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Abstract 
We begin our inquiry by asking two questions. First, is there an approximate match up between the total 
entropy of the universe, and the sum total of entropy between super massive black holes at the center of 
spiral galaxies? Note that Sean Carroll in 2005 presented a black hole entropy value which could have a 
super massive black hole in the center of a galaxy having  more than  8910  non dimensionalized units of 
entropy in value. This value would be greater than what H. J. de Vega calculated as the entropy value of the 
entire universe. And there are conceivably  up to a million spiral galaxies. Secondly, we accept what De 
Vega presented about entropy, i.e. its approximate present day value was nearly reached during the end of 
the re heating of the universe, right after the big bang. If so, the second question is what initiated entropy 
growth in the beginning ? This paper shows how increased entropy values from an initially low big bang 
level can be measured experimentally by counting relic gravitons. Furthermore the physical mechanism of 
this entropy increase is explained via analogies with early-universe phase transitions.  The role of Jack Ng’s 
revised infinite quantum statistics in the physics of gravitational wave detection is acknowledged. Ng’s 
infinite quantum statistics can be used to show that gravitonsNS Δ≈Δ  is a starting point to the increasing 
net universe cosmological entropy. Finally, in a nod to similarities with ZPE analysis, it is important to note 
that the resulting/\]  8910≠Δ≈Δ gravitonsNS , that in fact it is much lower, allowing for evaluating initial 
graviton production as an emergent field phenomena, which may be similar to how ZPE states can be used 
to extract energy from a vacuum if entropy is not maximized..  Finally, the implications of if or not 
gravitons have mass will be reviewed as far as how graviton mass issues, and the nature of gravitational 
waves, may affect experimental measurements of relic big bang conditions. The relationship of some 
models of KK gravitons as having similar evolution equations to GW in GR models will be commented 
upon, with suggestions as to how that ties in DM values.  
                                                                   
INTRODUCTION 
What we would like to do is to add content to what Seth Lloyd presented about 
Entropy 
By necessity, entropy will be examined, using the equivalence between number of operations which Seth 
Lloyd used in his model, and total units of entropy as the author referenced from Sean Carroll, and other 
theorists.  The key equation Seth Lloyd wrote  is as follows, assuming a low entropy value in the beginning  

[ ] 4/3#2ln~ operationskS BTotal ⋅⋅                                                                                                 *(0.0) 

 Seth Lloyd is making a direct reference to a linkage between the number of operations a quantum 
computer model of how the Universe evolves is responsible for , in the onset of a big bang picture, and 
entropy..If equation (0.0) is accepted, which is debatable, then the issue is what is the unit of operation, i.e. 
the mechanism involved for an operation for assembling a graviton A good question is, if this is done, then 
how to get an appropriate operation, linkable with the number of emergent gravitons, so at least equation 
(0) will be congruent with  . One very interesting side effect of quantifying emergent universe entropy with 
gravitons would be in either confirming / falsifying a prediction made by Alves, Miranda, and Araujo 
(2009) about how graviton mass could serve the same function as DE as enabling acceleration of the 
universe to be increasing, and /or to say something about over all density values, i.e. conceivably energy 
density of an evolving universe. A question to ask which is important is if or not equation *(0.0) 
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corresponds with requirements necessary for vacuum nucleation of particle counts for initial entropy 
generation. What will be necessary for such vacuum nucleation will be brought up at the end of this article. 
As part of a discussion of future research projects Another even more important datum is possibly linking 
gravitons and gravitinos and or KK gravitons  with DM, as can be started with the following observation. 
Note that the simple assumption that the dark matter (DM) is a thermal relic is surprisingly restrictive. The 
limit X 1 implies that the mass of a DM relic must be less than about 500 TeV . The standard lore is that 
the hunt for DM should concentrate on particles with mass of the order of the weak scale and with 
interactions with ordinary matter on the scale of the weak force. This has been the driving force behind the 
vast effort in DM detectors. What would be useful would be in investigating if or not taking the limit |v| < 
MX

-2, for DM cross sections, as denoted with subscript X  can lead to, as an example, a non equilibrium 

process of  occurring, which may signify conditions  for  MX 200 TeV 
was created at T* < MX .  Note that Edward (Rocky) Kolb uses this argument to argue for Wimpzillas, 
with enormous mass. It can, if T* > MX   be an entry point as to much lower DM masses.  The non 
equilibrium process if examined fully can lead to possible linkage between DM mass values, and graviton 
mass, once certain assumptions are explored concerning DM, SUSY super partners, and gravitons are 
examined.  The simplest connection the author, Beckwith is examining is identifying the gravitino as 
having similar characteristics with the KK graviton.  

We do think that equation *(0.0) above will be crucial to delineating the non equilibrium process. 
Furthermore, understanding it fully may help clear a linkage between gravitons and their super partners, 
gravitinos from purely a theoretical stand point/ construction, to a possible experimentally falsifiable set of 
measurement criterion to be developed by experimental astro physics researchers.. I.e. if one can actually 
come up with experimental protocol to make a linkage between different ‘particles’ and their super 
partners, this in itself would be extraordinarily important for the development of physics. This can be done 
if we can define a linkage between a gravitino and the KK graviton. Not simple. But doing the KK graviton 
first, and showing its inter relationship with more conventional gravitons may be a step in this direction. 

This article is to get definition as to Seth Lloyds supposition, in terms of candidates 
for the ‘number of operations’ of entropy and emergent structure,  relic gravitons 

There are three components as to analyzing both entropy, and machine collection of astrophysical data 
which may obtain relic conditions for astro physical data which may permit a useful research and 
development program for tying in the growth of entropy, in relic conditions with falsifiable data sets of big 
bang physics.  
 
The section called basic premises, i.e. the zeroth Chapter, is a review of entropy from the stand point of  
traditional cosmology, as presented by  H.J. de Vega who did an outstanding job at the International School 
of Astro particle physics, Como, Italy [ villa Olmo ] in outlining how, and why entropy build up occurred 
relatively rapidly during the first 3610−  seconds of the big bang. We do not disagree with his conclusions, 
but ask the question which he avoided as to how and why the entropy build up occurred in the first place. In 
addition, we ask as to what would cause entropy to increase as to the number of operations, as out lined by 
formula zero, i.e. the foundational entropy formula given in formula zero.   
 
Furthermore, after stating this, there is one very serious issue to examine, which will be summarized as 
follows. If there exists one million or so spiral galaxies, each with a super massive black hole, what is the 
relationship between the totality of SM black hole entropy values from these galaxies, and the over all 
figure of roughly 8910 cited by de Vega in the ISAPP school, meeting for total entropy. i.e. for super 
massive black holes, how does their total entropy value stack up with regards to 8910 .. Note that Sean 
Carroll wrote in 2005 about Black Hole entropy as having an overall value of  
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As opposed to a value given by Malencala, in the IAS public lecture series (2002)  of  
 

233 )10(
~

scentimeter
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S BHareaHorizonEvent
holeblack −

−−−
−                                                                                                      *(0.8) 

Both of these formulas  have to be regularized and compared with the Hawkings result of 
( )24 PHoleBlack lAkS ⋅⋅≡− , with A being the area of a Black Hole  event horizon, , k  as Boltzmann's 

constant and Pl  as Planck’s length which is proportional to 3510− meters may break down in part for black 
holes above a certain mass.  Note that in the situation where formula*(0.2) is used that 1== ch  This 
issue will be discussed later than chapter zero, but it is fundamental to our understanding of entropy. While 
we are at it, it is worth while to note that many calculations of the event horizon results depend upon the 
metric used for the space time about the black hole . Usually, Wheeler- Nordstrom metrics are employed to 
take into account curvature effects ,and presumed charges inherent in a black hole. So happens that 
inflation removes curved space, i.e. one has abrupt flattening of space within 3610− seconds of the big 
bang. The stated benefit of removing curved space is to remove spurious, non observed monopole / other 
relic particles from the aftermath of the big bang. However, the space time about black holes is, as 
generally accepted, increasingly curved as one approaches the event horizon of a black hole. Balancing the 
entropy equation , leading to roughly 8910  for entropy, non dimensional units, during the cosmological re 
heat era, which would assume flat space metrics may have to be compared to localized curved space 
metrics about a million or so super massive black holes in spiral galaxies. 
 
