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Abstract

The Machs principle as unveiled in this paper is really a statement as
to information conservation, with Gravitons and Gravitinos being
information carriers. What we wish to know is are there measurable
consequences as far as scale factor evolution, spatial distance
expansion and cosmological density proportional to a quinessent
variant of the cosmological ‘constant’ parameter ? We furthermore
postulate a connection between the quinessent variant, and DM and its

relationship to DE using Sundrum’s model of DE as an example.



1. Introduction
We first of all review an earlier proposed Machs principle for the Gravitinos
in the electro weak era, and then the 2" modern day Mach’s principle, as
organized by the author are as seen in [1]. This construction was used in an
earlier article to argue in favor of a constant value of h bar, i.e. Planck’s
constant. For the sake of review, we will state that the values in
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are really a statement of information conservationl.ethe amount of
information stored in the left hand side of (1) is the same as the information as
in the right hand side of (1) above Here, M as in the electro weak era refers to
M = N times m, where M is the total * mass’ of the gravitinos, N the number
of Gravitinos, and R for the electro weak as an infinitely small spatial
radiusWhere as the Right hand side is for M for gravitons (not super partner
objects) = N as the (number of gravitons) and m ( the ulltra low mass of the
graviton) in the right hand side of (1) This should be compared with a change
in entropy formula given by Lee [2] about the inter relationship between
energy, entropy and temperature as given by
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If the mass m, i.efor gravitons is set by acceleration (of the net universe)

and a change in enthropy AS ~10% between the electroweak regime and the
2

final entropy value of, if a= Z—for acceleration is used, so then we obtain
X

SToday - 1088 (3)
Then we are really forced to look at (1) as a paring between gravitons

(today) and gravitinos (electro weak) in the sense of preservation of
information.

m-c?=AE=T,-AS = AS (2)

Having said this, the next step will be to see if this pairing of information
as to earlier era, and today, as the present era, also influences quintessence,
i.e. the idea that there could be a variation of background cosmological



energy, which may be one of the drivers of the speed up of expansion of the

universe as of a billion years ago. We will next start to look at a construction

offered by Mitra [3] as to the Roberson Friedman Lematrie Walker universe
which may tell us about the quinessence behavior of the vacuum energy.

2. Examination of Mitra’s[3] formation of mass, energy and its
possible effects on the cosmological ‘contant’ vacuum energy.

The prior result[1] was to state that Avession’s [4] time varing h(t)in fact

is a constant value, with no variation as due to alleged behavior represented
by Mach’s principle as represented by (1) above. What will be done next will
be to look at the role of energy of the universe, and what it says about
quintessence. The construction comes from Mistra[3] and is adapted to what
Beckwith did with the Machian universe relations [1] as given in (1) to (3)
above.

Mistra [3] in Lieu of working with a FRLW universe, wrote

E:M(r,t):%r-R?’p.

R=a(t)-r(t) (4)
E =—£+l-(a.r+rﬂa)2
a-r 2

The density factor so parlayed in this treatment in the 1% equation in
(4) was cited to have the relationship

p.-a(t)=const (5)
And
a(t) =a,exp(H -t)
r(t)=r,exp(4-1t) (6)
A
P.= g

In addition is the a = H -a associated with the Hubble parameter and all that
This leads to the energy value of the last equation of (4) to be written as

(a.r)3_%.(a.r)_L2:O
(B+H) (f+H)

Using a typical cubic solution for real valued roots, this comes out to be

If we say that E=M, in the sense of the speed of light being set =1, then
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(a-r)~ {L} +H.OT. (8)

(B+H)
This M though is for the total mass of the universe. But still we have
a(t) o 2™ L exp(H -t) = p, o A ~ exp(—H -1) )

In so many words, the parameter for quintessence goes to almost zero
today, i.e.

A ~exp(-H -t) ———0" (10)
Question to ask is as follows. I.e. look at
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Can we in any sense scale the value of mass, as given in the left hand side
of (11) with what is seen in (1)? Arguments on this issue will be presented
next. The general scaling we will be remarking upon goes as follows.

~ (Bl +Hla) (8l Tl )
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3. Dynamical scaling of (12) with quintessene issues

We can now look at (12) and try to make sense out of the value of (9) and
(10) . The main thing to keep in mind

p = A~exp(-H 1) (13)
87
So that
A
Pelrogay ™ 83” exp(—Hyg, .t|TO day) & Arogay = Aew EXP(—Hpgy .t|TO ) (14)

l.e. the Hubble parameter would be fixed as of the value it had in the
electro weak, as extremely large, whereas the time would be 13.6 billion years



after the big bang.

