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Abstract 

This investigation sets forth initial conditions for a start of the arrow of time 
in cosmology based upon the idea that of having initial degrees of freedom set 
as ~ 1000g∗  initially, instead of a maximum value of ~ 100 -120g∗  for the 
number of degrees of freedom during the electro weak era. 
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1. Introduction 

Recently, Beckwith asked [1] if the following could occur,  
[ ] 3S E N T S Tµ≡ − → ∝  by setting the chemical potential 0µ →  with initial 

entropy 5~ 10S  at the beginning of inflation. Conventional discussions of the 
arrow of time state that as the Universe grows its temperature drops, which 
leaves less energy available to perform useful work in the future than that availa-
ble in the past. Thus the Universe itself has a well-defined thermodynamic arrow 
of time. The problem of the initial configuration of the arrow of time, however, 
is not brought up. This paper is to initiate how to set up a well defined initial 
starting point for the arrow of time. Specifically re-setting the degrees of free-
dom of about ~ 100 -120g∗  [2] of the electro weak era, to ~ 1000g∗  at the 
onset of inflation [1], 3

initialS T∝  may be permitted. If the initial temperature of 
an emerging universe was very low, scaling 3S T∝  may be a way to get an ar-
row of time, with respect to thermal temperatures, alone, with the graviton 
count a later, emergent particle phenomenon. 
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2. What Can Be Said Initially about Usual Arrow of Time  
Formulations of Early Cosmology? 

Usual treatments of the arrow of time, i.e. the onset of entropy. The discussion 
below makes the point that expansion of the universe in itself does not “grow” 
entropy.  

The entropy density s of a radiation field of temperature T is s ~ T3. The en-
tropy S in a given comoving volume V is S = sV. Since the commoving volume V 
increases as the universe expands, we have V ~ R3. And since the temperature of 
the microwave background goes down as the universe expands: T ~ 1/R, we have 
the result that the entropy of a given comoving volume of given space S ~ R−3 * 
R3 = constant. Thus the expansion of the universe by itself is not responsible for 
any entropy increase. There is no heat exchange between different parts of the 
universe. The expansion is adiabatic and isentropic: d S expansion = 0. i.e. a 
process has to be initiated in order to start entropy production. 

This discussion above is to emphasize the importance of an initial process for 
the onset and the growth of entropy. We will initiate candidates for making 
sense of the following datum. 

To measure entropy in cosmology we can count photons. If the number of 
photons in a given volume of the universe is N, then the entropy of that volume 
is S ~ kN where k is called here Boltzmann’s constant. 

Note that Y. Jack Ng. has [3], from a very different stand point derived S ~ n 
based upon string theory derived ideas, with n a “particle” count, which in Y. 
Jack Ng’s procedure is based upon the number of dark matter candidates in a 
given region of phase space. Y. Jack Ng’s idea was partly based upon the idea of 
quantum “infinite” statistics, and a partition function, details of which will be in 
Appendix A below. 

This counting procedure is different from traditional notions. To paraphrase 
them, one can state that “The reason why entropy is increasing is because there 
are stars in that ‘box’ (unit of phase space used for counting contributions to en-
tropy). Hydrogen fuses to helium and nuclear energy is transformed into heat.” 
i.e. the traditional notion would be akin to heat production due to, initially start 
BBN nucleosynthesis, and then, frankly, star production/nuclear burning. i.e. 
one would need to have nuclear processes to initiate heat production. This idea 
of heat production is actually similar to setting 3S T∝ , with heat production 
due to either BBN/ hydrogen burning leading to an increase in temperature, T. 
In this manuscript, we make use of, if [ ] 3S E N T S Tµ≡ − → ∝  by setting the 
chemical potential 0µ →  with initial entropy 5~ 10S  at the beginning of in-
flation. This entails, as we will detail, having increased number of degrees of 
freedom, initially, with re setting the degrees of freedom of about ~ 100 -120g∗  
of the electro weak era, to ~ 1000g∗  at the onset of inflation, I.e. what will be 
examined will be the feasibility of the following:  

[ ] 3
0S E N T S T nµµ →≡ − → ∝ ≈ , with n an initial “quantum unit” count in 

phase space of Planckian dimensions, where 5~ 10S  at the beginning of infla-
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tion. Let us now look at how to initiate such a counting algorithm if one is look-
ing at, say, highly energized gravitons, initially, as part of a counting “algo-
rithm”. 

