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1. Introduction and Summary as of the Ideas of This
Document’

In this document, we are revisiting the following statement made earlier [1] [2]
Quote
Using the following
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T, = diag (p,~p,—p,—p) (1)
Then
AT, ~Ap ~ % )
Then, Equation (1) and Equation (2) together yield
OtAE > L # h
og, 2 (3)

Unless &g, ~O(1)

What we are going to do is to, in the initial variation of the GUP is to look hard
at the initial idea given in Equation (3) is to make the following treatment at the

start of expansion of the Universe [1] [2]

0g, ~ a* (t) - <1 Goes to become effectively almost ZERO. (4)

If this is effectively almost zero, the effect would be to embedd Quantum me-
chanics within a 5 dimensional structure.

Snip

Le. this deterministic embedding is in part in spirit similar to what is given by
Wesson [3]

End of Quote

What we will be doing is to add more context to this is to use the Wesson result
directly in our own work and use it to in effect prove a deterministic contrubution

in line with Equation (3) and Equation (4) of this document.

2. Modus Operandi, State Clearly What Is Given in Terms of
an Inflaton Field

Before proceeding we should state that the inflaton field so used in Equation (3)
and Equation (4) satisfies the following [2] [4]

a (t ) = il

o] [T Yl
B v-(3v-1)

)

In the spirit of use of the inflaton field what we will propose is that [3]

8nGlV, \/EN v 8nGV,
¢_h{\/v-(3v—1) IJ ~\/16nG (\/v~(3v—1) t 1] ©

Le. assume that if the initial time step is near Planck time which is normalized to

1 that
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V, = initial energy (7)

In addition we will go to Wesson [5] and to make the following adjustments.

3. Wesson’s Treatment of Embedding of the HUP in
Deterministic Structure [5]

|dpadxa|z£'£’l:£:|2 (8)
C

where we will define / and L as follows

First, define Z in terms of the cosmological “constant” by [5]

A=—+ 9
V7 9
Also
2 4
ds2, = f—zdsf_d —f—4dl2 (10)

Also, 5 dimensional wave number is defined via [5]
=1/I (11)

In the case of Pre Planckian space-time the idea is to do the following [5]

|d dxa £ﬁ|:ﬂ:|

a ~l c l

|| = a4/, 6(0) "
jéﬁ[% < (W2, 9 (1)

Making use of all this leads to [3] [4]
b
L-1 3A
[di/r? ~ ey (3A)
h

(c) ( v )”_ 876V, "
Bini 167G v-(3v-1)

4. Extracting Time Initial from Equation (13) and What If
Time Is Equal to Planck Time? Extract Vo

1/4

(13)

Our approximation is to set G=1 = A (Planck units) with Planck time normalized

to 1. Then
—_— . —_— 2 . —_— 2
L Jvcv D, Jz (r1) (-1 -,
8nl, oo P(c)-(30)

t=t

planc]

Then we have that at Planck time, normalized to 1 we look at

v(3v-1) 2 ’
Vo= +,/2 (3v-1) 3’"" = (15)
{ F(e): (3A)/ ]
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5. End Game, in Initial Configuration in Planck Time, Make
the Following Assumption

We assume that we have an emergent space-time. If so, and in the spirit of [6], we
state

P(e

v(3v—1) al.zm,t -(12 -1 )2 ’
Vo=l |2 T h(3y—1). 2w \2 V) | AR 16
0 [ 8 ( Y ) ( )~(3A)1/2 (1o

This concludes having a linkage as to [6] in terms of a huge energy flux into the
early universe
Having said this, what can we now say about graviton mass, in the early uni-

verse?

6. Starting off with a Classical Black Hole Treatment of the
Early Universe. This Would Be the only Time When an
Event Horizon Would Ever Be Entertained or Discussed

When initial radius R

initial

— 0 if Stoica [7] actually derived Einstein equations
in a formalism which remove the big bang singularity pathology, then the reason
for Planck length no longer holds. This incidently is not too dissimilar to what
was brought up in [8] [9] However, we present entanglement entropy in the early
universe with a shrinking scale factor, due to Muller and Lousto [10], and show
that there are consequences due to initial entangled  Sg,, = 0.3 / a® foratime
dependent horizon radius 7, in cosmology, with (flat space conditions) 7, =7
for conformal time. Even if the 3 dimensional spatial length goes to zero. This
construction preserves a minimum non zero A vacuum energy, and in doing so
keep the bits, for computational bits cosmological evolution even if R ., —0.
We state that the presence of computational bits is necessary for cosmological
evolution to commence. Note that 7z time is with regards to In the time domain,
the usual choice to explore the time response is through the step response to a step
input, or the impulse response to a Dirac delta function input In the frequency
domain. Here the step input is with regards to initial conditions of the early uni-
verse. Also, conformal time d7 = dt/ a(t) , where what is called time ¢ is in this
case identical to 7 time.

This article is to investigate what happens physically if there is a non patholog-
ical singularity in terms of Einsteins equations at the start of space-time. This
eliminates the necessity of having then put in the Planck length since then ther
would be no reason to have a minimum non zero length. The reasons for such a
proposal come from [7] by Stoica who may have removed the reason for the de-
velopment of Planck’s length as a minimum safety net to remove what appears to
be basic pathologies at the start of applying the Einstein equations at a space-time
singularity, and are commented upon in this article. p~ H> / Geo H~a' in
particular is remarked upon. The idea is that entanglement entropy will help gen-
erate bits, due to the presence of a vacuum energy, as derived at the end of the

article, and the presence of a vacuum energy non zero value, is necessary for cos-
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mological evolution. Before we get to that creation of what is a necessary creation
of vacuum energy conditions we refer to constructions leading to extremely patho-
logical problems which could lead to minus the presence of initial non zero vac-
uum energy. [6] also adds more elaboration on this. Note a change in entropy for-
mula given by Lee [9] about the inter relationship between energy, entropy and

temperature as given by
M- =AE=T, AS =—1"%__AS (17)
2n-c-ky

As areviewer has asked about Equation (17) and the inter relationship of a mass
m, and acceleration, the key point of this review is to look at if gravitons have a
mass, m, in the beginning, and if Equation (17) is used, which the mass of a grav-

iton is proportional to the following
AE T,-AS h-a

m=——= =

¢’ ¢’ 2t kg

AS (18)

The reason why the mass of a graviton is stated as given by Equation (1a) is to
presume that the relation ship given by Lee [9], as to any mass, is given by
Equation (17) and Equation (18) so we can relate any presumed mass linked to

gravitons to change in entropy. As to acceleration appearing, the acceleration,
2

a= iE was part of the formula given by Equation (17) and by default Equation

(18). and also by thermodynamic reasoning the generalized temperature
h-a

= 19
2n-c’ -k, (19)

U
If we assume, in the onset of expansion of the universe, that Equation (19)
holds, then we can review the application of Equation (18) to graviton mass, m,

AE _T,-AS L
as m=—-=-Y——, and to have acceleration, given by a=-— as part of a
c c Ax

definition of generalized temperature, given by Equation (19) with the rate of
. L ME
operations <E/h = #0perat1ons<E/h><t1me=TC-—. Ng wishes to avoid
c
2

le
black-hole formation = M SE. This last step is not important to our view

point, Note the interesting interplay between entropy in Equation (18) and the
=031 /a* for

a time dependent horizon radius r, in cosmology, with (flat space conditions)

Lousto result of the universe as given in [10] ie. entangled S,
r, =n for conformal time. Even if the 3 dimensional spatial length goes to zero.
This construction preserves a minimum non zero A vacuum energy, and in do-
ing so keep the bits, for computational bits cosmological evolution even if
R iia = 0. We state that the presence of computational bits is necessary for cos-
mological evolution to commence. And this can lead to the following, i.e. Review
of Ng, [11]-[13] with comments. First of all, Ng refers to the Margolus-Levitin
theorem but we refer to it to keep fidelity to what Ng brought up in his presenta-
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tion. Later on, Ng refers to the #operations <(R,, /I, )2 ~10"” with R, the
Hubble radius. Next Ng refers to the #bits oc [#operations]3/4. Each bit energy is
/R, with R, ~1,-10""
The key point as seen by Ng [11]-[13] and the author is in
3/4 2 3/4
#bits ~ Ei} . {M—"’i} (20)

c hoc

Assuming that the initial energy E of the universe is not set equal to zero, which

the author views as impossible, the above equation says that the number of

available bits goes down dramatically if one sets R, ., ~ ;( Ne < piner ¢ Also Ng
writes entropy S as proportional to a particle count via N.
S~N=z[R, /L] (21)
We rescale R,, to be
)
RH rescale - % ' 10123/2 (22)

The upshot is that the entropy, in terms of the number of available particles

drops dramatically if # becomes larger.
1

So, as R, .. ~ ;f ve <lpunax grows smaller, as # becomes larger but as we

state, we do NOT have a working almost singular start, i.e. close but no singularity
at the start of expansion. Having said this, we will conflate this discussion with

Gravitons, and black holes, with a venture into Torsion and dark energy [14] [15].

7. Having Said this, Its Now Time to Go to Torsion for
Application of This to Tie It into the Cosmological
Constant Problem and Black Holes

One, of the things to check into, is do we have Equation (19) going up say close to
Planck temperature? Ifso we can then to to the idea of a BEC scaling argument as
to the formation of early niverse structure, and the link to primordial gravitons.
To do this review how Torsion may allow for understanding a quantum num-
ber 722 And Primordial black holes and the cosmological constant.
Following [14] [15], we do the introduction of black hole physics in terms of a

quantum number 7.

JA = Kb

h CSemmpy (23)
k,N

particles

S

entropy =

And then a BEC condensate given by [14]-[17] as to
MP

V N, gravitons
MBH ~ ’\, Ngravitons : MP

m=
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Q

Y, Ngravitons : IP

ky-N,

gravitons

(24)

Q

RBH
SBH
P

T,
Ty =
N,
gravitons

This is promising but needs to utilize [4] [14] in which we make use of the fol-
lowing. First, a time step. Here, Equation (25) to Equation (28) are with respect to
Planck era physics

T ~GMr (25)

By use of the HUP [14] [15], we use Equation (25) for energy [14] [15] for ra-
diation of a particle pair from a black hole,

||~ (VGMSr) h (26)

Here we assert that the spatial variation goes as
or={, (27)

This is of a Plank length, whereas we assume in Equation (28) that the mass is
a Planck sized black hole [14] [15]

M=aM, (28)

This mass of primordial black holes is part of the first table, ie keep in mind
that is with regards to a Plank length value as given in Equation (27) where likely
Equation (27) as Planck length was formed in the pre Plank era and holds with
respect to the Planck physics domain.

Table 1. From [14] [15] assuming Penrose recycling of the Universe as stated in that doc-
ument.

End of Prior Universe time
frame

Planck era Black hole
formation

Assuming start of merging
of micro black hole pairs

Post Planck era black holes
with the possibility of using
Equation (1) and Equation
(2) to have say 10"
gravitons/second released
per black hole

Mass (black hole):
super massive end of
time BH

1.98910%*! to about 10*
grams

Mass (black hole)

107° to 107* grams (an
order of magnitude of the
Planck mass value)

Mass (black hole)
10 grams to say 10° grams
per black hole

Number (black holes)
10° to 10° of them usually
from center of galaxies

Number (black holes)

10%° to about 10%,
assuming that there was
not too much destruction
of matter-energy from the
Pre Planck conditions to
Planck conditions

Number (black holes)
Due to repeated Black
hole pair forming a single
black hole multiple time.
10% to at most 10%
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As to Table 1, we obtain, due to the quantum number n, per black hole

The Table 1 data will be connected to the following given consideration of spin
density, as to Planck sized black holes.

In [14] [15] we have the following, i.e., we have a spin density term of [14]-[16].
And this will be what we input black hole physics into as to forming a spin density
term from primordial black holes.

op =nph=10" (29)

And, also, the initial energy, E. from [18] per black hole given as

E. = nquantum
BT (30)

We then can use for a Black hole the scaling,

£~ (G (ad,) 1) h

(31)
G=M pohmkg=l p=c=l (1/M )l/z znqua%
We then reference Equation (24) to observe the following.
M % [N i M
= (/M , )1/2 < Mauanum 1 -

2 (Ngravitons )1/4
2

quantum ~ —1/4
(N gravitons )

This is a stunning result. We interpret as the mass of a Black hole becomes

=n

smaller that the black hole heats up. As the heat up occurs, this generates more
i.e Equation (24) is BEC
theory, but due to micro sized black holes, that we assume that the number of the

energy. More energy leads to a higher count of 7,0
quantum number, n associated goes way UP. Is this implying that corresponding
increases in quantum number, per black hole, n, are commensurate with increas-
ing temperature? We start off with Table 1 for conditions with the entropy as
given in Equation (23) and Equation (24), for primordial black holes as brought
up in Table 1. Whereas for the Tokamaks, we eventually have [14] [15]

1/4
3-h- ej (TTokamak temperature )

c*.0.877* (33)

n oC
massive gravitons/second P2, 1/8 P~ 2
IuO R § a /IGraviton

m

graviton

2 .
~ 1/iGraviwn Scahng

This value of Equation (33) as to the number of gravitons, would be then related
to the quantum number N (gravitons) as related to a quantum number n Ze. only
in the very onset of the operation of the Tokamak. 7.e. we would have the number
of gravitons go UP as we would have a shrinking graviton wavelength for a mas-
sive graviton. Ze. more on this later. However, the wave length of the massive
graviton as in Equation (33) as related to GW frequency and Tokamaks will be
described when we conclude our document with respect to the Wavefunction of
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the Universe, Z.e. a work partly drawing upon Kieffer, and also Weber. The wave-
function of the universe condition heavily is influenced by the similarities as to
Equation (33) with the quantum number n, per black hole, and the number N, of
black holes, as brought up in Table 1, initially presented. To do so we consider
Table 1 as giving a template as to a wormhole connecting a prior universe to the
present universe. This Equation (33) as far as quantum number, n, and its relation-
ship to gravitons, is contingent upon Equation (11) yielding Planck temperature. ie.
note the following, ie. the HUP for universe contributions all come from the radial
equation, which greatly simplifies our picture as far as nucleation of early universe
black holes, ie. see the following treatment of the HUP which enables this alteration.

8. How We Can Justifying Writing Very Small
68, ~08pp~ 084 ~ 0" Values. Very Important to the
Initial Geometry of Space-Time

To begin this process, we will break it down into the following coordinates [1] and
keep in mind this is when a (t) is a scale factor, as specified in [1]. In the rr, 66

and @¢ coordinates, we will use the Fluid approximation,
Tt"i = diag(pv_p3_p>_p) [1] Wlth

h-a*(t)-r*
og,, rrZ_I aV((4)) . I 0
. 2
5ga¢97:9¢92_V(4h(1a_](:.)r2)| aﬁoﬁo (34)
h-a*(t)-sin® 0-dg’
O8ylyy 2= - (t)VS(T)l ’ I =00

If as an example, we have negative pressure, with 7,

rr?

Ty and Ty <0, and
p=—p, then the only choice we have, then is to set dg,, ~3g, ~0g, ~0",
since there is no way that p=—p 1iszero valued.

Le. this is a semi classical embedding via a use of the modification of the HUP
as given, as to how we could have a semi classical embedding of QM within a
“higher dimensional” structure. This is also linked to the blend of semi classical
and quantum structure seen in Table 1, above. ie. after we do this we have to
determine if our use of black holes, gravitons and all that will lead to GW genera-

tion, as to the formation of Table 1. ie.

9. Issues about Coherent State of Gravitons (Linking
Gravitons with GW) with Yet Another Take on Early
Universe HUP

In the quantum theory of light (quantum electrodynamics) and other bosonic
quantum field theories, coherent states were introduced by the work of Glauber
(1963) [19]. Now, it is well appreciated that Gravitons are NOT similar to light.
So what is appropriate for presenting gravitons as coherent states? Coherent states,
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to first approximation are retrievable as minimum uncertainty states. If one takes
string theory as a reference, the minimum value of uncertainty becomes part of a
minimum uncertainty which can be written as given by Venziano (1993) [20] [21],

where [, 10”1, ,with @>0,and /, ., ~107 centimeters

Planck
2
Ax>i+li-[Ap] (35)
Ap h

To put it mildly, if the author is looking at a solution to minimize graviton po-
sition uncertainty, the author, will likely be out of luck if string theory is the only
tool the author has for early universe conditions. Mainly, the momentum will not
be small, and uncertainty in momentum will not be small either. Either way, most
likely, Ax>I; =101, Inaddition, it is likely, as Klaus Kieffer (2008) [22] in
his book “Quantum Gravity” that if gravitons are excitations of closed strings,
then one will have to look for conditions for which a coherent state of gravitons,
as stated by [23] Mohaupt (2003) occurs. What Mohaupt is referring to is a string
theory way to reproduce what [24] Ford gave in 1995, ie. conditions for how
Gravitons in a squeezed vacuum state, the natural result of quantum creation in
the early universe will introduce metric fluctuations. Ford’s (1995) treatment is to
have a metric averaged retarded Green’s function for a mass less field becoming a
Gaussian. The condition of Gaussianity is how to obtain semi classical, minimal
uncertainty wave states, in this case de rigor for coherent wave function states to
form. [24] Ford uses gravitons in a so called ‘squeezed vacuum state’ as a natural
template for relic gravitons. Ze. the squeezed vacuum state (a squeezed coherent
state) is any state such that the uncertainty principle is saturated. In QM coher-
ence would be when AxAp =7/2 . In the case of string theory it would have to be

AxAp:E+i'[Ap]z (36)
2 2%

Begin with noting that if one is not using string theory, the author, Beckwith,
merely set the term /; —_————0, but that the author is still considering a
variant of the example given by Glauber (1963) [19] with string theory replacing
Glaubler’s stated (1963) example. [19]. However, in string theory, the author,
Beckwith observes a situation where a vacuum state as a template for graviton
nucleation is built out of an initial vacuum state, |0). To do this though, as [25]
Venkatartnam, and Suresh did, involved using a squeezing operator Z[r, 9]
defining via use of a squeezing parameter ras a strength of squeezing interaction

term, with 0<r <o, and also an angle of squeezing, —T<J<T as used in
r . . + ..
Z[r,9]=exp [E-([exp(—lg)} -a’ —[exp(zg)] a? )} , where combining the
VA [r, 3] with
|) = D(«)-|0) (37)

Equation (37) leads to a single mode squeezed coherent state, as they define it

via
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&)= 2[r. @)= 2[r.9)D(@) |0) > 2[. 8 0)  (9)

The right hand side of Equation (38) given above becomes a highly non classical
operator, Ze. in the limit that the superposition of states
|s)—=>Z[r.9]:|0) occurs, there is a many particle version of a ‘vacuum state’
which has highly non classical properties. Squeezed states, for what it is worth, are
thought to occur at the onset of vacuum nucleation, but what is noted for
|s)——=>Z[r.9]|0) being a super position of vacuum states, means that clas-
sical analog is extremely difficult to recover in the case of squeezing, and general
non classical behavior of squeezed states. Can one, in any case, faced with
|a)=D(a)-|0)# Z[r,9]-|0) do a better job of constructing coherent graviton
states, in relic conditions, which may not involve squeezing?. Note L. Grishchuk
[26] wrote in (1989) in “On the quantum state of relic gravitons”, where he
claimed in his abstract that ‘It is shown that relic gravitons created from zero-
point quantum fluctuations in the course of cosmological expansion should now
exist in the squeezed quantum state. The authors have determined the parameters
of the squeezed state generated in a simple cosmological model which includes a
stage of inflationary expansion. It is pointed out that, in principle, these parame-
ters can be measured experimentally’. Grishchuk, et al, [26] (1989) reference their
version of a cosmological perturbation 4, viathe followingargument. How the
author works with the argument will affect what is said about the necessity, or lack
of, of squeezed states in early universe cosmology. From [27] Class. Quantum
Gravity: 6 (1989), page 161-165, where #
a parametric oscillator equation, where K is a measure of curvature which is

=+1,0, a(n) isa scale factor of a FRW metric, and n= 21t~[a(77)//1] is a way

has a component 4, () obeying

nim

to scale a wavelength, 4, with n, and with a(7)

l
hnm = Planck ./un m n .Gnm X (39)
e ()G ()
i ()K= o ()0 (0
If y(n)= % is picked, and a Schrodinger equation is made out of the La-

grangian used to formulate the above Equation (11) above, with IA’} =(;—l, and

Y
[2 2
M=d’(n), Q=n—K, (i=[a(77)/ll,lamk}-0', and F(n) an arbitrary

a(n)

function. )" =0y/dn . Also, the author is working with an example which has a

finite volume V. = I\/ (3)g d’x

Then the Lagrangian for deriving Equation (40) is (and leads to a Hamiltonian
which can be also derived from the Wheeler De Witt equation), with ¢=1 for

zero point subtraction of energy
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L=" +a-F(n (41)
2a(n) (7)
-1 oy 3 Pi 1 252 1
- Ay =| e MO ——.c.Q | )
i a-om AR R Y (42)

Then there are two possible solutions to the S.E. Grishchuk [27] [28] created in
1989, one a non squeezed state, and another squeezed state. So in general the au-
thor works with [27]-[29]

y(n)= =C(n)-exp(-B-y) (43)

The non squeezed state has a parameter B|77WB (nb)za)b /2 where
77, is an initial time, for which the Hamiltonian given in (40) in terms of rais-
ing/lowering operators is “diagonal”, and then the rest of the time for 7 =17, , the
squeezed state for y(7) is given via a parameter B for squeezing which when
looking at a squeeze parameter r, for which 0<r<o0, then Equation (43) has,
instead of B(7,)=a,/2
(,u/a(?]))’ o coshr+[exp(2i.9)]-sinhr

(,u/a(n)) T2 coshr—[exp(ZiQ)]-sinhr (#4)

BL]T%)B(aJ,ninb)

N|N.

Taking Grishchuck’s formalism literally, a state for a graviton/GW is not af-
fected by squeezing when the author is looking at an initial frequency, so that
®= @, initially corresponds to a non squeezed state which may have coherence,

but then right afterwards, if ®# @, which appears to occur whenever the time

i (ﬂ/a(?])) Dy

evolution, n#1n, = w+w, = B(w,n#n,)=—-————5 #— A reasonable

2 (wfa(m) "~ 2
research task would be to determine, whether or not B(w,n#1,)# % would

correspond to a vacuum state being initially formed right after the point of nucle-
ation, with w=w, attime 7 =7, with an initial cosmological time some order

of magnitude of a Planck interval of time ¢~¢,,,, o107

seconds, we argue for
reviewing the idea that coherent states are directly linked to the viability of apply-

ing Table 1 to our physics problem.

10. Having Done an Argument as to Coherent States, of
Gravitons, What About an Initial Wavefunction of the
Universe?

If so, then we have that frequency is proportional to 1/¢, where ¢is time. .e. hence
if there is a value of n= 0 and making use of the frequency, we then would be able

to write as given by Kieffer, 2025 as a dust model of the universe, with [22]

¥ = - '
Lm0 ¥4 L)H-.(Hr) w+i-(t-r) (45)
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Or,

kS zL \/g ’ ! - ! (46)
’ NIRRT N
t

With, say.
(47)

This is £ the so called dust approximation as to the formation of the Universe,
with the result that if r goes to zero, we avoid a singularity, which then also in-
creases the likelihood of Table 1 holding up.

Secondly is the open question of if or not we can form gravitational solitons [30]
as well as [31] phenomenology being either proven or disproven.

Having given this formulation of a wavefunction of the Universe, what can we
say about the before the Planckian regime of space time, to the post Planckian
regime of space time implied by Table 1? i.e. we need to specify if we have h bar,

leading to the possibility of quantum processes, in our analysis.

