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Abstract

Using a Linde reference, as well as another one from Padmanabhan for cal-
culation of how the early universe expands, we obtain, by default the coeffi-
cient of scale factor expansion, ¢ to the alpha value, with alpha being ap-
proximately the square root of five in value. We from there make an estimate
as to the number of initial particles produced in the very beginning, which
leads us to conclude that a graviton, would be a preferred initial by product.
The argument as to gravitons, also reflects a choice of how the decay of initial
BEC condensates of Planck sized black holes would commence, using the
work produced by Chavanis, as to BEC condensates and black holes. The ob-
ject will be to obtain initial frequency spread plus strength of GW production
plus a suggestion as to what polarization state may be accessible from initial
conditions.
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1. Introduction

We use the work by Linde, [1] as to what is given on page 257 which translates
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into a different model of the Hubble expansion
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Here, we are assuming, a fourth order substitution of a particle of mass A/
much less than Planck mass being produced, with say, Planck mass being ap-
proximately the size of the initial black holes, and with micro black holes being
produced by

M? =a&*M ’2)

axkl

)

We also will be using a scale factor for the expansion of the universe which is
(2]
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Equation (1) applied with this information will lead to the following if we ap-

ply the following Planck unit normalizations, of Planck mass, Planck time, and

G'to one, then

t=pt, > p (4)

Applying Equation (1), to Equation (4) will then lead to the following
26° % =v* -3 (5)
So
a’ B ~o(l)
=v~+5

This is for a time bigger than Planck time, and subsequent particles less than

(6)

Plank mass presumably being produced by BEC black holes, of which we will be

referencing [3]
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What we will be doing if the Gravitons travel at nearly the speed of light is to

Tp
N

make the Identification of a spatial displacement of graviton BEC condensate
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BHs having a spatial dimension of the following value
Ren ~ Blp (®)

We will elaborate upon the implications of this in the third chapter of this pa-
per after we go to asking if we next construct a minimum value of the inflaton

mass which we will try relating to formation of early universe Planck mass black
holes.

2. Examining the Role of Our Model on the Formation of an
Inflaton Mass
In order to do this, we will be looking at what is given in [4] namely
¢+3Hp+mig=0 9)

Then we have the following, namely

» _[1-3v 8nGV, Bt
i) {"’g{ (3i-1) N "

In order to have this inflation mass be >0, and not imaginary, we would need
to have

v-(3v-1) v-(3v-1)
< 242 Gitp—ol 2

8nG Bt P 8np

(11)

0

So then after algebra, we would have that the inflaton mass, so defined would
lead to the inflaton if it broke up leading to Planck sized black holes, according
to [5], Ze. if we had that Equation (10) would have masses greater than Planck
mass, according to then [5] we would have

Quote

We show that fragmentation of the inflaton into long-lived spatially loca-

lized oscillon configurations can lead to copious production of black holes.
End of quote

Note in reference 5 the term oscillon is described as a generalization of the

inflaton.

Le. the formation of a black hole, or numerous black holes, aside from the
breakup of the inflaton, would also require a minimum size of the inflaton,
which would then necessitate it being above one Planck mass. The mechan-
ism of the generation of black hole generation is implied to be at the end of

inflation in [5] as given by the following quote from [5].
Quote

In figure 2 we display the cosmological history of the setup, showing energy
density evolution of the inflaton, oscillons, PBHs as well as radiation from

reheating. During inflation, the inflaton dominates the Universe.

End of quote
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To wit, this means of course that there would be a time for generation of black
holes greater than a simple rendition of Planck time as the ending point which is
consistent with the model we so far have been using. And then we can go after
assuming a net production of black holes being broken up by density according

to this procedure mass m breaks up for m as given by [6]

8nR (radius)’ -
8" (radius)” - p

12
3 (12)
for our application and, we obtain for black holes a breakup criterion for mass m.
Black holes if
3
mz_(ﬂj- 143.2¢ -8m6 (13)
3 Ps ) Mg

So we can have the start of breakup of black holes right after the end of infla-
tion, and this is in tandem with looking at i.e. we have then that the black holes,
which maybe produced by the inflaton are broken up when the mass of a black

hole, call it m, is leading to a generalized density of the universe as given by

M. Y 3 1

~MY =R 2 14
Pen P ( m j 32n (14)
1+3

Here we have that

Ry ’ _V(¢)~3V2—2v

Pq

e

(15)

Given what we have so far computed, with, say v ~+/5, or maybe a bit larger,
we may have for sufficiently large time value, a situation where we cannot just
assume for the sake of modeling, that Equation (15) would be —1 which is what
is usually assumed, Ze. that the density is the negative value of the pressure. ie. a
more nuanced picture forms, and that we would be looking at, with analysis, a
situation for which we have would be for finite v a situation not exactly close to
the phenomenology right at the start of inflation for which we would have the
time ¢, for the production of gravitons, ie. we would not have Equation (15)
equal to —1 which would only occur if we have v becoming almost infinite in

value.

