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1. Framing the Initial Inquiry

Volovik [1] derives in page 24 of his manuscript a description of a total vacuum

energy via an integral over three-dimensional space

Eyee (N) = [dr-£(n) (1)

c?m

The integrand to be considered is, using a potential defined by U = Y as

given by Volovik for weakly interacting Bose gas particles, as well as

+_.
15 (42 .\c ) n?

For the sake of argument, m, as given above, will be called the mass of a gra-
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viton, the given number, z, is a numerical count of gravitons in a small region of

space, and afterwards, adaptations as to what this expression means in terms of
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entropy generation, will be subsequently raised. A simple graph of the 2™ term
of Equation (2) with comparatively large m and with 7 =c =1 has the follow-

ing qualitative behavior. Namely for

4 ( m° 1
El=|c?/2|| —| ——= |- = 3
[ /JL5 (hhﬁ} nz} ®
E1#0 when nis very small,and E1=0 as n—10" at the onset of infla-

tion. This will tie in directly with a linkage between energy and entropy, as seen

in the construction, looking at what Kolb [2] put in, Ze.
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Here, the idea would be, to make the following equivalence, namely look at,

AT 2n’g e
{%}(4/3){ 45*} ~Sinitial (5)

We furthermore, make the assumption of a minimum radius of

1
R - Eng < IPlanck (6)

initial

Equation (6) will be put as the minimum value of 7, in Equation (5), where we

have in this situation [3] [4]

3/4 2 3/4
#bits ~ F.l} {MC .'_} )
hoc

hoc

And if M is the total space-time energy mass, for initial condition and E1 is
the main fluctuation in energy, we have to consider, if AE ~ E1, as well as [3]
(4]

Sinitial ~ Ngraviton ~ INitial graviton count (8)
Then what can be said about the inter relationship of graviton counts, and the

onset of Causal structure?

2. Examination of the Minimum Time Step, in Pre-Planckian
Space-Time as a Root of a Polynomial Equation

We initiate our work, citing [5] to the effect that we have a polynomial equation

for the formation of a root finding procedure for At, namely if
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From here, we then cited, in [5], using [6] a criteria as to formation of entropy,
ie if A isan invariant cosmological “constant” and if Equation (10) holds, we

can use the existence of nonzero initial entropy as the formation point of an ar-

Rl ~C-AtY)
SA Arrow-of-time =n lﬂllla #0 (10)

Planck

row of time.

This leads to the following, namely in [5] we make our treatment of the exis-

tence of causal structure, as given by writing its emergence as contingent upon

(—RJ“T&' - C'AtJ ~9(1) (1)

Planck

having

The rest of this article will be contingent upon making the following assump-
tions. FTR
AE ~ E1

S n ~ initial graviton count

initial graviton

34
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At g w3 (12)
n *
g {%}(4/3)[T - ngraviton

AE ~E1~V,
1

initial EZNQ < IPlanck

r~R

In short, our view is that the formation of a minimum time step, if it satisfies
Equation (11) is a necessary and sufficient condition for the formation of an ar-
row of time; at the start of cosmological evolution we have a necessary and suffi-
cient condition for the initiation of an arrow of time. With causal structure,
along the lines of Dowker, as in [7] and given more detail by Equation (12)
above as inputs into Equation (10) and Equation (11) Ze. Planck length is set

equal to 1 and.

AEAt
—_— [h/V0|Ume'(59n ~ a%in " it )]
Volume Pre-Planckian (13)
(Pre-PIalnckialn)A(Planckian)g\AEAt - h|PIanckian

ie. the regime of where we have the initiation of causal structure, if allowed

would be contingent upon the behavior of [5] [8] [9]

2
gtt - 5gtt ~ amin initial <1

—>5gtt ~ a'rznin¢PIanck ~1 (14)

Pre-Planck— Planck
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Planck
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Le. the right hand side of Equation (14) is the square of the scale factor, which
we assume is ~10/A-110, due to [4] [10], and an inflaton given by [4] [11].

