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Abstract

The idea is to identify via ephemeris time as given by Barbour and an inflaton field as given by
Padmanabhan, for scale factor proportional to time to the alpha power and a velocity given by Will for
massive gravitons, an initial energy for a massive graviton in space-time. The spatial values for the graviton
production could be from the Planckian to Electro weak regime, with a nod to using a worm hole from a prior
to a present universe as a delivery font for gravitational energy, as an information carrying bridge from prior
universe 'information settings' to the present space-time. The number of Gravitons will be set as N, and the
initial time, as a tie in with Barbour's ephemeris time, a constant times Planck time. In setting up the
positions, as input into the positions and distributions of gravitons in our model, we will compare results as
could be generated by Racetrack inflation, for presumed position of relic gravitons when just produced in the
universe, as compared with results given by an adaptation of an argument presented by Crowell, in a
modification of the Wheeler de Witt equation he gave germane to worm hole physics. In addition, with this
presentation we will discuss entropy generation via graviton production. And compare that with semi
classical arguments, as well as Brane — anti brane combinations. The idea will be to in all of this to re set the
particulars of massive gravity in such a way as to revisit the outstanding problem of massive gravity: Its
predictions do not match those of general relativity in the limit when a massive graviton mass approaches
zero. In particular, while at small scales, Newton's gravitational law is recovered, the bending of light is only
three quarters of the result Albert Einstein obtained in general relativity
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. Introduction

One of the inquiries as to graviton physics, is to ascertain how to gauge the real actual energy of a
‘massive’ graviton. The reason for doing this, is due to the well known physics problem of how
the bending of light by massive gravitons via the Planet Mercury is 3/4th that of the actual results
seen in GR i.e. In the 1970s van Dam and Veltman, [1]_and, Zakharov [2] discovered a
property of Fierz-Pauli massive gravity. Its predictions do not match those of general
relativity in the limit when a massive graviton mass approaches zero. In particular, while
at small scales, Newton's gravitational law is recovered, the bending of light is only three
guarters of the result Albert Einstein obtained in general relativity. This is known as
the vDVZ discontinuity.[3], [4], and [5] gives a summary on page 94 as to the details of
the Vainstein solution which in the limit of non-linearized gravity, in its Eq. (2.184) give a
partial solution via a solution with a screening Yukawa type of potential as to what
happens, when the mass of a graviton, approaches zero.

We will try to avoid using Yukawa style screening, and our start will be to ascertain an
actual “rest energy” of a ‘massive’ graviton, where we may be able to recover the limit
behavior we want as m, — 0.To do this, we will be using [6] by Barbour, but not in the sense

of [7], [8]. In addition, [9] will be employed to obtain a velocity for a massive graviton, which has
the energy E term we will attempt to isolate. [10] has the inflaton, we will be using which we will
utilize for early universe kinetic energy contributions.

Afterwards, in part 2" of the manuscript we will briefly state some phenomenological
consequences of what we have derived, and then detail those findings with possible
consequences to the problem of early universe graviton generation and of an average
energy, for a graviton, resulting from early universe production of gravitons.

Part 3" of the manuscript introduces in a general sense the problem of the position of
gravitons, as assumed to be evaluated.

In the 4" part of the manuscript, we will allude to racetrack inflation [11] as far as its
connections to graviton physics, as well as non standard treatments of the WdW equation
which were written up by Crowell, in 2005 [12].

Part 5" of this manuscript will be a discussion between different choices of entropy

Part 6 of this manuscript, is a review of applications of non-standard treatments of the
WdW equation which were written up by Crowell, in 2005 [12].

Our conclusion will be a wrap up of our findings plus a prospectus as we see it as to what
to possibly expect next, and to ascertain what may be fruitful lines of inquiry. As to the
originally stated problem of fixing massive gravitons giving only % the angular deviation
of light about the planet mercury.
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I1. Barbour's Ephemeris Time, and Padmanabhan's Inflaton value ,plus Will’s
Massive Graviton velocity to Isolate Rest Energy of Massive Graviton

From the use of [6] we have a statement of Ephemeris Time which is

1)

m, refers to the mass of an ith body, (&d ), is position of ith body, and (E-V') is kinetic

energy of the system we are analyzing. We will use the construction given in [10] to
construct the relevant kinetic energy of the system we are trying to analyze to make our
point.
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Here is where we will use the reduced speed of the massive graviton. [9] gives us
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Secondly set the M, ————=—>m_, in the early universe, with N the number of

early—universe

gravitons.

If we make the following approximation, i.e. ot =10%t;
2.4
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This is the net energy associated with a graviton and we will spend the rest of our article
analyzing the consequences of such for our questions as what is to known as the vDVZ
discontinuity. And its possible resolution.

E? =

(7)

N
I11.The possible values of Z(ﬁdi )2 in the early universe, as far as the
i=1
distribution of N gravitons

To do this we will examine what if we are working with a randomized set of value for the
od. graviton positions, i.e. roughly like

5di W—c&vity) <d| >semi—classical (8)

In the case of black body radiation, this would be for a random distribution of ‘gravitons’
in a closed thermal box.