If the relative entropy of 8910  is roughly equivalent to the sum total of one million or so black holes in the 
center of one million spiral galaxies, then it may remove the necessity of embedding the universe in a larger 
super structure. If on the other hand, there is a radical difference in the summed value, this difference may 
be a smoking gun indicating either the necessity of higher dimensions than four for our universe’s space 
time, ( note that four dimensions is what LQG assumes for space time), or that the metrics for  curved space 
time used to compute event horizons are seriously flawed and need additional work.  
 
The implications to LQG, and and LQG entropy of SM black holes, as being the same, or close to 8910  has 
pronounced implications as to the singularity theorems of GR. Recent papers in LQG which the author was 
exposed to in the 12 Marcel Grossman conference, assumed that big bounce replaced the singularity 
conditions Hawkings , Ellis, and others .  In particular, Marco Valerio Batistini, in a PRD article as of 2009 
uses Snyder geometry to find a common basis in which to make a limiting approximation as to how to 
either derive either brane world, or LQG conditions for cosmological evolution. The heart of what  Batistini 
works with is a defomed Euclidian synder space, when we use the 1== ch units, obtaining then  

[ ] 22 1
2
11, ppqpipq ⋅−⋅≥ΔΔ⇔⋅−⋅= αα . The LQG condition is 0>α , and  Brane 

worlds have, instead 0<α . As Batistini indicated, in PRD, 2009, it is possible to obtain a string theory 
limit of  

( )[ ] ( ) ppplpq s Δ⋅−Δ≡Δ⋅+Δ≥Δ α/1/1 2 .                                                                                   *(0.9) 
 
 We will use this result explicitly in the document as to differentiating between criteria as to information 
transfer from a prior to a present universe , as a way to distinguish, on falsifiable experimental grounds, 
how to determine if minimimal spatial uncertainty requirements for space time can distinguish between 
LQG, and brane world scenarios.  The tie in with entropy and information processing comes in , with 
regards to order of magnitude estimates as to what would be minimum informational content needed to 
preserve continuity of basic physical law between our present and a past cosmos. Continuity would be 
preserved in physical law if the fundamental physical contstants of nature remain invariant. 
 
If there is a basic discontinuity between a present and past cosmos in terms of primary physical constants, 
likely it means that there is a multiverse construction, with many universes possible. If there is a basic 
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continuity, due to the LQG, then we can speak of, perhaps, one basic universe, in terms of recycled content. 
And can then abandon the multi verse/ potentially infinite universes. 
 
The starting point will lie in falsifiable criteria to if or not the graviton has some sort of mass value, and if 
or not it can be conflated with information / entropy. If mass values are not obtained for the graviton, then 
different criteria have to be sought to investigate  information transfer to our present universe. A search 
which is not impossible, but requires extremely rigorous experimental protocol to investigate. Note that 
string theory, as a matter of procedure, estimate that we have very low  mass values for the graviton. This is 
important, and will have many implications which will be presented in the  manuscript.  One of the results 
of the brane theory, versus LQG treatment of minimum length, qΔ is that the value for this spatial 
variation qΔ is less in the LQG scenario, than in the Brane theory case. Recall that in Brane theory/ string 
theory , that gravitons have zero mass, or for all intensive cases , next to zero mass.  In the manuscript, 
there is a detailed analysis of how graviton mass could be linked to actual gravitational wave dispersion, 
via the well known formula of modification of tensor fluctuations, via the existence of a graviton mass, 

gm .  Here, then the dispersion relationship for gravitational waves would then be written as  

22
gravitongw mp +=ω .                                                                                                                      *(0.10) 

Dubovsky, Flauger, Starobinsky, and Tkachev in 2009 cited measurements which in their estimation give 
4730 10677.110 −− ×≈≤ eVmgraviton grams, with the author, Beckwith, using values as low as 

6010~ −
gravitonm grams. This should be evaluated in terms of understanding how  M Novello and  R 

P Neves ( 2003) in Classical and Quantum gravity , used anti de Sitter space time, the to obtain 

Sitterdeantigravitonm −−Δ⋅−=
3
22                                                                                                               *(0.11) 

 with the anti de Sitter cosmological value < 0. So being this necessitated a very small graviton mass. LQG 
so far does not have explicit rules or bounds, YET on the graviton mass, other than providing a propagator 

for the existence of a graviton as a spin two ‘object’. It is to be noted that Sitterdeantigravitonm −−Δ⋅−=
3
22 is 

not inconsistent with 6010~ −
gravitonm grams, and that we use a deliberately low graviton mass to ascertain 

if or not enough information from a prior universe can be transferred to our present universe, in order to 
maintain the same values for basic physical parameters such as G and h , and α  , i.e. the fine structure 
constant. Non withstanding Visser’s 1998 paper about a stress – energy tensor uvT  admitting graviton mass 
( his paper did not allow for black holes! ) , there is theoretical work done , as reported by Herbert W. 
Hambler (2009) about how how gravitons with mass would lead to the creation via free graviton propagator 
techniques of two ghost state masses, for the graviton, one of a spin two graviton mass given by 

amassgravitonspinm μ=−−−= 22 , and another  

bmassgravitonspinm 200 μ=−−−= . Unless tachyon masses are involved ( no they are not ) 
both a and b are > 0. The mass μ  would be ot the order of planck mass values, i.e. 

planckMcGeV ≡×∝ 219 /1021.1μ , which would lead to a variation of the static Newtonian 
gravitational potential  to  

r
rm

r
rm

r
h

)exp(
3
1)exp(

3
41~ 02

00
−

⋅+
−

⋅−                                                                                   *(0.12) 

The primary application of the above is not wildly inconsistent with 6010~ −
gravitonm grams, but the above 

equation  for 00h application  would primarily  be in planck length distances, i.e. 331063.1~ −×Pl  
centimers and would need to be compared with making sense of the geometry inherient in 
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Sitterdeantigravitonm −−Δ⋅−=
3
22  AdS-CFT space time geometry. That will take a lot of work. The primary 

value the author sees in applying *(0.11) and reconciling it with *(0.12) would be for structure formation, 
and it may be in part a link between graviton production in relic conditions, and deviations of the density 
profiles of DM halos, which will be commented  upon later. This is in part not all tha different from 
reconciling the overall DM problem, as stated in *(0.3) , *(0.5), and *(0,6) with the possibility that the 

starting point given by *(0.3) may be similar to *(0.12) and that Sitterdeantigravitonm −−Δ⋅−=
3
22  can be 

adapted to give the same information as *(0.5) once assembly of the graviton commences due to applying 
*(0.0) appropriately. 
 