2.1. Estimating the Size of Contribution to Energy in S E T≡ ,  

Assuming a Frequency ν~1010 Hertz for Relic Gravitons, If the 
Standard Chemical Potential Is Effectively 0=µ  at the Onset 
of Creation 

As suggested earlier by Beckwith [4], gravitons may have contributed to the 
re-acceleration of the universe one billion years ago. Here, we are making use of 
refining the following estimates. In what follows, we will have even stricter 
bounds upon the energy value (as well as the mass) of the graviton based upon 
the geometry of the quantum bounce, with a radii of the quantum bounce on the 
order of 35

Planck ~ 10l −  meters [1] [5]. 
22 1 2

graviton RELATIVISTIC

8
graviton

graviton

4.4 10 eV c

2.8 10 meters

m h

m c
λ

− −

−

< ×

⇔ ≡ < ×
⋅



          (1.1) 

For looking at the onset of creation, with a bounce; if we look at 

max planck2.07ρ ρ∝ ⋅  for the quantum bounce with a value put in for when 
99

planck 5.1 10ρ ≈ ×  grams/ meter3, where [1] 
3 24
Planck planck2.07 ~ 5 10 GeVeffE l ρ∝ ⋅ ⋅ ×              (1.2) 

Then, taking note of this, one is obtaining having a scaled entropy of 
5~ 10S E T≡  when one has an initial Planck temperature  

19
Planck ~ 10 GeVT T≈ . One needs, then to consider, if the energy per given gra-

viton is, if a frequency 1010 Hzν ∝  and 5
graviton-effective 2 5 10 eVE hv −∝ ⋅ ≈ × , then 

[1] 

( )38 10 19 5
graviton-effective~ 10 10 Hz ~ 10 GeV 10effS E T E v T   ≡ × ≈ ≈   (1.3) 

Having said that, the 5
graviton-effective 2 5 10 eVE hv − ∝ ⋅ ≈ ×   is 1022 greater than 

the rest mass energy of a graviton if [ ] ( )27
graviton~ red-shift ~ 0.55 ~ 10 eVE m −  

grams is taken when applied to Equation (1.2) above. 

2.2. The Electro Weak Generation Regime of Space Time for  
Entropy and Early Universe Graviton Production before  
Eletro-Weak Transitions 

A typical value and relationship between an inflaton potential [ ]V φ , and a hub-
ble parameter value, H is [1] 

[ ]2 2
Planck~H V mφ                      (1.4) 

Also, if we look at the temperature T ∗  occurring about the time of the Elec-
tro weak transition, if 

∗≤ TT  when cT T∗ =  was a critical value, (of which we 
can write ( ) 1c cv T T > , where v(Tc) denotes the Higgs vacuum expectation value 
at the critical temperature Tc., i.e. ( ) 1c cv T T >  according to C. Balazc et al. 
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(2005) [6] and denotes that the electro weak transition was a “strongly first order 
phase transition”) then one can write, by conventional theory that 

2 2
Planck~ 1.66H g T m∗

   ⋅ ⋅                   (1.5) 

Here, the factor put in, of g∗  is the number of degrees of freedom. Kolb and 
Turner [2] put a ceiling of about 100 -120g∗ ≈  in the early universe as of about 
the electro weak transition. If, however, ~ 1000g∗  or higher for earlier than 
that, i.e. up to the onset of inflation for temperatures up to  

19
Planck ~ 10 GeVT T≈ , it may be a way to write, if we also state that [ ] netV Eφ ≈  

that if [1] 
22 2

2Plank planck 3
1.66

~ 3 ~ 3 1.66
m H g T m

S g T
T

∗

∗

 = ⋅ ⋅   ⋅ ⋅ 


  (1.6) 

Should the degrees of freedom hold, for temperatures much greater than T ∗ , 
and with 1000g∗ ≈  at the onset of inflation, for temperatures, rising up to, say 
T ~ 1019 GeV, from initially a very low level, pre inflation, then this may be 
enough to explain how and why certain particle may arise in a nucleated state, 
without necessarily being transferred from a prior to a present universe. 

Furthermore, if one assumes that 3S T∝  [5] when 1000g∗ ≈  or even high-
er even if 19~ 10 GeVT T ∗

 , then there is the possibility that 3S T∝  when 
1000g∗ ≈  could also hold, if there was in pre inflationary states very LOW ini-

tial temperatures, which rapidly built up in an interval of time, as could be given 
by 44

Planck0 ~ 10t t −< <  seconds [1].  