If true, i.e. that assumption. We would likely then be able to generate some version of
Bose-Einstein statistics, here, for a graviton ‘gas’ i.e. along the lines of N for the number
of n. assumed gravitons, roughly

N o L )

T

In this case, we would be revisiting the Solvay conference arguments as of 1927 with
respect to [13,14,15,16,17]. Note that a variant of Eq. (9) has also been approved by

Weinberg! [18]
2 -1
n(w)dew = 2 cia) ~[exp(2'”l24j —1} (10)

T

‘Note that both [19] and [20] in different ways, mean that the neat blackbody radiation
approximation assumed in Eq. (10) would need huge re adjustments. i.e. [19] would if a
model of filament or structural turbulence leading to non-uniform in space-time graviton
production, whereas [20] pretty explicitly rules out the idea of a blackbody cavity as far
as containment of gravitons.

Hence, we will have to, if either [19] or [20] hold, consider something other than the
traditional quantum thermal excitation of say even gravitons within axion walls [21], as



has been thought of as possible by this author, and which then may lead to the author
positing ways to come up with cosmological dynamics for entries of the terms &d.in Eq.

(7)

To do that, we will consider, racetrack inflation, and also some of the ideas of what
Crowell wrote up in [12]. For entries of the terms od,in Eq. (7)

Afterwards, in making some assumptions, as to this set of entries into terms ¢d.in Eq. (7)

we will go to what we mentioned earlier, which is how to recast the problem of massive
gravity in a way which may avoid the vDVZ discontinuity.[3], [4], which will require a
long discussion of its own. l.e. mind you this is not meant to be a complete resolution of
that problem, but an indication of what our formulation of E, energy , portends to.

IV. First review of the Racetrack inflation scenario and

N

()

i=1

This requires looking at Appendix A I1l. And to comment upon what Appendix A |11
has to say about positioning of the space-time domain of production of gravitons, in
terms of space-time physics.[22] posits re-heating of the universe, as to where Race-track
inflation says the start of graviton production starts.

Quote: From [23]

Once the slow-roll conditions break down, the scalar field switches from being
overdamped to being underdamped and begins to move rapidly on the Hubble
timescale, oscillating at the bottom of the potential. As it does so, it decays into
conventional matter

End of quote

l.e. this is well after the onset of inflation. [24] indicates that there is a detail of the
spectrum which is significant in the initial phases of inflation, as given in [25], [26], [27],
and which is given a spectrum value as stated in [24] as

k ) K
h(k,ni):A-(k—j coth{ﬁ} (11)

H

Specifically, if [%} is less than one, due to elevated temperatures, which is what occurs

in inflation. Hence, as by [24] the relic condition for gravitational waves cannot be
ignored, and [24] states that there is a thermal vacuum state which is given as

(ala,) =£W}y (k=K' (12)



Nonwithstanding what was said about [22] and [23], which appears to rule out significant
contributions to relic gravitational waves, due to racetrack we will focus upon what could
lead to a thermal vacuum state via racetrack, with comments.

In [28], on page 2 of the article

Quote
Hubble scale during inflation is bounded by the present value of the gravitino mass, i.e.,

H <m,,. This relation, which ties the amplitude of primordial gravitational waves to the

scale of supersymmetry breaking, appears to be rather generic
End of quote

What this says, is that the racetrack though, in common with other string theory
cosmology, has, at the point of symmetry breaking, of the racetrack, a regime where
gravitinos, when produced, are giving bounding behavior to the Hubble scale, which in
turn [29], [30]

H? ~Vg /3~[VAdS|/3~ m§/2

&

m,,, ~ 6x10°GeV (13)
&

Vg ocV,

racetrack

The mass of a graviton, massive, is of the order of [31], so then we use the
following[32],[33]

m, ~7.7x10"*GeV /c
m,, ~ 6x10°GeV /¢ ~10%m,
= Electro — weak (14)

=1 ~10%*s~10't,

electro—weak

= N ~10%
Using this, we would have a numerical factor of N, and a time factor of St putin Eq. (7)

~10%s ~10't,

5t oc telectro—weak

(15)
N ~10%
Due to the uncertainty of the exact commencement of the relative distance of the radii of the
universe in the electroweak era, [34], we will say then that this relationship will have to be
speculated on, in the next section. And this will also incorporate comments on [35].
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V. Estimating a range of values for od, in cosmology up to the Electro Weak
Era using Electro Weak Era as the hot spot for relic graviton production.

An e fold of 65 in inflation [36] is 10728 magnification of an initial radius, and so if we
consider an electro weak magnification at the end of inflation, for a radii of 107-35
meters start to a magnified initial radius of about 1 meter at the very end of inflation,
tops, with an initial radii of say 10"-7 meters at the start of the electro weak era, to about
1 meter at the close of the electro weak era.