 
The First, chapter is to examine if or not GW from the big bang were either high, medium, or low 
frequency. This is relevant to what detectors may be utilized for GW frequency based signatures from the 
big bang. Part of this first section is determining if or not GW, for short wave length, HFGW play a 
dominant role in entropy generation as would be expected if relic GW are high frequency, We wish to state 
that if HFGW do not exist, for relic conditions, that low frequency GW are not important for entropy 
development, but DM production as within the region of space before the photon turn on of the  CMBR 
sphere of approximately 400 thousand years after the big bang would be the most important contributing 
factor for entropy  .The longer the wave length , i.e. the lower the energy  contribution is, from material 
being injected into our universe from a prior universe, the more likely it is DM as a boost to entropy along 
the lines of the suggestion offered by Jack Ng (2007, 2008).  
 
Chapter 0. The standard introduction of entropy during the big bang 
This section is largely introducing what H. J. De Vega concluded and brought up in the ISAPP school , in 
Villa Olmo, Italy which the author attended in July 2009. First of all, De Vega gave a starting energy/ mass 

density  scale of GeV1610 at the start of the big bang, which is important, since it ties in very closely with 
the temperature range the author, myself, found useful for initial relic graviton production.  What De Vega 
paid special attention to what how and why vacuum energy could turn into particles, going so far as to 

introduce present day entropy as 
891097. × ( non dimensionalized ) units in value, while stating that in the 

re heat phase, right after the big bang, that there was a net entropy of 
8910≥−heatreS , corresponding to a 

temperature at the end of inflation of GeV1410 , and with an analytical  entropy expression of  

heatreheatreheatreheatre dgTS −−−− ⋅⋅⋅
⋅

≈
45

2 2π

.Vega set the re heat temperature as  GeVT heatre
1410≥− , 

whereas the degrees of freedom in the re heating ear,  1000≈−heatreg , according to De Vega, while 

dropping to 100≈−weaktelectrog  in the electro weak era. This value of the space time degrees of freedom, 

according to de Vega has reached a low of 
32 −≈todayg

. Whereas de Vega very pointedly refused to 
speculate if or not the degrees of freedom would go much above 1000 in the region before 

1000≈−heatreg . This lack of information as far as applications of  a temperature, and degrees of freedom 

based value for entropy, as a pre re head refinement to 
heatreheatreheatreheatre dgTS −−−− ⋅⋅⋅

⋅
≈

45
2 2π

, 

partly due to finding the horizon size at the end of inflation 
( )

H
N

td total
ofend

)63exp(
inf

≡
≈−−

, where H 
is the Hubble parameter, and this the basis for defining horizon size for re hearing as 
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( )inf−−
−

− ⋅≡ ofend
heatre

heatre td
H

Hd
, and 

4
2

2

90 heatre
Pl

heatre
heatre T

M
g

H −
−

− ⋅
⋅

≡
π

. The fact that it is, by 
classical theory next to impossible to ascertain accurately degrees of freedom greater than 

1000≈−heatreg  for space times before the re heating regime, i.e. what are the degrees of freedom at or 

before 
3610−

seconds after the big bang, as well as how temperature varied from GeV1610  at the start of 

the big bang to GeV1410 at the close of the big bang, means we have to find a different genesis for the 
initial growth of entropy. This is what the article is about, i.e. to seriously examine what could have 
initiated entropy growth from the very beginnings. Note that if there is a way to have additional 
dimensions, that there are non four standard dimensional structures to boost a massive graviton on, in order 
to generate DM. The preferred method appears to be to conflate KK gravitinos with massive gravitons, and 
to conflate the massive gravitons being rapidly accelerated in some non standard 4 dimensional space time 
structure with DM, and to show a linkage between  the two. Easiest way to make a linkage between KK 
gravitons, and standard massive gravitons is to note, as   Masato Minamitsuji, Misao Sasaki, and David 
Langlois did, in April 2005 , to call KK gravitons as equivalent to massive gravitons on the brane with 
masses m>3H/2, where H represents the expansion rate of a dS brane. I.e. if we start off with gravitons, for 
the pre inflationary right up to beginning of inflation conditions, as not being expanded rapidly on dS 

branes, we have , perhaps 
6065 1010~ −− −gravitonm

grams, , i.e. at the start, in pre inflationary conditions 

we set the ‘at rest’ 
eVmgraviton

3010−≤
which then right after the start of expansion linked to  inflation on 

the dS brane boosts to 
eVTeVm gravitonKK

9105.~5.~ ×− . If so, the technical problem to work out is 
the inter relationship between the dS ‘brane’ structure and our standard space time. To do this, note that 
second Randall-Sundrum (RS II) type brane cosmology, as given by Masato Minamitsuji ( arXIV 
0805.3818 ) has a division between what happens in compactified dimensions, and a regime when the 
dimensions are non compactified. As Minamitsuji writes “As is expected, in the early times, namely when 
the brane is located in the near-horizon region, the effective cosmology on the brane coincides with that in 
the second Randall-Sundrum (RS II) model. Then, the brane cosmology starts to deviate from the RS type 
one since the dynamics of KK compactified dimensions becomes significant. We find that the brane 
Universe cannot reach the asymptotic infinity, irrespectively of the components of matter on the brane”. I.e. 
the initial picture is to have compactified dimensions, presumably corresponding to where the traditional 
low mass graviton ‘lives’, and then a regime where non compactified dimensions become important,leading 
to huge massive graviton masses, presumably linkable to DM. 
 
How to compare SM black hole entropy with de Vega’s value of 8910  for the entire 
universe ? 
The starting point is to examine if or not the entropy of black holes in the center of galaxies exceeds the 
number, 8910 , given by de Vega as the entropy of the universe, today. To do this, it is feasible to look at 
the following formula, as given by Juan Maldacena,  in an IAS public lecture, 2002, as to black hole 
entropy. Taking the following dimensional conventions , i.e. 1== ch , so that 

GEM PlanckPlanck /1== , and we have Glt PlanckPlanck == , then it is possible to re write the 

entropy of a black hole, 233 )10(
~

scentimeter
A

S EHholeblack
holeblack −

−−
− . Using elementrary reasoning, based upon 

the Schwarzshild radius of a (super massive in the center of a spiral Galaxy) black hole 

GM
c

GM
Rr holeblack

holeblack
hehbhorizoneventholeblack ⋅⋅≡

⋅⋅
≡= −

−
−−−−−− 2

2
2 , Obviously, the surface area 

of an event horizon is, to first order   for a Schwartzshield model  black hole,  2
hehbR −−−⋅π . A  SM black 

hole, in the center of the galaxy would have an event horizon 1/10 the Earth- Sun radius, i.e. nine million 
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miles, for a SM black hole sunM⋅× 6104 , i.e. a radii of  6106.14 × kilometers, i.e . 10106.14 ×  
centimeters. If one squares this value, then one gets a feeling of how fast entropy builds up, from say a 
black hole of sun size mass with a radii of about  9511896.2 410× centimeters .  Then the entropy of a 
super massive Black Hole at the center of the Milky way would be of the order of  

( ) ( ) 898666210 101016.31310106.14 ≈×⋅≡××⋅ ππ . I.e. it is almost the value of the total entropy of 
the universe. 
 
