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Abstract: 10 

 We first of all define the arrow of time.  Definition of the arrow of time will allow choosing 11 

different initial starting points. One of the issues we will also discuss is the interconnection 12 

between the arrow of time, entropy and quantum information. Seth Lloyd in his 2001 work 13 

made a linkage between entropy, bits, and information via an axiomatic approach involving 14 

time intervals. Our take is a bit more general. We will discuss as well the  t’Hooft’s statement as 15 

to initial conditions and times arrow, and how different cosmological models may influence 16 

initial conditions. Spoilers alert, if a nonsingular start to expansion existed, this would provide 17 

the most straightforward way to avoid a datum from classical relativity. That is, that in the ac- 18 

tual equations of classical GR, there is no reason to have time asymmetry. Time asymmetry is 19 

built into initial conditions and we will detail several candidates. The first half of the paper 20 

brings up cosmology models and forming the arrow of time. The second is related to entropy 21 

itself and the problem of information. 22 

. 23 

Keywords: Arrow of time, cosmological bounce, information. Entropy, ccc cosmology(Penrose)  24 

1.Introduction. Concerning the arrow of time and initial conditions in cosmology 25 

In Cosmology, there is one outstanding datum, which is that in classical GR, outside 26 

of the initial conditions of the beginning of space-time, there is in reality no reason for 27 

times arrow. We will introduce times arrow, in the context of cosmology via initial con- 28 

ditions. But this means looking at 5 different sets of initial conditions. There are several 29 

which will be brought up. First the usual classical GR picture with a Penrose style sin- 30 

gularity. Secondly, a nearly classical GR picture with a nonzero initial starting posi- 31 

tion[.The third is to use the Penrose CCC model while assuming a Penrose singularity 32 

theorem starting point. The fourth is to use the Penrose CCC model with a nonsingular 33 

start to the universe. The fifth is to look at a non singular start to the universe, with the 34 

ccc model generalized into a multiverse. These five cases will be brought up in terms of 35 

the initial conditions of the arrow of time, which we maintain should be in fidelity to the 36 

t’Hooft article’s caution as to initial conditions. After stating the arrow of time, we will 37 

then bring up the issue of causal structure, and then causal relationships. This second big 38 

topic is one of information. The Lloyd mechanical engineering treatment of a strict bits of 39 

information connected with time has been around since 2001 and is criticized by cos- 40 

mologists as to not taking into account the inflaton. A holographic universe description 41 
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of information can also be utilized. One of our concluding remarks is in stating how our 42 

choice of inter relationship between entropy and information may affect initial conditions 43 

for the cosmological arrow of time.  44 

1s. . First defining a generic arrow of time 45 

 46 

Quote , from  Eddington [ 1 ][2] 47 

 48 
Let us draw an arrow arbitrarily. If as we follow the arrow we find more and more of 49 

the random element in the state of the world, then the arrow is pointing towards the future; 50 
if the random element decreases the arrow points towards the past. That is the only 51 
distinction known to physics. This follows at once if our fundamental contention is 52 
admitted that the introduction of randomness is the only thing which cannot be undone. I 53 
shall use the phrase 'time's arrow' to express this one-way property of time which has no 54 
analogue in space. 55 

End of quote 56 
The main point of this description is that time’s arrow allegedly has only one way 57 

propertty of time as its conceptual starting point. Note in its formulation , the idea is of 58 
increasing randomness, which can be associated with entropy [ 3 ] In fact, [3] has 59 
given us an updated synopsis which we can bring up in the following 60 

 quote 61 
Providing a microscopic expression for the entropy production has been one of the grand aims 62 

of statistical mechanics, going back to the seminal work of Boltzmann. However, both the range of 63 

validity of the second law and of its proposed derivations have, from the very beginning, generated 64 

discussion and controversy. The recent discovery of the fluctuation and work theorems has 65 

re-invigorated the debate 66 

End of quote 67 

In a word we have that the entire discussion of entropy, its production and all that 68 

start with the 2nd law of thermodynamics[ 4 ] , which we can simply state as 69 

( )
0

dS entropy

dt
³                                                       (1) 70 

Whereas the question raised, in [4] can be rendered in the following 71 

 quote 72 

This law is certainly not symmetric in time; if we interchanged past and future the entropy 73 

would tend to decrease. How did we get, from basic reversible equations, to a manifestly irreversible 74 

result?  75 
End of quote 76 
In [4] the author appeals to the existence of irreversibility due to initial conditions 77 

and this is his way out of this alleged conodrum as well does t’Hooft in a re work of 78 
the basic ideas as we can see in the following. [5] 79 