Meaning N ~10%gravitons, in a spatial regime of say a ring in between a distance of
10”"-7 meters to 1 meter from the ‘center’ of inflation in a time regime of roughly

Stoct ~10%*s~10't,

electro—weak

This would be, if we use the idea of racetrack inflation, and of 1 gravitino roughly
equivalent to N ~10* gravitons, input into Eq. (7).

Keep in mind, that Guth, on page 135, of [37] estimates that the probable total reach of inflation
is an expansion of up to or more than 10" 75 in volume for inflation, i.e. this is then giving us the
following inputs, put into Eq. (7)

5t oc telectro—weak - 10736 S~ 1O7tP
N ~10% (17)

10" meters < 5d, <1 meter

For the sake of convenience, in this first approximation model we will be initially
assuming the rest mass of a graviton is about 10°-65 grams, in line with [31]

We next will, if we assume that there is a correlation between entropy, due to S~ N with
the number N = (count of particles) [38] next comment upon what this may be saying
about entropy , in the early universe

V1. Review of different models of entropy to choose from

This is reviewing the substance of Appendix B and Appendix C below. Here are some
first impressions. The given models, do not answer the question of if there is at least one
unit of Entropy at the start of the inflationary era. To do that, one can look at what the
author did in [39], i.e. the claim is that if one wants to have at least 1 unit of entropy, to
start off with, one will have to state a non-zero initial radii. In fact, the author, in [40]
generalized this finding via the device of examining a Hubble parameter = 0, with a jump
up to a very large Hubble parameter, right afterwards, as a model for cosmological
expansion. l.e. using a cosmological bubble, initially, with H=0 at the surface of the



bubble, and exploding to the inflation state right afterwards. The idea is materially not
different from the phantom bounce, given by Freeze, et.al. in [41] as a modus operandi of
investigation.

If there are no units of entropy, at the start of expansion of space time, we will choose the
methodology of the Racetrack which implies that entropy production and graviton
production, and gravity waves would have to await at a minimum, going to the electro
weak regime of space time, i.e. That space time expands 10 million times past an initial
starting point

I.e. both the semi classical picture and brane picture tend to support the idea of graviton
production starting at the electro-weak era, but if the graviton is a carrier of entropy, and
if the radii of the initial configuration of the universe, is not zero, then we will be reason
to bring up some of the issues the author raised in [42], which then leads to, if [42] is not
wrong, leading to the idea of non-zero initial energy, perhaps recycled from a prior
universe, as a starting point for our cosmology. This has implicitly raised the issue of [43]
i.e. if there is a H=0 initial starting point, of a possible reflection of this, as a causal
barrier which may have CMBR overtones.

Note that Beckwith, in [44], generalized a version of the Penrose cyclic conformal
cosmology, to multiverses, which may be a way to ascertain if there is, as mentioned
earlier, a recycling of space-time, at the start of the universe. In doing so, the author states
that this necessitates either a proof, or a counter example to what is given in the
traditional [45] with Penrose’s supposition as to if there is a mandatory singularity at the
start of cosmological expansion, as the supposition to either prove or disprove, and with
[46] as the non linear electrodynamics speculation to either confirm or falsify as well.

[47] has a lucid competing theory as to non-zero initial radii of the universe speculations,
but again, if that is not your favorite, you can peruse the idea brought up, as to using what
is given in Crowell, 2005 [12] as to worm hole physics. As asked by the referee, what
guarantee that one could use a worm hole as a start to cosmology? Go then to Appendix
D, as a start to our discussion. i.e. this is to ascertain if we can say something cogent as to
the scale of gravity effects, as either classical or quantum, and then afterwards, go to
Appendix E, as to the Crowell-Beckwith suppositions as to worm holes, and the early
universe. This is briefly alluded to in appendix E, which fills in some details as to

‘P(T)oc—A-{nz-C1}+A-77-a)2-C2 (18)

Appendix F, gives a statement largely based upon Mukhanov [48] I,e. how an energy flux from
a prior universe may lead to release of entropy in the present universe, and it is in sync with the
idea of graviton generation, of early universe entropy after traversing the H=0 barrier in line with
the work done in [42],[43], [44]

Appendix G and Appendix H give qualitative descriptions as to the behavior of the scalar field,
presumably like an inflaton,which may be zero in the initial phases of entry into the ‘bubble’
before a presumed causal barrier at H=0, and Appendix G gives an interpretation of the



largeness of a presumed energy flux which would go out of the cosmological ‘bubble’ of
initial space time.

Note that the end effect of all this is to argue for very different dynamics, of space time,
i.e. for the entropy being generated just past the H=0 barrier of space time, with a radii of
say 107-35 meters, and all that, the answers we will get out of Eq. (7) will look
profoundly different than say, entropy and gravitons, and GW produced at 10"-7 meters
to 1 meter in radii “distance” from the start of presumed space-time.

Either choice will have profound implications for interpreting Eq. (7) of our text. What is

given below is for what we would have for Eq.(7) inputs if we have entropy produced
well ‘before’ the electro weak regime.