11. Order of Magnitude Estimate as to Necessary and
Sufficient Conditions as to Calculation of H Bar in the
Early Universe. Leading to Effective Initial Time Not Zero

We will now give a first order estimate as to calculation of 4 bar, i.e. isolate the
actual spatial length, for the creation of a present day A bar Planck’s constant. To
do this look at

12
AxAp>h +%~(Ap)2 (48)

Then THE FOLLOWING ARE EQUIVLENT
The idea would be that the Planck constant, A4 bar would be formulated as of

the present day value,. Also, the modification for the string length, would have
Ax| .~ 107, » SO then

2
& Ax|min Ap ~h +lPlaTn6k.(Ap)2
& hz - hAanin Ap +l§lanck (Ap)2
12

=0

Ax| A

~ min p 1+ 1-4 Planck (49)
2 2

(Axmin)
zW(H\/I—#lO‘M)

2
Axmin Ap(l_ 1025

n

Then,
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lf Ap ~N, graviton : mgraviton c

2
min Ngraviton : mgravimn e (1 - I()_Zﬁ) (50)
/]

Ax| . =
min N 1 2
graviton : mgraviton c - lozﬂ

This should be greater than a Plank length, mainly due to the situation of

-1
2 2
(-] -1 G

We assume, here that this will be occurring in an interval of time approximately

i~ Ax

the value of Planck time given by
t (initial) ~ h/ yo, (initial) 34 (initial)

-3

n n

~ . 3
[l;]amk) Ngraviton ’ mgraviton Cr (1 - 1072/3

Planck

(52)

Here, the number, A, is given as the number of gravitons, and the important

factor is that Equation (6) is non zero.

12. Final Application of the Uncertainty Principle to
Consider. Fwiw i.e. Information Transfer from a Prior to
a Present Universe
How likely is &g, ~ O(1)? Not going to happen. Why? The homogeneity of the
early universe will keep
68, # 8 =1 (53)
In fact, we have that from Giovannini [32], that if ¢ is a scalar function, and
a’(1)~107"°, then if
Sg, ~a’ (1)-p<1 (54)
We see further confirmation of this in reference [33].

Then, there is no way that an early universe HUP is going to come close to
OtAE > ; . Le. It depends assuming time is for all purposes fixed at about Planck

time to isolate V.

Le. for the sake of argument, in the near Planckian regime, we can figure that

Equation (54) will have as far as evaluation of the argument the following config-

uration, ZLe.
a (t) R Aiitial '(t/tp )v (55)
Given this we will be looking at, if we do the set up [34]
h
AxAp > (56)

14

VP / 8nGV, 162G
5gtt:|:ainitial'(t/tP):| ln[ V-(ﬂ::’n/—ol).tJ

DOI: 10.4236/jhepgc.2026.121028 511 Journal of High Energy Physics, Gravitation and Cosmology



https://doi.org/10.4236/jhepgc.2026.121028

A. W. Beckwith

Then eventually we obtain

2

(57)

-(3v-1
VON{V (3v )} exp 16«/%_ 1 1

- 81 Ng a., -(t/tp)z 1+277%
oV

So then we are now doing an Evaluation of Equation (81) if we are near Planck
time. Two limits

1%, what if we have expansion of the scale factor initially at greater than the
speed of light?

Set v ~10* and then we can obtain if we are just starting off inflation say
al, ~107 . Then

2

%5[10176][6)41)(16\/;)] _ (58)

.oC
1+27y—
Yo

If we wish to have a Planck energy magnitude of the |, term, we will then be

observing

176 1 '
o el e

—_—
27275{1088} 0(1)

Le. the system complexity will become effectively almost infinite, and this will be

explained in the conclusion by use of

_aC
2}/§z[1088]:>V0 =o(1) (60)

On the other hand, if there is a very small value for 2)75 we can see the

following behavior for Equation (58), namely

- 0C 176
2y—=o(l)=>V,=|10 61
7, =o()=7=[10"] (61)
Le. low complexity in the measurement process will then imply an enormous ini-
tial inflaton potential energy

2" now what if we have instead v =1

~

(62)

0

[1] oxp 1671 1

4 @ (11,) )| Mf%ﬁ

_oC
The threshold if Zya—V ~ [1088] Le. a huge value for initial complexity would

be effectively made insignificant in cutting down the initial inflaton lead to
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16V 1
W a%, (11, )2 i

exp

o, = exp(lo“) (63)

Le. we come to the seemingly counter Intuitive expression that the initial in-
flaton potential would still be infinite if we used Equation (62) in Equation (58).
We now get to our next important idea and result. Having said that does it make
sense to ascertain the following as far as early universe geometry? ie we say its
not so simple. Ze. here is an early idea which we do not follow.

[33] Abhay Ashtekar (2006) wrote a simple treatment of the Bounce causing
Wheeler De Witt equation along the lines of, for p, ~ const-(1/8nGA) as a criti-
cal density, and A the eignvalue of a minimum area operator. Small values of A
imply that gravity is a repulsive force, leading to a bounce effect.

(%)2 E%-p-(l ~(p/p.))+HOLT. (64)

Furthermore, [31] Bojowald (2008) specified criteria as to how to use an up-
dated version of A and p, ~ const-(1/8nGA) in his GRG manuscript on what
could constitute grounds for the existence of generalized squeezed initial (gravi-
ton?) states. [31] Bojowald (2008) was referring to the existence of squeezed states,
as either being necessarily, or NOT necessarily a consequence of the quantum
bounce. As Bojowald (2008) wrote it up, in both his Equation (26) which has a
quantum Hamiltonian <I7> ~ H , with

d<l}>| >—>0 (65)

d ¢ existence of un squeezed states<¢~0

$=0

and V isa “volume” operator where the “volume” is set as ¥, Note also, that

H matter ( a)

3 >
a

[31] Bojowald has, in his initial Friedman equation, density values p =

so that when the Friedman equation is quantized, with an initial internal time
given by ¢, with ¢ becoming a more general evolution of state variable than

‘internal time’. If so, [31] Bojowald (2008) writes, when there are squeezed states

d<V>| N (value) =0 (66)

d ¢ existence of squeezed states

$#0

We think that this is simply not realistic and we offer a different interpretation,

which is heavily using the HUP in a different fashion

13. First Major Implication of This Use of the Hup Is to
Investigate, i.e. Role of Complexity in Bridge from Black
Hole Numbers as Given in Table 1

There are three regimes of black hole numbers given in Table 1. From Pre Planckian,
to Planckian and then to post Planckian physics regimes. This is all assuming CCC

cosmology. To start to make sense of this, we need to examine how one could
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achieve the complexity as indicated by Figure 1 in the Planckian era. To do this
at a start, we will pay attention to a datum in [34], namely a Horizon, like a Schwarz-
schild black hole construction with [14] [15] [34]

Ly=4\— (67)

In what one deems as a corpuscular gravity, one would have a “kinetic energy

term” per graviton

g, =—= (68)

And the mass of a black hole, scaling as [14] [15] [34]

M i note = \/ﬁMp ~N € (69)
so then we have N =N and furthermore [14] [15] [34] also has
M M
€, == n ~—L (70)

A= L (71)

Now as to what is given in [14] [15] [34] as to Torsion that we can do some
relevant dimensional scaling.

First look at numbers provided by [14] [15] [34] as to inputs, Ze. these are very
revealing, 7.e. we go back to the arguments as to the beginning of the document,
namely A,c’ ~10Y.

This is the number for the vacuum energy and this enormous value is 10'** times
larger than the observed cosmological constant. Torsion physics, as given by [14]
[15] [34] is solely to remove this giant number.

Our timing is to unleash a Planck time interval t about 10™* seconds. Also the
creation of the torsion term is due to a presumed “graviton” particle density of
np ~10% em™ .

This particle density is directly relevant to the basic assumption of how to have
relevant Gravitons initially created as to obtain the huge increase in complexity
alluded to, in order to obtain the number of micro black holes in the Planckian
era [14] [15] [34].

Le. assume that there are, then say initially up to 10*® gravitons, initially, and
then from there, go to Table 1 to assume what number of micro sized black holes
are available, Ze. Table 1 has say a figure of 10* to at most 10*° micro sized black
holes, presumably for 10*® gravitons being released, and this is meaning we have say
10° black holes of say of Planck mass, to work with.

14. Recap of Torsion in All of This, i.e. the Basics

Eventually, in the case of an unpolarized spinning fluid in the immediate after-

math of the big bang, we would see a Roberson Walker universe given as, if o
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is a torsion spin term added due to [14] [15] [34] as

\2 ~
{5} (2220 A e 72)

R 3 3c 3 R
Here the term /& is a measure of if one has positive, negative, or zero curva-
ture. In all of this, the values of k are usually linked to questions of if we have
an open or closed universe. It has three possible values: 1 for a closed positive
curvature universe (like a sphere), 0 for a flat Euclidian Universe, and 01 for an
open negative-curvature universe. The question, which we need to address is as

follows.

What [14] [15] [34] does as to Equation (72) versus what we would do and why?

In the case of [14] [15] [34] we would see o be identified as due to torsion so

HEGSEE

The claim is made in [14] [15] [34] that this is due to spinning particles which

that we obtain

remain invariant so the cosmological vacuum energy, or cosmological constant is

always cancelled. Our approach instead will yield

= \2

D 2 I 2
5 — (STEG) ) [p] + AObscrvcdc —k,.,Lz (74)
R 3 3 R

Le. the observed cosmological constant A

observed 18 1071* times smaller than the
initial vacuum energy. The main reason for the difference in Equation (72) and
Equation (74) is in the following observation.

Mainly that the reason for the existence of o is due to the dynamics of spin-
ning black holes in the precursor to the big bang, to the Planckian regime, of space
time, whereas in the aftermath of the big bang, we would have a vanishing of the
torsion spin term. 7e. the Table 1 dynamics in the aftermath of the Planckian re-

gime of space time would largely eliminate the o term.

15. Filling in the Details of the Collapse of the Cosmological
Term, versus the Situation given in Equation (72) via
Numerical Values

First look at numbers provided by [14] [15] [34] as to inputs, Ze. these are very

revealing
Apc® =107 (75)
This is the number for the vacuum energy and this enormous value is 10'** times
larger than the observed cosmological constant. Torsion physics, as given by [14]
[15] [34] is solely to remove this giant number. In order to remove it, the reference
[14] [15] [34] proceeds to make the following identification, namely

8nG 2nGo? | Al
ERI 76)

DOI: 10.4236/jhepgc.2026.121028

515 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.121028

A. W. Beckwith

What we are arguing is that instead, one is seeing, instead

2 2 2
(87;G)|:_27;G46 }A,;,c zlolzzx(APf ] -
C

Our timing as to Equation (77) is to unleash a Planck time interval t about 10™*
seconds. As to Equation (76) versus Equation (77) the creation of the torsion term

is due to a presumed particle density of
ny ~10% em™ (78)

Finally, we have a spin density term of &, =n,/~10" which is due to innu-
merable black holes initially. This treatment of torsion and the spin density term, Z.e.
of black holes, with a particle density term of Equation (78) is due solely to the HUP
employed, as to arguments given in the first part of the paper. And gives substance
to Table 1 estimates about the number of black holes in the prior universe to the
present universe.

Why I find this very interesting are the questions raised in [35] [36] Ze. what is
special about the Plank mass as an example. We submit that a through examination

of Torsion may allow an answer to this issue in terms of early universe cosmology.

16. As a Final Point to Consider, What Sort of Penrose Cyclic
Argument Is Used for the Prior to Present Universe, as
Employed by Table 1? We Argue It Allows for the
Treatment of the Cosmological Problem, as Seen Here

Go first as to Appendix A as to the details as for Equation (79) in this document.

What this means in terms of phenomenology, is as follows, Ze. if we look at the
section given by [34] as elaborated upon in the fifth force argument as given we
can say the following.

First of all is the old standby namely in the onset of inflation, there would be a
huge speed of inflationary expansion with the coefficient of scale factor given as
[14] [15] [34]. ie. this is looking at the coefficient showing up in a(t) ~a,t”
scale factor expansion, that if we go to Equation

4
v—>4n><(a)gw )12 x% (79)

Planck normalization

For mass greater than Planck mass, namely M, ~¢m,, with m, for
Planck Mass. We refer to [34], in that this is for the mass of a physical system, Ze.
M ... of an object which in its physical configuration is generating gravitational
waves, @, and we find that in the Planckian regime, B is a coefficient con-
nected to a fifth force argument due to reasoning from [34].

This leads to the following i.e. in [34] which is reproduced here, In addition

after approximating <r2>2 zﬁ‘;, Le. Planck length to the fourth power and

r<r2>2 ~ ésp

We find then we have at the immediate beginning of inflation, an almost Planck

frequency value of 1.855 times 10** Hertz, we would need v be 10°® which would
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be factored into Equation (1a) and the scale factor value for the term v. This would
mean for the fifth force argument that we would have an almost infinitely quick
expansion in the neighborhood of Planck length for the start of inflation.

We find then we have at the immediate beginning of inflation, an almost Planck
frequency value of 1.855 times 10** Hertz, we would need v be 10°® which would
be factored into the coefficient of time which shows up in a scale factor argument
and the scale factor value for the term v. This would mean for the fifth force ar-
gument that we would have an almost infinitely quick expansion in the neighbor-
hood of Planck length for the start of inflation.

We refer the reader to Appendix A, where two of the coefficients of Equation
(76), ¢ is connected to how many times a GW generating system has a mass
~¢m,, with m Y for Planck Mass. We
refer to Appendix A, in that this is for the mass of a physical system, i.e. M

greater than Planck mass, namely M

mass

of an object which in its physical configuration is generating gravitational waves,
o, and we find that in the Planckian regime, ,é is a coefficient connected to
a fifth force argument which is elaborated upon in Appendix A. We also state that
the coefficient given as Equation (11) is such that in the Planckian regime,
v——> value = (a)gw )12 . The meaning of this is that at the start of inflation we have
that Equation (79) will likely from Pre Planckian to Planckian space time be enor-
mous corresponding to v—— value = (a)gw )12 .

This is all defined in [4] in an article written by the author for Intech, for our
convenience which is in Appendix A, in full

If so, by Novello [37] we then have a bridge to the cosmological constant as

given by

RN

C

(80)

mg
Consider first the relationship between vacuum energy and the cosmological
constant. Namely p, ~ 7k} ~ where we have that

py = hkly ~(10% GeV) — (102 Gev)’ (81)

max reduced

where we define the mass of a graviton as in the numerator given by Equation (80),
and then we can also use the following.

This is useful in terms of determining conditions for a cosmological constant
[14] [15] [34] [38].

Eou e 12 3x10° Gev)'
pA62 _ 4np df (l [ 2.2 +mzc4)zQ
o (2mn) \2 (2nh)
\ (82)
(2.5><10’”GeV)
Eplan /e—107 (27[771)3

This means shifting the energy level of the Equation (81) downward by 107,
Ie. the top value energy becomes a down scale of Planck energy times 107

Gravitons are used as the back bone of how to reduce Equation (82) to the vac-
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uum energy of today.
In addition there is one line of reasoning, which I believe bears mentioning.
What would be a way to determine necessary and sufficient conditions for a
massive graviton to exist. To do so, we will look first at [39] Linde (Les Houches,

2013), whom wrote of the probability of creation of a closed universe as given by

P(probability) ~ exp (— 2477 / 14 (potential)) (83)
< V(potential ) ~ Energy ( Planck )

The potential energy, so identified in Equation (83) is none other than the one

used by Padmanbhan [3] in which the A so identified is the Hubble ‘constant’

parameter, which actually changes over time. In this case, the potential so identi-

fied in Equation (83) is given by
V ~3H My, -(1+(H/38H7)) (84)

Here, if Nis an integer number for dimensionality of space-time, and [3]

H=a(t)/a(t)&a(t)~ 1"

(85)
SV~ 2]\4Plemck -NZ/tN

Applying the HUP uncertainty principle be looking at a minimum uncertainty
principle situation of time.
If so, then if we have V as proportional to an energy Z then we can by the
Heisenberg uncertainty principle
AEAt=h (86)

4 4
c c'L, |ng,
Then, if At=¢ (minimum),and AE=E,  =— Fim ~ —— ‘/L“”l
2G 2G T

4
At = (h/ % /u] =1, (87)
T

Now, by Valev, [40] at the start of inflation, and this is before massive red shift-

ing

hH BN 2GN
mgraviton YT T, ~ G ~ 10_61 grams

¢ € Linin AL \/ Minitial

T
-t .10 1.61
Ageaviton ~ % ~ Cﬁ v L,~ Y 10~ meters (88)
1.8x10%

f (frequency)gmviwn ARV Hertz

Inflation would reduce the frequency by 26 orders or so of magnitude (massive
red shifting) [40]

f (frequency)gr‘mm [after inf] ~ 10" Hertz (89)

A clever argument but it clashes with the Mukhanov approach as to structural
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inhomogenity.

17. We Consider the Following Structure Formation
Argument to Have Limited Utility and Here Is Why

We look at what Mukhanov [41] writes as far as structure formation. Mainly that
there is a formulation of what is called self reproduction of inhomogeneity in
terms of early universe conditions [27] [41]. In this, the starting point is if one
used the meme of chaotic inflation, Ze. inflation generated by a potential of the

form as given by Guth [26] as well as Mukhanov [41]
V (potential ) ~ ¢ (90)

In this, Mukhanov [41] write that one can look at a scalar field at the end of
(chaotic) inflation, with an amplitude given by, with ¢, for the initial value of the

inflaton such that (where m will be determined by inputs to be brought up later.)
51 - o1
In terms of the initial inflaton, inhomogenities do not form if the initial inflaton
is bounded [41]as given by
m' > & > m? (92)
This leads to (low?) inhomogeneity in the space-time generated by inflation.
Inflation is eternal [27] if. There is only the inequality. ie. we think that this is

dubious. Ze. this is suggesting that there is eternal inflation solely due to this ine-

quality. Ze. I doubt it.
¢ >m™ (93)

This idea supports the Figure 1 diagram given below.

Figure 1. Which is from [41] for the onset of eternal inflation.

Clever but way too simple
We would like to have some connection to the reference [42]. So this leads

to us looking at the Penrose treatment of Universe behavior and our modifica-
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tion of it.

18. 1st Part of Conclusion, i.e. First, How to Tie This into a
Macro Picture of Multiverse Cosmology? First Consider
How Black Holes from a Prior Universe May Impinge
Upon Our Present Universe. A Great Idea as a Start

Next, let us view the Penrose suggestion as to Black holes from a prior universe.

In order to see this, consider a suggestion as to black holes, being the template
for a start to the present universe given by [43], which has the Penrose suggestion
of an imprint of a prior Universe black holes having an effect upon the CMBR
spectrum. The CMBR spectrum is a real datum, but the worth of getting this in-
formation would be in terms of having what was said in [43] as to the “ghost” of
prior universe black hole radiation.

Furthermore, this means accessing the material given in [44] [45] before we

discuss developing the modified Penrose CCC material.

~4°

‘/W\‘
\ \
rough ~
picture of ‘ ‘
temperature | |
increase
\ \ ;ﬂ
\ | (&
N
time | | '}%Q'
s
| ¢
\ \
decoupling D | G |
|
|
1
Crossover X |
H supermassive
\/ black hole
Hawking point world-line

Figure 2. As given in [43] which has competing black hole
radiation, and can we see this today in the CMBR?

From the 2nd page of reference [43] we have the following quote.

Quote (from page 2 of reference [43])

A conformal diagram representing the effect of a highly energetic event occur-
ring at the space-time point H. In CCC, H is taken to be a Hawking point, where
virtually the entire Hawking radiation of a previous-aeon supermassive black hole
Is concentrated at H by the conformal compression of the holé s radiating future.
The horizontal line at the bottom stands for the crossover surface dividing the
previous cosmic aeon from our own and describes our conformally stretched Big
Bang. In conventional inflationary cosmology, X would represent the graceful exit
turn-off of inflation. In each case, the future light cone of H represents the outer
causal boundary of physical effects initiated at H, and such effects can reach D
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only within the roughly 0.08 radian spread indicated at the top of the diagram.

End of Quote

A) What can we expect from the transition from a Prior universe, to the
Planckian regime of micro black holes? A transition from initially gigantic black
holes to micro black holes.

B) In a word, we would likely have in the prior universe MASSIVE black hole,
which would be broken up into millions (billions?) of Planck sized.

In a word the GW radiation and thermal/photonic input would have to fight
through a thicket of pairs of micro black holes which would be in binary configu-
ration generating their OWN GW background.

We first will discuss this “binary black holes” signal background which the
Planckian early Universe stars would have to impinge upon, in order to come to
our attention.

Now for the discussion of the millions (more than that) of micro sized black
hole pairs which would create a generalized GW signature.

To evaluate the above in terms of our model, we need to refer to a formula given
in [45], on a change in power from rotating Planck sized black holes separated say
by a Planck length
32(MM,) (M, +M,)

5-R°M ISJIanck

E = GW change in energy =

64
Mi=Ma=Memec 5. R? (Planck length)
= Change in power from Rotating binary black holes

(94)

This then leads to the following question which we cite below Ze.

So, then what are the number of gravitons emitted via a spinning Planck sized
black holes component binary in terms of gravitons [44] [45]?

Likely from the situation in [44] [45] for items as of about a Planck length, and
involving Planck sized masses, we would see the Equation (94). Formula we are
looking at is the formula which is for Luminosity from a black hole and the two
black holes emit GW with a wave frequency 2 times the rotation frequency of the
orbit of the two black holes to each other.

If we assume that we are still using this approximation above, from [46] we can
see support for our choice of Planck length as the minimum separation distance

between the two black holes via using Plank units normalized to 1 as yielding
(M, +M,)

(MPIanck )2 (95)
I=R (Planck 1ength)

R (separation ) = =

My=M5=Mpjanck Mmool

Going to Clifford Will, [47] we see on page 252 a loss or shrinkage of the period
for the rotating black hole pair defined by P

pPlpP=——=-= (96)
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Whereas, with the Mechanics version of Pfor a sphere to be defined by, where
M is a mass of a star, and we assume a binary system with two masses of equal

mass M, so that, if Ris the separation between the two masses would be [48]

2n°R
P:R GM MI:MZZMma"Ck Mplanck =1
27* R (Planck length &7
t
R(Planck length) © R(Planck length)
G- M (Planck)

The frequency of rotation would be half that of the GW emitted by these two
Planck mass black holes which would collapse into each other. So what we would
see from the beginning of expansion of the Universe, to today is that the Primor-
dial Black holes, of about Planck mass, all of say 10°! of them initially, which would
due to turbulence, and ergodic mixing of space-time form binary pairs which
would collapse into each other. This process would continue so that 10*! primor-
dial black holes of Planck mass would re combine, via pairs collapsing into larger
black holes to we having say 2 times 10" super massive Black holes of mass about
10°, times the mass of the Sun today, in the center of galaxies.

Not only this was going on, we also had dark stars forming, initially from Dark
Matter, which would also form massive black holes. See Karen Freeze, in [49]-[51],
whereas we also are assuming a non singular bounce, as to the start of the universe,
as given in loop quantum gravity [31].

Our final concluding point to this chapter is to review the physics of Figure 2,
and then to ask, can we ascertain the GW radiation of pre Universe stars getting
into the present universe? ie. keep in mind any suggestion as to cosmology will

have to satisfy the following diagram.

6000 —

=== SA + Planck TT+TE+EE+lowE+lensing
5000 — § Planck 2018

S
=3
S
S

3000

2000

L(L+1)CT2m [uK?]

1000

| L ol | 1 1l 1 | | |
2 10 20 30 50 500 1000 1500 2000

4

Temperature spectrum

Figure 3. According to the physics of the CMB, as given in [49] Abhay Ashtekar in
Zeldovich4. On September 7, 2020 [11].

In our Figure 3, we copy what was done by Ashtekar, in Zelsovich4 as to what
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was part of anisotropic fits to the E and B polarization, as given.
We argue that this realistically means quantum entanglement, and this leads to

our multiverse generalization of the Penrose suggestion.