This value of scaling of the cosmological parameter associated with
vacuum energy is tied in, directly, with (12) which is a by product of (1).

The fact that the value of A,y ~ Ag, eXp(—Hg, -t|Today) is so small

compared to A, is in part due to the same sort of scaling where the value of

the Graviton mass is so much smaller than the value of the Gravitino.
I.e. the mass of the Gravitino in the electro weak era is such that by (1)

38
Melectro—weak = Nelectro—weak ’ m3/2 = Nelectro—weak Xlo ’ mgraviton (15)
88
= Ntoday ’ mgraviton ~10™- mgraviton
Then the electro weak regime would have
50
Nelectro—weak ~10 (16)

Using quantum infinite stastics [ 5], [ 6 ], [7] , this is a way of fixing the
early electro weak entropy as ~10%vs10®today. The drop off of the vacuum
energy as given by A Agy exp(-Hg, t| ) IS at least 10"* the value

of Ay

Today -

l.e. the Machian relationship which is specifying gravitinos as 10%* or
greater in mass than the present day ‘massive’ graviton would specify a

decrease in the value of A, 107 —10"* or more to the tiny present A, .

Main point, Quintessence is linked via a Machian relationship between
the mass of a Gravitino, electro weak era, with the mass of a present day tiny
mass graviton. This is a by product of (12) above. It independently re enforces
what Beckwith came up in the Journal of cosmology[8] about gravitions and
their contribution to the speeding up of acceleration of the universe a billion
years ago, which is in part related to the problem of quinessence.

4. Conclusion, what to do next, i.e. application of FJORTOFT’S
THEOREM and its implications as to A, , and initial Hubbles

parameter values when the initial time step is indeterminate in
cosmological evolution.

Note that in terms of the Hubble parameter,



H==.22 (17)

The scale factor of expansion of the universe so brought up, a, which is 1
in the present era, and infinitesimal in the actual beginning of space time

expansion, is such that 3—?gets smaller when aincreases, leading to the rate

of expansion slowing . This is well defined in the later part of evolution, but it
does not get about the fact in the beginning that the g,, metric initially if

pressure equals the negative of density is not well defined. As stated in [3]

10
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st.| g, =exp 2 >0
L1 Yoo 1+(p(t)/ p(t)) p+p=0

The initial starting point for the Hubble parameter is going to have a time
step pretty much arbitrarily put in, and that will lead to [3]

(18)

M =47zpR’R (19)

If E is equal to M, due to setting the speed of light equal to 1, then this
means that the initial energy will be related to a change in the amount of
energy put inside the system. It seems reasonable to do, however, if the initial
time parameter g, is unidefined that the first iteration of (19) is not due to

instability, i.e. the non application of Fjororotofs theorem indicates that matter
is injected into the present universe possibly from a larger meta structure,

Fjortoft theorem:
A necessary condition for instability is that if z, is a point in spacetime

2

for which (jj lﬁ =0 for any given potential U , then there must be some value
z

z, inthe range z, <z, <z, such that

C;Zf U (z,)-U(z.)] <0 (20)
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For the proof, see [8] and also consider that the main discussion is to find
instability in a physical system which will be described by a given potential
U . Next, we will construct in the boundary of the EW era, a way to come up
with an optimal description for U

Note that [8]’s situation is way before the re accleration of the universe,
as given in [9]

To do this, we will look at T. Padamanabhan [10] and his construction of
in Dice 2010 of thermodynamic potentials he used to have another
construction of the Einstein GR equations. To start, T. Padamanabhan [10]
wrote

If P2 is a so called Lovelock entropy tensor, and T, a stress energy
tensor

Un*) =—4-PaV 'V + T n + A(X) 9" n°

=U ity 7") +U e (7°) + A(X) oo™ 17" (21)
S U e 1) =T 17" 3 i (7°) = =4- PRV 17°V 1"

We now will look at

U ater 1) = Toot2*1° (22)
U grauiy (7%) ==4- PRV 11"V o 11°

So happens that in terms of looking at the partial derivative of the top
(21) equation, we are looking at

o°U

o(n°)

Thus, we then will be looking at if there is a specified #? for which the
following holds.