3. Results about What This Procedure Implies for the
Frequency of Emitted Gravitons

We have that the time, ¢is proportional to the following, so if gravitons travel at

nearly the speed of light

txfte —=— 8

:ﬁz\/_z\/WQ

(16)
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If so, following Equation (7) we will have that in the regime of space-time for
which

If so
E z—kBT ~ho
2
T=T./ N, (17)

_ 1.855x10”Hz

:M)N—,Bz\/_z\/N_g

This would be the frequency, as to initial graviton production, assuming that
one is using Equation (7) above for BEC style condensate treatment of gravitons,
with, say for a certain regime of space-time we have that we are assuming a real
inflaton mass, which is larger than Planck mass, which puts a surprisingly strong
damper on the value of V, according to Equation (7), indicating an e fold value
of about 60. Or about a reduction of 107 in terms of the frequency Equation
(17) would permit in terms of measurement platforms for GW within our solar
system. The interesting result is that this value for frequency would DECREASE,
unless I am totally wrong, for situations where per unit value of space, we have
graviton production increasing in the situation for which primordial black holes,
break up, that Equation (17) plays an unexpected role of scaling which I, as au-
thor did not expect. In addition, [7] gives cautionary background which must

be considered carefully.

4. Conclusion, What Does All This Sort of Formulation Say as
to the Number of Physical Polarized States of GW Radiation?

From [8] we have that if there exist scalar-tensor models of gravity, as an exten-
sion of what is in GW production, that we have more than two polarization
states, as to gravity. We assert that in this article, that this supposition is correct.
In doing so, we will review arguments as to the chance we have scalar-tensor
models of cosmology involved and what this says about our measurement prob-
lem. Reference [9] as given will refer to scalar-tensor gravity, and we note what
is near their conclusion

Quote, from reference [9]

In the post Planck era gravity should be treated classically, while the matter
fields still behave quantum mechanically. ‘Quantum Field Theory in Curved
Space-Time’ (QFT in CST), treats gravity classically while the energy-mo-
mentum tensor is quantized. For General Theory of Relativity, it is expressed
as Guv = < Tbuv >, where the quantum operator < Tbuv > is a suitably re-
normalized expectation value. The perturbative semiclassical approximation
under consideration in this subsection, is quite different from QFT in CST.
In this technique, the perturbed parts of the metric and matter fields are
treated as quantum mechanical operators, keeping the background parts

classical [10] [11] [12]. Since, we derive the perturbation spectra generated
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from the quantum fluctuations in an early scalar field dominated accelerat-

ing (inflation) phase, therefore this approach appears to be more legitimate

End of quote

We argue that we are doing a modification of GR, but one which still treats
Gravity semi classically if one looks at Equation (1) as from Linde [1]. But that
the Quantum mechanical nature of assuming Bose-Einstein, condensates, as
given in Equation (7) will be a gateway to scalar-tensor gravity.

Further work, as given in [9] having their Equation (3.31), Equation (3.32),
Equation (3.33) and Equation (3.34) are ways of imposing quantum conditions
upon the scalar fields, as cited in [9]. We will state unequivocally that a similar
process is obtained by linking imports and the phenomenonology of Equation
(2) and Equation (7).

Note that in our approach, we are making the following assumption, namely,
that.

Following Conformal Equivalence theory, multidimensional theories of grav-
ity are conformal equivalent to theories of usual General Relativity in 4 dimen-
sions with an additional scalar field.

Reference [13] also has a way of linkage of linking scalar-tensor theories with
the methodology of DE, which in our approach may be relevant, especially if
there is any later phenomenological evidence that massive gravitons, are indeed
an active candidate as to DE. ie, the idea of a release of a sea of gravitons, in fu-
ture work, due to the breakup of black holes, as specified by Equation (14) and
Equation (15) may be pertinent to the development of DE. As cited in [14] the
idea of massive gravitons may relate to DE and the first step toward falsifiable
data sets may lie in obtaining rigorous limits as to the polarization states, al-
lowed, which will be the subject of a future inquiry. And we wish to state that
[15] as to GW from small relic black holes must be taken into consideration, as

well as the physics which is in reference [16].
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