19. Looking Now at the Modification of the Penrose CCC
(Cosmology)

We now outline the generalization for Penrose CCC (Cosmology) before inflation
which we state we are extending Penrose’s suggestion of cyclic universes, black
hole evaporation, and the embedding structure our universe is contained within,
This multiverse has BHs and may resolve what appears to be an impossible di-
chotomy. The following is largely from [52] [53] and has serious relevance to the
final part of the conclusion. That there are N universes undergoing Penrose ‘infi-
nite expansion’ (Penrose) [52] contained in a mega universe structure [53] Fur-
thermore, each of the N universes has black hole evaporation, which is with
Hawking radiation from decaying black holes. If each of the Nuniverses is defined
by a partition function, called {E,}:N , then there exist an information ensemble
of mixed minimum information correlated about 107 - 108 bits of information per

artition function in the set {=. V" , so minimum information is conserved
1)i=1

before

between a set of partition functions per universe [53]
— )I=N _f= i=N
{‘:‘i}izl = {‘_‘i}[zl

However, there is non-uniqueness of information put into individual partition

(98)

before after

function {E,}ZN . Also Hawking radiation from black holes is collated via a

strange attractor collection in the mega universe structure to form a new infla-
tionary regime for each of the N universes represented.
Our idea is to use what is known as CCC cosmology [52], which can be thought

of as the following [53]. First. Have a big bang (initial expansion) for the universe

— =N . . . .
which is represented by {zi }251 . Verification of this mega structure compression

and expansion of information with stated non-uniqueness of information placed
in each of the NV universes favors ergodic mixing of initial values for each of N
universes expanding from a singularity beginning. The »n, stated value, will be

using (Ng, 2008) S

entropy

~n,. [11]-[13]. How to tie in this {energy expression, will
be to look at the formation of a nontrivial gravitational measure as a new big bang
for each of the N universes as by 7n(E,) the density of states at energy E, for
partition function [53].
o i=N
SRR e
0 i=l
Each of E identified with Equation (108) above, are with the iteration for N
universes [53], and [52]. Then the following holds, by asserting the following

claim to the universe, as a mixed state, with black holes playing a major part, Ze.
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CLAIM 1

See the below [53] representation of mixing for assorted NV partition functions
per CCC cycle

1 N
¥z

For Nnumber of universes, with each =

[1]

— = (100)

j before nucleation regime vacuum nucleation tranfer i ; fixed after nucleation regime
j|j before nucleation regime fOI‘jZ 1to Nbelng
the partition function of each universe just before the blend into the RHS of
Equation (100) above for our present universe. Also, each independent universe
a s

given by = is constructed by the absorption of one to ten

J |j before nucleation regime
million black holes taking in energy. i.e. (Penrose) [53]. Furthermore, the main
point is done in [53] in terms of general ergodic mixing [54] [55].

Claim 2

Max

~ DB
k=1

What is done in Claims 1 and 2 [53] is to come up as to how a multi dimensional

—
=)

=

(101)

j before nucleation regime black holes jth universe

representation of black hole physics enables continual mixing of spacetime [53],
largely as a way to avoid the Anthropic principle [56] [57], as to a preferred set of
initial conditions. So then we come to the main point of all this.
Why we are Looking at the Modification of the Penrose CCC (Cosmology).
We argue this modification is mandated by having the initial DE wavefunction

set as having a wave length as stated by

ﬂ’DE ~ 1030£Planck (102)

This will be used to make sense of the presentation given in [56] as well as rig-
orous data analysis of CMBR data. And in all of this, we will be making the scale
factor approximation in macro scale i.e.

We have that for a scale factor expansion of the universe, that

a(t)=a0{2g12/\ .[cosh( 3At)_1}}1/3nge)exp(\/§tJ (103)

The substitution of Equation (103) is in its large time t limit form relevant to

Figure 3, whereas the earlier before time t is large value of the scale factor is more
relevant to the Planckian physics, whereas we still can in very small be using the
scale factor as proportional to t to the power of Equation (79), ie. a very large

number in the Planckian regime.

20. In This Set Up We Will Be Avoiding Some of the
Problems Inherent in the Varying Cosmological
Constant Models, i.e. See the Following, i.e. What If We
Have This to Look at

Look at an argument provided by Thanu Padmanabhan [3], leading to the ob-

DOI: 10.4236/jhepgc.2026.121028

524 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.121028

A. W. Beckwith

served cosmological constant value suggested by Park as referenced by Beckwith
in [58]. Assume that [/, ~ 10 cm N“ -1, , but that when we

Quantum Gravity threshold

make this substitution that 1< N* <10? [59]

AO SCIVe
Prac ™~ ﬁ ~ NPy Pr

(104)
~ \/l}::mck : 1;14 ~ ll;linck ’ Hozbserved
ie.looking at if
Ap ~ a dark energy density ~ HZ, ... / G (105)

Now to make it more interesting:
HZ

observed

by A, Ho

We can replace A witials Hiniio - 10 addition we may look at

observed *

inputs from the initial value of the Hubble parameter to get the necessary e folding

needed for inflation, according to

E foldings = H, '(’End ofinf ~ Loeginning ofinf) =N 2100 (106)
= H, 2107 -10%
Leading to
a(End of inf ) /a(Beginning of inf ) = exp(N) (107)
Ifweset Ay ~C o[T ~10* Kelvin] implying a very large initial cosmologi-

cal constant value, we get in line with what Park suggested for times much less

than the Planck interval of time at the instant of nucleation of a vacuum state

Asnitial ~ [10156 ] -87G ~ huge number (108)

21. Conclusion 2, i.e. We Find that Section XX as an
Interpretation of Vacuum Energy is Problematic. Hence,
We Stick with Our Constant Cosmological Constant Due
to Its Easy Relevance to Table 1, and Figure 3

Furthermore, we wish to point out that Equation (108) is derived using classical
arguments whereas the cosmological constant as used by our text initially is to be
linked to black holes, and Torsion and has a direct tie into a quantum interpreta-
tion of black holes as given in our document, Note. in all this though we are still
considering a Hubble parameter which is definable as given in [60]. Note H de-
pends upon temperature 7; and becomes enormous in the initial states of the Early
Universe.

2

T;emperature
H=166g, ——— (109)
mp
An open question, is if the initial temperature, given in Equation (109) deriva-
ble by classical or quantum processes? Frankly this is extremely fundamental.

Further details of the coefficient of time used in the scale factor as given by
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Equation (79) are in [61], whereas we assert that the Penrose Multiverse model,
as given in section XIX is similar to the embedding program we asserted in the
beginning for the initial HUP used for uncertainty principle. i.e. the multiverse in

5 dimensions may well be semi classical.

22. Now to Examine Two Other Approaches as to the De and
Cosmological Problem. First the Klauder Enhanced
Radiation Procedure Which Is a Way to Obtain De, i.e.
the Cosmological Constant Before the Planckian Regime
of Space-Time

Start with, here that [56] we have a term to the 4™ power in Equation (109a) which
is among other things linked to Horizon size, i.e. Horizon of the early universe in

its expansion from early Planckian physics cconstraints

2 2 74
l-Za)izV(Volume)J k2+m2kdfsz
25 ° 4r 16w
(109a)
A
- 71 4 1019 . _
2=M planck Pooson = 2x107 GeV" ~10 (pDE e

We use the Padmanabhan 1* integral [3] of the form, with the third entry of
Equation (109a) having a Ricci scalar defined via [62] [63] and usually the curva-
ture N [64] set as extremely small, with the general relativity [63] [64] action of

jfd“ (R-2A)

& - :—detgw (110)

. N2
&m:a{h(ﬁj +§2J
a a a

Next for the idea from Klauder

We are going to go to page 78 by Klauder [64]-[66] of what he calls on page 78
a restricted Quantum action principle which he writes as: §, where we write a
1-1 equivalence as in [64]-[66], which is

s, jdt[ £)q(t)-Hy (p(1).q(t)) ]~ =—I\/_d4 (R-2A) (111)

Our assumption is that A is a constant [64]-[66], hence we assume then use
the approximation, from [64]-[66]
p_§ Po (N )
2
Vy(x)=0; for0<x<1

Vy(x)=N; otherwise

+N; forO<N<ooand g =g, =L p,t

(112)

DL (h~n)2
HN(P(I),(](f))=70+ > +N; forO< N <o

Our innovation is to then equate g=g¢,* p,t ~¢ and to assume small time
step values. Then [64]-[66]
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(113)

_[3£1+2N+}/8.7(53G}/-;21)} i (aY
TN {6'(_{_)]]

If we assume that Equation (113) was formed within a cosmic bubble of space-

time [50]
. \2 2
a ) 8n P
e R (L 114
(aj bounce cos 3M}2, (,D 2|O_|J ( )

Here, we have that p is a space-time density function, whereas o is the

tension of a space-time bubble presumably of the order of a Planck radius. Also,

within the bubble of space-time (ﬁj ~¢"=0 and a(f)=a,,t at the surface
a

of the space-time bubble. Hence

3y-1
{3%1 N+E}§/(Gi )} 16 2
A=~ V4 T Planck +e T (p_ P ] (115)

Ve My 7 2l
K

¢, isto be determined, whereas the inflaton [3]

_ |7 8nGVy
¢_\/4nG 1n{\/7/(37/—1) t} (116)

And what we will use the “inflaton potential” we write as [3]

vy, /M.t Mﬁ (117)
r(3r-1)

vty | [$75 i
P +V(¢)_8nG ©*+V, { Gr-1) t} (118)

The significance of the procedure is that with tweaking we may be seeing the

Also [3]

actual realization of classical gravity as an Eikonal Approximation to quantum
theory [67] [68] as what was brought up by Horowitz and Oron in a highly non-
standard way as seen in reference [68] which gives a different interpretation to
Equation (118) above. The term we refer to as Eikonal approximation to a quan-
tum state has the form of the following decomposition. From Powell and Crase-
mann, [69] we have the decomposition of Geometric style decomposition of the

optical wave equation of

2
vy L 4V _, (119)
2 2
vVelocity dr

Whereas we use the common  A-® =27vy,., » and if we substitute in an an-

gular frequency dependence of e in ¥, we get from (16) that if A=4h/p
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and a momentum of value p= \/ 2m- (E - V(potential)) , Then we have a trans-

formation of Equation (120) to Equation (121)

47

12

Leads to a Schrodinger equation of the form given by

Vi + 2 =0 (120)

2
sz/+8hi2-(E—V(potential))-l//=0 (121)
Equation (120) has [70]

> (a7, (k) +by,,y, (kr))-Y/" (6.9) (122)

m=—/{

Ms

=

4

Il
o

where we could get away with making a substitution of [69]

2n 2w
k=—=—-(E -V (potential 123
=5 (£~ (potential)) (123)
where the first and second Bessel Equation solutions [70] are of the form
(1 dY sinx
r=x)=(-x)| == 124
][(r x) ( x) (xdxj X (124)
(1 dY cosx
kr=x)=—(-x) | —— 125
y/(r x) ( x) [xdxj X (125)

Then we have via making use of Kieffer’s result of variance of the energy [71] is

1/2
7 h~2n+1-( E -V (potential
:\/2;1’+1 . V27 +1( (potentia )) w7, Vol‘ge 4 (126)

2n

We get via [71] on page 239 of this reference. Equation (126). After we use
Equation (126), then

AEAt ~ 271 +1- /%-t-m-h:h (127)
T

If so, then we have that if so by use of [72] since this is also applicable to black
holes.

1 by, o At = AEAE =271 41 —g““‘é;“ (At hoch
TT
(128)

1 8nG

\ Zﬁ +1 . Vvolume

= (At)2 oc

Using Planck units,

1 8nG 81 5
ArY’ : _ 8
(4) NG \/: 27i+1 (tpc) (129)

oc At , we

If /i =quantum number , then for Af being proportional to f,,,.,

have definite restrictions on 7 = quantum number , Ze. of the type given by

8
2n+1

<1 (130)
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Whereas the Kieffer Wavefunction commensurate as to Equation (126) for a

quantum Dust universe initially is given as [72] on page 239 of this reference

1 ﬁ!-(zﬂ)ﬁ+l/z 1 1
o (tr)=——- : - —| @31
¥aa(t7) Vamf(20)! {(/1+i-t+i-r)n+] "*‘} 1y

(A+i-t—i-r)
This is approximately the same as the wave function of the Universe, as given

by Kieffer in the case of torsion given earlier, but the difference lies in that the
coefficient 7 is greatly restricted.
Here the time # would be proportional to Planck time, and r would be propor-

tional to Planck length, whereas we set

P 8nG 8_“:@
= Vv h2l‘2 G=h=lppnek=kp=1 1‘2 B t (132

volume

Then a preliminary emergent space-time wavefunction would take the form of
| (2Br(ar))
v, (Atr)= .
Aann)= o J@27)!

1 1

| (\/8_-(At)"+i~At+i-r)ﬁ+1 (V8m-(Ar) " +i-Ar—i-r)

Just at the surface of the bubble of space-time, with ¢

ii+/2

(133)

i+l

prnck C A ,and 7 oc l

This is from a section, page 239 of the 3" edition of Kieffer’s book [67].
This is a very narrow set of conditions as to the wavefunction of the early Uni-

Planck

versel!l Is this defensible? Note, we would need to have r in Equation (133) not
zero in some sense to employ the presumed Equation (113). Ze. is this reasonable?
Very much open to question. To put it mildly! Next, we have that we could have
what is known as the NLED, i.e. Nonlinear Electromagnetic field approximation

to the Cosmological constant.

23. Brane Theory Treatment of Entanglement Entropy and a
Variable Cosmological Constant i.e. Muller and Lousto
Early Universe Entanglement Entropy, and Its
Implications. Solving the Spatial Length Issue, Provided
a Minimum Time Step Is Preserved in the Cosmos, i.e.
There Is Zero Observational Proof of This in Existence

We look at [10] again.

S =032 /d* (134)

Entropy
This is labeling an equation for entropy S as (134).
For a time dependent horizon radius Hr which is in line with [10]

As a cosmology phenomenology as discussed in [10]

0.3 A
Sentropy :0.31”1_21/612 N?exp{—p\/;} (135)

We can look at

DOI: 10.4236/jhepgc.2026.121028

529 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.121028

A. W. Beckwith

Le.

A 2
)
2
3 a’
A zt_z.{lne {E.Senmpy]} (137)

No matter how small the length gets, S

entropy

not go to zero. The requirement is that the smallest length of time, £ re scaled does

So, then one has

if it is entanglement entropy, will

not go to zero. This preserves a minimum non zero A\ vacuum energy, and in
doing so keep the non zero initial bits, for computational bits contributions to

evolving space time behavior even if R

initial

=0

24. Reviewing a Suggestion as to How to Quantify the
Shrinkage of the Scale Factor and Its Connections with
Entanglement Entropy

We are given by [73] if there is a nonsingular universe, a template as to how to
evaluate scale factor a against time scaled over Planck time, with the following
results.

a® 2.4 8t ¢t
lnea+z+—= —

3 3 (138)

tPlanck

Two time and scale factor values in tandem particularly stand out. Namely,

el 1344 roct

T ~5.4%x10™* sec (139)
|:aPlanck ~ 10 :|

a~ Planck

Also

ag.,
a~——> ____=07414 <>t c 0" (140)
[ pppesc ~107° ]
Planck
The main thing we can take from this, is to look at the inter-relationship of how
to pin down an actual initial Hubble “constant” expansion parameter, where we
look at:

In, (1.813)

tPlanck

1813 = eXp([—IPlemck .tPlanck) g HPlanck = (141)

2
a

03

is close to Planck time the initial maximal density of

2
3
Recall that A= t—z-{lne[ *Sentropy H , which is predicated upon, if the time

P ~ 52x10% kg/m? (142)

And length given by
Length (Planck) =/, ~1.6x107 meters (143)
So (142) is implying that the amount of matter in a region of space (/p,, )3 is
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initially about

Do ~ 2x107 kg ~ 2x1077 grams (144)
Using 1 GeV/c? = 1.783 x 107 kg means that (141) above is
P ~ 2x107" kg ~2x1077 grams ~ 10" GeV (145)
Then if
3 : ’
+17 a
107" GeV ~ A zt—2'|:ll’le (E'Sentropy J:| (146)
It will lead to
2
10" GeV x107 sec? ~ {me (% Sentropy ﬂ (147)

Then, to first order, one is looking at Initial entropy to get a non zero but defi-
nite vacuum energy as leading to an entanglement entropy of about (just before

the electro weak regime)

S

entropy

1/a* ~10* -10% (148)

25. Reviewing the Geometry for Embedding Equation (148)
above

In line with Stoica [7] shrinking the minimum length and referring to both (146) and
(143), the idea is to use a surface area treatment as to getting the initial entropy values

as given in (149). To do so, the author looks at the following diagram (Figure 4):

L2
y?

Cauchy Horizon

-

Yb (t) L Ys

Figure 4. From [73], this is an early universe model of Brane
physics as a higher dimensional cosmology.

The two branes given at y, and y, refer to the two Brane world states, espe-
cially in line with [74] [75]. The first one, namely y, isthe brane where our phys-
ical universe lives in, and is embedded in. If one uses this construction, with higher
dimensions than just 4 dimensions, then it is possible to have a single point in 4
dimensional space as a starting point to a tangential sheet which is part of an em-
bedding in more than 4 dimensions. Along the lines of having a 4 dimensional
cusp with its valley (lowest) point in a more than 4 dimensional tangential surface.

The second brane is about 107 centimeters away from the brane our physical
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world lives in, and moves closer to our own brane in the future, leading to a slap-
ping of the two branes together about a trillion years ahead in our future [74] [75].
The geometry we are referring to with regards to embedding is in the first brane
¥, - [73] uses this geometry to have graviton production which the author has used
to model Dark Energy [76].

26. Conclusion. Making Computational Bits

As stated by Ng. the idea would be to have Z.e. [11]-[13], Ze. the coefficient of 3/4"
is due to factoring in curvature in the very early universe whereas we would intu-

itively expect it to be 1.

3/4 2 3/4
#bits ~ Ei} N {M_‘fi} (149)

c hoc

Here in this case, even if the spatial contribution, due to [10] goes to zero, the
idea would be to have the time length non zero so as to have a space-time version
of | non zero. This would also be in tandem with calling £, in (149) as

2
a

2
E.Semmpy H , where if the time is Planck time, in

3
proportional to A = F{ln@{

minimum value, and Semropy

the electro-weak an input into energy E, which would require an entropy (entan-

~ 1/ a* ~10” -10* in value, one would have before

glement).
What remains to be seen is, if there is a geometric sheet in more than 4 dimen-

2
3 a
sions, allowing for non zero time, as argued for A~—-|In,| —-S§_,., , even
t 0.3 »

if the spatial component goes to zero, according to [10]. We suggest an update as
to what was written by Seth Lloyd [77] with

I=8,u/k;In2= [#operations]3/4 = [p.c5 -t“/hT/4 (150)

total
when [23]

p=T" ~A (151)

vacuum energy

While doing this, a good thing to do, would be to keep in mind the four dimen-
sional version of vacuum energy as given by Park, [78] namely

Ay #C, T? (152)

As well as the transition given by a combination of [78], with [79], Barvinskey
etal

A € T 9360 m), < ¢, || T < 107K | (153)

4-dim gravtion production

ie here is the problem. There is zero, and I repeat zero evidence, as to Equation
(153), ie. but it does open up the question of linkage, between prior to present

universes as given in Table 1. ie between a black hole to white hole linkage be-
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tween earlier universe (or universes) and the present universe.

27. Future Project as to Explicitly Working in Prior Universe
White Hole Linked to Present Universe Black Hole, via a
Special Wormhole, for Each Wormbhole Linking Prior to
Present Universes

What we are doing is using the following wormhole connection, e

In doing this we should note that we are assuming as a future work that there
would be black holes, in our initial configuration, plus a white hole in the imme-
diate pre inflationary regime. Likely in a recycled universe. Reference [80] [81] is
what we will start off with [80] [81] and its given metric as far as a black hole to
white hole solution. Ze.

ds? =—A(r,01)dt2+B(r,a)7l dr’ + g’ (r,a)sz (154)
We can perform a major simplification by setting, then
A(r,a):B(r,a):f(r,a) (155)
In doing so, [80] gives us the following stress energy tensor values as give
1 rr ”2
T'=a [E (&' +2/2" )—— (1-f& )]
r 1 1 o 1 12
re (L)L) (156
g
T:gﬁ :T¢ :L_ l'(ffg'+fg")+l-(f")
’ 8n g 2

In doing this, we will chose the primed coordinate as representing a derivative
with respect to . Also in the case of black hole to white hole joining, we will be
looking at a gluing surface as to the worm hole joining a black hole to white hole
given as with regards to a gluing surface connecting a black hole to a white hole
which we give as &. And A isa quantum gravity index. Note that in [80] [81]
the authors often set it at 3, if so then for a black hole, to white hole to worm hole

configuration they give

P +a’ (1—;—2} , when (r<¢)

r, when (r>p)

g(ra)= (157)

We then make the following connection to energy density in a black hole to

white hole system, i.e.
=-T"

,0 black hole white hole wormhole r

- (158)
~h Wlack hole white hole wormholePblack hole white hole wormhole
This will lead to, if we use Planck units where we normalize 4 bar to being 1,
of

nblack hole white hole wormhole

(X s L ey 1 (159)
L) - %)

wblack hole white hole wormhole
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If we are restricting ourselves to quantum geometry at the start of expansion of
the universe, it means that say we can set these values to be compared to the inputs

of quantum number n used to specify a quantum number n.

28. Final Conclusion, i.e. a White Hole to a Black Hole Tunnel
from a Prior Universe, to a Present Universe, as Given by
Section XXVII May Be the Way to Go. How to Tie That
into the Detail Provided as of Equation (132)?

That is the final question and it is allowing for if we can still write

8nG 8n  8m ) )
A= t_2 = ) in a wave function of the universe

2.2 G=h={pjanck =kp=1
Vvolumch t

as given by Kieffer in Equation (133).

Now for a note as to Appendix B i.e. this assumes a model of a time VARYING

cosmological constant, ie. one which is an outgrowth of the additional energy
dumped into the universe by early UNIVERSE E and B fields. This is similar to
GR, but my doubts as to its veracity are in that it is fiendishly easy in NLED cos-
mology to have an infinitely expanding Universe, i.e. eternal inflation. If one sup-
poses that the Penrose situation of prior to our present universe super massive
black holes from an earlier cycle of creations makes an appearance in the CMBR,
we are NOT going to have eternal inflation.

If the Penrose supposition of super massive black holes making an impinge-
ment upon the CMBR, is in a sense proved, I do not see how we can have NLED
cosmology in our falsifiable cosmology models. Ze. if one has CMBR with NO
impingement of super massive black holes, upon the CMBR as speculated by Pen-
rose, in his CCC cosmology, then the NLED program and the possibility of its
time varying cosmological “constant” parameter cannot be dismissed. In addition,
NLED may due to what I put in IA sub section in Appendix B be very useful for
some of the anomalies showing up in CMBR as far as structure formation.

Furthermore is its possible tie in with [82] which is a very important summing
up of generalized entropy research and gravitation. Also, there is also considerable
evidence which cannot be dismissed as to E and B fields attached to black holes.
This is something which has been speculated as to the Membrane model of black
holes, for decades [83].

Final concluding remarks. If Appendix B is the way to go, NLED MAY offer a
way to fix Planck’s constant. See Appendix C. This is viable if Appendix B is not
ruled out. See also Appendix D, as far as the idea of a partition function of the
Universe. We have an outstanding question about the term E which shows up.
Can we improve on it?

The game changer is seen in Appendix E, ie. a way to calculate 10'** entropy
in the universe using a horizon argument for the universe. Can we match this
argument with our modification of the Penrose hypothesis, as given? Extremely
interesting if possible. And it also puts a different spin as to what a universe really

means.
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The probable results of not allowing the Penrose Singularity are collected in
Appendix F, which is of educational value for the reader.

A future project is as follows. If Appendix E is analyzed, it is effectively Ham-
iltonian General relativity. Ze. Mostly a classical theory. Classical Hamiltonians
generate what are called Poisson brackets. See Appendix G, where we summarize
a reference list comparison of Poisson brackets, and Hamiltonian systems with
their linkage to Quantum commutation relations. Ze. if we can make a linkage to
Appendix E, and the results of Table 1 via torsion physics, we can possibly use a
cross over to quantum commutation relationships which would aid in the devel-
opment of a purely quantum analysis of early universe cosmology.