Quote’ 80 
In the time-like direction, however, there cannot be complete symmetry. The uni- 81 

verse appears to have started extremely small, conceivably it all started in a single 82 
point. That point must have been highly ordered, having total entropy very small or 83 
possibly zero. This is a reasonable boundary condition at the origin of time.Yet at the 84 
other end, when time grows to be very large, we see no need of any boundary condition; 85 
the universe may simply continue to expand forever, undergoing perpetual increase of 86 
entropy. Thus we have equations that are symmetric under time reversal but asym- 87 
metric in their boundary conditions. This suffices to explain the time asymmetry we see 88 
today. 89 

 90 
End of quote 91 

  92 

As it is, it depends upon initial conditions. In other words, if we take the words of [5] 93 

seriously, after the initial conditions, we have choices as to the formulation of the arrow 94 

of time. 95 

 96 
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As a given we may consider what it takes to form initial conditions. One thought to 97 

keep in mind is that we will be, when establishing an order of time be affected, as 98 

brought up by t’Hooft[5] 99 

Quote 100 
As long as we adhere to the quantum mechanical description of all microscopical 101 

dynamical laws, we find the CPT theorem on our way, which implies that if we combine 102 
time reversal T with parity reversal P and particle-antiparticle interchange C, then this 103 
symmetry is perfect. We could well stick to our verdict that Nature's boundary condi- 104 
tions in the time direction suffice to explain the arrow of time 105 

End of quote 106 
  107 
In a word, we get times ARROW of time , going back to the ideas of Eddington[1], 108 

and [2] as a consequence of how we choose the initial conditions. 109 
Perforce, we can choose our construction of initial conditions in the following set of  110 

examples, which correspond to different physical models for the cosmologies. Before we 111 
do so, there are several questions to ask 112 

 113 
A. Is the beginning of space-time quantum mechanical at say the Planckian scale 114 

regime? Note Planck scale[6] refers to quantities of space, time, energy and 115 
other units that are similar in magnitude to corresponding Planck units’[7]. 116 

B. Where does the onset of causal structure [8][9][10]commence ?  117 
C. Do we use as an example a thermal description of the generation of entropy in 118 

early universe cosmology [11][12] [13]? 119 
D. Could Ng infinite statistics play a role in the counting of entropy in the early 120 

universe[14] 121 
E. The Seth Lloyd treatment of Entropy, information, and how it may pertain to the 122 

arrow of time[15][16] 123 
F. The Zeth treatment of time flow, [17]. This is appropriate if Time flow is directly 124 

correlated to entropy in the immediate onset of the universe. I.e. would the cre- 125 
ation of the first time step in our universe correlate to the start of the Arrow of 126 
Time ? 127 

G. Other treatments as of Holographic generation of entropy and the idea of in- 128 
formation [18]. This last idea is relevant if Gravitons, are a particle-wave entity 129 
and their mass consistent with a Ng Infinite Quantum statistic generation of a 130 
count of gravitons to create entropy generation. Highly speculative and saved for 131 
last 132 

  133 

 134 

2. Methods, Here we will be examining the different cosmological 135 

models and their relations to the 7 items above .  136 

    As stated in the beginning the first model to consider will be the Classical GR 137 

model, at the onset of inflation. We then look at different models in terms of the issues 138 

brought up in terms of if we have a singular start to the Universe, a nonsingular start 139 

to the universe, the Cyclic Conformal cosmology model in its Penrose version with a 140 

singular start to the Universe,  CCC cosmology with a nonsingular start to the uni- 141 

verse and then finally a multiverse model of the CCC cosmology with first an initial 142 

cosmology, and one with a nonsingular start to the Universe with a multiverse version 143 

of CCC cosmology, developed by the author 144 

2.1. First let us consider the traditional model of the big bang and inflation. Does this 145 

have an arrow of time and generation of entropy as well as Causal structure and rela- 146 

tions ?  147 

At the moment of the Big Bang, almost all of the entropy was due to radiation, and 148 
the total entropy of the Universe was about S = 1088kB. Or slightly higher 149 
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There was a sea of particles, including matter, antimatter, gluons, neutrinos 150 
and photons, all  around at energies billions of times higher than what the 151 
LHC can obtain today. There were so many of them -- perhaps 10^90 in to- 152 
tal. If there was a traditional model of the big bang and inflation [19] 153 

                                         (2) 154 

                         If we have a beach ball sized “universe” at the end of the inflationary era, with say temperature of  155 

                         T proportional to Planck temperature, of T 1.416785(71)×1032 kelvin we can approach S =           156 

                         1088kB   On the other hand, we may have a value slightly larger. Is this due to thermal versus  157 

                         particle generation?. If there was a traditional model of the big bang and inflation [19] We  158 

                         will then have the situation which has Eq.(2) holding due to superhot Plankian  159 

                         temperatures holding where we also would have g*  being the initial degrees of freedom  160 

                        which according to Kolb and Turner [20] would take the value of about 100 to 120, whereas  161 