10~ *meters < 5d, <10 meter

& (19)
otoct,
N ~1-10%

VII. Conclusion, now back to our treatment of the bending of light
by massive gravity. What we can say about what we have so
far.

In [49], in Eq. (12) of [49], there is an expressed equation of the form for a light ray hitting, say
the Sun

0

(20)

AGM  15G’M?z  (GhrM  lir,
~ + 3| —— =3

b 4b b b
The impact parameter, b of the ‘photons’ , i.e. light ray, with the sun, and the Schwartzshield radius I of
the sun.

This is the first item to discuss, and the last term is the one which should be minimized,
whereas the first two terms are in sync with [50], [51] , [52] whereas the third term,
which can be written up in exact parameterization, is too small to contribute much of
anything to the problem. l.e. the 2" term is a post Newtonian contribution and the third
term is a quantum correction largely based upon the Born approximation and can be seen
in [50], chapter 21 of that reference. This derivation is part of a manuscript with the
following deviation of the potential system put in, i.e.

V= (1)

GMm ( 3G-(M +m) 41@71]
- 11+ 2 a2
r cr 10c°r



If m is the mass of a graviton, almost 10"-65 grams, whereas M is the mass of a planet,

say Mercury, and that Eq. (21) has a quantum correction to the tune of 14010—?:12 put in, so

that
_ GMm ( 41Gh
unantum—correction ~ T r : W
(22)
GrM  Ir, .
At Hquantum—correction ~ ‘9( b3 = l;s JOC & = O
Our task would be to look at a total energy, say making this deduction, of
m2c*
Egraviton2 = :
7G N 2
1-—— — -Z(ad,)
N-c®-y-(10°t,) =
GMm 3G-(M+m) 41Gh
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GnM Lo,
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< equantum—correction ~ ‘9[ b3 - b3 cg =0

It would be a lot of work, but it would also be more direct than what De Rahm and other tried in [53]

What we have done, is to find a basis for a different way to address the issue of if we have relic
gravitational waves at just the electro weak regime, as quantified in this paper, or if we have earlier based
processes and / or the influence of recycled earlier universes, which may influence the transmission of
gravitons, and possibly pre universe information to our present universe.

Do we have a repeating universe, with shared from the prior cosmos information? The logical extension of
the inquiry so presented may allow for answering this question. In the meantime, the touch of using
Barbour’s version of time, initially was put in to ascertain, a working benchmark for the twinning of a
definite time step, with graviton production, and also then, if graviton production, i.e. the number of
gravitons, is proportional to entropy, what has been done is in essence vetting the start of times arrow, via
entropy production in the universe.

Eq.(7) is by necessity very preliminary and we expect to revisit it with greater precision later on.

Finally we have presented a different way to start an inquiry as to working to a solution to the vDVZ
discontinuity

See Appendix I, as to the referee’s complaints. This paper was completely re written due
to his remarks



Appendix A: Managing what to do with racetrack inflation, as
cool down from initial expansion commences

P. Brax, A. Davis et al [54] devised a way to describe racetrack inflation as a way to look at how super
gravity directly simplifies implementing how one can have inflation with only three T ( scalar ) fields . The
benefit to what we work with is that we may obtain two gaugino condensates and look at inflation with a
potential given by[54]

V =V, +V, cos(aY)+V, cos(Y) +V, cos(a—bl-Y) (a1)

This has scalar fields X, ¢ as relatively constant and we can look at an effective kinetic energy term along
the lines of

SKinetic =3 (8Y )2 /4(8)( )2 (32)

This ultra simple version of the race track potential is chosen so that the following conditions may be
applied
(1) Existaminimumat Y =Y; i.e. we have V'(Yo)= 0, and V '(Y,)> 0, when we are

not considering scalar fields X, ¢

(2) We set a cosmological constant equal to zero with V (YO ) =0

(3) We have aflatsaddleat Y ~0;ie. V'(0)=0

(4) We re - scale the potential via V — AV so as to get the observed power spectra
P=4x10"

Doing all this though frequently leads to the odd situation that |a— b| must be small so that X >>1 in

a race track potential system when we analyze how to fit Eqn. (1) for flat potential behavior modeling
inflation. This assumes that we are working with a spectra index of the form so that if the scalar field
power spectrum is

\Y%

- 3
15072 @3)

Then the spectral index of the inflaton is consistent with WMAP data. l.e. if we have the number of e
foldings N > N, ~.55

~.95+.02 (ad)

These sort of restrictions on the spectral index will start to help us retrieve information as to possible
inflation models which may be congruent with at least one layer of WMAP data. This model says nothing



about if or not the model starts to fit in the data issues Subir Sarkar[55] identified in is Pune, India lecture
in 2007.

Appendix B. Semi classical models of entropy generation

Kolb and Turner [56] have a temperature T related entropy density which can be treated as being written
as:

2. 7° 3
SDensity = 45 0. T (b1)
This pre supposes when we do it that we are able to state a total entropy as the entropy density times space
time volume V,

S v, (b2)

total — SDensity ’

In this situation we are writing for initial conditions with a temperature T = 10% K for the initiation of
quantum effects for quantum gravity as given by Weinberg (1972) [57].