Obviously, something is wrong. There are two possible resolutions of this. First of all, the Schwartzshield 
radius value may be too large. If the event horizon  is much smaller , then the fact that there are numerous 
spiral Galaxies, perhaps up to a million, each with their central, SM black hole will not yield a total entropy 
on the order of 8910 . Having the value of up to a million spiral galaxy super massive black holes with 
combined entropy 8910≤ would permit having a four dimensional representation of how the present 
universe is set up, and in many ways negate the reason for looking for higher dimensions and/or a larger 
super structure for our universe to be embedded within.  If, on the other hand the total sum of spiral galaxy 
SM black hole entropy is 8910> , then some sort of embedding and/ or higher dimensional super structure 
for our present universe is probably necessary. Sean Carroll,, Mathew Johnson, and Lisa Randall,  in 2009 
wrote up an extremal Black Hole paper where an offered formula linking a Euclidian action,  EI with the 

total entropy of the black hole was presented to be  EHoleBlack I
d
dS ⋅⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−=− 1

β
β  , with the coefficient 

β  as a so called periodicity parameter, as opposed to string theory calculations with a non zero entropy 

Carroll gives in this paper of ( )GS HoleBlack 4ρ≡− , where the ρ  parameter is part of the  
2

2 SAdS × metric geometry of ( )[ ]2
2

222 sinh Ω+−⋅= dddS ψχρ  . If one interprets the 2
2Ωd  term 

as being equivalent to traditional four space geometry. This should be compared to what Ghosh, A.; Mitra, 

P. put up in (2005), of ⎥
⎦

⎤
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3
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2 λ
λ AAS HoleBlack , which is using 274.
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, and a non 

dimentionalization of the Immirzi parameter γ  of the form 14 2 =⋅ Plπγ , as well as a horizon area 

( )[ ]12 +⋅⋅⋅≡ ∑ jjsA
j

j . So then we can, at least make a thought experiment between a minimum 

value of ⎥
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λ
λ AAS HoleBlack  and  ( )GS HoleBlack 4ρ≡− , provided an equivalent comparison 

can be made between  
2
Aλ , and ( )G4ρ . If so, then the LQG result, appears to have a lower minimum 

value than ( )GS HoleBlack 4ρ≡− , which suggests, depending on how the horizon is calculated, that the 

LQG could have the sum of all entropies of SM black holes  less than or equal to 8910 , whereas the string 
theory summation of SM black hole entropies could be greater than or equal to   8910 .  
 
Chapter 1. The nature of entropy ?/ 
Does “entropy” have an explicit meaning in astrophysics? 
This paper will assert that there is a possibility of an equivalence between predicted Wheeler De Witt 
equation early universe conditions and the methodology of string theory, based upon a possible relationship 
between a counting algorithm for predicting entropy, based upon an article by Jack Ng (which he cites 
string theory as a way to derive his counting algorithm for entropy).  
 



 8

This is due to re stating as entropy  ≈S  <n>
gravitons

 with <n> as a numerical graviton density   and the 

expression given by Glinka (2007) for entropy (where Glinka uses the Wheeler De Witt equation), if we 
identify Ω  as a partition function due to a graviton-quintessence gas.  If confirmed, this may also lead to 
new ways to model gravity/ graviton generation as part of an emergent ‘field’ phenomenon. Now why 
would anyone wish to revisit this problem in the first place?  The reason is because that there are doubts 
people understand entropy in the first place. As an example of present confusion, please consider the 
following discussion where leading cosmologists, i.e. Sean Carroll (2005) asserted that there is a distinct 
possibility that mega black holes in the center of spiral galaxies have more entropy, in a calculated sense, 
i.e. up to 9010  in non dimensional units. This has to be compared to Carroll’s (2005) stated value of up to 
1088 in non dimensional units for observable non dimensional entropy units for the observable universe. 
Assume that there are over one million spiral galaxies, with massive black holes in their center, each with 
entropy 8910 , and then there is due to spiral galaxy entropy contributions 95896 101010 =×  entropy 
units to contend with, vs. 8910  entropy units to contend with for the observed universe. I.e. at least a ten to 
the eight order difference in entropy magnitude to contend with. The author is convinced after trial and 
error that the standard which should be used is that of talking of information, in the Shannon sense, for 
entropy, and to find ways to make a relationship between quantum computing operations, and Shannon 
information. Making the identification of entropy as being written as ]ln[~ functionpartitionS − . 
This is Shannon information theory with regards to entropy, and the convention will be the core of this text. 
What is chosen as a partition function will vary with our chosen model of how to input energy into our 
present universe. This idea as to an input of energy, and picking different models of how to do so leading to 
partition functions models  is what motivated research in entropy generation .  From now on , there will be 
an effort made to identify different procedural representations of the partiton function, and the log of the 
partion function with both string theory representations, i.e. the particle count algorithm of Y.Jack Ng, and 
the Wheeler De Witt version of the log of the partition function as presented by Glinka (2007). Doing so 
may enable researchers to eventually determine if or not gravity/ gravitational waves are an emergent field 
phenomenon. A further datum to consider is that Eqn (1) with its variance of density fluctuations may 
eventually be linkable to Kolmogrov theory as far as structure formation . If we look at R. M. S. Rosa 
(2006) , and energy cascades of the form of the ‘energy dissipation law’ , assuming 00 , lu are minimum 
velocity and length, with velocity less than the speed of light, and the length at least as large, up to 

610 time larger than Planck length Planckl  

0

3
0

l
u

≈ε                                                                                                                                                          (1) 

Equ (1) above can be linked to an eddy break down process, which leads to energy dissipated by viscosity. 
If applied appropriately to structures transmitted through a ‘worm hole’ from a prior to a present universe, 
it can explain  

1) How there could be a break up of ‘encapsulating’ structure which may initially suppress additional 
entropy beyond 510~initialS , in the onset of inflation 

2) Provide a ‘release’ mechanism for 8954 1010 <<<Δ≈Δ gravitonsNS , with 
2110~gravitonsNS Δ≈Δ  perhaps a starting point for increase in entropy in 

sec105~ 44−×≈Δ Plancktt , rising to 8954 1010 <<≤Δ≈Δ gravitonsNS for times up to  
3610− seconds after the big bang.  

 
3      Different senarios for Entropy growth depending upon  
If or not we have Low to high Frequency GW from the big bang. 
As mentioned above, there is a question of what frequency range of GW is dominant during the onset of the 
big bang. To begin with let us look at frequency range of GW from relic conditions. As given by for a  peak 
amplitude as stated by Tina Kahniashvili (2007).  Now for the amplitude of a GW, as detected today 
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               (1a) 
 
The equation , as given by Kahniashvili (2007)  with a frequency f given below in Eqn. (2) which is for 
todays  detected GW frequency a detector would observe, whereas ∗ω is the frequency of a process 

synthesizing GW during a 2nd order phase transition in the early universe. Also, ∗T  is a mean temperature 

during that 2nd order phase transition. If as an example ∗T  is many times larger than 100 GeV, which is the 

case if GW nucleation occurred at the ORIGIN of the big bang, i.e. at temperatures Kelvin3210~ , then it 
is likely that f in Equation 2 below is capable of approaching values of the order of what was predicted by 
Grishkuk (2007) , i.e. approaching 10 Giga Hertz.  Eqn (1) above, would have either a small, or a huge ∗T , 
which would pay a role as to how large the amplitude of a GW would be, detected today, as opposed to 
what it would be at the origin, say, of the big bang. . The larger f is, the more likely the amplitude is, of Eqn 
(1) would be very large. In both Eqn (1) above, and Eqn. (2) below, ∗g is a degree of freedom for spatial 
conditions factor , which has , according to Kolb and Turner (1991) high values of the order of 100 right 
after the big bang, to values closer to 2 and/or 3 in the modern era. I.e. the degrees of freedom radically 
dropped in the evolution of space time. 
 