Appendix H, summarizes two first integrals being compared as how to isolate
a cosmological constant at the start of our universe as well as the datum of negative
pressure. The 1% first integral is w.r.t. General Relativity. The 2" first is a quantum
system.

Finally, Appendix I, is a handy reference as to the issue of Strange attractors
which is the smoking gun in terms of the modification of the CCC Penrose cos-
mology so pursued.

Origin of using the term strange attractor, with respect to CCC cosmology, is

as follows. Ze. this paper is a really good visual source.

Conflicts of Interest

The author declares no conflicts of interest regarding the publication of this paper.

References

(1] Beckwith, A.-W. and Moskaliuk, S.S. (2017) Generalized Heisenberg Uncertainty
Principle in Quantum Geometrodynamics and General Relativity. Ukrainian Journal
of Physics, 62, 727-740. https://doi.org/10.15407/ujpe62.08.0727

(2] Kolb, E.-W. and Turner, M.S. (1990) The Early Universe. Addison-Wesley Publishing
Company.

[3] Padmanabhan, T. (2006) An Invitation to Astrophysics. World Scientific.
https://doi.org/10.1142/6010

[4] Beckwith, A. (2022) New Conservation Law as to Hubble Parameter, Squared Divided
by Time Derivative of Inflaton in Early and Late Universe, Compared with Discus-
sion of HUP in Pre Planckian to Planckian Physics, and Relevance of Fifth Force
Analysis to Gravitons and GW. In: Frajuca, C., Ed., Gravitational Waves— Theory
and Observations, Lntechopen, 1-18.
https://www.intechopen.com/online-first/1125889
https://www.intechopen.com/chapters/1125889

[5] Wesson, P.S. (2006) Five-Dimensional Physics-Classical and Quantum Conse-
quences of Kaluza-Klein Cosmology. World Scientific Publishing Co. Pte. Ltd.

https://doi.org/10.1142/9789812774231

[6] Beckwith, A.-W. (2025) Part II. How a Tokamak May Allow GW to Be Duplicated in
Simulated Values, with Torsion Cosmology and Quantum Number 7, and Cosmo-

logical Constant from Relic Black Holes. Journal of High Energy Physics, Gravitation
and Cosmology; 11, 737-783. https://doi.org/10.4236/jhepgc.2025.113048

DOI: 10.4236/jhepgc.2026.121028

535 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.121028
https://doi.org/10.15407/ujpe62.08.0727
https://doi.org/10.1142/6010
https://www.intechopen.com/online-first/1125889
https://www.intechopen.com/chapters/1125889
https://doi.org/10.1142/9789812774231
https://doi.org/10.4236/jhepgc.2025.113048

A. W. Beckwith

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

Stoica, C. (2012) Beyond the Friedmann-Lema"itre-Robertson-Walker Big Bang Sin-
gularity. http://arxiv.org/pdf/1203.1819.pdf

Beckwith, A.W. (2012) Is Quantum Mechanics Involved at the Start of Cosmological
Evolution? Does a Machian Relationship Between Gravitons and Gravitinos Answer

This Question? http://vixra.org/abs/1206.0023

Lee, J. (2012) On the Origin of Entropic Gravity and Inertia. Foundations of Physics,
42, 1153-1164. https://doi.org/10.1007/s10701-012-9660-x

Muller, R. and Lousto, C. (1995) Entanglement Entropy in Curved Space-Times with
Event Horizons. arXIV gr-qc/9504049 v1.

Ng, Y.J. (2008) Spacetime Foam: From Entropy and Holography to Infinite Statistics
and Nonlocality. Entropy; 10, 441-461. https://doi.org/10.3390/e10040441

Ng, Y.J. and van Dam, H. (2000) Measuring the Foaminess of Space-Time with Grav-
ity-Wave Interferometers. Foundations of Physics, 30, 795-805.
https://doi.org/10.1023/a:1003745212871

Ng, Y.J. (2017) Quantum Foam, Gravitational Thermodynamics, and the Dark Sec-
tor. Journal of Physics. Conference Series, 845, Article 012001.
https://doi.org/10.1088/1742-6596/845/1/012001

Beckwith, A.W. (2024) How Torsion as Presented by De Sabbata and Sivaram in Erice
1990 Argument as Modified May Permit Cosmological Constant, and Baseline as to
Dark Energy. Journal of High Energy Physics, Gravitation and Cosmology, 10, 138-
148. https://doi.org/10.4236/jhepgc.2024.101012

Beckwith, A.W. (2025) Relic Black Holes, in Terms of a Quantum Number 1 & Tor-
sion and Multi-Messenger Spin-Offs. Journal of High Energy Physics, Gravitation
and Cosmology;, 11, 480-505. https://doi.org/10.4236/jhepgc.2025.112034

de Sabbata, V. and Sivaram, C. (1991) Torsion, Quantum Effects and the Problem of
Cosmological Constant. In: Zichichi, A., de Sabbata, V. and Sachez, N., Eds., Gravi-
tation and Modern Cosmology, Springer, 19-36.
https://doi.org/10.1007/978-1-4899-0620-5 4

Chavanis, P. (2014) Self-Gravitating Bose-Einstein Condensates. In: Calmet, X., Ed.,
Fundamental Theories of Physics, Springer International Publishing, 151-194.
https://doi.org/10.1007/978-3-319-10852-0 6

Corda, C. (2023) Black Hole Spectra from Vaz’s Quantum Gravitational Collapse.
https://arxiv.org/abs/2305.02184

Glauber, R.J. (1963) Coherent and Incoherent States of the Radiation Field. Physical
Review, 131, 2766-2788. https://doi.org/10.1103/physrev.131.2766

Gasperini, M. and Veneziano, G. (1992) The Pre-Big Bang Scenario in String Cos-
mology. https://arxiv.org/pdf/hep-th/9211021

Veneziano, G. (1993) Classical and Quantum Gravity from String Theory. In: Bento,
M.C., Bertolami, O., Mourao, J.M. and Picken, R.F., Eds., Classical and Quantum
Gravity, World Press Scientific, 134-180.

Kieffer, C. (2025) Quantum Gravity. 4th Edition, International Series of Monographs
on Physics, Vol. 176, Oxford Press.

Mohaupt, T. (2003) Introduction to String Theory. In: Giulini, D.J.W., Kiefer, C. and
Lammerzahl, C., Eds., Lecture Notes in Physics, Springer, 173-251.
https://doi.org/10.1007/978-3-540-45230-0_5

Ford, L.H. (1994) Gravitons and Lightcone Fluctuations.
http://arxiv.org/abs/gr-qc/9410047

DOI: 10.4236/jhepgc.2026.121028

536 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.121028
http://arxiv.org/pdf/1203.1819.pdf
http://vixra.org/abs/1206.0023
https://doi.org/10.1007/s10701-012-9660-x
https://doi.org/10.3390/e10040441
https://doi.org/10.1023/a:1003745212871
https://doi.org/10.1088/1742-6596/845/1/012001
https://doi.org/10.4236/jhepgc.2024.101012
https://doi.org/10.4236/jhepgc.2025.112034
https://doi.org/10.1007/978-1-4899-0620-5_4
https://doi.org/10.1007/978-3-319-10852-0_6
https://arxiv.org/abs/2305.02184
https://doi.org/10.1103/physrev.131.2766
https://arxiv.org/pdf/hep-th/9211021
https://doi.org/10.1007/978-3-540-45230-0_5
http://arxiv.org/abs/gr-qc/9410047

A. W. Beckwith

(25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]
(40]

(41]

(42]

(43]

(44]

Venkataratnam, K.K. and Suresh, P.K. (2008) Density Fluctuations in the Oscillatory
Phase of a Nonclassical Inflation in the FRW Universe. International Journal of Mod-

ern Physics D, 17, 1991-2005. https://doi.org/10.1142/50218271808013662

Grishchuk, L.P. and Sidorov, Y.V. (1989) On the Quantum State of Relic Gravitons.
Classical and Quantum Gravity, 6, L161-L166.

https://doi.org/10.1088/0264-9381/6/9/002
Grishchuk, L.P. (1993) Quantum Effects in Cosmology. Classical and Quantum Grav-
ity, 10, 2449-2477. https://doi.org/10.1088/0264-9381/10/12/006

Grishchuk, L. (1998) The Detectability of Relic (Squeezed) Gravitational Waves by
Laser Interferometers. http://arxiv.org/abs/gr-qc/9810055

Grishchuk, L. (2008) Discovering Relic Gravitational Waves in Cosmic Microwave
Background Radiation. http://arxiv.org/abs/0707.3319

Belinski, V. and Verdaguer, E. (2001) Gravitational Solitons. Cambridge University
Press. https://doi.org/10.1017/cbo9780511535253

Bojowald, M. (2008) Quantum Nature of Cosmological Bounces. General Relativity
and Gravitation, 40, 2659-2683. https://doi.org/10.1007/s10714-008-0645-1
Giovannini, M. (2024) Quantumness of Relic Gravitons. Physical Review D, 110, Ar-
ticle 123520. https://doi.org/10.1103/physrevd.110.123520

Ashtekar, A., Fairhurst, S. and Willis, J.L. (2003) Quantum Gravity, Shadow States
and Quantum Mechanics. Classical and Quantum Gravity, 20, Article 1031.
https://doi.org/10.1088/0264-9381/20/6/302

Benisty, D., Guendelman, E.I,, van de Venn, A., Vasak, D., Struckmeier, J. and
Stoecker, H. (2022) The Dark Side of the Torsion: Dark Energy from Propagating
Torsion. The European Physical Journal C, 82, Article No. 264.
https://doi.org/10.1140/epjc/s10052-022-10187-2

Sivaram, C. (2007) What Is Special About the Planck Mass?
http://arxiv.org/ftp/arxiv/papers/0707/0707.0058.pdf

Sivaram, C. (2005) The Cosmological Constant as a Unifying Link. In: Saha, S.K. and
Rastogi, V., Eds., 21st Century Astrophysics, Anita Publications, New Delhi, 16-19.
Novello, M. (2005) The Mass of the Graviton and the Cosmological Constant Puzzle.
https://arxiv.org/abs/astro-ph/0504505

Sold, J. (2005) Semiclassical Cosmology with Running Cosmological Constant. In:
Trampeti¢, J. and Wess, J. Eds., Springer Proceedings in Physics, Springer-Verlag, 59-
71. https://doi.org/10.1007/3-540-26798-0 6

Linde, A. (2014) Inflationary Cosmology after Plancmk 2013. arXiv:1402.0526v2.

Haranas, I. and Gkigkitzis, I. (2014) The Mass of Graviton and Its Relation to the
Number of Information According to the Holographic Principle. International
Scholarly Research Notices, 2014, Article ID: 718251.

https://doi.org/10.1155/2014/718251

Mukhanov, V. (2005) Physical Foundations of Cosmology. Cambridge University
Press. https://doi.org/10.1017/cbo9780511790553

Lyth, D.H. (2011) Primordial Black Hole Formation and Hybrid Inflation.
arXiv:1107.1681.

An, D., Meissner, K.A., Nurowski, P. and Penrose, R. (2018) Apparent Evidence for
Hawking Points in the CMB Sky. https://arxiv.org/abs/1808.01740

L Murphy, G. (1978) Gravitons from a Spinning Rod. Australian Journal of Physics,
31, 205-208. https://doi.org/10.1071/ph780205

DOI: 10.4236/jhepgc.2026.121028

537 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.121028
https://doi.org/10.1142/s0218271808013662
https://doi.org/10.1088/0264-9381/6/9/002
https://doi.org/10.1088/0264-9381/10/12/006
http://arxiv.org/abs/gr-qc/9810055
http://arxiv.org/abs/0707.3319
https://doi.org/10.1017/cbo9780511535253
https://doi.org/10.1007/s10714-008-0645-1
https://doi.org/10.1103/physrevd.110.123520
https://doi.org/10.1088/0264-9381/20/6/302
https://doi.org/10.1140/epjc/s10052-022-10187-2
http://arxiv.org/ftp/arxiv/papers/0707/0707.0058.pdf
https://arxiv.org/abs/astro-ph/0504505
https://doi.org/10.1007/3-540-26798-0_6
https://doi.org/10.1155/2014/718251
https://doi.org/10.1017/cbo9780511790553
https://arxiv.org/abs/1808.01740
https://doi.org/10.1071/ph780205

A. W. Beckwith

(45]

[46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(571

(58]

(59]

(60]

(61]

(62]
(63]

[64]

Frolov, V.P. and Zelnikov, A. (2011) Introduction to Black Hole Physics. Oxford Uni-
versity Press. https://doi.org/10.1093/acprof:0s0/9780199692293.001.0001

Ireland, A., Profumo, S., Scharnhorst, J. (2023) Primordial Gravitational Waves from
Black Hole Evaporation in Standard and Nonstandard Cosmologies. Physical Review

D, 107, Article 1040021. https://doi.org/10.1103/PhysRevD.107.104021
Will, C.M. (2018) Theory and Experiment in Gravitational Wave Physics. 2nd Edi-
tion, Cambridge University Press.

Lim, Y.-K. (1994) Problems and Solutions on Mechanics., World Scientific.

Freese, K., Ilie, C., Spolyar, D., Valluri, M. and Bodenheimer, P. (2010) Supermassive
Dark Stars: Detectable in JWST. The Astrophysical Journal, 716, 1397-1407.
https://doi.org/10.1088/0004-637x/716/2/1397

Freese, K., Brown, M.G. and Kinney, W.H. (2011) The Phantom Bounce: A New Pro-
posal for an Oscillating Cosmology. In: Mersini-Houghton, L. and Vaas, R., Eds., The
Arrows of Time, Springer, 149-156. https://doi.org/10.1007/978-3-642-23259-6 7

Ashtekar, A. (2020) Quantum Gravity in the Sky? Alleviating Tensions in the CMB
Using Planck Scale Physics.
http://www.icranet.org/images/stories/Meetings/ZM4/presentations/Ashtekar.pdf
Penrose, R. (2006) Before the Big Bang: An Outrageous New Perspective and Its Im-
plications for Particle Physics. Proceedings of the EPAC2006, Edinburgh, 2759-2762
Beckwith, A. (2021) Multiverse Version of Penrose CCC Cosmology, and Enhanced
Quantization Compared. Journal of High Energy Physics, Gravitation and Cosmol-
ogy, 7, 559-571. https://doi.org/10.4236/jhepgc.2021.72032

(2008) Introduction to Ergodic Theory (Lectures by Maryam Mirzakhani Notes by

Tony Feng). https://www.mit.edu/~fengt/ergodic theory.pdf
Arnold, V.I. and Avez, A. (1968) Ergodic Problems of Classical Mechanics. W.A.
Benjamin, Inc.

Li, M., Li, X., Wang, S. and Wang, Y. (2015) Dark Energy. World Scientific.
https://doi.org/10.1142/9293

Barrow, J.D. and Tipler, F.J. (1986) The Anthropic Cosmological Principle. Oxford
University Press.

Beckwith, A.W. (2007) Symmetries in Evolving Spacetime from Prior to Present Uni-
verses. arXiv:math-ph/0501028.

Padmanabhan, T. (2005) Understanding Our Universe: Current Status and Open Is-
sues. In: Ashtekar, A., Ed., 100 Years of Relativity, World Scientific, 175-204.
https://doi.org/10.1142/9789812700988 0007

De Angelis, A. and Pimenta, M. (2018) Introduction to Particle and Astroparticle
Physics. In: Deady, M., Hjorth-Jensen, M., Inglis, M., Luokkala, B., Marino, A., Ra-
ven, W., Eds., Undergraduate Lecture Notes in Physics, Springer-Verlag GmbH Ger-
many. https://doi.org/10.1007/978-3-319-78181-5

Beckwith, A.W. and Ghafoor, Q.A. (2023) Using Model of a Universe as Similar to a
Black Hole, Ask If We Have to Have Singularities, If We Are Looking at Initial Time
Step and Entropy, from the Beginning. Journal of High Energy Physics, Gravitation
and Cosmology, 9, 708-719. https://doi.org/10.4236/jhepgc.2023.93058

Compeére, G. (2019) Advanced Lectures on General Relativity. arXiv:1801.07064v4.

Weinberg, S. (1972) Gravitation and Cosmology: Principles and Applications of the
General Theory of Relativity. John Wiley and Sons.

Beckwith, A.W. (2020) Using “Enhanced Quantization” to Bound the Cosmological

DOI: 10.4236/jhepgc.2026.121028

538 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.121028
https://doi.org/10.1093/acprof:oso/9780199692293.001.0001
https://doi.org/10.1103/PhysRevD.107.104021
https://doi.org/10.1088/0004-637x/716/2/1397
https://doi.org/10.1007/978-3-642-23259-6_7
http://www.icranet.org/images/stories/Meetings/ZM4/presentations/Ashtekar.pdf
https://doi.org/10.4236/jhepgc.2021.72032
https://www.mit.edu/%7Efengt/ergodic_theory.pdf
https://doi.org/10.1142/9293
https://doi.org/10.1142/9789812700988_0007
https://doi.org/10.1007/978-3-319-78181-5
https://doi.org/10.4236/jhepgc.2023.93058

A. W. Beckwith

(65]

[66]

(67]

(68]

[69]

(70]

(71]
(72]

(73]

(74]

(75]

(76]

(77]

(78]

(79]

(80]

(81]

Constant, (for a Bound-On Graviton Mass), by Comparing Two Action Integrals
(One Being from General Relativity) at the Start of Inflation. In: Sidharth, B.G., Mu-
rillo, J.C., Michelini, M. and Perea, C., Eds., Fundamental Physics and Physics Edu-
cation Research, Springer International Publishing, 21-36.
https://doi.org/10.1007/978-3-030-52923-9 3

Klauder, J.R. (2017) Enhanced Quantization: The Right Way to Quantize Everything.
https://arxiv.org/abs/1702.04713

Klauder, J.R. (2014) Enhanced Quantization. World Scientific.
https://doi.org/10.1142/9452

Lévy, M. and Sucher, J. (1969) Eikonal Approximation in Quantum Field Theory.
Physical Review, 186, 1656-1670. https://doi.org/10.1103/physrev.186.1656

Horwitz, L. and Oron, O. (2006) Classical Gravity as an Eikonal Approximation to a
Manifestly Loorentz Covariant Quantum Theory with Brownian Motion. In: Reimer,
A., Ed., Quantum Gravity Research Trends, Nova Science Publishers, Inc., 143-190.

Powell, J.L. and Crasemann, B. (1961) Quantum Mechanics. Addison and Westley
Company Inc.

Arfken, G., Weber, H. and Harris, F. (2012) Mathematical Methods for Physicists, A
Comprehensive Guide. 7th Edition, Academic Press.

Kieffer, C. (2012) Quantum Gravity. 3rd Edition, Oxford University Press.

Kiefer, C. (2001) Path Integrals in Quantum Cosmology. In: Janke, W., et.al, Eds.,
Fluctuating Paths and Fields, World Scientific, 729-740.
https://doi.org/10.1142/9789812811240 0062

Ruser, M. and Durrer, R. (2007) Dynamical Casimir Effect for Gravitons in Bouncing
Braneworlds. Physical Review D, 76, Article 104014.
https://doi.org/10.1103/PhysRevD.76.104014

Koury, J., Steinhardt, P.J. and Turkok, N. (2004) Designing Cyclic Universe Models.
Physical Review Letters, 92, Article 031302.

Khoury, J., Ovrut, B.A., Steinhardt, P.J. and Turok, N. (2001) The Ekpyrotic Universe:
Colliding Branes and the Origin of the Hot Big Bang.
https://arxiv.org/abs/hep-th/0103239

Bona, C. and Bezares, M. (2019) Kaluza-Klein Cosmology: The Bulk Metric. Physical
Review D, 100, Article 043509. https://doi.org/10.1103/physrevd.100.043509

Lloyd, S. (2002) Computational Capacity of the Universe. Physical Review Letters, 88,
Article 237901. https://doi.org/10.1103/physrevlett.88.237901

Park, D.K., Kim, H. and Tamaryan, S. (2002) Nonvanishing Cosmological Constant
of Flat Universe in Brane-World Scenario. Physics Letters B, 535, 5-10.
https://doi.org/10.1016/s0370-2693(02)01729-x

Barvinsky, A.O. and Kamenshchik, A.Y. (2006) Thermodynamics via Creation from
Nothing: Limiting the Cosmological Constant Landscape. Physical Review D, 74, Ar-
ticle 121502. https://doi.org/10.1103/physrevd.74.121502

Feng, Z., Ling, Y., Wu, X. and Jiang, Q. (2024) New Black-to-White Hole Solutions
with Improved Geometry and Energy Conditions. Science China Physics, Mechanics
& Astronomy, 67, Article No. 270412. https://doi.org/10.1007/s11433-023-2373-0

Beckwith, A.W. (2025) Gravitational Waves, Tokamaks, and the Pre-Planckian to

Planckian Era Universe. In: Smith, M.L. and Mecit C)Ztag, A.M., Eds., Cosmology Re-
search-Addressing Current Problems with Astrophysics, IntechOpen.

https://www.intechopen.com/chapters/1224041

DOI: 10.4236/jhepgc.2026.121028

539 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.121028
https://doi.org/10.1007/978-3-030-52923-9_3
https://arxiv.org/abs/1702.04713
https://doi.org/10.1142/9452
https://doi.org/10.1103/physrev.186.1656
https://doi.org/10.1142/9789812811240_0062
https://doi.org/10.1103/PhysRevD.76.104014
https://arxiv.org/abs/hep-th/0103239
https://doi.org/10.1103/physrevd.100.043509
https://doi.org/10.1103/physrevlett.88.237901
https://doi.org/10.1016/s0370-2693(02)01729-x
https://doi.org/10.1103/physrevd.74.121502
https://doi.org/10.1007/s11433-023-2373-0
https://www.intechopen.com/chapters/1224041

A. W. Beckwith

(82]

(83]

(84]

(85]
(86]

(87]

(88]

(89]

[90]

[91]

(92]

(93]

(94]

[95]

[96]

[97]

(98]

[99]

Beckwith, A.W. (2023) Does QM Embedded in 5th Dimensional Embedding Allow
for Classical Black Hole Ideas Only in Early Universe, Whereas Corda Special Rela-
tivity Plus QM May Eliminate Event Horizons for Black Holes after Big Bang? Journal
of High Energy Physics, Gravitation and Cosmology, 9, 1073-1097.

https://doi.org/10.4236/jhepgc.2023.94079
Straumann, N. (1997) The Membrane Model of Black Holes and Applications.
https://arxiv.org/abs/astro-ph/9711276

Camara, C.S., de Garcia Maia, M.R., Carvalho, J.C. and Lima, ].A.S. (2004) Nonsingu-
lar FRW Cosmology and Nonlinear Dynamics.

http://arxiv.org/pdf/astro-ph/0402311.pdf
Weinberg, S. (2008) Cosmology. Oxford University Press.

Fischbach, E. and Talmadge, C. (1992) Six Years of the Fifth Force. Nature, 356, 207-
215. https://doi.org/10.1038/356207a0

Corda, C. and Cuesta, H.J.M. (2010) Removing Black Hole Singularities with Non-
linear Electrodynamics. Modern Physics Letters A, 25, 2423-2429.
https://doi.org/10.1142/s0217732310033633

Berger, B.K., Garfinkle, D., Isenberg, J., Moncrief, V. and Weaver, M. (1998) The Sin-
gularity in Generic Gravitational Collapse Is Spacelike, Local and Oscillatory. Mod-
ern Physics Letters A, 13, 1565-1573. https://doi.org/10.1142/s0217732398001649

Mitra, A. (2011) Why the Big Bang Model Cannot Describe the Observed Universe
Having Pressure and Radiation. Journal of Modern Physics, 2, 1436-1442.
https://doi.org/10.4236/jmp.2011.212177

Adamek, J., Clarkson, C., Durrer, R. and Kunz, M. (2015) Does Small Scale Structure
Significantly Affect Cosmological Dynamics? Physical Review Letters, 114, Article
051302. https://doi.org/10.1103/physrevlett.114.051302

Guth, A. (1982) Phase transitions in the Early Universe. The Very Early Universe,
Proceedings of the Nuftield Workship, Cambridge, 21 June-9 July 1982, 171-204.