2.3. Justification for Setting g 1000∗ ≈  Initially 

H. de La Vega, in conversations with the author in Colmo, Italy, 2009 [7]. flatly 
ruled out having 1000g∗ ≈  initially. What will be presented here will be a justi-
fication for taking this step which H. de La Vega says is not measurable and 
possible. The author points to, among other things, the Wheeler de Witt deriva-
tion for a wave function of the universe, as given by M. Morris [8] (1989) in 
perturbative super space, with no restriction on the degrees of freedom. While 
the WdW style of stellar evolution is now out of fashion, something akin to ob-
taining an initial “wavefunction of the universe” as given in his Equation (3.1) of 
his article is, by the authors view, necessary, to make sense out of initial condi-
tions appropriate for 3 ~S T n∝  when 1000g∗ ≈ . The count, n, would be in 
terms of a procedure brought up by both Beckwith, [1] and Mukhanov [9] on 
page 82 of his book leading to a Bogoluybov particle number density of becom-
ing exponentially large, where 1η  is a time evolution factor, which we can set 

( )1 Planck~ O tη β ⋅ , with β some numerical multiplicative factor for the Planck 
interval of time Planckt  [1] [9] 

[ ]2
0 1~ sinhn m η                      (1.7) 

If so, then one can also ask if there is a linkage between the initial conditions, 
as pertinent to early inflation, and Beckwith’s model of re acceleration of the 
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universe one billion years ago. 

3. Linkage between the Initial Onset of Inflation, and  
Reacceleration of the Universe One Billion Years Ago? 

The following is speculative, and if confirmed through additional research would 
be a major step toward a cosmological linkage between initial inflation, and re 
acceleration of the universe one billion years ago [2]. Look at A. Yurov’s [10] 
double inflation hypothesis, i.e. Claim: there exist one emergent complex scalar 
field Φ  and that its evolution in both initial inflation and re acceleration is 
linked. i.e. he states that this scalar field would account for both 1st and 2nd in-
flation 

Potential in both cases chaotic inflation of the type [10] 

2V m ∗= Φ Φ
                         (1.8) 

The “mass” term would be, then, as Beckwith understands it, for early un-
iverse versions of the Friedman equation 

35 44

2 2

time~10 sec time~10 sec

3 3 3
8 4 4π

H Hm
G Gπ

− −

 
 ≈ ⋅ +
  

           (1.9) 

Furthermore, its bound would be specified by having 
2

4
lm
 

≤  
 



                     (1.10) 

The term, l would be an artifact of five dimensional space time, as provided in 
a metric as given by Maarten’s [11] as 

2
2 2

25-dim
d d d dv

uv
lS x x z
z

µη = ⋅ +                (1.11) 

The 2nd scalar fields as Yurov [10] writes them contributing to the 2nd infla-
tion, which Beckwith represents [2] is 

35
0, 1st-EXIT2 3 ~ 10 secm tϕ −
−  = ⋅ ⋅  



              (1.12) 

And 
1 32

3
0,

33 2 M t
m

ϕ ϕ+ +

 
= − ⋅ 
 



                 (1.13) 

As Beckwith sees it, making a full linkage between Yurov’s formalism [10] for 
double inflation, Beckwith’s re acceleration graphics [2], and initial inflationary 
dynamics, as referenced by obtaining 6 710 to10fn ≈  would be to make the 
following relations between Yurov’s [10] versions of the Friedman equations, 
and what Beckwith [2] did, 

2 2 2
2 2 2 2

2 4

1
6 3 2

M mH m
a

κ ρ
ϕ ϕ ρ

λϕ
    

= ⋅ + + ↔ + +         





      (1.14) 

As well as having: 
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4

23 mH V H H
a

= − ↔ ≅                   (1.15) 

The left hand side of both Equation (1.14) and Equation (1.15) are Yurov’s 
[10], and the right hand side of both Equation (1.14) and Equation (1.15) above 
are Beckwith’s adaptation [1] of modification of Maarten’s brane theory [11] 
work which was used in part to obtain the re acceleration of the universe graph-
ics Beckwith obtained [2] a, i.e. the behavior of massive gravitons one billion 
years ago to mimic DE in terms of the re acceleration parameter IN any case, the 
following would be needed to be verified to make the linkage. 

( )
44

2

time~10 sec

3
4π
H V t

G −

               (1.16) 

i.e. that the potential energy, V, of initial inflation is initially over shadowed 
by the contributions of the Friedman equation, H, at the onset of inflation. 

We should note, that the potential energy as stated would be assuming that 
Equation (1.16) has consistency with Equation (1.5), for very large temperatures.  

4. Conclusions 

A way to obtain traces of information exchange, from prior to present universe 
cycles is finding a linkage between information and entropy. If such a paramete-
rization can be found and analyzed, then Seth Lloyd’s [12] shorthand for entro-
py, 

[ ] 3 43 4 5 4
total ln 2 #operationsBI S k c tρ = = = ⋅ ⋅       (1.17) 

could be utilized as a way to represent information which can be transferred 
from a prior to the present universe. The question is to ask, if Equation (1.17) 
permits a linkage of gravitons as information carriers, can there be a linkage of 
information, in terms of the appearance of gravitons in the time interval of, say 

Planck0 t t< <  either by vacuum nucleation of gravitons/information packets. 
Appropriate values/inputs into ρ are being considered along the lines of graviton 
mass/contributions along the lines brought up in this paper already.  