                        Beckwith postulated in [20] a value up to 1000. The interested reader can ascertain this  162 

                        value. What we should not ignore is that this value of Eq.(2) of about 10^88 to 10^ 90 is  163 

                        commensurate, if we look at the Ng counting algorithm of This discussion above is to remark 164 

                        on  the importance of an initial process for the onset and the growth of entropy .  165 

 166 

                        To measure entropy in cosmology we can  count photons. If the number of photons in a given             167 

                        Volume is N, then the entropy of that volume is S ~  kN where k is Boltzmann s constant 168 

                         169 

Note that Y. Jack Ng. has [14] , from a very different stand point derived based upon 170 
string theory derived ideas , with n a ‘particle’ count , which in Y. Jack Ng’s procedure is based 171 
upon the number of dark matter candidates in a given region of phase space..Y. Jack Ng’s idea 172 
was partly based upon the idea of quantum ‘ infinite ‘ statistics, and a partition function 173 

In the Traditional inflationary  model, we have at some time during the inflationary 174 

period that if the temperature reaches Plank value which may allow for a match up of 175 

entropy according to Eq (2) of about 10^88 to 10^90 due to either Plank temperature 176 

and / or primordial “particle” count of 10^88 to 10^90 177 

The problem arises though, if one has a SINGULARITY as to how and where the ar- 178 

row of time will be initiated . In [21] Andreas Albrecht tries to reconcile the traditional 179 

picture of entropy generation and the arrow of time as stated in is abstract 180 

Quote 181 

Cosmic inflation claims to make the initial conditions of the standard big bang "ge- 182 

neric". But Boltzmann taught us that the thermodynamic arrow of time arises from 183 

very non-generic ("low entropy") initial conditions. I discuss how to reconcile these 184 

perspectives. The resulting insights give an interesting way to understand inflation 185 

and also compare inflation with other ideas that claim to offer alternative theories of 186 

initial conditions. 187 

End of quote 188 

His key statement as to the Arrow of time is the following’ 189 
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Quote 190 

The arrow of time, as it is currently understood, simply has to be used as an “input” to 191 

any theory of the universe. At its most fundamental level, the arrow of time emerges 192 

from evolution from a special initial state toward more generic subsequent states 193 

(where “generic” and “non-generic” are defined relative to the natural evolution un- 194 

der the equations of motion and also relative to a particular coarse-graining). To have 195 

an arrow of time, there must be something non-generic about the initial state. That 196 

property of the initial state must be chosen, not because it is a typical property but 197 

because that (necessarily atypical) property is required in order to have an arrow of 198 

time 199 

End of quote 200 

We submit that as clever as [21] is as far as postulating  the input parameter that there is 201 

not a clear path as to creating an initial state, as the onset of inflation satisfying the 202 

Boltzman formulation of an arrow of time. We could avoid this difficulty if we may start 203 

from either a cold, to a hot temperature, thereby satisfying Eq (2), or if there is in the vi- 204 

cinity of Eq.(2) a linkage to a counting algorithm.; I.e. Boltzman entropy and the arrow of 205 

time would imply the existence of a colder than Planck temperature leading to its sub- 206 

sequent rise later on. 207 

In other wise, in the traditional model of inflation gives a muddled initial rise to the in- 208 

itial conditions which would permit an arrow of time to arise in the first place. Refer- 209 

ence [21] actually highlights the difficulty which is in specifying non generic initial con- 210 

ditions. Whereas these are not  211 

 212 

2.2 Considering an arrow of time arising from a quantum bounce 213 

or its equivalent condition and a nonsingular inflationary start 214 

This idea of a nonsingular start is exemplified by Freeze et.al. as in [22]     215 
2 2

2

cos 2

8

3 2
bounce

P

a
H

a M

p r
r

s-

æ öæ ö = = × -ç ÷ç ÷ ç ÷è ø è ø

2

2

bouHbou

öa
= bouHbou÷

ööa
                              (3) 216 

Equation (3) has the density, as given by r  altered by the existence of a wall for 217 

the nonsingular start of expansion which has a tension value of s  i.e. Eq. (3) is 218 

zero when the density  r  is equal to 2 times the absolute value of s , and Freeze 219 

in [22] in page 153 of the book [22] refers to s as proportional to at least Planck 220 

mass planckM , or of the value of TeV 221 

Left unsaid, in this is a causal mechanism for the introduction of a low entropy to a 222 

rapidly climbing value of entropy, so as to initiate the arrow of time, in line with 223 

the discussion of that problem given in [21] which we quoted earlier.  224 

In [22], there is a reference to the destruction of primordial black holes which is 225 

given as when the density of universe climbs to a value given as /Q Q Qpw r=  is 226 

defined, with the numerator being the pressure, and denominator density of 227 

phantom fields . which leads to by [22] a density for which there is breakup of 228 