                                                       (2) 
 
Here, in this choice of magnitude h of a GW today , and frequency f detected today , as presumed by using 
a factor given by Kahniashvili (2007) as  
 

                                                                                    (3) 
 
Why? The factor ijklH is due to complicated physics which gives a  tensor/scalar ratio. As well as  
 

                                                                                        (4) 
 
Why? Eqn (4) is a two correlation  point function, much in the spirit of calculations of two point correlation 
functions , i.e. greens functions of Quantum field theory . See Peskin’s (1995) QFT reference as to how 
such functional calculations are to show the degree of interaction between ( ) ( )τ+′′′ txStxS lkji ,&, ,, , 

with each individual jiS ,  defined as part of a GR ‘stress tensor’ contribution of  
 

                                                                                                       (5) 
 
This is where, commonly, we have a way to interpret jih ,  in terms of jiS ,  via 
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                                                                     (6) 
 
As well as a wave equation we can write as 
 

                                                        (7) 
 
What is above, is a way for making sense of GW ‘density’ as given by the formula 
 

                                                                                     (8) 
Here, the temperature ∗T  for the onset of a phase transition,i.e. usually interpreted as a 2nd order phase 

transition plays a major role as to if or not the frequency, f, for today is very low, or higher, and if or not 
energy density is high, or low, as well as the attendant amplitude of a GW, as given by Eqn (1) above is 
important. Furthermore appropriate calculations of Eqn. (8) very much depend upon the correlation 
function as given by Eqn (4) is correctly done, allowing for a minimization of sources of noise , of the sort 
alluded to by Michelle Maggiore (2008). Possibly though, cosmological evolution is so subtle that no 
simple use of correlation functions will be sufficient to screen noise by typical f ield theory derived 
methods.If  temperature ∗T  for the onset of a phase transition,is very high, it is almost certain that we are 
looking at HFGW, and relic gravitons which are severely energized, i.e. ω* would be enormous. If so, then 
for high ∗T  and enormous ω*, at the onset of inflation, we are looking at HFGW, and that  

 gravitonsNS Δ≈Δ                                                                                                                                        (9) 

If the frequency is much lower, we will see , if the particle-wave duality has large λ , for DM candidates\ 

CandidatesDMNS −Δ≈Δ                                                                                                                              (10) 
So what did we  conclude? It’s not clear, until experiments are done to answer questions about the relative 

importance of HFGW to re contructing relic big bang conditions. . We determine of or not the change in 
entropy is due to either the number of  DM candidates nucleated at or before 400 thousand years after the 
big bang, as given by Eqn (10) if GW were not high frequency dominated in the aftermath of the big bang.  
.  
 
Models will work for what purpose?. And why are string theories relevant here?  The models are for 
explaining what choices may be relevant toward understanding early universe nucleation conditions. The 
reason why string theory came up at all, is for two reasons. 
 
Zeroth order reason, but it is not to be forgotten. Gravitons may be de composed  via an instanton – anti 
instanton structure.i.e.  that the structure of SO(4) gauge theory is initially broken due to the introduction of 
vacuum energy, and that after a second-order phase transition, the instanton-anti-instanton structure of relic 
gravitons is reconstituted. This will be crucial to link graviton production with entropy, provided we have 
sufficiently  HFGW at the origin of the big bang. The linkage to SO(4) gauge theory and gravitons was 
brought up by Kuchiev, M. Yu, and we think it leads to a kink-anti kink pair tie in  for attendant gravitons . 
Note that  Kuchiev writes that “Conventional non-Abelian SO(4) gauge theory is able to describe gravity 
provided the gauge field possesses a specific polarized vacuum state. In this vacuum the instantons and 
anti-instantons have a preferred direction of orientation.”, and furthermore “Gravitons appear as the mode 
describing propagation of the gauge field which strongly interacts with the oriented instantons”  
Furthermore, as given by Ivan Andrić, Larisa Jonke and Danijel Jurman, in a Classical and quantum gravity 
article, 2006, what is called an n-soliton solution is shown to have an equivalence with the following, 
namely “semiclassical solutions correspond(ing) to giant gravitons described by matrix models obtained in 
the framework of AdS/CFT correspondence” . Solitons have a kink- anti kink structure, even in low 
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dimensions, as was worked out by Beckwith (2006) in a condensed matter application. The string theory 
methodology is merely extending much the same thinking up to higher than four dimensional situations..   

1. Modeling of entropy, generally, as kink-anti-kinks pairs with N
(

the number of the kink-anti-kink 
pairs.  This number, N

(
is, initially in tandem with entropy production, as will be explained later,  

 
2. The tie in with entropy and gravitons is this: The two structures are related to each other in terms of 

kinks and antikinks. It is asserted that how they form and break up is due to the same phenomenon: a 
large insertion of vacuum energy leads to an initial breakup of both entropy levels and gravitons. When 
a second-order phase transition occurs, there is a burst of relic gravitons. Similarly, there is an initial 
breakup of net entropy levels, and after a second-order phase transition, another rapid increase in 
entropy.  

First of all, String theory has been, when applied, a good way to introduce instanton physics insights as to 
embedding particle creation criteria into the fabric of space time . I.e. the idea of Edward Witten, as of 1996 
was  to embed instantons as de facto physical objects. This is similar in part to what C. Bachas, and Elias 
Kiritsis wrote as of  1993 , that “We identify exact gauge-instanton-like solutions to (super)-string theory 
using the method of dimensional reduction. We find in particular the Polyakov instanton of 3d QED, and a 
class of generalized Yang-Mills merons. We discuss their marginal deformations, and show that for the 3d 
instanton they correspond to a dissociation of vector- and axial-magnetic charges” I.e. string theory was/ 
has been useful for higher dimensional generalization of charges of ‘particle’ objects in space time.  

Recalling what was said about entropy, if particles (either gravitons and/or dark matter) in early universe 
conditions  are indeed composed of ‘instanton- anti instanton physical componets, as will be explained later  
then their formation, and in certain cases, as seen in charge  density wave physics, disassociation  as 
modeled by Beckwith (2006) are a way to get insight as to current/ rate increase calculations for non 
equilibrium physical processes . Strings could, do much of what Beckwith did in 2006 for low dimensional 
CDW problems in terms of clarifying transport behavior for unusual non linear processes. And, early 
universe models are the ultimate non linear evolutionary equation problem. Having said that, we remind the 
readers that we will employ a ‘counting algorithm’ of ‘particles’ as an entropy measurement , as indicated 
by Jack Ng (2007,2008) 

Secondly, strings showed up in entropy calculations due to the determination of certain theorists to apply 
the string theory monikor to every conceivable thermodynamic  situation in particle astro physics. This is a 
new tradition in the making with all its attendant virtues and faults. In particular, although it is not 
appreciated .there are some similarities of black hole physics, and early universe conditions. We are NOT 
referring to the initial near singularity as a ‘white’ ( reverse) hole, but some of the later works did, as as 
been shown byYasunari Kurita et al 2008, do credible work in extending the simple no hair theorem of 
black hole physics to topics such as  stated “After a brief review of thermodynamic quantities of the black 
hole solutions, we calculate thermodynamic potentials relevant for several thermodynamic environments”. 
This was a way to relate black hole thermodynamics, five dimensional strings, and Kalusa Klein model 
physics,”. If one insists upon higher dimensional embedding of space time, strings are a natural way to do 
just that. Unfortunately, certain people have made strings an end into themselves. Like all technques, some 
common sense has to be employed..Having said this, let us proceed to look at different versions of how to 
employ the kink- anti kink structure of entropy, and tie it in to a ‘particle count’ . The place to start is to 

present what Jack Ng (2007,2008)said about countparticleNS −Δ≈Δ
in terms of partition functions. Note 

that Vishnu Jejjala, Michael Kavic, and  Djordje Minic (2007) are cited as doing much the same thing 

with M theory, so Ng ties his countparticleNS −Δ≈Δ
 algorithm as a string theory result, which it is 
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Let us now briefly review what Ng proposed for countparticleNS −Δ≈Δ  

We will reproduce Jack Ng’s treatment (2007,2008)of how he derived entropy as proportional to
n

, i.e., a 
numerical density of a species of particles, and then apply it to gravitons, as an adaption of his treatment of 
dark matter. The fact that entropy in both the dark matter and in the relic graviton production case have 
similar statistics will be the starting point of our derivation of relic graviton production values, which may 
be linked to falsifiable experimental measurements. Ng used the following approximation of temperature 

and its variation with respect to a spatial parameter, starting with temperature
1−≈ HRT  ( HR can be thought 

of as a representation of the region of space where we take statistics of the particles in question). 