Peebles, P.J.E. (1980) The Large-Scale Structure of the Universe. Princeton University
Press.

Peebles, P.J.E. (1982) Large-Scale Background Temperature and Mass Fluctuations
Due to Scale-Invariant Primeval Perturbations. The Astrophysical Journal, 263, L1.
https://doi.org/10.1086/183911

Fishbach, E. and Talmadge, C. (1999) The Search for Non-Newtonian Gravity.
Springer-Verlag.

Unnikrishnan, C.S. and Gillies, G.T. (2015) Is the Higgs Principle True to the Equiv-
ance Principle? International Journal of Modern Physics, 24, 15440009.
https://doi.org/10.1142/50218271815440095

Beckwith, A.W. (2015) Nled Gedankenexperiment for Modified ZPE and Planck’s
‘Constant’, h, in the Beginning of Cosmological Expansion, Partly Due to Nled.
http://vixra.org/abs/1506.0011

Cai, R-C. (2005) Some Remarks on Constant Curvature Spaces. In: Liu, K. and Yau,
S-T., Eds., Superstring Theory (Advanced Lectures in Mathematics), Higher Educa-
tion Press, 234-250.

Visser, M. (1996) Lorentzian Wormbholes, from Einstein to Hawkings. AIP Press and
Springer.

Walecka, J.D. (2008) Introduction to Modern Physics, Theoretical Foundations.
World Press Scientific Co, Pte. Ltd.

DOI: 10.4236/jhepgc.2026.121028

540 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.121028
https://doi.org/10.4236/jhepgc.2023.94079
https://arxiv.org/abs/astro-ph/9711276
http://arxiv.org/pdf/astro-ph/0402311.pdf
https://doi.org/10.1038/356207a0
https://doi.org/10.1142/s0217732310033633
https://doi.org/10.1142/s0217732398001649
https://doi.org/10.4236/jmp.2011.212177
https://doi.org/10.1103/physrevlett.114.051302
https://doi.org/10.1086/183911
https://doi.org/10.1142/S0218271815440095
http://vixra.org/abs/1506.0011

A. W. Beckwith

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

Mongan, T.R. (2007) Holography and Non-Locality in a Closed Vacuum-Dominated
Universe. International Journal of Theoretical Physics, 46, 399-404.
https://doi.org/10.1007/s10773-006-9241-x

Mobhr, P.J., Taylor, B.N. and Newell, D.B. (2011) The 2010 CODATA Recom-Mended
Values of the Fundamental Physical Constants (Web Version 6.0). This Database
Was Developed by J. Baker, M. Douma, and S. Kotochigova. http://physics.nist.gov
Bombelli, L., Koul, R.K., Lee, J. and Sorkin, R.D. (1986) Quantum Source of Entropy
for Black Holes. Physical Review D, 34, 373-383.
https://doi.org/10.1103/physrevd.34.373

Farag Alj, A. and Das, S. (2015) Cosmology from Quantum Potential. Physics Letters
B, 741, 276-279. https://doi.org/10.1016/j.physletb.2014.12.057

Padmanabhan, T. (2003) Invited Lecture for Caltech Graduate Students.
http://ned.ipac.caltech.edu/level5/Sept02/Padmanabhan/Padl 2.html

Giovannini, M. (2008) A Primer on the Physics of the Cosmic Microwave Back-
ground. World Scientific. https://doi.org/10.1142/6730

Hankin, RK.S. (2021) Light Inextensible Strings (Thread) under Tension in the
Schwarzschild Geometry. The Physics Educator, 3, Article 2150005.
https://doi.org/10.1142/s2661339521500050

Wen, H., Li, E.Y,, Fang, Z.Y., Beckwith, A. (2014) Impulsive Cylindrical Gravitational
Wave: One Possible Radiative form Emitted from Cosmic Strings and Corresponding

Electromagnetic Response. http://arxiv.org/abs/1403.7277
Goldhaber, A.S. and Nieto, M.M. (2010) Photon and Graviton Mass Limits. Reviews
of Modern Physics, 82, 939-979. https://doi.org/10.1103/revmodphys.82.939

Khoury, J. and Weltman, A. (2004) Chameleon Cosmology. Physical Review D, 69,
Article 044026. https://doi.org/10.1103/physrevd.69.044026

Meissner, K.A. and Penrose, R. (2025) The Physics of Conformal Cyclic Cosmology.
arXiv:2503.24263v1.

Fisher, A.E. and Mocrief, V. (2007) Hamiltonian Reduction of Einstein’s Equations.
In: Frangoise, J.-P., Naber, G.L. and Tsun, T.S., Eds., General Relativity, Quantum
Gravity, String Theory, and M Theory, Elsevier, 143-159.

Equation 5.19.4. NIST Digital Library of Mathematical Functions.
http://dlmf.nist.gov/5.19#E4

Beals, R. and Wong, R. (2010) Special Functions: A Graduate Text. Cambridge Uni-
versity Press, 28. https://doi.org/10.1017/cbo9780511762543

Riley, K.F., Hobson, M.P. and Bence, S.J. (2006) Mathematical Methods for Physics
and Engineering. 3rd Edition, Cambridge University Press.
https://doi.org/10.1017/cb09780511810763

Barrow, J.D. (2002) The Constants of Nature; From Alpha to Omega—The Numbers
that Encode the Deepest Secrets of the Universe. Pantheon Books.

Tomilin, K.A. (1999) Natural Systems of Units: To the Centenary Anniversary of the
Planck System (PDF). Proceedings of the XXII Workshop on High Energy Physics
and Field Theory, 287-296.

Beckwith, A.W. (2020) We Begin with a “Trivial” Condition on Massive Gravitons,
and Use That to Examine Nonsingular Starts to Inflation, for GW, with GW Strength
and Possible Polarization States? Journal of High Energy Physics, Gravitation and
Cosmology, 6, 692-709. https://doi.org/10.4236/jhepgc.2020.64048

Gottfried, K. (1966) Quantum Mechanics, Volume 1: Fundamentals. Benjamin Press.

DOI: 10.4236/jhepgc.2026.121028

541 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.121028
https://doi.org/10.1007/s10773-006-9241-x
http://physics.nist.gov/
https://doi.org/10.1103/physrevd.34.373
https://doi.org/10.1016/j.physletb.2014.12.057
http://ned.ipac.caltech.edu/level5/Sept02/Padmanabhan/Pad1_2.html
https://doi.org/10.1142/6730
https://doi.org/10.1142/s2661339521500050
http://arxiv.org/abs/1403.7277
https://doi.org/10.1103/revmodphys.82.939
https://doi.org/10.1103/physrevd.69.044026
http://dlmf.nist.gov/5.19#E4
https://doi.org/10.1017/cbo9780511762543
https://doi.org/10.1017/cbo9780511810763
https://doi.org/10.4236/jhepgc.2020.64048

A. W. Beckwith

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

Messiah, A. (1967) Quantum Mechanics (Vol. I). North Holland Publishing Com-
pany, 78. Translation from the French by G.M. Temmer.

Graham, R.L., Knuth, D.E. and Patashnik, O. (1988) Concrete Mathematics. Addi-
son-Wesley.

Egan, C.A. and Lineweaver, C.H. (2010) A Larger Estimate of the Entropy of the Uni-
verse. The Astrophysical Journal, 710, 1825-1834.
https://doi.org/10.1088/0004-637x/710/2/1825

Hawking, S.W. (1995) Virtual Black Holes. Physical Review D, 53, 3099-3107.
https://doi.org/10.1103/physrevd.53.3099

Dimopoulos, K., Markkanen, T., Racioppic, A. and Vaskonen, V. (2019) Primordial
Black Holes from Thermal Inflation. https://arxiv.org/pdf/1903.09598.pdf

Salpeter, E.E. (1964) Accretion of Interstellar Matter by Massive Objects. The Astro-
physical Journal, 140, 796-798. https://doi.org/10.1086/147973

Freese, K., Rindler-Daller, T., Spolyar, D. and Valluri, M. (2016) Dark stars: A Review.
Reports on Progress in Physics, 79, Article 066902.
https://doi.org/10.1088/0034-4885/79/6/066902

Vachaspati, T. (2006) Kinks and Domain Walls. Cambridge University Press.
https://doi.org/10.1017/cb09780511535192

Cardone, F. and Mignani, R. (2004) Energy and Geometry—An Introduction to De-
formed Special Relativity. World Scientific Publishing Co. Pte. Ltd.
https://doi.org/10.1142/9789812565372

Remmen, G.N. and Carroll, S.M. (2014) How Manye-Folds Should We Expect from
High-Scale Inflation? Physical Review D, 90, Article 063517.
https://doi.org/10.1103/physrevd.90.063517

Dolgov, A.D. and Ejlli, D. (2011) Relic Gravitational Waves from Light Primordial
Black Holes. Physical Review D, 84, Article 024028.
https://doi.org/10.1103/physrevd.84.024028

Zeldovich, Y.B. and Novikov, I.D. (1966) The Hypothesis of Cores Retarded during

Expansion and the Hot Cosmological Model. Acrporommaecknii XKyprar, 43, 758.

Senovilla, J.M.M. and Garfinkle, D. (2014) The 1965 Penrose Singularity Theorem.
https://arxiv.org/abs/1410.5226

Bojowald, M. (2007) Singularities and Quantum Gravity. AIP Conference Proceed-
ings, 910, 294-333. https://doi.org/10.1063/1.2752483

Tipler, F.J. (1978) Energy Conditions and Spacetime Singularities. Physical Review
D, 17, 2521-2528. https://doi.org/10.1103/physrevd.17.2521

Roman, T.A. (1986) Quantum Stress-Energy Tensors and the Weak Energy Condi-
tion. Physical Review D, 33, 3526-3533. https://doi.org/10.1103/physrevd.33.3526
Roman, T.A. (1988) On the “Averaged Weak Energy Condition” and Penrose’s Sin-
gularity Theorem. Physical Review D, 37, 546-548.
https://doi.org/10.1103/physrevd.37.546

Fewster, C.J. and Roman, T.A. (2009) Erratum: Null Energy Conditions in Quantum
Field Theory [phys. Rev. D67, 044003 (2003)]. Physical Review D, 80, Article 069903.
https://doi.org/10.1103/physrevd.80.069903

Fewster, C.J. and Galloway, G.]J. (2011) Singularity Theorems from Weakened Energy
Conditions. Classical and Quantum Gravity, 28, Article 125009.
https://doi.org/10.1088/0264-9381/28/12/125009

Klinkhamer, F.R. (2020) More on the Regularized Big Bang Singularity.

DOI: 10.4236/jhepgc.2026.121028

542 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.121028
https://doi.org/10.1088/0004-637x/710/2/1825
https://doi.org/10.1103/physrevd.53.3099
https://arxiv.org/pdf/1903.09598.pdf
https://doi.org/10.1086/147973
https://doi.org/10.1088/0034-4885/79/6/066902
https://doi.org/10.1017/cbo9780511535192
https://doi.org/10.1142/9789812565372
https://doi.org/10.1103/physrevd.90.063517
https://doi.org/10.1103/physrevd.84.024028
https://arxiv.org/abs/1410.5226
https://doi.org/10.1063/1.2752483
https://doi.org/10.1103/physrevd.17.2521
https://doi.org/10.1103/physrevd.33.3526
https://doi.org/10.1103/physrevd.37.546
https://doi.org/10.1103/physrevd.80.069903
https://doi.org/10.1088/0264-9381/28/12/125009

A. W. Beckwith

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]
[149]

[150]

[151]

[152]

[153]

[154]
[155]

[156]

https://arxiv.org/pdf/1907.06547.pdf

Zeldovich, Y.B. (1979) Cosmology and the Early Universe. In: Hawking, S. and Israel,
W., Eds., General Relativity, An Einstein Century Survey, Cambridge University
Press, 518-532.

Hindmarsh, M.B., Liiben, M., Lumma, J. and Pauly, M. (2020) Phase Transitions in
the Early Universe. https://arxiv.org/abs/2008.09136

Dodelson, S. and Schmitz, F. (2021) Modern Cosmology. 2nd Edition, Academic

Press.

Giovannini, M. (1999) Production and Detection of Relic Gravitons in Quintessential
Inflationary Models. Physical Review D, 60, Article 123511.
https://doi.org/10.1103/physrevd.60.123511
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.60.123511

Low, H. and Xiong, C. (2017) Fantasia of a Superfluid Universe—In Memory of Ker-
son Huang. In: Pua, K.K.,, Low, H.B. and Xiong, C., Eds., Memorial Volume for Ker-
son Huang, World Scientific, 55-69. https://doi.org/10.1142/9789813207431 0010

Huang, K., Low, H. and Tung, R. (2012) Scalar Field Cosmology II: Superfluidity,
Quantum Turbulence, and Inflation. International Journal of Modern Physics A, 27,
Article 1250154. https://doi.org/10.1142/s0217751x12501540

Poptawski, N.J. (2019) Black Hole Genesis and Origin of Cosmic Acceleration.
https://arxiv.org/abs/1912.02173

Tolley, A.]. (2014) Cosmological Applications of Massive Gravity. In: Papantonopou-
los, E., Ed., Lecture Notes in Physics, Springer International Publishing, 203-224.
https://doi.org/10.1007/978-3-319-10070-8 8

D’Amico, G., de Rham, C., Dubovsky, S., Gabadadze, G., Pirtskhalava, D. and Tolley,
A.J. (2011) Massive Cosmologies. Physical Review D, 84, Article 124046.
https://doi.org/10.1103/physrevd.84.124046
https://web2.ph.utexas.edu/~vadim/Classes/2016f/brackets.pdf

Ehrenfest, P. (1927) Bemerkung iiber die angenéherte Giiltigkeit derklassischen
Mechanik innerhalb der Quantenmechanik. Zeitschrift fiir Physik, 45, 455-457.
https://doi.org/10.1007/bf01329203

Smith, H. (1991) Introduction to Quantum Mechanics. World Scientific.
https://doi.org/10.1142/1271

Bondar, D.I,, Cabrera, R., Lompay, R.R., Ivanov, M.Y. and Rabitz, H.A. (2012) Oper-
ational Dynamic Modeling Transcending Quantum and Classical Mechanics. Physi-
cal Review Letters, 109, Article 190403.
https://doi.org/10.1103/physrevlett.109.190403

Beckwith, A.W. (2015) Using “Enhanced Quantization” to Bound the Cosmological
Constant, (for a Bound-on Graviton Mass), by Comparing two Action Integrals(One
Being from General Relativity) at the Start of Inflation.
http://vixra.org/pdf/1802.0305v1.pdf

Diési, L. (2019) Planck Length Challenges Non-Relativistic Quantum Mechanics of
Large Masses. Journal of Physics. Conference Series, 1275, Article 012007.

https://doi.org/10.1088/1742-6596/1275/1/012007

https://www.mpi-hd.mpg.de/lin/events/group seminar/inflation/heeck.pdf

Corda, C. (2018) Spacetime Can Be Neither Discrete nor Continuous. Modern Phys-
ics Letters A, 33, Article 1850069. https://doi.org/10.1142/s0217732318500694

Selby, S. (1969) CRC Standard Mathematical Table. 17th Edition, Chemical Rubber

DOI: 10.4236/jhepgc.2026.121028

543 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.121028
https://arxiv.org/pdf/1907.06547.pdf
https://arxiv.org/abs/2008.09136
https://doi.org/10.1103/physrevd.60.123511
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.60.123511
https://doi.org/10.1142/9789813207431_0010
https://doi.org/10.1142/s0217751x12501540
https://arxiv.org/abs/1912.02173
https://doi.org/10.1007/978-3-319-10070-8_8
https://doi.org/10.1103/physrevd.84.124046
https://web2.ph.utexas.edu/%7Evadim/Classes/2016f/brackets.pdf
https://doi.org/10.1007/bf01329203
https://doi.org/10.1142/1271
https://doi.org/10.1103/physrevlett.109.190403
http://vixra.org/pdf/1802.0305v1.pdf
https://doi.org/10.1088/1742-6596/1275/1/012007
https://www.mpi-hd.mpg.de/lin/events/group_seminar/inflation/heeck.pdf
https://doi.org/10.1142/s0217732318500694

A. W. Beckwith

[157]
[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]
[172]

[173]

[174]

[175]

[176]

[177]

Co.

Volovik, G.E. (2003) The Universe in a Helium Droplet. Oxford Science Publications.
NIST (2019) 2018 CODATA Value: Planck Mass. The NIST Reference on Constants,
Units, and Uncertainty.

Mancarella, F., Mussardo, G. and Trombettoni, A. (2014) Energy-Pressure Relation
for Low-Dimensional Gases. Nuclear Physics B, 887, 216-245.
https://doi.org/10.1016/j.nuclphysb.2014.08.007

Messiah, A. (1999) Quantum Mechanics, Two Volumes Bound as One. Dover Publi-

cations, Inc.

Nemirovsky, J., Cohen, E. and Kaminer, I. (2022) Spin Spacetime Censorship. An-
nalen der Physik, 534, 1-13. https://doi.org/10.1002/andp.202100348

Bacciagaluppi, G. and Valentini, A. (2009) Quantum Theory at the Crossroads. Cam-
bridge University Press. https://doi.org/10.1017/cbo9781139194983

t'Hooft, G. (2002) Determinism Beneath Quantum Mechanics.
https://arxiv.org/abs/quant-ph/0212095
Liammerzahl, C. (1995) A Hamilton Operator for Quantum Optics in Gravitational

Fields. Physics Letters A, 203, 12-17. https://doi.org/10.1016/0375-9601(95)00345-4

Kompaneyetes, A.S. (1962) Theoretical Physics. Dover Publications.

Joe, A. and Singh, P. (2015) Kantowski-Sachs Spacetime in Loop Quantum Cosmol-
ogy: Bounds on Expansion and Shear Scalars and the Viability of Quantization Pre-
scriptions. https://arxiv.org/pdf/1407.2428

Ostriker, J.P. (1991) Development of Large Scale Structure in the Universe. Press Syn-
dicate of the University of Cambridge. Done for Accademia Nazionale Dei Lincei and
the Scuola Normale Superiore

Collins, P.D., Martin, A.D. and Squires, E.J. (1989) Particle Physics and Cosmology.
John Wiley and Sons.

Shankar, R. (2019) Quantum Field Theory and Condensed Matter, an Introduction.
Cambridge University Press.

Ruutu, V.M.H., Eltsov, V.B., Gill, A.]., Kibble, T.W.B., Krusius, M., Makhlin, Y.G., et
al. (1996) Vortex Formation in Neutron-Irradiated Superfluid 3he as an Analogue of
Cosmological Defect Formation. Nature, 382, 334-336.
https://doi.org/10.1038/382334a0

https://plato.stanford.edu/entries/bohr-correspondence/

Pauli, W. (1981) Pauli Lectures on Physics—Volume 6 Selected Topics in Field Quan-
tization. The MIT Press.

Maggiore, M. (2008) Gravitational Waves, Volume 1: Theory and Experiment. Ox-
ford University Press.

Sola, J. (2013) Cosmological Constant and Vacuum Energy: Old and New Ideas. Jour-
nal of Physics. Conference Series, 453, Article 012015.
https://doi.org/10.1088/1742-6596/453/1/012015

Wesson, P. and Overduin, J. (2019) Principles of Space-Time-Matter, Cosmology,
Particles, and Waves in 5 dimensions. World Scientific Publishing Co. Pte., Ltd.
Carmeli, M. and Kuzmenko, T. (2001) Value of the Cosmological Constant: Theory
versus Experiment. https://cds.cern.ch/record/485959/files/0102033.pdf

Feleppa, F., Licata, I. and Corda, C. (2019) Hartle-Hawking Boundary Conditions as
Nucleation by De Sitter Vacuum. Physics of the Dark Universe, 26, Article 100381.

DOI: 10.4236/jhepgc.2026.121028

544 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.121028
https://doi.org/10.1016/j.nuclphysb.2014.08.007
https://doi.org/10.1002/andp.202100348
https://doi.org/10.1017/cbo9781139194983
https://arxiv.org/abs/quant-ph/0212095
https://doi.org/10.1016/0375-9601(95)00345-4
https://arxiv.org/pdf/1407.2428
https://doi.org/10.1038/382334a0
https://plato.stanford.edu/entries/bohr-correspondence/
https://doi.org/10.1088/1742-6596/453/1/012015
https://cds.cern.ch/record/485959/files/0102033.pdf

A. W. Beckwith

[178]

[179]
[180]

[181]

[182]

[183]

[184]

[185]

[186]

https://doi.org/10.1016/j.dark.2019.100381

Valev, D. (2008) Neutrino and Graviton Rest Mass Estimations by a Phenomenolog-
ical Approach. Aerospace Research in Bulgaria, 22, 68-82.
https://arxiv.org/abs/hep-ph/0507255

Huang, K. (2017) A Superfluid Universe. World Scientific Publishing Co. Pte. Ltd.

Sarkar, U. (2008) Particle and Astroparticle Physics. Taylor and Francis Series in
High energy Physics, Cosmology, and Gravitation. Taylor and Frances Boca Raton,
La. USA.

Beckwith, A.W. (2018) Using “Enhanced Quantization” to Bound the Cosmological
Constant, and Computing Quantum Number N for Production of 100 Relic Mini
Black Holes in a Spherical Region of Emergent Space-Time. Journal of High Energy
Physics, Gravitation and Cosmology; 4, 549-566.
https://doi.org/10.4236/jhepgc.2018.43033

Beckwith, A. (2014) Analyzing Black Hole Super-Radiance Emission of Particles/En-
ergy from a Black Hole as a Gedankenexperiment to Get Bounds on the Mass of a
Graviton. https://arxiv.org/abs/1404.7167

Penrose, R. (2011) Cycles of Time—An Extrardinary New View of the Universe by
Alfred A. Knopf.

Poptawski, N.J. (2011) Cosmological Constant from Quarks and Torsion. Annalen
der Physik, 523, 291-295. https://doi.org/10.1002/andp.201000162

Dye, H. (1965) On the Ergodic Mixing Theorem.
http://www.ams.org/journals/tran/1965-118-00/S0002-9947-1965-0174705-8/S0002-
9947-1965-0174705-8.pdf

Chapline, G., Hohlfeld, E., Laughlin, R.B. and Santiago, D.I. (2001) Quantum Phase
Transitions and the Breakdown of Classical General Relativity. Philosophical Maga-
zine B, 81, 235-254. https://doi.org/10.1080/13642810108221981

DOI: 10.4236/jhepgc.2026.121028

545 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.121028
https://doi.org/10.1016/j.dark.2019.100381
https://arxiv.org/abs/hep-ph/0507255
https://doi.org/10.4236/jhepgc.2018.43033
https://arxiv.org/abs/1404.7167
https://doi.org/10.1002/andp.201000162
http://www.ams.org/journals/tran/1965-118-00/S0002-9947-1965-0174705-8/S0002-9947-1965-0174705-8.pdf
http://www.ams.org/journals/tran/1965-118-00/S0002-9947-1965-0174705-8/S0002-9947-1965-0174705-8.pdf
https://doi.org/10.1080/13642810108221981

A. W. Beckwith

Appendix A. A Redo of the Fifth Force Argument as of
Reference [34]

a(t):ainitialtv
8nGV, ‘ﬁ
:>¢:1n =0 .y
v-(3v-1)
(1a)
. 1 .
=¢=—-t
¢ 4nG
2 2
:>H_z 4G o7 1662g* 107
v m;,

This would lead to an expansion parameter, a Hubble constant as given in [4]
This of course makes uses of [4] as this value, 7.e. we write A in terms of tem-
perature Tinitially to specify how fast the expansion was in high temperature re-

gimes
TZ
H=166\g. e (2a)
P

If so then
We will be using the ideas given in when we have the Gravitational wave fre-
quency specified by [5] with rin the following equation of the order of Planck

length, more or less [4]

o, ~c x s e x ! —
2mpr NG Ge(M,,.,) <r2>

1/6 (3a)
n 6
14 -C
= O, & / X ﬁz e
47'CG G'(Mmass) mPr'<r >

The idea of a fifth force contribution makes its way via the argument given in

[1] to the effect that the power of a signal of GW generation in the primordial GW

sense would be given by [4]

Ge (M, )2 oy, <r2 >2

Fow = K reX |F5m force
- (4a)
B(Ve)  p
|2 B[
mp ‘ 2mpr \ G

Having said that I am now ready to discuss the role of individual black holes.
In order to do this we use [4] namely

t=—o (5a)
wc

Theterm of @ isadimensionless value less than or at most equal to the value
1, and never negative. If so, then Equation (5a) will yield a radial force component

which we will write as [4]
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F =_ﬂ-(V¢)z_ ﬂ~ v (6a)
5th force mP ZmPr TCG

In this, with respect to this document we have that /3 is due to a Chamenon
particle, as seen in [4] in Chameleon cosmology. Also for mass greater than Planck
mass, namely M ~¢m , with m, for Planck Mass. We refer to [4], in that

this is for the mass of a physical system, 7.e. M of an object which in its phys-

ical configuration is generating gravitational waves, @,, and we find that in the
Planckian regime, /3 is a coefficient connected to a fifth force argument due to
reasoning from [4].