primordial black holes 229 
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If the black holes being broken up lead to particle generation, which could then 231 

feed into writing say  232 

bounce QS n Gravitons from black holes» = - - -                (5) 233 

The problem would then be to delineate conditions for which the Eq.(5) would 234 

lead from a low to a high entropy build up, which would require a lot of computer 235 

simulation work to ascertain, but it may, if done carefully yield conditions as to 236 

the causal conditions for creation of an arrow of time;. The problem would be then 237 

to ascertain if and when the causal conditions lead to the density of the Universe 238 

yielding a value say of the order of magnitude of Eq.(4) above 239 

Keep in mind that according to [ 23 ] Khlopov, has the following for black hole 240 

density, namely 241 

( )
6

3 3 22 82 /
BH

g

M c

G Mr GM c
r » º

=
                           (6) 242 

Here, M is the presumed mass of a black hole, and the result is counter intuitive to 243 

say the least, as gr  is the mass of the configuration with mass M 244 

We state that in this situation we have that there may be 245 
3

gravitons gravitons Thermal thermal tempS n S T -» µ »                      (7)  246 

But this depends upon having  247 

66
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                          (8) 248 

If we  use 
3

1
4

Qw p
+ » and 1PM G c= = = , we have a  

4 3

4
Q

p
w

p
-æ ö» -ç ÷

è ø
so 249 

that then pressure and density are approximate negative values of each other, 250 

which is implying  the following. i.e. The cosmological constant has negative 251 

pressure, but positive energy. The negative pressure ensures that as the volume ex- 252 

pands then matter loses energy (photons get red shifted, particles slow down); this 253 

loss of energy by matter causes the expansion to slow down - but the increase in 254 

energy of the increased volume is more important . The increase of energy associat- 255 

ed with the extra space the cosmological constant fills has to be balanced by a de- 256 

crease in the gravitational energy of the expansion - and this expansion energy is 257 

negative, allowing the universe to carry on expanding. If so then we can say that 258 

having Eq. (7) means we are having a cosmological constant argument 259 

The existence of the cosmological constant, i.e. DE, does not mean though that we 260 

have satisfied the conditions for the existence of the arrow of time. I.e. even if Equa- 261 

tion (7) holds it is not clear from our argument exactly when we would have that 262 

gravitons gravitons ThermalS n S» µ                                 (9) 263 
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 264 

In order to have the value of the increasing onset of the entropy we would like to 265 

have the following , namely’using Eq.(1) we would assert a causal ordering fol- 266 

lowing the given values of:   267 

S S n n n iff t t t+ D » + D ³ + D ³                            (10) 268 

This above would be in itself proof of the existence of an arrow of time, being initi- 269 

ated in early universe conditions 270 

To get Eq.(10) in the case of a single universe would require having an increasing en- 271 

tropy with low entropy at the boundary of the causal bubbler, for a particular solution 272 

to Eq. (1) above. This may or may not be allowed if we have, with a quantum bounce 273 

entropy where Eq(9) and Eq.(10) are consistent if and only if we have an increase in 274 

temperature generating entropy. 275 

What allows such a construction even if we have a quantum bounce ? As given by 276 

Hawking, in [24] 277 

Quote 278 

The observed asymmetry or arrow of time defined by the direction of time in which 279 
entropy increases is shown to be related to the cosmological arrow of time defined by 280 
the direction of time in which the Universe is expanding. It arises because in the 281 
proposed quantum state the Universe would have been smooth and homogeneous 282 
when it was small but irregular and inhomogeneous when it was large]\ 283 

End of quote 284 

The additional proviso is that there be an expansion of the Universe, as given by the 1985 285 

paper by Hawking, in [24] whereas in [25] 286 

Quote 287 

We have also pointed out that the emphasis on the second law of thermodynamics 288 

owes its origin to the assumption that only a time-reversal non-invariant law can pro- 289 

vide the appropriate starting point for solving the problem of the arrow of time. The 290 

lawlike and the de facto approaches share this assumption; the difference between 291 

them lies in the fact that the latter one attempts to reduce the second law to the fun- 292 

damental laws of mechanics −classical on quantum− plus some restriction on initial 293 

conditions 294 

End of quote 295 

In [25] the aftermath of this citation is to refer to ontological arguments as to remove 296 

this adherence to the above paragraph 297 

This is flatly contradicted by ‘tHooft, in [5] and given the relative import of the author 298 

of [5] versus the citation of [25] I as an author would tend to agree with ‘tHooft and not 299 