T ~10%K ~1.3x10%eV ~1.3x10"GeV . This gives us the option of comparing what we get in
entropy with Seth Lloyds[58]

=S /kgnZ:ﬁKmaaﬁm@y4:Dycitﬂ%FM (b3)

— “total

We will examine if or not the following is actually true in terms of time, i.e. can we write | = (t/t,)??

This is assuming that the density p =T 0~ A which is initially enormous, and which will be

vacuum-—energy

due in terms of a transfer of energy density from a prior universe to our present universe, which will be
elaborated upon later in this document.

We can if we take the absolute value of Eq. (b3) and (b2) above get for small volume values good
estimates as to the relative volume of the phase space in early universe cosmology where Eq. (b2) and Eq.
(b3) are congruent with each other. For our purposes, we will take time as greater than (or equal) to a
Planck time interval, in line with the temperature dependence of entropy density mentioned in Eq. (bl)
above.

We can compare this with Thanu Padamanadan’s [59]treatment of entropy which is with regards to micro
canonical ensemble as defined via

3N
A 1 2
eXP(Syoar) = 9(E) :m'J‘dSNX'{E—E-ZU (Xi,Xj)}
- i#]
(b4)

3N

A 3N N A 3N Apas |2



IfA~O(), ie. we re scale it as being of order unity, and N ~10% particles, and we re scale

Id Ny ~ V4N where we choose V,,and where we assume Eq. (b2) and Eq. (b3) are equivalent and we

AV 1

assume that there is grounds for writing —2—% ~T%V/, = p.V, >> =. ZU (X;,X;), we can shed
8' /AN G i

light on if or not it is still feasible to treat entropy, with N ~10% as a micro canonical ensemble

phenomena, which we claim has implications for the formation of an instanton in early universe
cosmology. Frankly we would want, in early universe cosmology that we have

1
p-V, #—- ZU (x;, Xj) , but not by too much, so we can form an instanton.

i#]

Appendix C: Brane world picture of early universe entropy
formation

This is adapted from a lecture given at the ICGC-07 conference by Samir Mathur [60]. The supposition is
that

branes and anti branes form the working component of an instanton. Which is part of what has been
developed.

l.e. look at the case, first of massless radiation, and then we obtain for D space time dimensions, and E the
general energy

S ~ E(D—l/D) (c1)
This has

A s,
v 4 ~TOOV4 Ep-V4 = Etotal
8-7-G (c2)

The question now becomes how do we go about defining what the necessary volume is re scaled via a
quantum gravity changing of how to measure gravitational lengths which are for the threshold of quantum
gravity . Traditionally the bench marking has been wvia the Planck length

I, ~10%cm

importance of quantum gravity effects showing up in a grid of space time resolves, as information paradox
of black hole physics. So far we have merely been working with a typical string gas model for entropy.

Now, let us add in a supposition for N branes and anti branes to put in an instanton structure as to how we
look at the entropy. Gilad Lifschytz[61] in 2004 codified thermalization equations of the black hole which
was recovered from the model of branes and anti-branes, and in lieu of assuming an anti brane is merely in
this situation the charge conjugate of say a Dp brane wrote an entropy along the lines of modifying Eq. (c1)
above to read

N a 1 1 ini
Quantum Gravity threshold N“ -1, . This re scaling of the minimum length needed for the

4 ETtl ’ N
STotal ~a'{ Zzai| 'H(\/ij,o +\/ij,0] (c3)
=1


http://arxiv.org/find/hep-th/1/au:+Lifschytz_G/0/1/0/all/0/1

This has when we do it E;,, as in Eq.(c1) above, and proportional to the cosmological vacuum energy
parameter. Of course, in string theory, the energy is also defined via

Erow =44+ /M pj.0 " Mﬁj,o (c4)

Furthermore, the values of M and M 5.0 refer to the mass of p branes and p anti branes,_as Gilad

pj.o?’

Lifschytz refers to it. This can be changed and rescaled to treating the mass and the energy of the brane
contribution along the lines of Mathur’s? [60]CQG article where he has a string winding intepretation of

energy along the lines of putting as much energy E into string windings as possible via,
[n1 + ﬁl]LT = [2n1]LT = E/2, where we are talking about N, wrappings of a string about a cycle of

the torus , and N, being ‘wrappings the other way” , with the torus having a cycle of length L , which leads

to an entropy defined in terms of an energy value of , if mass m, = TPH Lj (with T, being the tension

of the i th brane, and Lj being spatial dimensions of a complex torus structure )
Erow = ZZm n, (c5)

This leads to entropy

N
STotal =A- H \/n—l (06)

Our claim is that this very specific value of entropy for Eq. (c6)above will in Planck interval of time at
about the onset of inflation lead to

st

Furthermore we also claim that the interaction of the branes and anti-branes will form an instanton
structure, which is implicit in the treatment outlined in Eq. (c4), and that the numerical counting given in
Eq.(c6) merely reflects that branes and anti-branes , even if charge conjugates of each other have the same

‘wrapping number’ N;.