This leads to the following i.e. in [34] which is reproduced here, In addition
after approximating <r2 >2 ~ f‘; , Le. Planck length to the fourth power and
r <r2 >2 =/ Sp .

We find then we have at the immediate beginning of inflation, an almost Planck
frequency value of 1.855 times 10* Hertz, we would need v be 10°* which would
be factored into Equation (1a) and the scale factor value for the term v. This would
mean for the fifth force argument that we would have an almost infinitely quick

expansion in the neighborhood of Planck length for the start of inflation.
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Appendix B. How to Use NLED Cosmology in Order to Come
Up with a Cosmological Constant? Formation of Structure
Due to NLED Formalism?

We will treat in notation Appendix B as a mini paper in its own right. Hence the
set up as follows.

We repeat an earlier introductory, in the main text section of Mukanov [41] for
consistency in the appendix, Appendix B, so it can be read as independent of the
rest of the paper. Having said that....

This appendix A has several routes as to identifying NLED phenomenon perti-
nent to cosmology structure formation. First we look at what Mukhanov [41]
writes as far as structure formation. Mainly that there is a formulation of what is
called self reproduction of inhomogeneity in terms of early universe conditions
[41]. In this, the starting point is if one used the meme of chaotic inflation, Ze.

inflation generated by a potential of the form as given by Mukhanov [41]
V (potential ) ~ ¢° (1b)

In this, Mukhanov [41] write that one can look at a scalar field at the end of
(chaotic) inflation, with an amplitude given by, with ¢, for the initial value of the
inflaton such that (where m will be determined by NLED inputs to be brought
up later)

S ~m- g} (2b)

In terms of the initial inflaton, inhomogenities do not form if the initial inflaton

is bounded [41] as given by
m > g > (3b)

This leads to (low?) inhomogeneity in the space-time generated by inflation.

Inflation is eternal [41] if. there is only the inequality
g >m? (4b)

Our analysis of NLED is concerned with the application of Equation (4b), and

its consequences.

1B. NLED Applied to Equation (4a) Plus Details of Structure
Formation Added

What we will do is to look at the following treatment of mass, and this will be our

starting point. Ze. we will be looking at, if /, is Planck length, and « >0, then
m~10" - - p(density) (5b)

Then we can consider the following formulation of density given below. If we
do not wish to consider a singular universe, then Camara et al, [84] has an ex-
pression as to density, with a B field contribution to density, and we also can used
the Weinberg result [4] [85] [86] of scaling density with one over the fourth power
of a scale factor, which we will remark upon in the general section, as well the
Corda and Questa result of [12] [23] [87] for density of (note reference [86] is for
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a star, whereas [84] is for a universe).In addition, Corda, and others in [87] use
quintessential density to falsify the null energy condition of a Penrose theorem
cited in [88], Further details of what Penrose was trying to do as to this issue of
GR, can be seen in [88] [89], and to answer how to violate the null energy condi-
tion, one should go to [88] [89] for quintessential density defined, Then in both

the massive star and the early universe, the density result below is applicable [87].
p,=—¢ B (6b)

Keeping in mind what was said as to choices of what to do about density, and
its relationship to Equation (5b) above, we then can reference what Mukhanov
[41] says about structure formation as follows, namely look at how a Hubble pa-
rameter changes with respect to cosmic evolution. It changes with respect to
H
this scale factor being directly responsive to changes in density according to [84],

iy Deing the Hubble parameter in the recent era, and the scale factor «, with

Le.
p~a (7b)

In the next section, we will examine how [84] [87] suggests how to vary the scale
factor cited in Equation (7b), and we will in this section take note of what the scale
factor does to the Hubble parameter given in Equation (8b) below, and then in the
section afterwards review a possible reconciliation of what Equation (4b) and
Equation (7b) say about defining early universe parameters. But to know why we
are doing it, we should take into consideration what happens to the Hubble pa-

rameter, as given below [41].

H~H,, [a" (8b)

According to [41] inhomogeneous patches of space time appear in a causal re-

gion of space time for which [41]

Causal domain ~ H™' ~ 1/(deay/a3/2) (9b)

Furthermore, [41] states that about 20 such domains are created in a Hubble
time interval At, oc H™' ie Asa function of say 10” times Planck time, for a
domain size given by Equation (9a) above and that this requires then a clear state-
ment as to how the scale factor changes, due to considerations given by [85] [86]
and reconciling the density expression given in Equation (6b) and Equation (7b)

above.

2B. Showing a Non Zero Initial Radius of the Universe due to Non
Linear Space-Time E&M

What we are asserting is. in [84] there exists a scaled parameter A, and a param-
eter a, which is paired with ¢, . For the sake of argument, we will set the
dy % At » With Zp,. o ~107 seconds. Also, A is a cosmological ‘constant’
parameter which is described later, as in quintessence, via reference [85], and is in
[84] [87] via:
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4nG
= | B, (10b)
3u,c

A=Ac[3 (11b)

Then if, initially, Equation (11b) is large, due to a very large A the time, given
in Equation (6b) of [86] is such that we can write, most likely, that even though
there is an expanding and contracting universe, that the key time parameter may

be set, due to very large A as

toin Rl =t

min

e ~ 1078 (12b)

Whenever one sees the coefficient like the magnetic field, with the small 0 co-
efficient, for large values of A, this should be the initial coefficient at the begin-
ning of space-time which helps us make sense of the nonzero but tiny minimum
scale factor [84]

1/4
P B‘_l( Ty a)} (13b)

The minimum time, as referenced in Equation (7b) most likely means, due to
large A that Equation (13b) is of the order of about 107%, i.e. 33 orders of mag-
nitude smaller than the square root of Planck time, in magnitude. We next will be

justifying the relative size of the A.

3B. Showing How to Obtain a Varying A with a Large Initial Value
and Its Relationship to Obtaining a Scale Factor Value for the
Early Universe via NLED Methods

Non withstanding the temperature variation in reference [85] for the cosmologi-
cal Hubble parameter, we also can reference what is done in reference [84] namely

due to
A (t) ~ (Hinﬂatiun )2 (14b)

In short, what we obtain, via looking at due to [78], that Equation (14b) is also
equivalent to

Ay~ TP (15b)

temperature

Comparing Equation (14b) and Equation (15b) above, leads to the following
constraints, 7e. [84]

(p ~ a%)i1 ~a ~?.cl’l B* ~a} [;—;(,/ag +32u,0B; - a, )} (16b)

The above relationship will argue in favor of a large value for Equation (15b)
and Equation (16b) Bfield and also the cosmological ‘constant’ parameterized in
Equation (14b) and Equation (15b), i.e. once fully worked out, the allowed values
of B, for initial conditions will be large but tightly constrained, and this in turn
will allow for Equation (16b) having initially extremely small inhomogeneity be-
havior, in line with being proportional to the inverse of an allowed Hubble pa-

rameter based upon Equation (18b) later on. Note that from [90] we have
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AH Q2 h* A, ~107 (17b)
H
Here, we have that if there is a flat universe, that according to Guth [91] and
taking note of
87

Roughly put, what we are predicting is, that if we use what Lloyd wrote, namely
[77] as well as use the magnetic field relations to density brought up in Equation
(6b). This is also in part related to the number of gravitons which could be ex-
pected as given by Peebles [92] [93] ie. if one has a density related to energy via
P Ogion -V (Volume) < 71+ @y ion ~ £+ V' (Volume). Then one can

write, say by using the approximation given by Peebles [92] [93]
-1
I\Igraviton = graviton #~ ((exp I:h : wgraviton /kBT:|) - l)

oC ((exp [P . VVolume " il (t)/kB:D _1)_I

If we have such a treatment of information as given by Lloyd [77], plus the

(19b)

above, we can estimate that there is a fluctuation due to early universe cosmology
along the lines of, if we have a base line number for initial (expansion) value of

the Hubble parameter, we call H, as a starting point for an expanding uni-

ase line
verse, and with #operations , as given by Lloyd [77] as a function of entropy, ini-
tially. So then, in terms of what may be generated and show up in the CMBR we

may see

AH (thermal ) ~ H, -(#operations)l/ 107t (20b)

base line
The number of gravitons, as given by Equation (19b) is significant, since we
have, if we look at say what constitutes a contribution from p-Vy ... » and from

there, given a value of H, according to the following procedure

ase line

Hia ~ Sy log 1+% (21b)
12 : VVolume ' ainitial N graviton (ln]tlal)

We state that also, indeed, some of this is apparent in [94] as well.

For the sake of simplicity, we will have, then

8k 1
Hinitial ~ Hbasc line = Hbasc line ~ # 10g 1+ —
12- VVolume ’ ainitial Ngraviton (lnltlal)
& AH (thermal ) ~ 8k log 1+—1 —
12- Vanume : ainitial Ngraviton (lnltlal)

. (#}fopera‘(ions)l/4 107 -t/ thana (22b)

& #operations ~ (N (initiall))“/3 =

graviton
8mk 1
AH (th )~ [————E—— | log| 1+ ———
( e ) 12 : VVolume ' ainitial { 0g|: " Ngravilon (ll’lltlal):|]
(N e (iitial)) 107 - e s

graviton
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The upshot of Equation (21b) is that if Equation (16b) is commensurate with a
minimum value of the scale factor, i.e. solongas a,,,, #0 due to [84] [94]

m
Dinitial = Amin ~ Qo |:;Z_2( aé + 321#00)3(? -a, ):l
o 14
o |:j(1/0{§ +32u,0B; —a, )}

Then the shift in the change in the Hubble parameter, in expansion to first order

(23b)

can be set as

log|[ 14—+

8k, - N graviton (initial)
12V a v 24b
Vel [22(,/0(3 +32Au,0B; —a, )} (24b)

-(N

AH (thermal) ~

initial))” 107 -1/t

graviton (

By necessity to get non pathological values of the change in AH (thermal), we

need to have

N (initial) # 0

graviton

Ngraviton (lnltlal) #* 00
By =B, 20
BO =B

initial
A#0

(25b)

| F 0

A#©

The initial volume would be at a minimum the cube of Planck’s length, say
107* centimeters, cubed, leading to an enormous value for Equation (23b),

whereas we would be considering if we had an initial time step close to Planck

time,and 0<N, ., (initial) <10°, and
[ I B 1
N,_ . (initial) 2N2 _ (initial
AH (thermal) - 8TCkB . graviton (lnl 1a ) zi/rz;vnun (lnl 1a ) (26b)
12- VVolume |:8ILIOCUB§:|

o 13 .
-(N araviton (mltlal)) 10° +H.OT

This places an absolute requirement upon having the initial magnetic field not
equal to zero,

As well as having a nonzero initial graviton production number, and also non

zero initial volume.

With both these requirements in place, if m

graviton

~ h—lj ~107" grams , and we
c

set in a Planck time interval
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Maiton ~ 5=~ 107 grams
c
1 3 1
o Sk, N yraviton (initial) 2N zmmn (initial) (27b)
2127, 27"
c Volume |:8IUOCOBO :|

(N initial))” -10°
(N grion (imitial )

graviton

And that Equation (26b) may give some insight as to the fluctuations which

show up in Figure 2, of reference [10] [95].

4B. Does the Existence of Tightly Constrained but Very Large
Magnetic Fields Allow for Inhomogeneous Patches Due to
NLED Showing Up in CMBR

We then get an inter relationship between N (initial), the initial Volume,

graviton
and the initial magnetic field to consider. Moreover, what we have also shown, is
that NLED. Appearing initially, that it is very probable that if one uses infinite
quantum statistics as given by Ng [11]-[13].

N (initial) ~ S (initial entropy ) # 0 (28b)

graviton

Note that in usual treatment of entropy, and entropy density we usually assume
a fourth order dependence upon temperature for entropy density. Here we say that
this entropy is most likely independent of Temperature, by Infinite quantum statis-
tics, as given by Ng [11]-[13]. But we also will be talking about a necessary bound
of quantum fluctuations which will be given below. ie. consider if we have the fol-
lowing restrictions in fluctuations due to quantum effects which we give as follows.

What we will mention, is that co current with Equation (26b), Equation (27b)
and Equation (28b) that there is a situation for which, as given by Mukhanov [41]
there are conditions in which a quantum fluctuation would spoil initial homoge-

neity if there exist quantum fluctuations exceeding

—1 1
ﬂ’Critical value (AH) exp(mgraviton)

- 1/8 e -1/3
2V (846080 ] (Nyson (imitial)) ~ -10° (29b)
8nk, 1 1

N oo (initial) ~ 2N2_ (initial) |

|~ graviton graviton
/8 T .
.ex ﬁ . 12 . Vanume . [SﬂOng :|] (Ngraviton (lnltlal))
P h 8k, { 1 1
N graviton

(initial) 2N?_., (initial)}

P10

The quantum uncertainty in position which will be referred to is of the form
AXAp = Ay -m-crh <

-1/3

L8 B s
o 12V .[8;10@30] (Ngmimn (1n1t1a1)) 10 (30b)
QM graviton
m graviton C 8TEkB 1 1
{ N graviton

(initial) 2N Zmimn (initial)}
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Structure oc 1

When the wavelength function of Equation (29b) and Equation (30b) are about
the same value, one has the destruction of inhomogeneity, in early universe con-
ditions, which puts restrictions on the value of graviton mass, of presumed en-
tropy, as given by Ng’s infinite quantum statistics, and more. The details of such
will be elaborated upon in further publications. Furthermore, it also puts con-
straints upon the magnetic fields which may be present in early universe condi-
tions. In any case the expected mass of the graviton would be of the order of about
107% grams, and the entropy would be here about [11]-[13]

1< N, (initial) ~ S, <10° (31b)
This also refers to [34] [35] [77].
The implications of Equation (28b) to Equation (30b) need to be considered
and evaluated fully. As well as making sense of the Mukhanov based [41] criteria
as to the formation of structure during the Dark ages, just before the turn on of

the CMBR at z(redshift) ~1100
1 3 1
8TCkB N graviton (lnltl al) 2N§raviton (lnltlal) (
. ' 1/8 : graviton
12 VVolume I:SILIOCL)B(? :|

(initial))"*-10* (32b)

Equation (32b) has to be commensurate with Equation (28b) and Equation (29b)

which will take some serious work.
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Appendix C. Gedankenexperiment for Modified ZPE and
Planck’s “Constant”, h, in the Beginning of Cosmological
Expansion, Partly Due to NLED

We have formatted this as a self-contained document for the sake of referencing
it independently.

Abstract. We initially look at a nonsingular universe representation of entropy,
based in part on what was brought up by Muller and Lousto. This is a gateway to
bringing up information and computational steps (as defined by Seth Lloyd) as to
what would be available initially due to a modified ZPE formalism. The ZPE for-
malism is modified as due to Matt Visser’s alternation of k% (maximum)
~1/(Planck length), with a specific initial density giving rise to initial information
content which may permit fixing the initial Planck’s constant, h, which is pivotal

to the setting of physical law. The settings of these parameters depend upon NLED.

1C. Introduction

For the record this is a synopsis of the following document as given in [96].

We can ascertain where this is going looking at [97]-[106] before reading this
abbreviated summary as extracted from [96].

First of all we wish to ascertain if there is a way to treat entropy in the universe,
initially, by the usual black hole formulas. Our derivation takes advantage of work
done by-Muller, and Lousto [10] which have a different formulation of entropy
cosmology, based upon a modified event horizon, which they call the Cosmolog-
ical Event Horizon. ie. it represents the distance a photon emitted at time t can
travel. Afterwards, we give an argument, as an extension of what is presented by
Muller and Lousto [10], which we claim ties in with Cai [97], as to a bound to
entropy, which is stated to be S (entropy) less than or equal to N, with N, in this
case, a micro state numerical factor. Then, a connection as to Ng’s infinite quan-
tum statistics [11]-[13] is raised. Ze. afterwards, we are then referencing C.S. Ca-
mara a way to ascertain a non zero finite, but extremely small bounce and then we
use the scaling, as given by Camara [84], that a resulting density, is scaled as by
p~a*. In addition we will set this scaling as a way to set minimum magnetic
field values, commensurate to the modified ZPE density value, as given by Visser
[98], with p~a™ paired off with [98]’s p ~ mass(planck)/(length[Planck])3 ,
so then the magnetic fields as given by [84] can in certain cases be estimate. In
addition, comparing the results of [84] and [98] permit us to use Waleka’s [99]
result of a time step ~ 1/square root of p ~ mass(planck) / (length [Planck])3 ver-
sus a time step ~ 1/square root of p~a™*, with equality giving further con-
straints upon magnetic fields and a cosmological “constant” A . Doing so, will
then permit us to make further use of [100] and its relationship between and a
cosmological “constant” A and an upper bound to the number of produced
gravitons. Isolating NV (the number of gravitons) and if this is commensurate with
entropy due to [97] and [11]-[13] will allow us to use Seth Lloyd supposition of

[77] as to the number of permitted operations in quantum physics may be per-
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mitted. This final step will allow us to go to the final supposition, as to what num-
ber of operations/information may be needed to set a value of h (Planck’s constant)
in the beginning of the universe, Ford given in [101] with value, /i invariant over

time.
h(initial) = E (initial ) - ¢ (initial ) = p (initial)- V" (initial ) - ¢ (initial ) (1c)

Please see the rest of the document as given in reference [96]. We have jumped
to the conclusion,

<SNIP> with a drop down to the last part of this presentation.

2C. Conclusion. Order of Magnitude Estimate as to Necessary and
Sufficient Conditions as to Calculation of H Bar in the Early
Universe. Leading to Effective Initial Time Not Zero

We will now give a first order estimate as to calculation of h bar, i.e. Equation (1c).
Le. isolate the actual spatial length, for the creation of a present day A bar Planck’s
constant. To do this look at [35] [106]

2
AxAp > h+lP'aT"°k-(Ap)2 (2¢)

Then the following are Equivalent.

The idea would be that the Planck constant, h bar would be formulated as of
the present day value. Also, the modification for the string length, would have
A ~107]

Planc]

. » SO then

2
B (Ap)2

& I* —hAx

Ap+lP

lanck

Ax| A 2
~ min P 1+ [1—4—"Rlanck lPlanck (3C)
2 ( Ax

mm

~ Ml & ( - 410*”)

2

2
AxminAp.(l_l()Z/}j

if Ap ~ “m__ . -C

gravnon graviton

2
min ' Ngraviton ’ mgraviton ¢ (1 - IO_ZﬂJ (4C)

n

Ax| =
min N | 2
graviton ’ mgraviton ¢ - 1072ﬂ

This should be greater than a Plank length, mainly due to the situation of

1
2 2
(l—lo—zﬂj ~1+10—2/3 (SC)
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We assume, here that this will be occurring in an interval of time approximately

the value of Planck time given by

t(initial) ~ 7/ p(initial) -V (initial )

N h h (60)

m,, 2
[l;]dmk] Ngraviton : mgraviton ¢ (1 - 1072ﬁ

Planck

Here, the number, M, is given as the number of gravitons, and the important
factor is that Equation (6c¢) is non zero. Whereas this will then lead to a fixed mag-
netic field behavior as to N being defined above, by Equation (6¢) and the N so
being defined, leading to abound on A.

We will, from now on give definite cases as to what these parameters should be
in future work.

The upshot is that the entropy, at the close of the Inflationary era, would be
dominated by Graviton production.

We will consider what happens as of about the electroweak era, and this would
have consequences as far as information, as can be seen by the approximation
given by Seth Lloyd [77] on page 14 of the article, as to the number of operations
# being roughly about

#<(1/2m)-(r/1,)-(t/1,) (7¢)
In the electro-weak era, we would be having Equation (7c) as giving a number
of ‘computational steps’ many times larger (10 orders of magnitude) than the en-

tropy of the Electro-weak,
#(Electro-weak) ~ 10% (8c)

In the immediate aftermath of inflation, this number would be, instead about
10° - 107.

Some work so required will lead to an understanding of the number of steps
needed, computationally for forming h bar will be done in the next rendition of
this project. Whereas we would hope that the magnetic fields, would be shown to
be commensurate with the £ and M calculations as given in [107], while keeping

in mind what was brought up by [108] about Graviton mass and other parameters.
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Appendix D. Partition Function of the Universe with Respect
to Our Modification of Penrose CCC Cosmology, with a Final
Question to Ask

Our idea is to initially reference [109] then use what is known as CCC cosmology
[110] which can be thought of as the following. First. Have a big bang (initial ex-
pansion) for the universe which is represented by {El}:}v . Verification of this
mega structure compression and expansion of information with stated non-
uniqueness of information placed in each of the Nuniverses favors ergodic mixing
of initial values for each of NV universes expanding from a singularity beginning.
The n, stated value, will be using (Ng, 2008) S n. [11]-[13]. How to tie
in this energy expression, as in Equation (1d) will be to look at the formation of a

entropy ~

nontrivial gravitational measure as a new big bang for each of the N universes as

by n(E,) the density of states at energy E, for partition function [111].

i=N

(212 | o n() e | 1)

i=l
We need to considerably elaborate this idea in terms of the arguments as given
in [110].
Each of Eidentified with Equation (1d) above, are with the iteration for N uni-

verses. Can we add more specificity as to the value of £as given in Equation (1d)?
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Appendix E. How to Get a Maximized Entropy Proportional
to 10122 If the Universe Is initially Set Up as a Black Hole, i.e.
a Horizon Argument

1E. Introduction, Consider Using a Reduced Hamiltonian in the
Setup of a Schrodinger Equation for Inside a Singular “Bubble”
of Space-Time

We are looking at applying the following “reduced Hamiltonian” with the Re-

duced Hamiltonian described via first looking at the Line Element as given by

ds? :—(ﬁj2d12+ n_ L1, aday (1e)
T (n-1) 2 °7

Here, n is the spatial dimension, and the idea is to form a so called “reduced
Hamiltonian” commensurate with choosing space-time values which may be en-
tertaining a constant value for an expanding cosmology. In our case what we will
be assuming, roughly, in a departure from ADM theory and other constructions
is that A (Hamiltonian) = £ (energy) and that we are NOT assuming as was done
in ADM theory a zero overall Hamiltonian or energy construction.

Using the construction given on page 154 of [111] we will be defining the re-

duced Hamiltonian commensurate with General Relativity via
n nf2
Hreduced (T’ 79pTT) 2 Hreduced (T’}/’O) :[EJ VOZ(Ms 7) (28)

Whereas we define vo/ (M , }/) via a Riemanian manifold and we will for the
sake of simplicity write [112]

2
7/ "

—_r (3e)
F(n+1j
2

where we have F(% + 1] is a gamma function [112]-[114] and so then we get by

vol(M,y)=V, =

our procedure we will be making our identification of a starting point Hamilto-
nian for our evaluation via Planck era inflation is to have a magnitude to the given
Hamiltonian as in

TCH/Z

nf2
n n
Hreduced(z-’yﬂo):(n_l] : (n )‘I" (48)
ry—+1

In doing this we will be postulating making our starting point using Planck
units, as seen in [115] [116], and so with that we will introduce our treatment of
the expansion of the Universe via the ideas given in [117], for a nonsingular start
to expansion of the Universe, and our next stop is to review in part the ideas of a
Spherical infinite well as a starting point for defining the quantum number, which
will be relevant to expansion of the universe which will commence and affect GW
polarization states. We will in doing so, re scale the equation given in (4) in terms
of Planck energy, but the point of the above equation, as stated, is that the Ham-
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iltonian will be affected by dimensionality considerations.