[25]. 300 

We can though as a wrap up state that even if we have a cosmic bounce, that  301 
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A. Time ordering of say time tA, to time tB being congruent with increasing time 302 

which  is commensurate with an expansion of the universe 303 

B. The increase in time, from time tA to time tB would be commensurate with an in- 304 

crease in entropy 305 

C. Initial conditions specifying A and B which would then get around what cosmol- 306 

ogist Krasnikov [26] brought up pertinent to the nonapplicable nature of the arrow 307 

of time argument in classical general relativity equations outside the initial con- 308 

ditions which will be used to specify by use of casual relations time ordering 309 

conditions which would introduce the arrow of time. 310 

D. If A and B are satisfied, it would also be relevant to have a thermal condition of 311 

increasing temperature from time tA to time tB which would be consistent with an 312 

increase of entropy 313 

E. For those who wish to have strict fidelity with regards to Boltzmans formulation 314 

of entropy, independent of the arrow of time issue, the author refers readers to  315 

[27] , pages  521-561 316 

F. For the record, the author states that we do not have a replacement for Boltzman’s 317 

formulation of entropy, as given in Eq. (1) provided that our cosmology models are 318 

closed, thermodynamically. In terms of what [26] brought up as well as t’Hooft in 319 

[5] , the nongeneral, special solution approach should be used. This in itself would 320 

be enough to start the arrow of time. 321 

 322 

2.3 Considering now what happens if we have 1PM G c= = = , and 323 

look at the classical Penrose Cyclic Conformal Cosmology 324 

model, with a singular starting point for the present universe 325 

Penrose CCC theory, is in its most basic formulation given in the following  326 

                                     The main methodology in the Penrose proposal has been in Eq. (11) evaluating a change              327 

                                     in the metric  by a conformal mapping  to [28]

 

328 

                                               (11)      329 

                                       Penrose’s suggestion has been to utilize the following [28] 330 

                                               (12)    331 

The sum effects of Eq. (11) and Eq. (12) are to have matter-energy swept up by su- 332 
permassive black holes, and to have this block of matter-energy recycled back into a 333 
new starting point for a big bang. This is an alternative to the idea of other oscillating 334 
universe models[29] [30]which commonly had the problem brought up by Tolman in 335 
the 1930s, in which oscillating models would per cycle have a steadily increasing en- 336 
tropy budget at the start of expansion of the universe per universe cycle[29][30]. The  337 

abg Ŵ

2ˆˆ
ab abg g=W

1ˆ ˆ
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author has generalized this for reasons which will be stated in the future part of this 338 
reference. 339 

Good news about the Penrose hypothesis, it removes the Tolman increasing entropy 340 
fiasco [29][30]. The bad news is that it does nothing to ensure the consistency of pa- 341 
rameters of physics per creation cycle 342 

While the Penrose idea is truly bold and visionary[28], the singular start to the uni- 343 
verse does nothing to alter the problems as to forming an arrow of time for a singular 344 
starting point. I.e. all the objections and cautions as of section 2.1 apply here, as there 345 
is also yet another hazard as there are in this model no restraints as to altering the 346 
fundamental constants of physics, i.e. we get then the problem that Planck’s constant 347 
could change from one cycle to another. i.e. this unacceptable situation. As stated in 348 
[31], the following could be disastrous. It also leads to [32] and we did [33] as cor- 349 
rections to Eq.(13) 350 

Pr ior universe present universe- -¹Pr ior universe present universeuniverse present uniuniverse present uni¹se pse p                              (13) 351 

Needless to say, having Equation (13) true would definitely upend physical law. If 352 

one wants to see how unacceptable Eq. (13) is, look at [31] where the authors do a 353 

credible explanation as to how even small variations as indicated in Eq. (13) could 354 

make life impossible. Even worse are discussions as to Hawking and other authors 355 

of the idea of “baby universes” and Darwinian selection of a range of values for 356 

baby universes where only a few would survive. The long and short of it is that 357 

[29][30][31] is a prescription for a nonstable cosmological order, which would 358 

eventually exhaust itself and not be eternal, by a long shot[32] 359 

2.4.  What if there is Penrose CCC cosmology? With a nonsingular 360 

beginning ? How would that affect the arrow of time, if there is a 361 

singular start to the universe we inhabit?  362 

This idea is very similar to Section 2.2, with the proviso of no build up of entropy, 363 

if there is a repeated universe, but then we have the added likelihood of having a 364 

satisfaction of the ‘tHooft rules of [5] , i.e. we have special solutions for introduc- 365 

ing time arrow asymmetry 366 

In addition though we still could have Equation (13) with all its attendant fiascos 367 

as given in [31]. Since this would be a repeating SINGLE universe, some version of 368 

Eq.(1) would hold, even if we had the problem of Eq. (13) reappearing[31][32] 369 

The change of satisfying [5] strictures as to the start of an arrow of time would 370 

actually increase over what was stated in section 2.3, but we still could have the 371 