So, the question well will be leading up to is what does Equation (9), Equation
(12), and Equation (13), tell us about graviton production, and the causal foun-

dation condition stated at Equation (14)?

3. Conclusion, So What Is the Root of Our Approximation for
a Time Step?

Here for the satisfying of Equation (14) is contingent upon RC| ~C-At as

initial
an initial event horizon, of our bubble of space-time being of the order of mag-
nitude of Planck Length,

| 3
~|h At'[VO|Ume E(N#gj ]’(5% ~ an, ‘¢initial)
Pre-Planckian

c?-m? 1 ¥ ) 1 ’
~—2220 Volume=| =% | | | ——— (15)
30h \/E # nboson = ngraviton

AE
Volume

Pre-Planck

h a\t &
(Pre-Planckian )—(Planckian ) AE|Planckian - E olanckian ' (Volume = (IPIanck ) ) - E lanckian
A convenient normalization would be to have
1

r-~ Rinitial - EgNg < IPlanck

& ng - IPlanck =1 (16)
1

& 1~ Ry ~ ;

If so then, Equation (14) would read as a causal formation transformation, we

would give as

1 |
initial ;ENQ < panck

& lyy ~ 1

r~R

=1
1
& 1~ Ry ~ ;
& h=c=1 (17)
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~ |:}/[At '(VOlume = (#] J(é‘gn - ariin '¢initial )]:l
Pre-Planck
m2.. N ’
_ _ graviton Volume E(lj ( 1
30 # nboson = ngraviton

1

(Pre-Planckian )—(Planckian) AE|Plamckian - E

Planc

AE
Volume

Pre-Planckian

Planckian
And then we would have the following equation if we make the following fur-

ther normalization, as to Planck Mass, and Graviton mass, namely Planck Mass

~2.17645e—5 grams, whereas M (graviton) ~2.1e—62 grams, i.e. If Planck Mass =
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1 in normalization, then Mass (graviton) is 10A-57 that of a Planck mass, with

Planck mass rescaled to 1 which affects our equations and their scaling.

AE 1)’
~ At-| Volume=| = | |-(8g, ~ &%, - @
Volume o pranck {/{ ( (#j ] ( o oo )J] pre-Planckian
10t # _1o (18)
2
30 (nboson = ngraviton) 30
1
(Pre-PIanckian)A(Planckian)g\ AE|PIanckian = A_t -~ O(l)
Planckian
Le. we would roughly have
10—114 1
30 (Pre-Planckian )—(Planckian ) E - 0(1) (19)
Planckian

This outlines the enormity of the change from Pre-Planckian to Planckian
physics. If this is true, it indicates the enormity of the Pre-Planckian to Planckian

transformation. If we assume that a2

~in remains invariant, it means that the con-

tribution of the inflaton becomes almost infinitely larger ie. a%, ~10™ in size.

So, if we have

10—114 #3 10—114
AE|F’re-F’Ianckian - 30 : > |~ 30 ~Vo (20)
(nboson = ngraviton)
114
and if AE|Pre olanckian So that we have
rancd 30
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Or more approximately as

-114 2 -114 8
{/10.&_1} {N.AHJ
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At-
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114 2 114 ¥
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& Ay 21072

This is on the order of the Cosmological constant, as computed by [12] and
Peskins, in [13] so that the Pre-Planckian Cosmological constant would have an
enormous value on par with the Quantum field theory estimate of the Plancks
constant, in Pre-Planckian space-time [12] [13].

This so happens to be consistent with Equation (5) of our document. It also
has some similarities with the ideas given in [14].

Finally this should be seen in the light of [15] [16] [17] that establish a non li-
near electrodynamic treatments of space-time as not bound by initial singulari-
ties, which the author views as credible alternatives to space-time singularities
and which lead to mathematical treatments as an alternative to [18] and the Pe-

nrose Singularity theorem.
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