Using [117] with an interior region affected by a Schrodinger equation in the
bubble modeled after a spherical infinite well, we first look at [118] to ascertain
giving a free particle wave function in spherical co-ordinates as, if p =kr

(L.gpzi_&;%}m (5¢)

2

p-dp dpp

As given by Gottfried, [118], we can have a regular solution to Equation (5e) as

given by a Spherical Bessel function J, so that

Vo E Jﬁ%(p) (6e)

In the case of a spherical infinite well, we will look at solutions which vanish at
the wall which by [119] Leads to the following We have an energy level defined, if
r =a , the maximum radius of the interior region of space-time
K> 1 (N+1) o’

2m 2ma’

E (energy) = (7¢)

In this we are assuming that the wavefunction would vanish at the walls of the
spherical region, with most likely

r =1(planck) = Planck length =2 meaning that

2 2 .
[d_ gd__—f (f+1)+K2j.93:0

dr*  rdr P
Ko ZmE(e;lergy) (8¢)
h
5 2 . sin(Kr)
a(radius well) r

Our idea is to use this idea of the Spherical square well, which is in 3 space, and
then to make the following scaling available if we look at the arbitrary dimensional
value, i.e.tolook at, N asa quantum excitation number greater than or equal to

Zero

n*(N+1) o

[Interior energy, n dim] oc :

And that for 3 dimensions we would have
s1n (Ka) sm K l planck))
=0 (10e)
radlus Well planck planck
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Note that the value of the following

F(%):%ﬁzl.329340388179 (11e)

In n dimensions we have then that\ if we apply a double factorial, we have [120]

F(EJ_M.\/; (12e)

2) 4".n
And

nl=]1i (13e)

In the case where we make the following normalization, ie. that if we set the
Plank units equal to 1, Ze. that

n = 1(planck length) = M, (Planck mass) = ¢, (Planck time) =1 (14e)

We then will have an interior space-time bubble energy of the value of, while
also assuming c=1
(N+ 1)2 s

[Interior energy, n dim|—— v (15¢)

© =©- M, (Planck mass)

Input values into ® will be the subject of the next section of this document

2E. E Input Values for 0 in the Different Scenarios i.e. for the Sake
of Making Sense of Entropy Values Generated in the Event
Horizon of the Universe Which Has a Value of 10122, When n =
3 (3 Spatial, 1 Time Dimension)

We will first ascertain how this ® refers to the case when n = 3, ie the usual 3 +
1 space-time metric of GR.

What we are referencing in this part of the manuscript is what values of the
universe are obtained in the Event Horizon of the universe. Looking at [121] we
have that what is specified is an enormous entropy value so generated. In cosmol-
ogy, the event horizon of the observable universe is the largest comoving distance
from which light emitted now can ever reach the observer in the future, so what
we are doing is to ascertain how to come up with a commensurate way we can
have 10'* in entropy created by conditions within the space-time bubble. To do
this what we will do is as follows.

First, we go to the interior energy, n dimensions. Ze. Equation (15e). In [121]
due to an argument there is a stated version of entropy due to super massive black
holes. That value is given as follows. The contribution is for super massive black
holes at the center of galaxies, each with a mass 10° times that of the solar system

sun, with a value on page 6 of [121] giving

Seusy =3.1x10%k (16€)

Whereas the volume and the entropy of the Event Horizon of the Universe is
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given by
Very #1.37x10" m(meters)
3_p2 3 (17e)
S _ ke mRey _ke'd 2.6x10%k
Gh 4Gh

Roughly speaking, we have that the entropy of the Event Horizon of the uni-
verse, so defined above, is 10'® times that of the mass of supermassive black holes
in the center of spiral galaxies today.

Our claim, is that we then have a direct equivalence of mass and energy, ie.
dark matter and dark energy directly equivalent to Equation (15e) above, and that
if N=0, in Equation (15¢) we can state the following, namely that for 2 times

10" supermassive black holes

(N+1)" n?

Interior energy,n dim = 3| oc
[ &y J* %

(18¢)

= Sgupy =3.1x 101°4k(total entropy)

And that for the Entropy due to the event horizon of the Universe, we have

N~10° in Equation (15e) we can state the following, namely that

(N+1)° n?

Interior energy,n dim =3 oc
[ gy ] g

(19¢)

N=10°

= Sepn ~2.6x10' k (total entropy)

Having done this, I invite the readers to review on their own [122]-[130] in
order to self explore extensions of this entropy of a black hole horizon for future

geometrical interpretations of the early universe.

3E. Examining How, If N=0 We Get the Entropy of Equation
(18), Whenn=3

This will require making assumptions as to the number of Super massive black
holes. Our best guess is that they are on the order of 2 x 10" spiral galaxies, and

of so this means roughly there is an average value of, today

SONE giant black hole ™~ 1091 - 1093 k (206)

This for about 2 x 10" center of galaxy main black holes in 2 x 10" spiral gal-
axies. Figure then that we would be assuming about 2 x 10! black holes, maybe of
the order of Planck size initially which grew tremendously from the Planck era.
Assuming so, then we can make the following estimate, mainly what would be
required so that we would have 2 x 10" seeds in the interior of the pre Planckian
bubble for the creation of 2 x 10" black holes?

Konstantinos Dimopoulos, Tommi Markkanen, Antonio Racioppic and Ville
Vaskonen, S. Hawkings, and others have postulated that mini black holes, created
after the onset of the big bang [122] [123] and indeed, [123] has proposed.

Quote

The mechanism is based on a period of thermal inflation followed by fast-roll
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inflation due to tachyonic mass of order the Hubble scale. Large perturbations are
generated at the end of the thermal inflation as the thermal inflaton potential turns
from convex to concave. These perturbations can lead to copious production of
PBHs when the relevant scales re-enter horizon. We show that such PBHs can
naturally account for the observed dark matter in the Universe when the mass of
the thermal inflaton is about 10° GeV.

End of Quote

In other words, we would be looking at an “inflaton” of the order of 10° GeV,
as a preliminary mass-energy contribution giving value to the creation of 2 times
10" black holes which if accretion to these black holes occurred, would lead to
10" as the value of entropy today.

In fact, [123] has in it a way which mini black holes could grow far larger today,

Ie. see this formula [124]

M(t)~ M, exp(g- ! ] (21e)
&

The variable ¢ is specified by [124] as about.1 but it could actually be far
smaller, but what is worthy of note is that we could look at an inflaton energy of
10° GeV, and from there note that the Plank mass is about 2.45 times 10'® GeV, or
about 2.1745 times 10~° grams. Whereas the sun weighs 1.9 times 10* grams.
Hence, at a minimum, we would be looking for an increase of the following mag-

nitude mass increase for one primordial black hole

exp| 2Lt 109 x10% x10° ~ 107
g 45 Myr
(22e)

S0t ) 108221499371
& 45Myr

This would be for a Planck size black hole growing to become 10* times larger
in mass, to be a supermassive black hole at the center of a galaxy, about 10° or
more times the mass of the sun.

Our supposition is that the majority of these mini black holes, if they did not
evaporate, could have formed the nucleus of later massive black holes, if they at-
tracted dark matter, and this is actually what Karen Freeze supposed in [125].

This then leaves us with setting say what we could ascertain via 2 times 10",
times Plank Mass, as a starting point for energy, in the expression for stored en-
ergy in the beginning of the space time bubble, whereas Equation (22e) leaves us

with looking at starting effective matter-energy “packets” of about

2
T

20 Plank units set=1,go to Planck era

107" todays mass energy
(23e)

=0 x10Y

L2
Plank units set=1,go to Planck era 2

We then take into consideration (N+ 1)2 ~10" so we can approach 10>k en-
tropy units due to the cosmic event Horizon, so then that if the universe had a

weight of about 10°° grams, in ordinary matter, and about 10°® grams in ordinary
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matter plus dark matter and dark energy, we would have then

2
T

20 Plank units set=1,go to Planck era

107 %x10% g~10° g (24e)

This would be about the matter-energy of the bubble, w.r.t matter (which is
usually in GeV/c?).

If we add in that we are expecting, say ~ 10" black holes, which will be in the
center of 10" galaxies (spiral), this comes out to obtaining black holes, with say

a conversion factor of

107 g ~1.78266x10* GeV ~ 459.48x M , (Planck mass ) (25e)

Whereas Equation (24e) would yield
2
T

2@ Plank units set=1,go to Planck era

~459.48x10" M , (Planck mass)

107 x10% g~10° g

(26€)

If one included, say (N+ 1)2 ~10", in terms of a quantized energy, this would
then read

n° (N-ﬁ-l)2

2@ Plank units set=1,go to Planck era

~ 459.48x10% M , (Planck mass ) ~ 4.5948 x10*' M, (Planck mass)

104 x10%x10% g ~ 107 g

(27e)

We are then dealing with, at the beginning of the Planck era,
~5x10’' M, (Planck mass) Planck black holes, which would massively accrete
by size, if fed by dark matter, into at a minimum of 2 x 10" super massive black
holes in the center of 2 x 10" spiral galaxies in the universe. Note, that a black

hole of Plank mass would have

T M,c’

Hawking temperature

(of M, black hole)= ~1.42x10* Kelvin (28e)

We submit that this would vaporize any so called infinitely deep spherical well
“wall”, which in fact would be a domain wall, similar to what is brought up in
[126].
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Appendix F. What are Some of the Consequences of Not
Heeding the Penrose Singularity Theorem

1F. The Basic Facts of the Penrose Singularity Theorem and Why
We Do Not Assume a Point Scale Factor, as an Initial Starting
Point

[131] has this foundational structure which is relevant to out inquiry fand we get
the following.

From their section 8.2 as to Quantum effects

Quote

A very important line of research arises from the tension between the singular-
ity theorems and the (yet unfound) theory of quantum gravity. It is widely ac-
cepted that the existence of classical singularities signal a breakdown of the clas-
sical theory at extreme conditions, which is precisely when gravitational quantum
effects will become relevant. Thus, there is a need to clarify if the singularity the-
orems, or part of them, can survive when entering into a quantum regime, or if
they then simply vanish altogether. For a general discussion, see [132]. A first step
towards the analysis of singularity theorems in this respect is the weakening of the
“energy conditions”—also relevant in the classical Singularity theorems 38 re-
gime—that is to say, finding an appropriate version of the curvature condition in
the theorems. Early results in this direction include the theorems based on aver-
aged energy conditions [133] as discussed in subsection 5.1, which were used to
deal with the quantum violations of the energy conditions in [134], later improved
in [135]. A larger discussion can be found in [136] (and references therein) and
has been recently newly considered in [109], where an analysis of Raychadhuri-
like equations is performed proving that it is viable to have energy-momentum
tensors which fail to satisfy even averaged energy conditions as long as an appro-
priate version of them—with an exponential damping factor—are in place. This
leads to a proof of a version of the Penrose singularity theorem allowing for global
violations of the energy conditions.

End of Quote

We get similar cautions of what can be consequences from [137] [138] of vio-
lation of global violations of the energy condition as from [131]. In addition, [139]
has some of the basic facts to consider with a statement of the Euclidian Universe
which is very pertinent to our situation.

Quote

Unlike the black hole pair creation, one couldn’t say that the de Sitter universe
was created out of field energy in a pre-existing space. Instead, it would quite lit-
erally be created out of nothing: not just out of the vacuum but out of absolutely
nothing at all because there is nothing outside the universe. In the Euclidean re-
gime, the de Sitter universe is just a closed space like the surface of the Earth but
with two more dimensions. If the cosmological constant is small compared to the
Planck value, the curvature of the Euclidean four sphere should be small. This will

mean that the saddle point approximation to the path integral should be good,

DOI: 10.4236/jhepgc.2026.121028

565 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2026.121028

A. W. Beckwith

and that the calculation of the wave function of the universe won’t be affected by
our ignorance of what happens in very high curvatures.

End of Quote

Our point of divergence from this statement is:

I** we do NOT assume that the Universe is made out of “nothing” because we
assume via a version of CCC cosmology [134] which involves phase transtions
that there has been regular inputs into this present universe.

2" we do assume that we may have a wavefunction of the Universe which does

not take into accord high curvature regimes.

2F. Having Said This Divergence from the Hawking Treatment of a
De Sitter Universe and Its Creation from “Nothing” We Will
Commence Upon Stating the Wave Function Treatment of
Acceleration from the Initial Phase Transition We Outline in
the Rest of this Document

In a word, we are assuming that there is a marked phase transition between early
time pre expansion physics, and then the expansion physics. To do so we are look-
ingat [140] [141]. ie. what we are doing is akin to the following description which
was pitched to be relevant to the electroweak regime. With certain caveats, we
hold that it is similar to what we would have at the very start of expansion of the
universe. Ze. change the description from the electroweak to the initial nonsingu-
lar starting point of the universe in line with [131] and we are set to go for our
cosmological evolution.

See [142]

Quote

Phase transitions are a generic, but not universal, feature of gauge field theories,
like the Standard Model, which are based on elementary particle mass generation
by spontaneous symmetry-breaking [1] [2]. When there is a phase transition in a
gauge theory it is (except for special parameter choices) first-order, which means
that just below the critical temperature, the universe transitions from a metastable
quasi-equilibrium state into a stable equilibrium state, through a process of bubble
nucleation, growth, and merger [3]-[6]. Such a first-order phase transition in the
early universe naturally leads to the production of gravitational waves [7] [8]. If it
took place around the electroweak scale, by which we mean temperatures in the
range 100 - 1000 GeV, the gravitational wave signal could lie in the frequency
range of the upcoming space-based gravitational wave detector LISA (Laser Inter-
ferometer Space Antenna) [9]. The approval of the mission, and the detection of
gravitational waves [10], has generated enormous interest in phase transitions in
the early universe.

End of Quote

The evolution of energy section, in [134], about pp 34-39 of reference [134] will
be obeyed once we commence once we get through the initial phase transitions.
In the meantime once we get to the initial phase transitions, [135] we have that

[136] describes well the initial gravitational wave generation well. Which may be
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a starting point for a Pre Planckian spacetime

Also,

[143] Hee-Boon Low and Chi Xiong, outline on page 60, of reference [143] their
Equation (13) which has an additional term, this involves use of Vinens equation
for a vortex tangle to be added to the usual cosmological evolution equations,
which may account for what was brought up in [144], namely a reconciliation of
the Higgs hypothesis given in pp35 to 44, but that would be a bridge for the crea-
tion of matter-energy after a first order phase transition. What we will be con-
cerned with next will be the bridge from CCP inputs into the generation of the
present cosmos, to our present universe. From between a CCC cosmology con-
struction, with an additional modification put in, to the physics of the question
we put in initially which will be of with regards to signatures of Black Holes, from
a prior universe to our present cosmos.

What we will be analyzing is a definite quantum violation of the energy condi-

tion.

3F. Begin First with a Description of the Emergent Tunneling
Wave Space-Time Equation Used to Compare the Start of
Expansion, of That Wave Equation, with Planckian-Era
Quantum Conditions

We use the construction from [145] is to, if the initial ‘potential’ V(¢) is very
large, how to isolate the form of the wavefunction, especially if a’V'(¢)>1, even
if a is the initial value, ie. very, very small, even if a_, oc5.13x10™, and then

by page 269 of [145] go to the following formulation. Namely that we look at

o 1 @) [ (o))"

(@ (o))" ¥ (9) 1o

Our entries into all the above will be the subject of the next several sessions of
our document and we will endeavor to explain how this all fits into the early uni-
verse modeling we will be working with as far as foundational research into Quan-
tum gravity.

In terms of a contribution from the modified Einstein Equations, we will be
considering the time components of the Einstein equation with the stress and
strain component in quantum expectation language, written as, due to emergent
space-time from pre Planckian to Planckian regimes. i.e. look at the time related
transitions, and this is what we get. Z.e. the basic equations are related as follow

R
R, - 28wt Ag,,

&Gy

+<\P|T

)%

‘P> =0
(2f)

R
Ry, _E “8oo A&y

1,v—0,0
&nGy

+(W [T, | W) =0
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Here we will have the following approximations, used,. Namely look at inflation

817GV, }‘/zﬁ

y(3r-1)

physics from [3]

(g etp
p= +V(¢)_8nG 4V, { (3f)

2

Which are a result of the following equations used. Ze.
Using this above is using Padmabhan’s inputs [3] into the inflaton potential and
also into the inflaton itself, which uses at the surface of a presumed nonsingular

start to the expansion of the universe [3]
a(t) =a, .t (4f)

Leading to using the inflaton [3

&GV,
’= \/4nG {\] (37 - 1)'t} 0

And what we will use later the “inflaton potential” we write as [3]

8nG
8nGV, ‘%\F
V=V, (61)
e
Furthermore, we have from [140] pages 212-3, and [141]
m~8t(a2—a3)20 (71)

And then, a minimum time step we define via a minimum time step of

Iy
2
- [3amin J (Sf)

Note that if the time as defined by Equation (8f) is on the order of Planck time,

ie 107* seconds, we have then that y = 61-62. We then close with a statement,

if
i aY =«
3[[]'(&)0 _1)"'() 8oo +2g00]+Agoo
a a a

8nG,
817GV, t}\/z\/? v

y(3r-1)

(9)

C.2 C
=—( ¥ i+cV(¢)Eé't2 +cV, {

If the wave function is taken via Equation (1f) put in, we have that the effective

wave function for the “Quantum” part in the RHS of Equation (9f) is then

. exp(—1/3V(4))
(an(¢)—l)l/4 (10f)

Still though this is going to be constrained by this graviton production rate, per

early universe micro black holes, starting off with that we make the following as-
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sumption, ie. We use the construction from [145] as to, if the initial ‘potential’
V(#) is very large, how to isolate the form of the wavefunction, especially if
an(qﬁ) >1,evenif g isthe initial value, ie. very, very small, even if
a . o5.13x107 . This means that we have a lot of energy involved so that relic
gravitational production from micro sized primordial black holes will be enor-
mous.

This is a probable result of not having employment of the Penrose singularity

theorem.
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Appendix G i.e. Poisson Brackets and Their Equivalence to
Quantum Commutation Relations

First of all, we can reference this handy reference from the U of Texas [146]-[148]

In a word, if we can do the following, ie. Poisson Brackets and Commutator
Brackets, go to their Equation (10) to Equation (13) come up with an array of inter
relationships of the Hamiltonian system as in Appendix E, and see if we have
Poisson brackets from physical situations arising from Appendix E, and use ref-
erence [148] as to how to ascertain equivalent quantum commutation relation-
ships.

This is also possibly linkable as to the utility of the Ehrenfest theorem [149]-
[151] which may prove useful in terms of future work, ie. if we manage to link
Appendix E with the first part of this manuscript, w.r.t. torsion, mini black holes.
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Appendix H. Klauder Quantization and the Appearance of a
Cosmological Constant Due to Comparing Two First
Integrals, i.e. Leading to How to Obtain a Mass of a Graviton,
and Does This Methodology Lead to Voids?

Using the Klauder enhanced quantization as a way to specify the cosmological
constant as a baseline for the mass of a graviton, we eventually come up and then
we will go to the relationship of a Planck Length to a De Broglie length in order
to link how we construct a massive graviton mass, with cosmological constant and
to interface that with entropy in the early universe. We then close with a reference
to the possible quantum origins of e folding and inflation. This objective once
achieved is connected with a possible mechanism for the creation of voids, in the
later universe, using a construction of shock fronts from J. P. Onstriker, 1991 and
followed up afterwards with Mukhanov’s physical foundations to Cosmology
book section as to indicate how variable input into self reproduction of the Uni-
verse structures may lead to void formation in the present era. A connection with
Wesson’s 5 dimensional cosmology is brought up in terms of a generalized uncer-
tainty principle which may lead to variations of varying energy input into self re-
producing cosmological structures which could enable non uniform structure for-
mation and hence voids. One of the stunning results is that the figure of number
of gravitons, about 10%, early on, is commensurate with a need for negative pres-
sure, (middle of manuscript) which is a stunning result, partly based on Volovik
and weakly interacting Bose gas model for pressure, which is completely unex-
pected. Note that in quantum physics, the idea statistically is that at large quantum

numbers, we have an approach to classical physics results. We will do the same as

2
quantum number

to our cosmological work. This means that the » >1, in our last set of
equations, which as we indicate has the surprise condition that for PrePlanckian
space-time that a very large value for initial Pre Planckian dimensions d
which is the dimensional input into the Pre Planckian state, prior to emergence
into Planckian cosmology conditions. We conclude by stating the following ques-
tion. Can extra dimensions come from a Multiverse feed into Pre-Planckian
space-time? See Theorem at the end of this publication. Our answer is in the af-
firmative, and it has intellectual similarities to George Chapline’s work with Black

hole physics.

1H. Start with the General Relativity First Integral

We use the Padmanabhan 1* integral [3], of the form, with the third entry of
Equation (1h) having a Ricci scalar defined via [66] [152] and usually the curva-
ture N is set as extremely small, with the general relativity [66] [152]

S, :i~j\/§-d4x(i}%—21\) (1h)

g=-detg,, (2h)

9{=6~[é+(£) +£2J (3h)
a a a
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min

Also, the variation Jdg, = a’. ¢ by [1] [105] will have an inflaton, ¢ given by
[64]. Leading to the inflaton which is combined into other procedures for a solu-

tion to the cosmological constant problem. Here ¢ . isa minimum value of the

min

scale factor and is not zero, but close to it.

2H. Next for the Idea from Klauder

We are going to go to page 78 by Klauder [66] of what he calls on page 78 a re-
stricted Quantum action principle which he writes as S, and we write a 1-1
equivalence as in [66], which is also seen in [152] restricted Quantum action prin-
ciple which he writes as S, . This also has some overlap with the formalism of
[153]

S, :i.j\/%-d“x(iﬂ—ZA)ZSZ Ejdl'(p(l)'Q(t)_Hﬁ (p,d)) (4h)

where we use in our comparison of the two first integrals, the following value

9{=6-[5+(£] +£2J (5h)
a a a

Our assumption is that A is a constant, hence we assume then the following
approximation, from [146] which is the precursor of activity as given in [1] [3]
[64] [105] we have

2 2 ](7 ~ _
%:Pog )+N forOSN<wandg=gq,*p,-t (6h)
Vi(x)=0, for0<x<1 o
- 7
Vi (x)=N, otherwise
(F) (el )
HN(P(I),q(t)):poﬁ )+(h2n) +N for0OSN<wo (8h)

Our innovation is to then set ¢ =g, * p,t *¢ and assume small time step val-

ues. Then as in [64]

{ % +2]§7+7'(3)/_1)

371 snGt }+6-[é+(£j ] (9h)
a

J.\/%d%c

These are terms within the bubble of space-time given in [1] using the same

A~x—k-

inflaton potential. The scale factor is presumed here to obey the value of the scale
factor in [84].