Eq. (13) fiasco 372 

2.4 What if there is a multiverse generalization of Penrose CCC cosmology, 373 

with a singular start to the universe ? 374 

  We will be then going to [33] and its multiverse generalization. That would 375 

solve the problem of Eq. (13) and insure the continuation of physical law from cy- 376 

cle to cycle , but we would have perhaps difficulties in satisfying [5]. The follow- 377 

ing discussion from [33] would keep the consistency of physical law from cycle to 378 

cycle and avoid the Tolman fiasco of increasing entropy[29] [30]per cycle of crea- 379 

tion 380 

                                In this situation we will be assuming the mechanics of Eq. (12) and Eq. (13) with a  381 
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                               twist added. We have not one universe, but a plethora of universes, of some num 382 

                                 number, N, which would be via averaged out partition functions of the universe  383 

                                 contributing to a new universe cycle using Eq. (12) and Eq. (13) with [31][32]  384 

                                avoided 385 

The reader is referred to [33] and we will cite with attribution to [33] the following 386 

multiverse generalization while still maintaining the Penrose Singularity theo- 387 

rem[34][35] 388 

                           We now outline the generalization for Penrose CCC(Cosmology) [33]  just before  389 

                              inflation which we state we are extending Penrose’s suggestion of cyclic universes, black    390 
                              hole evaporation, and the embedding structure our universe is contained within, This multi 391 
                              verse has BHs and may resolve what appears to be an impossible dichotomy .That  there  392 
                              are N universes undergoing Penrose ‘infinite expansion’ [33] contained in a mega  393 
                              universe structure[33]. Furthermore, each of the N universes has black hole evaporation, . If  394 

                              each of the N universes is defined by a partition function[33][36], called , then there  395 

                              exist an information ensemble of mixed minimum information correlated about   396 

                               bits of information per partition function [33][36] in the set  , so minimum in 397 

                              formation is conserved between a set of partition  functions per universe [33][36] 398 

                                                                 (14)                                                                 399 

                               However, there is non-uniqueness of information put into partition function .Also   400 

                               Hawking radiation from black holes [33]is collated via a strange attractor collection in the 401 

mega  402 

                               universe structure to form a new inflationary regime for each of the N universes represented   403 

                               Note that in [ 37 ] that there is an upper bound as to the number of universes in a multiverse    

404 

                               In addition we have that each partition function [33][36] 

405 

                                              .             (15)                              406 

                             Each of   identified with Eq.(15) above, are with the iteration for N universes [34], 407 

                             Then the following holds, by asserting the following claim to the universe as a mixed state 408 

                             with black holes playing a major part, i.e. we are doing an averaging procedure to remove the 409 

                            Anthropic principle[33]via 410 
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                        CLAIM 1 411 

                            See the below[33] representation of mixing for assorted N partition function per CCC cycle        412 

            (16)              413 

                           Furthermore, the main point is done in [33] in terms of general ergodic mixing[38][39][40]  414 

                           [41]   is given by using the Penrose ccc idea in modified via ergodic mixing 415 

2.5. CCC cosmology in multiverse form with nonsingular start to the universe, 416 

and the arrow of time 417 

    We have the advantages of removing variation of cosmological parameters like 418 

Planck’s constant so the following is maintained without [31] and [32] due to multiverse 419 

CCC cosmology. If so then, 420 

Pr ior universe present universe- -=Pr ior universe present universeuniverse present uniuniverse present uni=                                     (17) 421 

Also as in 2.3 AND 2.4, we do not have a build up of entropy per cycle as in [26] due to 422 

the CCC cosmology being used directly 423 

Now we need to have a way to create initial configuration steps to an arrow of time 424 

To do this we will be examining a way to have the criteria of [5] satisfied via a multiverse 425 

solution to the cosmological constant problem and rely upon gravitons as the square root 426 

of the cosmological constant (assuming massive gravity) as to right after the assumed 427 

bubble solution as referenced in Eq. (3) above 428 

Let us first solve the cosmological constant problem via the Penrose multiverse con- 429 

struction and link that to massive gravitons which will in this final iteration serve as the 430 

particular solution to a graviton count which will serve as our working hypothesis as to 431 

entropy and initial conditions which will then be the basis of our arrow of time 432 

2.5.1 Creating a cosmological constant and its linkage to gravitons, for counting algorithm and the 433 

start of the arrow of time 434 

                         We will first start off with the redone calculation as to the Vacuum energy as  given in  435 

                         [42] and how we rescale them to be in sync as to the observed experimental value for  436 

                         vacuum energy which is of the present era. This methodology is consistent                                                               437 

                         with the Zero-point energy calculation, we start off with the following as given by [42] 438 

439 
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                      In stating this we have to consider  
( )4

4

2

8
DE

DEG

p
r

p l
L

= » ×
( )