#operatlons]/ 10° (7)

Appendix D: Specific numerical estimates for the minimum boundary
of quantum gravity volume vs. classical gravity dominated effects

We begin with a temperature estimate of T ~10® K > Toe Threshold ™ 10K . Then, Eq. (b4) above

modified when we take the absolute value will lead to , if we look at when N ~10%:

_ . 3/4 N 3 3/2 8
Total B’ ! ~ N . 4
|Srow]| = ks - In2|- [#operationg™* ~ N Iog10 +logV}? +10gE*?|~10°  (d1)


http://arxiv.org/find/hep-th/1/au:+Lifschytz_G/0/1/0/all/0/1
http://arxiv.org/find/hep-th/1/au:+Lifschytz_G/0/1/0/all/0/1

1
Leading to solving for E as follows = p -V, # —- ZU (X, X;) , and also that
[E]
N 10° _ AV

V43 ‘E3/2 ~1085 — E =
VE 817G

(d2)

We can and will reference what we can say about A,,,,~C, - T P as given by Park [62] (2003), as a way

to get an upper bound estimate upon V, for quantum gravity effects in inflation. We get an upper bond
estimate of

~10*cm (d3)

4 |Thresho|d—vo|ume— for—quantum—effects

This is way too large, but it indicates that the interaction of material within the region of space being

: 1 o :
considered does not obey p -V, >> —- ZU (x;, Xj) . If this is what we have, we can then begin to look
i#]
at if the instanton picture is true or not. We will first review what can be said about different variants of
vacuum energy. l.e where the vacuum energy models of four and five dimensions could conceivably
overlap. But to do this we will look at what these models are.

Appendix E. Details as to forming Crowell’s time
dependent Wheeler De Witt equation, and its links to
Worm holes

We will fill in the details inherent in Eq. (18) above in the main text.. This will be to show some things
about the worm hole we assert the instanton traverses en route to our present universe. Eq. (18) of the main
text actually comes from the following version of the Wheeler De Witt equation with a pseudo time
component added. From Crowell[12]
10°Y 1 oY ,
- +—2-—+rR(3)‘P:(r77¢—r¢)-‘P (e1)
nr or nre or

This has when we do it ¢ = cos(a) . t), and frequently R(3) ~ constant, so then we can consider

¢= Tda)[a(a))- e* —a*(w)-e ™" ] (e2)

In order to do this, we can write out the following with regards to the solutions to Eq. (e1) put up above.

C, =7? ~(4-\/;~L5-Jl(a)- r)+i5~sin(a)- r)+(ew-r)-cos(ew- r)j
20 w
(e3)
+1—§cos(a)-r)—i58i(a)-r)
w w
And



C,=—(1-cosw-r)—4e ™ + > .Ci(w-r) (e4)
2-w w

This is where Sl(a) r) and Cl(a) r) refer to integrals of the form I ( )d " and ICOS(X )d '
X'

so happens that this is for forming the wave functional permitting an instanton formlng, while we next

should consider if or not the instanton so farmed is stable under evolution of space time leading up to

inflation. We argue here that we are forming an instanton whose thermal energy is focused into a wave

functional which is in the throat of the worm hole up to a thermal discontinuity barrier at the onset , and

beginning of the inflationary era.

Appendix F: Energy fluctuations due to the worm hole
and their link to entropy fluctuations

We argue that the existence of the worm hole and an instanton formation in the throat of the worm hole will
lead to a constant energy flux. Note that we are assuming a constant energy flux through the worm hole.
This is equivalent to work with an expression given by Mukhanov [48] about energy density fluctuations

and entropy. In position space, it is for energy density p(x), and entropy S(X)

. gtp( X2 50x) - 45 -Gpy -8p(x) = - ATS(1) ()

This is Fourier transformed into being

0 f;tp(k)+k 2. 5p(k)— 47 -Gp, - 5p(k) = —o - k25 S(K) (f2)

This has a time independent solution of the form given by , assuming small spatial dimensions

_ ok?55(K) 055K
I e aep) ) “

This may be Fourier transformed, assuming near constant values of k and position x, to be in x position
space

5p(x)=-—55() (f4)

S

Here, CS2 is the square of the speed of sound which is in early universe conditions close to unity. We also

have that o = (ﬁp/GS)p. Then we can state that when we have Sp(X)oc A,
increasing temperature

| = A due to

initial

9p(x) = 85 -5 S(x) (f5)



We claim that the increase in entropy, is connected with a breaking of the instanton structure of a packet of
energy transferred from a prior space time to our own.