=Ta +4(X) 0.4 (23)
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What this is saying is that there is no unique point, using this »? for which
(24) holds. Therefore, we say there is no official point of instability of
n? due to (23). The Lagrangian structure of what can be built up by the

potentials given in (23) with respect to »2 mean that we cannot expect an

inflection point with respect to a 2™ derivative of a potential system. Such an
inflection point designating a speed up of acceleration due to DE exists a
billion years ago [3]. Also note that the reason for the failure for (23) to be
congruent to (20) is due to

2
0 l: > =T, +4(X)09,, |#0, forvnichoices (25)
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The upshot is that the energy / matter expression has to be injected from a
prior universe. This is in tandem with re interpreting the expression [3]

pdVv
1—kr?

dM + =0 (26)

The interpretation of (26) in [3] was given as to p=0 and its implications as to
the big bang. We will consider a different prospectus, i.e. that trivially, when
we have k=0, that the above will give the expected density related to the mass
relationship, but that at that point of configuration , one has a collapse of the
time step, as seen in (27) below. l.e.

If

p=-p

27
Yoo —5——0 @)

It will mean a very different prospectus as far as identifying, i.e. Aew and
where it came from. We hope that the research protocols are up to making this
determination.



4a. Tie into DM identification, via Gravitinos before Gravitons and
DE

The following table is illustrative of different mass values and will be
used to conclude this presentation [11]

Table 1, mass of different particles and cosmological parameters (rounded off)

M pranck Mrey ~ Moy ~Maraiine | Moe M graviton
10%kg ~10"°TeV | 10**kg 10" M oM 10%kg
~10"* M Graviton ~10%kg |~ 10 eV
~10%eV ~10*eV

The mass of a gravitino is ~10" Mg, Whereas the M is about
10**M,,, . The masses alone argue as to a coherent bunching of

gravitons to represent DE, in line with string theory, but the real
action will be to perhaps link A, in its initial configuration with

a) DM initial creation, at / about the electro-weak regime, b)
possibly by Machian physics make an inter relationship between
DM and DE as through the rise of A., as outlined above. The

more general situation may arise due to a Casmir type force
between the IR and UV Randal-Sundrum model branes with the
DE transmitted to our present universe. Partly because Casimir
energy = vacuum energy, which may be the easiest way to
generate dark energy.



Visible brane

kh"ﬂr{p‘[ .

Hidden brane

The TeV scale can be naturally generated from

the Planck scale.

This can be generalized to a casmir effect via the following example

10



A simple example

* The Casimir energy density / N /

between two parallel plates in Y

(3+1) flat spacetime arising / .'\.\ “‘\\
from a photon is:

_i’in:s'r2 1

£ — ) J :
720 a - I"!-\ Y
b her” 1 N \ o \
= — —4 . : - \ b
240 a Casimir/t’ ~ \

lates Vacuum
P fluctuations

¥ Photon is just the light!

Acknowledgements
This work is supported in part by National Nature Science Foundation of
China grant No110752

References

[1].A.W. Beckwith, “Is Quantum Mechanics Involved at the Start of
Cosmological Evolution? Does a Machian Relationship Between Gravitons
and Gravitinos Answer This Question? ”, http://vixra.org/abs/1206.0023

[2] Jae-Weon Lee, “On the Origin of Entropic Gravity and Inertia”,
http://arxiv.org/abs/1003.4464;

Foundations of physics, Volume 42, 2012

[3] Abhas Mitra, “Why the Big Bang Model Cannot Describe the Observed
Universe having Pressure and Radiation” Journal of Modern Physics
2011,2,1436-1442 ( published online December 2011)

[4] A.K.Avessian, “Plancks constant evolution as a cosmological evolution
test for the early universe”, .Gravitation and Cosmology, 2009, Vol 15,
number 1, pp 10-12

11



[5] Y.J. Ng, Entropy 10(4), pp441-461 (2008); Y.J. Ng and H. van Dam,
FoundPhys30, pp795-805 (2000);

[6] Y.J. Ng and H. van Dam, Phys. Lett. B477, pp429-435 (2000);

[7] Y.J. Ng, “Quantum Foam and Dark Energy”, in the conference
International work shop on the Dark Side of the Universe,
http://ctp.bue.edu.eg/workshops/Talks/Monday/QuntumFoamAndDarkEnergy
.pdf

[8] A. Beckwith, “Identifying a Kaluza Klein Treatment of a Graviton
Permitting a deceleration parameter Q (Z) as an Alternative to Standard DE”,
Journal of Cosmology, 2011, Vol. 13
http://journalofcosmology.com/BeckwithGraviton.pdf

[9] J. Pringle and A. King; Astrophysical Flows, Cambridge University Press,
New York, 2007

[10] Thanu Padmanabhan 2011 J. Phys.: Conf. Ser. 306 01200;”Lessons from
Classical Gravity about the Quantum structure of space-time”, DICE 2010,
editor T. Elze, http://iopscience.iop.org/1742-6596/306/1/012001

[11]
S-H. Shao, P. Chen, J-A. Gu, arXiv:0910.3150, Physical Review D (accession code:
DN10774, to be published)

12