4

2p
l

× , so then we have to 441 

                     consider  a wavelength 
3010DE Planckl »DE Planck  which is about 

3010  times a Planck length  442 

                    radius of a space-time bubble [33] as a  nonsingular expansion point for Cosmology, at the  443 

                    start of inflation with the space-time bubble of about a Plank length radius in size. . Having  444 

                    said that , how do we get having the Penrose result modified into a  multiverse condition[33]  445 

  
3010DE Planckl »DE Planck                      (19)                                 446 

                    before the near singularity is to be solved. Then the existence of solves the problem. 447 

                                
( )4

4

2

8
DE

DEG

p
r

p l
L

= » ×
( )

4

2p
l

×                           (20) 448 

                    This happens, if we use the value of Eq. (19) fully consistent with regards to a value in line  449 

                    with the DE density seen today, i.e. cutting the value of Eq. (18) by 10^120 or more . In this  450 

                    we have to consider the value of the mass of a graviton by [43] as seen by making use of the  451 

                    following cosmological formulas. First the cosmological scale factor as seen by [44], in  452 

                    equation (21), then an inflaton energy density given by equation(22), and the Mass of a  453 

                    graviton given in Eq. (23), and the Dark energy wavelength Eq.(24). All of these will be         454 

                    referred to in the remainder of this document while keeping in mind the big result from [43] 455 

                                                ( ) initiala t a tg=                  (21) 456 

                              ( )
( )
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)f ( )V ( )))V (f
V (    (22)                    457 

                                      gm
c

= × L× L                      (23) 458 

                                             
3010DE Planckl »DE Planck                     (24) 459 

                   To make sense of the above, it is useful to keep in mind the following. If we have a cosmic  460 

                   start by initially calling the Pre – Planckian geometry as 4 space, with no (in our universe any 461 

                   reference point) time axis. Before the transferal to our present universe we have the following  462 

                   identification, namely 4 (space) + no time becomes 3+1 (3 space, one time) in the transfer from 463 

                   the prior universe construction to our own cosmological constant. I.e. before , in Pre Planckian  464 

                   space-time, time as we know it really does not exist 465 

                    2.5.2 Constructing a counting algorithm for setting up an arrow of time, using our          466 

             boundary conditions for a nonsingular multiverse 467 

             The idea is to use the idea of Ng[14] directly, and in doing so, to make the initial buildup of entropy           468 

                   monotonically increasing in conjunction with an increase in space-time volume. This would  469 

                   assume that past a causal boundary which we will specify the use of Eq.(1) so that there is’ 470 
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                   of space-time in which one would have entropy steadily increasing. There are two ways to do this  471 

                   procedure. First of all we examine conditions leading to a particle count of entropy due to the mixing of 472 

                   the creation of conditions for a graviton mass, due to graviton mass being proportional to the square root 473 

                   of a derived cosmological constant. Way two is to go to Eq.(8) satisfied for the value of Qw  which  474 

                   will have pressure and density satisfied by emergent inflaton physics. In lieu of constant and  475 

                   unending crticism of Seth Lloyd [15] who does not use  inflaton physics, the author commits      476 

                   himself to a future lemma to be shown in terms of researchwork, namely  477 

                   Lemma1 478 

                   The value of Eq.(22) becomes effectively  having  “final density” ( .22)f Eqr r= and  479 

                   we make the approximation 
2

2

cos 2

8

3 2
bounce

P

H
M

r
r

s-

æ ö
= × -ç ÷ç ÷

è ø
=0 Þ  2 2 PMr s= ³ i.e. twice   480 

                    Plank mass , or greater as also equal to if we have Plank length with a thermal energy like[44]         481 

                    2 times Planck mass = ( )
( )

8

42
2 0

0

8

2 8 3 1

G

GGV
V t V t

G

g p
p gpf g

r f
p g g

-
ì üï ï

» + º × + × ×í ý
-ï ïî þ

2f ( )
2
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V (  (25) 482 

                    Picking positive pressure and initially negative energy, as to what was given in Rosen[ 45 ] 483 

                    We can compare this closed within a causal wall initial configuration start with  the  484 

                    Rosen[ 32]  value of  energy for a mini universe  485 

                  (from a Schrodinger  equation)  with ground state mass of 
Planckm Mp=  and energy of  486 

5

2 2 22
n

Gm
E

np
-

=
2

n = 2 2 2n2 2 2n
                                                (26) 487 

                 Our preliminary supposition is that Eq. (26) could represent the initial energy of a Pre  488 

                 Planckian Universe and that thermal energy is  dumped in due to the use of Cyclic Conformal  489 

                 cosmology ( maybe in multiverse form) so that if there is a build up of energy greater than  490 