An alternative to Equation (1.7) if one sees no way of implementing what Ng. 
suggested via his infinite quantum statistics [3] would be to look at thermal in-
puts from a prior to the present universe, as suggested by L. Glinka [13] [14] 

[ ] ( )
( )

( )
( )

initial

final

1 4f

v a v a
n

v a v a

 
 = ⋅ −
  

              (1.9) 

As well as, if 0 ~ 0.75h  

( )
4

2 37
0

3.6
1 kHz10

f
gw

n vv
h

   
Ω ≅ ⋅ ⋅   

  
              (1.10) 

If we take into consideration having final~a a , then Equation (1.14) above 
will, in most cases be approximately 
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[ ] ( )
( ) [ ] ( )

( )
initial initial1 4 1 ~ 1 4f

v a v a
n

v a v a

   
   = ⋅ − ⋅
      

       (1.11) 

For looking at 5 1410 -10g
− −Ω ≈ , with 510g

−Ω ≈  in pre-big bang scenarios, 
with initial values of frequency set for ( ) 8 10

initial 10 -10v a ≈  Hz, as specified by 
Grishkuk [15] ( ) 0 2

final 10 -10v a ≈  Hz near the present era, and  
[ ]final~ 1a a δ += − , i.e. close to the final value of today’s scale value, Filling 

in/choosing between either implementation of Equation (1.7), or Equation 
(1.10) will be what the author is attempting to do in the foreseeable future. i.e. if 
one can use [3] 

S n≈                          (1.12) 

using Equation (1.10) directly, or if S n≠ , using Equation (1.10), but instead 
uses 3S T∝ , with temperature rapidly increasing from a low value to 

19
Planck 10T ≈  GeV in about a time interval during the onset of inflation, for the 

beginning of the arrow of time, in cosmology. Beckwith views determining if the 
degrees of freedom initially could go as high as 1000g∗ ≈  or even higher even 
if T ~ 1019 GeV as essential in determining the role of 3S T∝ , as temperatures 
go from an initial low point, to T ~ 1019 GeV for understanding the role of ther-
mal heat transfer in the arrow of time issue. 

Note, very importantly, any coupling between Equation (1.5) and Equation 
(1.16) probably requires that there is no initially low temperature behavior, 
pre-inflation, prior to the rise of temperature of the Quantum Planck Tempera-
ture of ~1019 GeV.  

Open Question: Do We Have a Match Up with Smoot’s Ercole  
Challonge Table? Guess as to Possible Outcomes Presented 

In a colloquium presentation done by Dr. Smoot in Paris [16] (2007); he alluded 
to the following information theory constructions which bear consideration as to 
how much is transferred between a prior to the present universe in terms of in-
formation “bits”. 

1) Physically observable bits of information possibly in present Un-
iverse—10180 

2) Holographic principle allowed states in the evolution/development of the 
Universe—10120 

3) Initially available states given to us to work with at the onset of the infla-
tionary era—1010 

4) Observable bits of information present due to quantum/statistical fluctua-
tions—108 

Our guess is as follows. That the thermal flux from a prior to the present un-
iverse may account for up to 1010 bits of information. These could be transferred 
from a prior universe to our present, and that there could be, perhaps 10120 mi-
nus 1010 bytes of information temporarily suppressed during the initial changing 
of fermion states of matter to a bosonic phase of matter right at the onset of the 
big bang itself. 

https://doi.org/10.4236/jhepgc.2018.44044


A. W. Beckwith 
 

 

DOI: 10.4236/jhepgc.2018.44044 794 Journal of High Energy Physics, Gravitation and Cosmology 

 

Then after the degrees of freedom dramatically drops during the beginning of 
the descent of temperature from about 3210 KelvinT ≈  to at least three orders 
of magnitude less, as we move out from an initial red shift 

2510z ≈                          (1,13) 

To [17] 

28 initial
Hawkings10 Kelvin ~

2πV
B

HT T
k

ε
⋅

≈ × ≅
⋅



        (1.14) 

Whichever model we can come up with that does this is the one we need to 
follow, experimentally. And it gives us hope in confirming if or not we can 
eventually analyze the growth of structure in the initial phases of quantum nuc-
leation of emergent space time [18]. In the end, in future research, we will deli-
neate how this idea which is offered above, ties in with cosmological expansion. 
In particular, we wish to investigate what is brought up in [19] which we do not 
believe is correct. We don’t believe that the cosmological constant is negative. 
We will in future research use this above analysis as to critique what is done in 
[19] with an eye toward falsifying it. We also will tie in our treatment of this 
topic with a tie into the work provided in [20] which was presented as a contri-
bution to the Frontiers in Fundamental physics 15 conference. i.e. attempt not 
only to falsify [19] but to show its relevance to [20].  
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