Furthermore, assume that the volume of space to be analyzed is of the form 
3
HRV ≈  and look at a 

preliminary numerical factor we shall call ( )2~ PH lRN , where the denominator is Planck’s length (on 

the order of 
3510 −

centimeters). We also specify a “wavelength” parameter
1−≈ Tλ .   So the value of 

1−≈ Tλ and of  HR  are approximately the same order of magnitude. Now this is how Jack Ng changes 
conventional statistics: he outlines how to get NS ≈ , which with additional arguments we refine to 

be >≈< nS (where <n> is graviton density). Begin with a partition function 
N

N
V

N
Z ⎟

⎠
⎞

⎜
⎝
⎛⋅⎟

⎠
⎞

⎜
⎝
⎛

3!
1~

λ                                                                                    (11) 
This, according to Ng, leads to an entropy of the limiting value of  

[ ]( )2/5log 3 +⋅≈ λNVNS                                                                      (12) 

But 
33 λ≈≈ HRV , so unless N in Eqn (12) above is about 1, S (entropy) would be  < 0, which is a 

contradiction. Now this is where Jack Ng introduces removing the N! term in Eqn (1) above , i.e., inside the 
Log expression we remove the expression of N in Eqn. (12) above. This is a way to obtain what Ng refers 
to as Quantum Boltzmann statistics, so then we obtain for sufficiently large N  

NS ≈                                                                                      (13) 
The supposition we are making here is that the value of N so obtained is actually proportional to a 
numerical graviton density we will refer to as <n>., provided that there is a bias toward HFGW, which 

would mandate a very small value for  
33 λ≈≈ HRV .Furthermore, structure formation arguments, as  

given by Perkins (2004) give ample evidence that if we use an energy scale, m , over a Planck mass value 

PlanckM , as well as contributions from field amplitude φ , and using the contribution of scale factor 

behavior  
φ
φ
&

&

⋅
⋅−≈≡
3

mH
a
a

, where we assume 0≅φ&&  due to inflation 
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&
                                                                        (14) 

At the very onset of inflation, PlanckM<<φ , and if m ( assuming 1== ch ) is due to inputs from a 

prior universe, we have a wide range of parameter space as to ascertain where 8910≠Δ≈Δ gravitonsNS  
comes from and plays a role as to the development of entropy in cosmological evolution In the next 
Chapter , we will discuss if or not it is feasible / reasonable to have data compression of prior universe 
‘information’. It suffices to say that if 510~initialS is transferred from a prior universe to our own 

universe at the onset of inflation,, at times less than Planck time 4410~ −
Pt seconds, that enough 

information MAY exit for the preservation of the prior universe’s cosmological constants, i.e. 
α,,Gh (fine structure constant) and the like. Confirmation of this hypothesis depends upon models of  
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how much ‘information’ α,,Gh  actually require to be set in place, at the onset of our universe’s  
inflation, a topic which we currently have no experimental way of testing at this current time.  
 
 
Is each ‘particle count unit’ as brought up by Ng, is equivalent to a 
brane-anti brane ‘unit in brane treatments of entropy? How does this 
tie in with string/ brane theory treatments of entropy? 
It is useful to state this convention for analyzing the resulting entropy calculations, because it is a way to 
explain how and why the number of instanton – anti instanton pairs, and their formulation and break up can 
be linked to the growth of entropy. If, as an example, there is a linkage between quantum energy level 
components of the quantum gas as brought up by Glinka (2007) and the number of instanton- anti instanton 
pairs, then it is possible to ascertain a linkage between a Wheeler De Witt worm hole introduction of 
vacuum energy from a prior universe to our present universe, and the resulting brane- anti brane (instanton- 
anti instanton) units of entropy.  What would be ideal would be to make an equivalence between a quantum 
number, n, say of a quantum graviton gas, as entering a worm hole, i.e. going back to the Energy ( quantum 
gas ) ωh⋅≈ n , and the number <n> of pairs of brane- anti brane pairs showing up in an entropy count, 
and the growth of entropy.  We are fortunate that Dr. Jack Ng’s research into entropy ( 2007,2008) not only 
used the Shannon entropy model, but also  as part of his quantum infinite statistics lead to a quantum 
counting algorithm with entropy proportional to ‘emergent field’ particles. If as an example a quantum 
graviton gas exists, as suggested by Glinka(2007) , if each quantum gas ‘particle’ is equivalent to a 
graviton, and that graviton is an ‘emergent’ from quantum vacuum entity, then we fortuitously connect our 
research with gravitons with Shannon entropy, as given by ]ln[~ functionpartitionS − . This is a 
counter part as to what Asakawa et al, (2001, 2006) suggested for quark gluon gases, and the 2nd order 
phase transition written up by  Torrieri et al (2008) brought up at the nuclear physics Erice (2008) school, 
in discussions with the author.. Furthermore, finding out if or not it is either a drop in viscosity, when 

π
εη

4
1

<<≈ +

s
, or a major increase in entropy density may tell us how much information is , indeed, 

transferred from a prior universe to our present. If it is ∞→s , for all effective purposes, at the moment 
after the  pre big bang configuration , likely then there will be a high degree of ‘information’ from a prior 
universe exchanged to our present universe. If on the other hand, +→ 0η due to restriction of 
‘information from four dimensional ‘geometry’ to a variable fifth dimension, so as to indicate almost 
infinite collisions with a closure of a fourth dimensional ‘portal’ for information flow, then it is likely that 
significant data compression has occurred. While stating this, it is note worthy to state that the Penrose-
Hawking singularity theorems do not give precise answers as to information flow from a prior to the 
present universe.  Hawking's singularity theorem is for the whole universe, and works backwards-in-time: it 
guarantees that the big-bang has infinite density. This theorem is more restricted, it only holds when matter 
obeys a stronger energy condition, called the dominant energy condition, which means that the energy is 
bigger than the pressure. All ordinary matter, with the exception of a vacuum expectation value of a scalar 
field, obeys this condition. This leaves open the question of if or not there is ‘infinite’ density of ordinary 
matter, or if or not there is a fifth dimensional leakage of ‘information’ from a prior universe to our present. 
If there is merely infinite ‘density’, and possibly infinite entropy ‘density/ disorder at the origin, then 
perhaps no information from a prior universe is transferred to our present universe.On the other hand, 
having +→ 0η , or at least be very small may indicate that data compression is a de rigor way of treating 
how information for cosmological parameters, such as h , G, and the fine structure constant. α  arose, and 
may have been recycled from a prior universe..Details about this  have to be worked out, and this because 
that as of present one of the few tools which is left to formulation and proof of the singularity theorems is 
the Raychaudhuri equation, which describes the divergence θ of a congruence (family) of geodesics, which 
has a lot of assumptions behind it, as stated by Naresh Dadhich(2005). As indicated by Hawkings theorem, 
infinite density is its usual modus operandi, for a singularity, and this assumption may have to be revisited. 
Natário, J. (2006) has more details on the different type of singularities involved. The supposition is that 
the value of N is proportional to a numerical DM density referred to as <n>

matterDark−
. HFGW would 
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play a role if  33 λ≈≈ HRV  has each λ  of the order of being within an order of magnitude of the Planck 
length value, as implied by Beckwith (2009). What the author is examining is, if or not there can be linkage 
made between ≈S  <n>

gravitons
 and the expression given by Glinka (2007) of, if we identify 

12
1
2 −

=Ω
u

 as a partition function (with u part of a Bogoliubov transformation) due to a graviton-

quintessence gas, to get information theory based entropy  
Ω≡ lnS                                                                                                                                                     (16) 