3H. Why This Is Linked to Gravity/Massive Gravitons, and
Possibly Early Universe Entropy

Klauder’s program [66] is to embed via Equation (7h) as a quantum mechanical
well for a Pre Planckian-system for inflaton physics as given by Equation (7h).
And Equation (8h) and Equation (9h) as given in Klauder’s treatment of the action
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integral as of page 87 of [66] where Klauder talks of the weak correspondence
principle, where an enhanced classical Hamiltonian, is given 1-1 correspondence
with quantum effects, in a non-vanishing fashion. If so, by Novello [34] and Equa-
tion (6h) and Equation (7h) and Equation (8h) we have then for early universe
conditions, that we will be leading up to using an algorithm for massive gravitons,
as in [64], and [37]. If so use the mass of a graviton via Equation (9h) in the fol-
lowing representation Ze. from Novello, we use
A

c

(10h)

m,

The long and short of it is, to tie this value of the cosmological constant, and
the production of gravitons due to early universe conditions, to a relationship be-
tween De Broglie wavelength, Planck length, and if the velocity v gets to a partial
value close to the speed of light, that, we have, say by using [154] as given by Diosi,
in Dice (2018) for quantum systems, if we have instead of a velocity much smaller
than the speed of light, a situation where the particle moves very quickly ( a frac-
tion of the speed of light) that instead of the slow massive particle postulated in
[154]

2
2-m-h v(velocit
ﬂ"De Broglie ~ ; 1= u = EPlanck (1 1h)
m,v(velocity) ¢
nG
KPlanck = ? (12h)

If the velocity of particle is just under the speed of light, i.e.

v(velocity) - ¢—&" one then would have
&(Particle energy ) ~ E,,,, (Planck energy) (13h)
If so then, we will be looking at using Ng version of entropy via use of infinite
quantum Statistics, [155] we have for a clearly specified value of mass of the grav-

iton, as in [5], then we have for the negative components. Set here, c=1,

—62 . . .
m, = 107 grams, as in [5] for the mass of a massive graviton and

Epyaner (Planck energy ) = 2.18x10 grams
E e (Planck energy) = 2.18x10™ grams ~ m, x N (Entropy count) (14h)

Tben we have a superscript N which has about the numerical number of the

e folds as given next, due to

N (Entropy count) =10 =10" (15h)

4H. Can This Tie in with Early Universe E Folds? i.e. from [156] E
Folds Are between 55 to 60

E folds in cosmology are a way of delineating if we have enough expansion of the
universe is in line with inflation.in order to solve the most important cosmological

problems. As seen in [11] we can have inflation.in order to solve the most im-
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portant cosmological problems. As seen in [154] we can have

N(e folding) = —I diH (cosm) (16h)

Here, H(cos m) avalue of the Friedman equation, and if we use [5] be defined
via that the potential energy, V, of initial inflation is initially over shadowed by
the contributions of the Friedman equation, H, at the onset of inflation. Then

N(e folding) =55 - 60 (17h)

What we wish to explore will be if Equation (17h) above is consistent with

N (Entropy) ~10* =10" < N~ 58 (18h)

Doing so may involve use of the Corda article, as given in [155].

5H. Now for Foundational Treatment as to If We May Have an
Influence of the 5th Dimension in Our Problem

Wesson, [5] has a procedure as far as a five-dimensional uncertainty principle
which is written as, if n~ L/l. Where L is for 4" dimensions, and / is a five

dimensional representation, so we have
2 4
dS: =n’ds; —n'dl’ = [é} ds; —[%} dr (19h)

Then we have an uncertainty principle in 5 dimensions as by Wessson [5] for
which we can do if we look at the zeroth contribution as given in the deterministic

structure

dn?

2
|dpadx" = —W)|dEdt| ~ |AEAt| = IdL =n-lnn (20h)
n n

Using a numerical expansion of the form from CRC tables [156]
nlnn=n-(n—1)—g-(n—1)2+§-(n—1)3+--- (21h)

Up to cubic roots we obtain one real root and 2 conjugate complex roots of, if
we use minimum uncertainty of AEAt=7%=1 and set ¢=1, we have then one

real root, and two conjugate complex roots, so that

n, =1.54715 (as real root for a cubic equation for n) (22h)

n,; =0.426413+1.2242i (as two complex conjugate roots for n)  (23h)

If so for the real case, of n, we have about the Planckian regime we look at

l
— Planck (24h)
1.54715

We will then look at the consequences of the real root, first, in terms of variation
of minimum time step before going to other cases, but for the record, we have
then the weird case of, for real root n in Equation (22h) that to other cases, but for

the record, we have then the weird case of, for real root n in Equation (22h) that

~ 0.845184
AE

At~ (25h)

Equation (25h) is positive and real valued only if AE <0
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6H. Under What ConditionsIs AE <0 How Would Negative
Energy Tie into Negative Pressure Which Is Normally
Expected in the Onset of Inflation?

First of all, look at conditions for rapid acceleration of the Universe, i.e. to have
this according to the GR theory we have by [157] if a(t) is a scale factor, then
the Friedman equations read as

a 4nG A
= ;(pj+3pj)+7b (26h)

Then if we go to Gravitons again, and j= 1 we can stated

A, =30" =3a+4nG(p,, +3p,.,) (27h)

J=la(t)=ayt®

Now, look at a concept of pressure. Here. If the first expression is tabulated
about Planck time (or just before).

We can then make the identification that we have negative pressure, we then
have if we have both pressure and energy negative then we can make the following
pairing of terms, Ze. first for the negative terms in Equation (27h) and also looking
at Equation (9h), for j= 1, with the value of the cosmological constant in Equation
(9h) used, with A =A, and with negative terms of Equation (9h) and Equation
(27h) used, we have

K - 3a+121G- (pj:1 (pressure)) (28h)

_ 3Prmomentum
J.\/;dztx

Usually, the « is small so then the momentum term is such that the pressure
is negative. As seen in Equation (28h), and we furthermore elaborate upon this in
the next section, via what is brought up by [157] from Volovok. But before doing
this:

We will after this is described go to the positive terms in Equation (27h). We
get then for density, in terms of looking at positive terms in Equation (27h) and
comparing what we have with Equation (9h) if we make the following positive
term identification. With A=A,

HPotential well hamiltonian (f (t) »q (t)) K 4 6 . [az 4 . N - j
2-‘- \/Ed x =lplanck

=6a+4nG-(p,,)

(2%h)

‘min

We will then be looking at how we can then equate out a negative energy and a

negative pressure for this Pre Planckian to Planckian physics transition.

7H. Explicit Calculation for a Negative Pressure in This Pre
Planckian to Planckian Physics Transition

We will transition to Reference [157] by Volovik, 2003 which has the following
expression for pressure in a vacuum state of weakly interacting Bose Gases. Ze.
We use then Equation (30h) below for pressure, if we use the following approxi-
mations Ep, ., =M, Epyr = hc/ (@ = {/n (particle density)) , and so then we
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have a pressure for Bose pressure

1 3 16 4
+ljBose fluid (pressure) = W . (EPlanckZEPlanckl - W EPlanckl J (30h)
. . - 3 16 _, .
This expression becomes negative if E; .\ »Fpia < 15—2EPlanckl and if so we
T

have negative pressure. ie. For our problem if we configure the initial contents of
the “well” we assume for having a near singularity, for space-time expansion start
we can have n(Particle density)=N/V(volume), with N as the number of
would be “gravitons, and ¥ (volume) being the “Volume of space-time for our
evaluation”. Whereas m =m(mass)= N (number gravitions)xm, with the use
of the massive graviton value m, = mass (heavy gravity gravition) . If so a simple
calculation for this problem would have, then a negative value for pressure if we

have the following, namely

.3
hC \]VVolume< - <3 16 XN m CZ (31h)
5 \1sn
m,)

graviton number ' " g
(N

graviton number”"“g

Here, set m <10 to 107% grams, from [47], and Planck

graviton
My =2.176x107° grams ~ [158] And then also use a very specialized
V' (volume) = cube of planck length x0.27002422918 Therefore, if we write in the
following units Planck length = L, =1=7%=m, , we have Equation (31h) re

written as
1577 v s 2T I

| x0270024< (0.5x10%m,, ) N, (32h)

Or roughly

157° .
( J x0.270024 <107 N2 (33h)
16 graviton

Leading to

107 < N¥3 (34h)

graviton

Or an upper bound of say for graviton mass of 107 grams, we have that we
have negative pressure in our system for the number of gravitons being less than
10%, in a volume about 27 times the cube of Planck length. This is stunning be-
cause in Equation (14h) we have an entropy number 10°” to 10, which is amazing
because it suggests that the entropy generation we pick is tied in explicitly for the

generation of negative pressure which is essential for inflation.

8H. Now for How We Could Consider Having AE Drop as Negative
Energy, in Our Problem of Pre-Planckian Physics Right before
the Onset of Inflation. With a Flip over to Ultra High
Temperature-Energy Conditions

From [18] we have the following relationship, i.e. see referenced [159] have in its

Equation (8) the following value i.e. if d= Dimensions, P= Pressure, V= Volume,
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then the basic energy expression is given as
d
E=Spy (35h)
2
The discussion as to implementation of Equation (35h) has that if the condi-
tions in Section 6 above are obtained for negative pressure, that in the Pre
Planckian state we have at a chance, a quadratic dispersion relationship. In addi-
tion, Reference [159] claims that this is a result of a derivation from the Virial
theorem as given in [160], so then that we may look at
dP(momentum)
Q L. [ H, p]
dt I/
dpr ( momentum)

h
[P L dt

(Heisenberg)
(36h)

- (x)

This is in turn directly related to the Schrodinger-Ehrenfest theorem, we can

write as

d <P (momentum)>
dt

=—(r'(x)) (37h)

This is in a way of referring to [18] and [19] a way to ascertain the correctness
of using Equation (35h) in the Pre-Planckian to Planckian transition in space-time.

Having said that. We will then state that what we believe is that 1V as volume, as
given in Equation (35h) would be roughly about 27 times the cube of Planck
length, as a starting point, for investigation and that we would then have a transi-
tion up to the Planck length. Prior to nucleation of space-time.

Our hypothesis, is that breaching the barrier to full emergence would entail a
simultaneous flip from negative (bound energy states) to Positive energy, whereas
we would be using a variant of positive energy given as a restatement of Equation
(34h)

E(inf)= ngTmf (38h)

Le. arelease of bound state to unrestrained positive energy would be commenced
from the Pre Planckian to Planckian transition. Ze. eventually, if there is a barrier,
of space-time at the surface of a sphere of about.27 times the cube of Plank length,
in “volume” that when the barrier was breached, there would be a switch from
negative energy, to positive energy, but that the pressure would still be negative,
hence “inside” the initial near singularity sphere we would have a negative value
of Equation (38h) signifying a BOUND state. Once the barrier collapsed, Equation
(38h) would switch to positive, but that in lieu of inflation that the pressure of our
system would still follow Equation (30h) and Equation (31h).

All this may be tied into an issue of semi classical reasoning as given below. We
include this in to motivate readers to consider how a semi classical set of approx-
imations may lead to bridging the gap between General Relativity and Quantum
mechanics. We argue that the challenge in our present problem is to re duplicate

the same methodology, but to also find a suitable potential system, instead of just
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a hierarchy of kinetic energy expressions. This however mandates the existence of
higher dimensions. 7.e. so our document is commensurate with the following, i.e.

Ergodic mixing.

9H. Space-Time Dimensional Theorem (Involving Ergodic Mixing)

More on a linkage to Pre-Planckian to Planckian physics.

One of the striking results in [39] is their treatment of entropy, as given in their
Equation (40h), which is brought up to take into consideration the possibility of
tunneling. Ze. the variation in entropy, AS, is given as
_ikEt E

P (3%h)

iAS

My first conclusion is that if there is a tie into the formula 37 of this appendix
H manuscript that in fact what was done in [39] may be a way to tie in energy, £,
with entropy, and make the analogy to Tunneling from the interior to the exterior
of a boundary between pre Planckian to Planckian space time more exact.

In addition, we wish the reader to review the issues given in references [161]-
[177] before we go to the issues in the next page, 86.

I would be inclined to take the absolute magnitude of this above entropy ex-
pression and to assume the following, ie. in the aftermath of tunneling right at
the nexus of a boundary we would see approximately have for entropy generation,
using the absolute magnitude of [39] as well as delta § ~ n (particle counting) by
infinite quantum statistics as given by Ng. [11]. An advantage of Equation (3%h)
if confirmed would be a way to examine the Weak correspondence principle more
exactly. We shall comment upon this in our conclusion. Here, we take the absolute

value of Equation (52h) and we will use that in our conclusion.

2
|AS| = ‘@ = = particle count (40h)

EP
h

10H. Conclusion: Can We Use Equation (39h) and Equation (40h)
to Quantify a Correspondence Principle in Cosmology
Precisely?

I wish to thank Christian Corda for bringing this question to my attention. The
answer is maybe, but if we do that we can assume that the modeling of E, used in
Equation (40h) may be commensurate for the energy levels of a spherical infinite
square well, Ze. see this, [178] We will assume the spherical, zero angular momen-
tum case if we do this, so then we have if the radius of the well has zero inside the
well and an infinite potential barrier value just outside, that to first approximation
we have that. By [178]
n 'n

En 0= quantum (41h)

07 2
2m- rspherical well

Making the approximation that m, in this last set of calculation is the same as

the mass of a graviton, and that the term a, as given above is less than or equal to
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Planck length, if the resulting 1, as used in Equation (41h) is large, and ties in with
Equation (38h), with that temperature dependence, we may see the start of classi-
cal to quantum correspondence, for large 1, and a tie in that way to the Weak
correspondence principle. What we can do is to look also at a relation given by
Kerson Huang, in [179], as well as page 481 of the Hubble parameter given in [180]

where we have normalized the Planck mass to have a value of 1. If so then

87'CG,0 _ KFlatness parameter =1 (42h)
~ 2 ~ 2 2
3H (Hubble parameter)” H (Hubble parameter) - a/(¢)

If so, then we can look at

KFlamcss parameter =- (1 66 X g* : Tnzlax temperature )2 a (t)2 + Sﬂ:Gp xa (t)z (43h)

If we use the value of a(f)=a,,;,¢", and then we have

2
KFlatncss parameter = l:_ (1 66 x \/g ' Tnznax temperature ) + 8TCGp:| x arzm'ntzy (44h)

In order for this Equation (44h) to be greater than equal to zero, we would need

to have

8nGp>1.66"g,T,

Temp

(45h)

How to tie this into the matter of energy. i.e. use for Pre Planckian to Planckian
transitions showing large quantum number values so that the correspondence
principle in cosmology would hold would be to have using energy as given in
Equation (41h)

2
2'VS ace volume .m 1'66>< g* .7-;3121)( emperature
n* (quantum number ) = pace vol £ ( thzf e ) (46h)
We should before proceeding also note that we would also be utilizing having
d (dim)
AE=——k, T ... sothatwehave,
2d (dim) Ve voumey " (Roagivswen )
n* (quantum number ) ~ (dim)-Vipee V;l;;; ¢ (R ) (47h)

where we are assuming having an almost one to one connection between g, and
d (dim)
E (cylindrical well ener n’ (quantum number ) - A
o (cy gy) _n'(d ) (48h)

2
VVo]ume VVolume ’ mg : (};adius well )

For there to be an equality, which would be a necessary condition for having a

correspondence principle in Cosmology, Ze. to have quantum effects for high

2
quantum number

degree of freedom, would be that the stated dimensional values of inputs into a

numbers, Le. 7 > 1, one would likely have, even if we state g, isa

very large value for d, for inputs into the Pre Planckian state, prior to emer-

dim
gence into Planckian cosmology conditions would have to be an extremely large
number. 7e. we would be looking for conditions in the pre Planckian space time

for which 7, >1 due to an enormous value for d .

quantum number
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In saying this, we have to be more precise than we have been wont to be in
2

‘quantum number

whatever the reason, the chances that we could evaluate Eqation (40h) in terms of

geometry of pre Planckian space time. And if » approached 1, for
the Correspondence principle would evaporate. So, we ask:

Can extra dimensions come from a Multiverse feed in to Pre-Planckian space-
time?

To do this what we do is to state the multiverse done in [181] and [182] and cite
the number, N'so brought up with changesin g,, which is, the degree of freedom
so assumed.

This idea is extremely speculative, but it embodies using this version of an idea
which is in a recent conference proceedings in Spain used these two references,
[181] [182] ie. the idea was to refer to a Multiverse version of what is known as
the Penrose Cyclic Conformal cosmology conjecture, Ze. [183] use this construc-
tion.

We are extending Penrose’s suggestion of cyclic universes, black hole evapora-
tion, and the embedding structure our universe is contained within, This multi-
verse embeds BHs and may resolve what appears to be an impossible dichotomy.
The following is largely taken from [43]and [44] and has serious relevance to the
final part of the conclusion. That there are no fewer than N universes undergoing
Penrose ‘infinite expansion’ (Penrose) [183] contained in a mega universe struc-
ture. Furthermore, each of the N universes has black hole evaporation, with the
Hawking radiation from decaying black holes. If each of the Nuniverses is defined
by a partition function, called {Zl}j= then there exist an information ensemble

1
of mixed minimum information correlated as about 107 - 10® bits of information

, o0 minimum information is

Before

per partition function in the set {Z}"

conserved between a set of partition functions per universe
{Zi}i:] E{Zi}izl

However, there is non-uniqueness of information put into each partition func-
tion. {Zl.}:'

=1
a strange attractor collection in the mega universe structure to form a new big

(4%h)

Before After

Furthermore Hawking radiation from the black holes is collated via

bang for each of the Nuniverses represented by {Zl. }::1 . Verification of this mega
structure compression and expansion of information with a non-uniqueness of
information placed in each of the N universes favors ergodic mixing treatments
of initial values for each of NV universes expanding from a singularity beginning.

The n, value, will be using (Ng, 2008) S (entropy) ~n, [11]. How to tie in this

energy expression, will be to look at the formation of :1 nontrivial gravitational
measure as a new big bang for each of the N universes as by n(E,) the density
of states at a given energy E, for a partition function. [184]

© N
(z)' {JdEin(E,)-exp(—E,)} (50h)
0

i=1

Each of E, identified with Equation (50h) above, are with the iteration for &
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universes [177]. Then the following holds, by asserting the following claim to the
universe, as a mixed state, with black holes playing a major part, due to the CCC

cosmological picture, by starting off with

Claim 1
1 N
—- Z. | —{ 7 51h
N Zl { ! } i Before nucleation regime After Planck era { ! } i fixed After nucleation regime ( )
i=
For N number of universes, with each {Z,-} ) ~ fori=1to N
i Before nucleation regime

being the partition function of each universe just before the blend into the RHS of
Equation (51h) above for our present universe. Also, each of the independent uni-
verses given by are constructed by the absorption of one to ten million black holes
taking in energy. 7.e. (Penrose) [183].

Keep in mind what is brought up in [184] Furthermore, the main point is sim-
ilar to what was done in [185] in terms of general ergodic mixing The second
Claim is that the dynamics of black holes, in a particular universe, call it, the ith,
one, are of critical importance.

Claim 2

Maximum

~

(52h)

{ i }|1 Before nucleation regime k }|k Black-Hole nucleation regime

k=1

What is done in Claim 1 and Claim 2 is to come up with a protocol as to how
a multi-dimensional representation of black hole physics enables continual mix-
ing of spacetime [47] largely as a way to avoid the Anthropic principle, as to a
preferred set of initial conditions.

What this Ergodic condition of mixing of different contributions in the Pre
Planckian space-time would do is to add, via using up to N (almost infinite, say)
multiverse contributions to a CCC version of space time is to add a statistical av-
eraging of an initial start from a Pre Planckian to Planckian transition.

Prior to working with the theorem, we wish to bring up the following, ie. that
we would write the number, N of different multiverse contributions to a pre
Planckian space-time would then lead to the following theorem.

Space-time dimensional Theorem (involving ergodic mixing)

The number of multiverse contributions, call it N (number of multiverse con-
tributions) has a 1-1 relationship to the coefficient, d(dim) as of an equality in
Equation (58) and Equation (59) so that the quantum number obtained in the left
hand side of Equation (58) and also Equation (59) will be sufficiently large to per-
mitvalues >>1 such that the quantum version of quantum gravity linked to clas-
sical GR holds after the transition to from Pre Planckian to Planckian physics
commences

Proof

First of all write

g. = N(multiverse number)x g, (individual universe) (53h)

Here, we will define, g, (individual universe) in terms of what is given in Kolb
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and Turner [2], see that usually [2] has a value of, in the very early universe, of
g.~102 d.o.f. ie 102 degrees of freedom (for each individual universe), ie., if

one is using Equation (53h) we then conclude with writing
5 20

2 2
space volumem g : (Rradius well ) : 1 66
nquanrum number — nz hz ( 5 4h)

4
NComributing universes 8« individual universe ~~ universe

Concluding that we can state directly that:

dy,.. varies directly with N, where N is the number of individual multiverse
components (55h).

We furthermore state that this procedure, as similar to a black hole (not iden-
tical) and, has much overlap with Dr. George Chapline’s et al. [186].

If this theorem is upheld as far as being proven, a road to quantum, gravity
exists. This idea will be significantly developed in future publications.

Chapline et al, state as follows on page 1 of their article [186].

Quote

The black hole event horizon is a continuous quantum phase transition of the
vacuum of space-time roughly analogous to the quantum liquid-vapor critical
point of an interacting bose fluid.

End of Quote

We are doing much the same sort of thing, in the Pre Planckian to Planckian
transition, and we will add far more detail relevant to experimental confirmation
in a future article follow up which conceivably could be tested via experimental
work.

The number of multiverse contributions, call it N (number of multiverse con-
tributions) has a 1-1 relationship to the coefficient, d(dim) as of an equality in
Equation (58) and Equation (59) so that the quantum number obtained in the left
hand side of Equation (58) and also Equation (59) will be sufficiently large to per-
mitvalues >1 such that the quantum version of quantum gravity linked to clas-
sical GR holds after the transition to from Pre Planckian to Planckian physics
commences

Proof

First of all write

g. = N(multiverse number)x g, (individual universe) (55h)

Here, we will define, g, (individual universe) in terms of what is given in Kolb
and Turner [2], see that usually [2] has a value of, in the very early universe, of
g, ~102 d.of. ie 102 degrees of freedom (for each individual universe), ‘e, if

one is using Equation (55h) we then conclude with writing

2 2
2 _ 2 Vspace volumemg : (Rradius well ) -1 66

nquantum number — TCzhz (56h)
N T

Contributing universes & individual universe " universe

Concluding that we can state directly that d,, varies directly with N, where
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Nis the number of individual multiverse components.

We furthermore state that this procedure, as similar to a black hole (not iden-
tical) and has much overlap with Dr. George Chapline’s et al [186].

If this theorem is upheld as far as being proven, a road to quantum, gravity
exists. This idea will be significantly developed in future publications.

Chapline et al, state as follows on page 1 of their article [186].

Quote

The black hole event horizon is a continuous quantum phase transition of the
vacuum of space-time roughly analogous to the quantum liquid-vapor critical
point of an interacting bose fluid.

End of Quote

We are doing much the same sort of thing, in the Pre Planckian to Planckian
transition, and we will add far more detail relevant to experimental confirmation
in a future article follow up which conceivably could be tested via experimental

procedures.
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Appendix 1. A Brief Set of References with Respect to
Strange Attractors

A strange attractor in cosmology is a concept from dynamical systems theory
where the universe’s evolution is chaotic but follows an underlying, complex, frac-
tal-like pattern. The rationale is that certain cosmological models, particularly
those with multiple interacting fields, exhibit chaotic behavior that doesn’t settle
into a simple state but instead traces a complex, non-repeating trajectory in phase
space. This suggests the universe may not be perfectly predictable, yet its long-
term evolution is governed by these strange attractors, leading to phenomena like

fluctuating periods of expansion and contraction.

Chaos and fractals:

R Deviase & An accessible, yet mathematically detailed,
new frontiers of Bri . £ chaos th d fractal
riggs overview of chaos theory and fractals.
science Y
A collection of classic papers by Ruelle and
Turbulence, strange David pap v .
co-authors on the theory of chaos and its
attractors and chaos Ruelle o
applications.
. . . A non-mathematical, yet authoritative,
Chaotic evolution David . . ] o
introduction to chaotic systems for scientists
and strange attractors Ruelle ) ]
in various fields.
Strange attractors: Julien Provides a hands-on, computational approach
creating patterns in Clinton with programs, disk, and illustrations for
chaos Sprott creating patterns from chaos.

FTR I will in the next paper supply a detailed proof as to how strange attractors
are the right tool for the Ergodic theorem referenced as for the modification of

Penrose CCC cosmology.
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