Appendix G: First principles argument as to large scale values
of the absolute magnitude of the cosmological vacuum energy

Look at an argument provided by Thanu Padmanabhan [ 10 1], [63], leading to the observed

cosmological constant value suggested by Park [62]. Assume that

I, ~10*cm

N ~a . - . -
Quantum Gravity_threshold >N“ -1, , but that when we make this substitution that

1< N“ <10°[63]
Aobserved
Pusc ~ o~ Puv P
VAC 87ZG uv IR (gl)

2 -2 2
'IH - IPlanck -H

I -4
observed

Planck
Ap ~ adark energy density ~ H2 /G (92)

We can replace A H 2 oves BY Aisiars H 2o - I addition we may look at inputs from the initial

observed !

value of the Hubble parameter to get the necessary e folding needed for inflation, according to

E — foldings= H,,. -(t —t )s N >100
End of inf beginning of inf (93)

=H >10% —10%

initial
Leading to
a(End —of —inf)/a(Beginning—of —inf)=exp(N) (04

If we set A.

initial ~ C1 [T ~10* Kelvin] implying a very large initial cosmological constant value, we

get in line with what Park [62] suggested for times much less than the Planck interval of time at the instant

of nucleation of a vacuum state
A itiar ~ [10156]-8716 ~huge number (95)
.Question. Do we always have this value of Eq. (g5)? At the onset of Inflation? When we are not that far

away from a volume of space characterized by IS , or at most 100 or so times larger ? Contemporary big
bang theories imply this. l.e. a very high level of thermal energy. We need to ask if this is something which



could be transferred from a prior universe , i.e. could there be a pop up nucleation effect , i.e. emergent
space time? Appendix H gives a way for this to occur. We will now examine a mechanism which would
allow for this to happen. It involves transfer of energy from a prior to the present universe

Appendix H: The D’Albembertain operation in an
equation of motion for emergent scalar fields

We begin with the D’ Albertain operator as part of an equation of motion for an emergent scalar field. We
refer to the Penrose potential (with an initial assumption of Euclidian flat space for computational

simplicity) to account for, in a high temperature regime an emergent non-zero value for the scalar field ¢
due to a zero effective mass, at high temperatures.[64]

When the mass approaches far lower values, it, a non-zero scalar field re appears.

. + + . . . . . .
———& = m m
Leading to p——————>¢&" ~ 0" as a vanishingly small contribution to cosmological evolution

Let us now begin to initiate how to model the Penrose quintessence scalar field evolution equation. To
begin, look at the flat space version of the evolution equation

N o
o

This is, in the Friedman — Walker metric using the following as a potential system to work with, namely:

V)= 3 (MO 3t -

ooy 3

This is pre supposing & = £1,0, that one is picking a curvature signature which is compatible with an open
universe.

$-Vip+ (h1)

(h2)

That means k& = —1,0 as possibilities. So we will look at the & = —1,0 values . We begin with.

i oo, OV
Y ¢+a¢ =0=

2 l 2 | 2 K
¢? = = {Cl {a +—6a2(t)+ M (T)}} (h3)
< g=e*"exp(ct)

We find the following as far as basic phenomenology, namely

¢ :%'{Cf {az +é(t)jL(M ﬁhg)ﬂ (ha)

2
—_>
M (T ~high)—>0 ¢ # 0



(h5)

The difference is due to the behavior of M (T). We use M (T) ~ axion mass m,(T)in asymptotic
limits with

m,(T)=0.1m,(T =0)-(Agep /T)*’ (h6).

Appendix I. Referees remarks plus answers

Referee report on JHEPGC, paper ID:2181041, “Early
universe self reproduction, entropy, and race track inflation”
by Prof. Dr. Andrew Walcott Beckwith

This paper is potentially quite interesting but badly written. In many parts

the paper lacks clarity, many results are unclear and some possibly wrong or at
least deserve to be checked more. Moreover, a comparison to modern datasets
(e.g. Planck instead of WMAP) is mandatory for the work to be credible.

Finally, the paper is full of typos, colloquial language, and other aspects which
are unsuitable for a scientific publication. Below | have listed a series of mistakes
or aspects which need further clarification. Before recommending the paper for
publication | urge the author to consider the proposed changes. | therefore
recommend the author makes major revisions to the paper as per the points
below. Only then can | retake the paper into consideration for publication.

Answer: Due to your remarks, the paper has been COMPLETELY re written

_ The Introduction of the paper is very poorly written. The in medias

res style, throwing the reader directly into technical arguments without
any brief review on the topic to be dealt with, nor on the motivation

for dealing with such topic, definitely does not aid the understanding of
what is already a quite difficult and technical paper. | suggest adding 2-3
paragraphs in the introduction to address these issues: namely, providing
a brief review of the prerequisites necessary for the reader to successfully
follow the author's argument; more importantly, providing a motivation
for the work itself, namely answering the question: \Why should the reader
care about this work?". These are a MUST in order for the paper to be
presentable and understandable (I myself had serious difficulties following
the paper on my _first read).

Answer: COMPLETELY re written

_ Second paragraph of the Introduction: please give a reference to the potential
given by Penrose which is mentioned.



Itisin the paper now:

_ Why should there even be a discontinuity in the scale factor in first place?
Is it just a way of generating entropy? But it is not clear why to consider
such a discontinuity in _first place.