Such a linkage would open up the possibility that the density of primordial gravitational waves could be 
examined, and linked to modeling gravity as an effective theory, as well as giving credence to how to avoid 
dS/dt = ∞ at S=0 . If so, then one can look at the research results of Samir Mathur (2007).  This is part of 
what has been developed in the case of massless radiation, where for D space-time dimensions, and E, the 
general energy is                                 

( )DDES /1~ −                                                                                                                            (17) 
This suggests that entropy scaling is proportional to a power of the vacuum energy, i.e., entropy ~ vacuum 
energy, if totalEE ~  is interpreted as a total net energy proportional to vacuum energy, as given below. 
Conventional brane theory actually enables this instanton structure analysis, as can be seen in the 
following. This is adapted from a lecture given at the ICGC-07 conference by  Andrew Beckwith (2007b) 

total
Max EVVT
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V

=⋅≡
⋅⋅

Λ
44

004 ~
8

ρ
π                                                                     (18) 

Traditionally, minimum length for space-time benchmarking has been via the quantum gravity 
modification of a minimum Planck length for a grid of space-time of Planck length, whereas this grid is 
changed to something bigger PthresholdGravityQuantumP lNcml ⋅⎯⎯⎯⎯⎯⎯⎯ →⎯ −−

− α~10~ 33 . So far, we this only 

covers a typical string gas model for entropy. N
(

 is assigned as the as numerical density of brains and anti-
branes. A brane-antibrane pair corresponds to solitons and anti-solitons  in density wave physics. The 
branes are equivalent to instanton kinks in density wave physics, whereas the antibranes are an anti-
instanton structure. First, a similar pairing in both black hole models and models of the early universe is 
examined, and a counting regime for the number of instanton and anti-instanton structures in both black 
holes and in early universe models is employed as a way to get a net entropy-information count value. One 
can observe this in the work of Gilad Lifschytz  in 2004. Lifschyztz (2004) codified thermalization 
equations of the black hole, which were recovered from the model of branes and antibranes and a 
contribution to total vacuum energy. In lieu of assuming an antibrane is merely the charge conjugate of say 
a Dp brane. Here, 0,jpM  is the number of branes in an early universe configuration, while  0,jpM  is anti-

brane number . I.e., there is a kink in the given −↔ eCDWMbrane
jp 0,

~  electron charge and for 

the corresponding anti-kink +↔− eCDWMbraneanti
jp 0,

~ positron  charge. Here, in the bottom 

expression, N
(

is the number of kink-anti-kink charge pairs, which is analogous to the simpler CDW 
structure. 
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                                                                        (19) 

This expression for entropy (based on the number of brane-anti-brane pairs) has a net energy value of 

TotalE as expressed in Eqn (22) above, where TotalE  is proportional to the cosmological vacuum energy 

parameter; in string theory, TotalE  is also defined via 
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0,0,4 jpjpTotal MME ⋅⋅= λ                                                                      (20) 

Equation 10 can be changed and rescaled to treating the mass and the energy of the brane contribution 
along the lines of Mathur’s CQG article (2007)  where he has a string winding interpretation of energy: 
putting as much energy E  into string windings as possible via [ ] [ ] 22 111 ELTnLTnn ==+ , where 

there are 1n  wrappings of a string about a cycle of the torus , and 1n  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 

mass of ∏= jPi LTm ( PT  is the tension of the i th brane, and jL are spatial dimensions of a complex 

