordial Black
Holes after Starobinsky Inflation. Modern Physics Letters A, 37, Article ID: 2250135.
https://arxiv.org/abs/2205.00603

https://doi.org/lO.l142/80217732322501358
[13] Frolovsky, D., Ketov, S.V. and Saburov, S. (2022) E-Models of Inflation and Pri-

DOI: 10.4236/jhepgc.2023.91009

106 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2023.91009
https://doi.org/10.1201/9781584889328
https://doi.org/10.1142/6010
https://doi.org/10.1201/9781351174862
https://arxiv.org/abs/1110.1772
https://doi.org/10.4236/jhepgc.2021.71008
https://doi.org/10.1007/978-3-319-10852-0_6
https://doi.org/10.1007/978-3-642-38939-9
https://vixra.org/abs/2209.0144
https://arxiv.org/abs/astro-ph/0504505
https://arxiv.org/abs/2205.00603
https://doi.org/10.1142/S0217732322501358

A. W. Beckwith

mordial Black Holes. Frontiers in Physics, 10, Article ID: 1005333.
https://doi.org/10.3389/fphy.2022.1005333

[14] Li, M,, Li, X.D., Wang, S. and Wang, Y. (2012) Dark Energy. World Scientific, Sin-
gapore.

[15] Li, M. (2004) A Model of Holographic Dark Energy. Physics Letters B, 603, 1-5.
https://arxiv.org/abs/hep-th/0403127
https://doi.org/10.1016/j.physletb.2004.10.014

DOI: 10.4236/jhepgc.2023.91009 107 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2023.91009
https://doi.org/10.3389/fphy.2022.1005333
https://arxiv.org/abs/hep-th/0403127
https://doi.org/10.1016/j.physletb.2004.10.014

	Adiabaticity Violated Not Enough: Presume Primordial Black Holes to Generate Gravitons for Cosmological Constant, as Candidate for DE Initially
	Abstract
	Keywords
	1. Start off with the Following from [1] [2] with an Assumed Value as Stated
	2. Start off  and Time t Values Picked for Equation (5) for pre Heating Particle Production? We See Almost No Particle Production This Way via the Mechanism of “Particle Density”
	3. What Would Be a Way to Generate Particles? Decay of the Inflaton?
	4. Use of Primordial Black Holes Assumed to Be of Greater than or Equal to Planck Mass in Initial Configuration
	5. Reconciling What We Did with [9]
	6. Relationship to Energy Values, and Also the Degrees of Freedom Initially with Questions to Be Asked and Investigated
	7. Comparison with the Idea of Vacuum Energy as Brought Up by [11] Cheng
	8. Conclusions: An Open Question Here. Can the Holographic Model of DE Provide Additional Insight?
	Acknowledgments
	Conflicts of Interest
	References