Answer: It later on was turned into an accepted JHEPGC article.
Now not the main point of the paper

_ Second section: please define g2 (the number of relativistic degrees
of freedom) in Eq.(1). In general all quantities and acronyms should
be de_ned and not given for granted.

The term g ~ 100 comes from Kolb and Turner, at the beginning of inflation

_ Second section: the author claims to take times t > tpiwhich is su_cient

for the purpose of the work. However, the work also purports to deal with
prior universes which could be connected to the present one via wormholes.
Clearly, in this case one would incur into times t < tel. Is this then not a
problem?

Answer** Complete re write rationalized the different time domains, as focused
In the overall theme of the paper. Your complaint was addressed in full.

_ Second section: please define all quantities not previously defined in Eq.(4),
e.g. the potential energy U. Is this equation implicitly assuming something
about the functional form of the potential energy, specifically that

it depends on pairs of positions? And is this a valid assumption for the
calculation in question?

1

_ Second section: the last claim is not clear at all. Why would one want
_Vab=1

2

P
ie=j U(xi; xj) in order to form an instanton, and how much
different do the two sides of the equation have to be?

Answer : **completely removed instanton section**

_ Third section: please provide a reference for or explain Eq.(7a), which is
not obvious.

_ Third section: do Eq.(8), Eq.(9) rely on compactification on a torus or are
they more general than that? Please clarify.

Answer ** Removed from the document **

_ Fifth section: what are _and _in Eq.(14), Eq.(15)?

_ Sixth section: what is Hobserved? At what times is it observed?

Answer ** Removed from the document **



_ Sixth section: in Eq.(20), the number 100 is far more than really required.
The minimum value N needs to take is 46, typically something in the
range 46-60 will be sufficient.

Answer : | used Karen Freezes version of 65, with a reference to an article where she used
that value,

_ Seventh section: please spell Reissner-NEordstrZlom properly (same in various
following Sections).

_ Seventh section: the author needs to show that the solution found is indeed

a wormhole. For instance, does it satisfy/violate the relevant energy
conditions?

** From Lawrence Crowell’s book. See the bibliography and read his book **

_ Seventh section: assuming the solution is indeed a wormhole, does it have
to satisfy certain characteristics in order for energy transport from the

prior to the present universe be possible? For example, does it have to be
traversable, and if so, does the solution satisfy this requirement

Answer ** | have the book by Matt Visser, on wormholes and can put it in if you insist **
Let me know your preference

_ Eighth section: in Eq.(28), the line element appears to be imaginary. Or
should one interpret it as taking the real part of ei_=2?

_ Tenth section: it isn't at all clear how the Friedmann equation given by
Eqg.(40) suggests a discontinuity in the scale factor. Please clarify.

Answer ** Removed this section completely **

_ Tenth section: please provide a reference for Dowker's paper which is
mentioned.

Answer ** Removed this section completely **

_ Eleventh section: to be honest, WMAP is slightly outdated. It would be
preferable to refer to Planck results instead.

_ Eleventh section: what does it mean that conventional treatment of CMB
CMB collaborations is extremely robust (especially given the near-
Gaussianity of the CMB which makes things simpler...), so it would be

very interesting to see what the author really means with this statement.
_ Eleventh section: please spell Subir Sarkar's name correctly (not Subir
Shankar).

Answer** Radically de-emphasized ** Not the main point of the paper

_ Eleventh section: do Subir Sarkar's claims still survive/are interesting
after the advent of Planck?

Answer ** Yes they do. And his issues are still current. **

If not, the whole argument of non-zero fluctuations,



the basis for which can be provided by racetrack inflation, is of
little utility.

_ Eleventh section: | don't know where the author has taken the value of
ns=0:95 _ 0:02 from, probably from an outdated WMAP analysis. |
recommend using the recent Planck value which suggests ns=0:9656 _
0:0063, since getting the value of nsis crucial for distinguishing among
different models of inflation.

Answer ** Will be done later, if you insist.**

_ Eleventh section: please provide other tests of the given inflation model.
For instance, | suspect it could produce sizeable local non-Gaussianity,
and possibly tensor non-Gaussianity (e.g. non-zero TEB correlations).
Please check this and discuss it in the light of current and upcoming

CMB experiments (ACTpol, PolarBear/Simons Array, SPTPol, Simons
Observatory, CMB-54).

Answer ** This section removed due to your complaints**

_ Twelfth section: how would bosonification (please spell it correctly, not
bozonification) lead to a suppression of information?

Answer ** This section removed due to your complaints**

_ Twelfth section: again, | am really concerned by the fact that the author
limits the discussion to WMAP (and to its first release) observations. It

is absolutely necessary to discuss how these arguments stand in the light
of the most recent CMB experiments, otherwise the author cannot make
such strong claims as are currently made in the present paper.

Answer** This section was removed, due to your complaints

_ Please provide a conclusion summarizing what has been achieved in the
work.

Answer ** DONE **
_ Please check through grammar and typos as the paper is full of them!

Answer: Agreed, | spent an entire day doing it.
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