                 Eq.(26) due to thermal buildup of temperature due to infall of matter-energy, we have a release  491 

                 of Gravitons in great number which would commence as a domain wall broke down about in  492 

                 the Planckian era with a temperature of the magnitude of Planck Energy for a volume of radius  493 

                of the order of Plank Length. Now for using Eq. (26), we look at [46], where we have then            494 

                an information number of N(information) for which we have a total Graviton mass of 495 

graviton total graviton gravitonM n m- = ×                                  (27)    496 
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Where we will be looking at a  value of “information” of initially[25] 497 

               ( )
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           (28) 498 

              Now use the following approximation of the Universe, initially having the entropy of a black         499 

             hole, i.e, we are using Ng Infinite Quantum statistics, [14] 500 
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            In taking this step, we are making use of [45] having the following radius used, namely using in our       502 

            model of a black hole, the quantum “atom” approximation 503 

3
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Q Planck
                               (30) 504 

                  In order to have non vanishing information according to [45] [46] we would need to specify  505 
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(31) 506 

    507 

                          The idea in all of this, is that this initial configuration would require a very high thermal value, with the thermal value 
508 

                           such that when the thermal wall of the nonsingular start to expansion i.e. we would have a positive energy due to  
509 

                           thermal inputs from cyclic conformal cosmology so that the thermal value would be greater than Eq(31) negative  
510 

                           energy in order to have information inserted into the new universe 
511 

                          This leads to a lemma 2, to be proved in subsequent work 
512 

                          LEMMA 2 
513 

                          We will set the minimum energy ED    as greater than or equal to the magnitude of the negative energy given in  
514 

                          Eq.(31) 
515 

                          with a minimum time step defined as follows 
516 

                        t
E

D »
D

                                         (32) 517 

                  The term .(31)E Energy in EqD » - -  with entropy defined via Eq(29), i.e. a 2 to one  518 

                  Proportinality in terms of quantum numbrer , and count of gravitons. If the Gravitons increased  519 

                  In number, this would be an increase in entropy which would fufil the necessary conditions of  520 
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                 Times arrow having a direction specified by increasing entropy 521 

3. COMPARING TIMES ARROW as being created by a threshold 522 

information release criteria as compared to Seth Lloyd’s linkage of 523 

entropy and bits of information 524 
                             

525 
                             Seth Lloyd in 1999 [15] obtained the following and this is to a certain degree duplicated in [19] and it has limitations 

526 
                            

A way to obtain traces of  information exchange , from prior to present universe cycles is finding a  527 

                    linkage between information and entropy. If such a parameterization can be found and analyzed, then  528 

                    Seth Lloyd's [15]  shorthand for entropy,
 

529 

                          [ ] [ ] 4/3454/3
#2ln/ htcoperationskSI Btotal ××=== r   (33)                    530 

                     could be utilized as a way to represent information which can be transferred from a prior to the present  531 

                     universe . The question to ask, if does Eq. (33) permit a linkage of gravitons as information carriers, and  532 

                     can there be a linkage of information, in terms of the appearance of gravitons in the time interval of, say  533 

                     Plancktt <<0  either by vacuum nucleation of gravitons / information packets 534 

                      Oops. What is the problem ? There is no idea as to making a linkage between a pre-universe set of  535 

                      initial conditions, and if one has enough linkage to likely inflaton physics to make analysis of early  536 

                      universe conditions. Seth Lloyds Eq. (33) idea of a construction of entropy has no relationship to [5] 537 

                      where ‘tHooft specified initial conditions, which are not general to give us the start of the Arrow of  538 

                      time
                                539 

4. Discussion 540 

The way to extend this inquiry is to make a data set comparison of collection of 541 

bins of early universe GW ‘information’ and to ascertain if there is indeed the 542 

threshold effect alluded to in Lemma 1 and Lemma 2. Doing so would give  543 

Conformation as to this inquiry and give a range of energy values to consider for 544 

threshold effects alluded to in Lemma 1 and Lemma 2 for the Penrose Cyclic con- 545 

formal cosmology in multiverse form given in this document. The author also 546 

wishes to make reference as to a completely different take on Multiverse physics 547 

usually taken up whereas there is an extreme value given as to the existence of the 548 

probability of a multiverse state having a given value of L  via Hartle-Hawking 549 

theory having a given probability of the square of  the Hartle-Hawking wave- 550 

function 551 

i.e.  552 

2( ) ~ exp( 24 / ) exp( )AP probability Sp- L = -  (34) 553 

This probability would lead to a ridiculously large time value one would have to 554 

wait for any such occurrence happening in the multiverse 555 

In essence, the String theorists as well as Hartle and Hawking have convinced 556 

themselves as to the extreme unlikelihood of any identified state in the multiverse 557 

which we view as a misuse of the existence of the cosmological constant. Our work 558 
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has avoided this stunning result which we view as not linking the existence of a 559 

cosmological constant with starting the arrow of time and entropy generation 560 

 561 
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