torus structure). The toroidal structure is to first approximation equivalent dimensionally to the minimum 
effective length of αα NlN P

~~~ ⋅ times Planck length 3510−∝ centimeters 

∑=
i

iiTotal nmE 2                                                                                                                      (21)                               

The windings of a string are given by figure 6.1 of Becker et al , as the number of times the strings wrap 
about a circle midway in the length of a cylinder. The structure the string wraps about is a compact object 
construct Dp branes and anti-branes. Compactness is used to roughly represent early universe conditions, 
and the brane-anti brane pairs are equivalent to a bit of “information.”. This leads to entropy expressed as a 
strict numerical count of different pairs of Dp brane-Dp  anti-branes, which  form a higher-dimensional 
equivalent to graviton production. The tie in between Eqn. (22) below and Jack Ng’s treatment of the 
growth of entropy is as follows: First,  look at the expression below, which has N

(
 as a stated number of 

pairs of Dp brane-antibrane pairs: The suffix N
(

is in a 1-1 relationship with gravitonsNS Δ≈Δ  

∏⋅=
N

i
iTotal nAS

(

                                                                                                                  (22) 

Now that at least qualitiative arguments have been put in place as to an equivalence between kink- anti kink 
pairs, in both entropy, and what may be happening with gravitons ( kink – anti kink pair constitution) it is 
reasonable to investigate the likely hood that significant entropy contributions  came shortly  later, i.e. 
through the quark gluon plasma regime. For reasons outlined in the next section, that appears to be dubious. 
 
Limitations of the Quark-Gluon analogy and how such limitations impact AdS/CFT 
correspondence applications 
What is being alluded to, is that variations in the  AdS/CFT correspondence applications exist from what is 
usually assumed for usual matter. The differences, which are due to quark-gluon plasma models breaking 
down in the beginning of the big bang point to the necessity of using something similar to the counting 
algorithm as introduced by Ng, as a replacement for typical string theory models in strict accordance to 
AdS/CFT correspondence.The goal of exploring the degree of divergence from AdS/CFT correspondence 
will be in quantifying a time sequence in evolution of the big bang where there is a break from causal 
continuity. A break down in causal continuity will, if confirmed, be a way of signifying that encoded 
information from a prior era has to be passed through to the present universe in likely an emergent field 
configuration..  If much of the information is passed to our present universe in an emergent field 
configuration , this leaves open the question of if or not there is a time sequence right after the initial phases 
of the big bang where there was a re constitution of information in traditional four space geometry. One 
candidate for specifying such a re constitution of entropy / space time information would be to model 
gravitons as kink – anti kink ‘pairs’ which are re constituted in space time right after the big bang. 
Conceivably, in such a situation, a fifth ‘higher dimension’ could be a conduit of ‘graviton’ information / 
entropy packaging from a prior universe, to our own, with the spill over of this information being re 
constituted in four space with the re appearance of , via kink – anti kink pairs after a thermal phase 
transition occurs. To begin this analysis, let us look at what goes wrong in models of  the early universe. 
The assertion made is that this is due to the quark – Gluon model of plasmas having major ‘counting 
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algorithm’ breaks with non counting algorithm conditions, i.e. when plasma physics conditions BEFORE 
the advent of the Quark gluon plasma existed. Here are some questions which need to be asked. 
 
1. Is QGP strongly coupled or not? Note : Strong coupling is a natural explanation for the small (viscosity) 
 Analogy to the RHIC: J/y survives deconfinement phase transition 
2. What is the nature of viscosity in the early universe? What is the standard story?  (Hint: AdS-CFT 
correspondence models). Question 2 comes up since  
 
                                                                                                                                                                     (23) 
  typically holds for liquid helium and most bosonic matter. However, this relation breaks down. At the 
beginning of the big bang. As follows 
 
i.e. if Gauss- Bonet gravity is assumed, in order to still keep casuality , one needs  
 
This even if one writes for a viscosity over entropy ratio the following  
 
                                                                                                                                                                    (24) 

 

A careful researcher may ask why this is so important. If a causal discontinuity as indicated means the 
s
η

 

ratio is 
50
33

4
1
⋅≈

π
, or less in value, it puts major restrictions upon viscosity, as well as entropy. A drop in 

viscosity, which can lead to major deviations from 
π4
1

in typical models may be due to more collisions. 

Then, more collisions due to WHAT physical process? Recall the argument put up earlier. I.e. the reference 
to causal discontinuity in four dimensions, and a restriction of information flow to a fifth dimension at the 
onset of the big bang/ transition from a prior universe? That process of a collision increase may be inherent 
in the restriction to a fifth dimension, just before the big bang singularity, in four dimensions, of 
information flow. In fact, it very well be true, that initially, during the process of restriction to a 5th 

dimension, right before the big bang, that 
π

εη
4
1

<<≈ +

s
. Either the viscosity drops nearly to zero, or 

else the entropy density may, partly due to restriction in geometric ‘sizing’ may become effectively nearly 
infinite. It is due to the following qualifications put in about Quark – Gluon plasmas which will be put up, 
here. Namely, more collisions imply less viscosity. More Deflections ALSO implies less viscosity. Finally, 
the more momentum transport is prevented, the less the viscosity value becomes. Say that a physics 
researcher is looking at viscosity due to turbulent fields. Also, perturbatively calculated viscosities: due to 
collisions . This has been known as Anomalous Viscosity in plasma physics ,(this is going nowhere, from 
pre-big bang to big bang cosmology). So happens that RHIC models for viscosity assume 
 
                                                                                                                                                                     (25) 
 
As Akazawa noted in an RHIC study, equation 25 above makes sense if one has stable temperature T, so 
that 
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20 constant                                                                                       (26)                 

If the temperature T wildly varies, as it does at the onset of the big bang, this breaks down completely. This 
development is  Mission impossible: why we need a different argument for entropy. I.e.  Even for the 
RHIC, and in computational models of the viscosity for closed geometries—what goes wrong in 
computational models 

• Viscous Stress is NOT ∝ shear  
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• Nonlinear response: impossible to obtain on lattice ( computationally speaking) 
• Bottom line: we DO NOT have a way to even define SHEAR in the vicinity of big bang!!!! 

 
We now need to ask ourselves what may be a way to present entropy/ entropy density in a manner which 

may be consistent with having / explaining how  
π

εη
4
1

<<≈ +

s
 may occur, and also what may be 

necessary to explain how the entropy / entropy density may become extraordinarily large, and that , outside 
of the restriction to a fifth dimension argument mentioned earlier for ‘information’ transferral to the onset 
of the big bang, that it is not necessary to appeal to nearly infinite collisions in order to have a drop in 
viscosity. 

 

Appendix I. Basic physics of achieving minimum 
Planckstringlength ll ⋅≡−−

α10min precision in CMBR power spectra measurements 
 
Begin first of all looking at  

( )φθ ,,
,

ml
ml

lmYa
T
T ∑≡Δ

     (1) 

 
This leads to consider what to do with  
 

2
,mll aC =       (2) 

 
Samtleben et al (2007) consider then what the experimental variance in this power spectrum, to the tune of 
an achievable precision given by 
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  (3) 

 

skyf   is the fraction of the sky covered in the measurement , and expTΔ  is a measurement of the total 

experimental sensitivity of the apparatus used. Also bσ  is the width of a beam , while we have a minimum 

value of ( )ΔΘ≈ 1minl  which is one over the fluctuation of the angular extent of the experimental survey. 
 
I.e.  contributions to lC  uncertainty from sample variance is equal to contributions to  lC  uncertainty from 
noise. The end result is 

 
[ ]( ) ( )222exp4 TlCf lsky Δ−⋅=⋅ σπ     (4) 

 
 

Appendix II : Cosmological perturbation theory and tensor fluctuations 
(Gravity waves) 
Durrer (2004)  reviews how to interpret lC  in the region where we have 1002 << l , roughly in the 
region of the Sachs-Wolf  contributions due to gravity waves. We begin first of all by looking at an initial 
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perturbation , using a scalar field treatment of the ‘ Bardeen potential’ Ψ  This can lead us to put up, if  

iH  is the initial value of the Hubble expansion parameter 
2

23
⎟⎟
⎠

⎞
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⎝

⎛
≅Ψ

P

i

M
H

k      (1) 

And 
 

1
0

1232 −− ⋅=⋅Ψ nnkAk η       (2) 

 
Here we are interpreting =A amplitude of metric perturbations at horizon scale, and we set 0/1 η=k , 

where η is the conformal time, according to =≡ ηaddt physical time, where we have a as the scale 
factor..Then for 1002 << l  ,  and 33 <<− n , and a pure power law given by  
 

( ) TT nn
T kAkkkH −⋅=⋅= 0
232/1, ηη     (3) 

 
We get for tensor fluctuation, i.e. gravity waves,, and a scale invariant spectrum with 0=Tn  
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Appendix III: Managing what to do with racetrack inflation, as cool down 
from initial expansion commences 
P. Brax, A. Davis et al  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 Brax , et al (2008)  
 

( ) ( )YbaVbYVaYVVV ⋅−+++= cos)cos(cos 3210     (1) 
 

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

( ) ( )22 43 XYKinetic ∂∂⋅=ℑ     (2) 
 
 

This ultra simple version of the race track potential is chosen so that the following conditions may be 
applied 
 

(1) Exist a minimum at ;0YY = i.e. we have ( ) ,00
' =YV  and  ( ) ,00

'' >YV  when we are 

not considering scalar fields φ,X  
 

(2) We set a cosmological constant equal to zero with ( ) 00 =YV  
 

(3) We have a flat saddle at 0≈Y ; i.e. ( ) 00'' =V  
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(4) We re - scale the potential via VV λ→ so as to get the observed  power spectra 
10104 −×=P  

 
Doing all this though frequently leads to the odd situation that  ba −   must be small so that 1>>X  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 

 

επ 2150
VP =      (3) 

 
Then  the spectral index of the inflaton is consistent with WMAP data.  I.e. if we have the number of e 
foldings 55.≈> ∗NN  

02.95.ln1 ±≈−=
dN

Pdns     (4) 

 
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 identified in is Pune, India lecture in 
2007. 
 
 
Appendix 1V: Linking the thin shell approximation, Weyl quantization , and the 
Wheeler De Witt equation 
This is a re capitulation of what is written by S. Capoziello, et al (2000) for physical review A, which is 
assuming a generally spherically symmetric line element . The upshot is that we obtain a dynamical 
evolution equation, similar in part to the Wheeler De Witt equation which can be quantified as 0=ΨH  

Which in turn will lead to, with qualifications, for thin shell approximations 1<<x ,  

 
042 =Ψ+Ψ ′′ xa                                                                                                                                        (1) 

 so that 6/1Z is a spherical Bessel equation for which we can write  
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Similarly, 1>>x  leads to 
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Also, when    1≅x        
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Realistically, in terms of applications, we will be considering very small x values, consistent with 
conditions near a singularity/ worm hole bridge between a prior to our present universe. This is for 

mequilibriuRRx ≡  
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