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Abstract

Qualitatively we assume that, at any stage of cosmic evolution, 1) Space-time curvature follows, GM; = R;c? where
M, and R; represent the cosmic mass and radius respectively. 2) Planck scale Hubble parameter plays a crucial
role in cosmic evolution. 3) Ratio of cosmic mass and volume is equal to the ordinary matter density. With further
research, a unified model of ‘quantum cosmology’ with evolving dark energy can be developed.

Proceeding further, we define the Planck scale Hubble parameter, Hy = \/é‘—; 2 1.854921 x 10*3 sec™! and ap-

ply it to cosmological data fitting and prediction in the form of ~; = [1 +In (%”t’)} where H; is the running

Hubble parameter. At any stage of cosmic evolution: 1) Ratio of ordinary matter density and critical density is,

2
(Qom); = (HQ/T‘) (1_&%). 2) Ratio of dark matter density and critical density is, (Q2par), = (HQ/W) (1_:%)

3) Ratio of dark energy density and critical energy density is, (Qpg), = 1 — [(Qom); + (2par),). 4) Ratio of

dark matter density and ordinary matter density is, Egg x ;t = (Hﬁ ) 5) Cosmic radius and (ordinary) mass
t

are: R, =, /(Q%]W)t (H%) and M, = , /(Q%]W)t (G(—;) respectively. 6) Thermal wavelength and temperature are :

(Amaz)s (1—%27\/%) Ry (Rt),, and T} = 2.808x102 Km 1ognectively where (Ry),; = 24/S2. 7) Observed anisotropy

(Amaz), pl —
in current CMBR temperature can be understood with the relational condition: ((QDM)
0

I

(Qon)g

) is greater than or
galazxy

1 B
less than <1+2ﬂ) . 8) For (z+1) < 1100, cosmic scale factor and age are: ( L ) ~ [exp (252)] "a T n

z+1 T
-3 ST -1 . -~ H 2 .
,/g—g and t ~ % ~ 271'1 ~ (H)"™H{-5) " respectively where H; = opnGr) ~ (L+2)" Ho. 9) Cosmic

. . . ~ 2
expansion velocity is, V; =,/ o), &
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Nomenclature

At any stage of cosmic evolution,
1. v+ = Newly defined number.
2. (Qom), = Ratio of ordinary matter density and critical density.

(Qpar), = Ratio of dark matter density and critical density.

=~ W

(QpEe), = Ratio of dark energy density and critical energy density.

5. Hy; = Hubble parameter, M; = Ordinary cosmic mass and R; = Cosmic radius.

2.898x10 3 K.m

Amaz)y

6. ()\mam)t = Cosmic thermal wavelength and T} = = Cosmic temperature.

L_ — Cosmic scale factor.

7. z = Cosmic redshift and a; = 17 =

8. Vi = Cosmic expansion velocity.
9. (dg), = Current galactic distance from the point of big bang.
10. (vg), = Current galactic receding speed from and about the point of big bang.
At Planck scale,
1. v = Defined Planck scale v = 1.
2. (Qp) = Defined Planck scale ratio of ordinary matter density and critical density = %
3. (Qpi) = Defined Planck scale ratio of dark matter density and critical density = %

4. (Qpg) = Defined Planck scale ratio of dark energy density and critical energy density = 0.

5. Hp; = Defined Planck scale Hubble parameter = \/é‘—;.

6. R, = Planck size = «/% and (Rt)pz = Planck scale cosmic radius = 2,/ S = 2R,

c3

7. My = Planck mass = \/% and (Mt)pl = Planck scale cosmic mass = 2\/% = 2M,,.

8. ()‘mar)pl = Planck scale cosmic thermal wavelength = (Rt)pz = 2R, and 1) = %‘W = Planck scale

cosmic temperature.

9. V,; = Planck scale cosmic expansion velocity.

1 Introduction

We would like to appeal that, both, general theory of relativity and quantum mechanics can be considered as
‘head’ and ‘tail’ of the “cosmic coin”. With current scientific understanding it is impossible to comment on the
pre-eminence of tail and head of the cosmic coin. It is also quite challenging to make comments on the pre-eminence
of massive cosmic space-time structure and the Newtonian gravitational constant. By considering the available
physical concepts one may be permitted to proceed for interrelating all of the above in a consistent manner with
possible physical logics and observations.

It may be noted that, in principle, cosmic ‘coin’ can be considered the central portion of cosmic ‘sphere’. With
reference to the available physical models of cosmology and available cosmological observational data, in this paper,
in a quantum gravitational (start-up) approach, we try to make a journey through the cosmic coin/sphere and try
to connect its two ends/poles by the help of Newtonian gravitational constant, Hubble parameter, reduced Planck’s
constant and speed of light with simple logics. In this context, we request the readers to recollect the incomplete
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status of current quantum cosmology [1].

Commenting on ‘content of the cosmic coin’ is another impossible thing. Apart from the well known ordinary visible
matter, many experiments and cosmological observations are on the way to explore the ‘actual’ physical identity
of ‘well fitted’ dark matter, “well hypothesized” dark energy and “well believed” vacuum energy’. Compared to
the ‘little’ identity of dark energy, from particle physics point of view and galactic structural formation point of
view, there exists strong identification support for the dark matter. Now, the situation is very challenging in
addressing the ‘identity’ and ‘role’ of dark energy. Whether it is the driving source of cosmic expansion or it is a
result of cosmic evolution, is still unclear. The effects of vacuum energy can be experimentally observed in various
phenomena like spontaneous emission, Casimir effect and Lamb shift. It is strongly believed that, vacuum energy
is an underlying background energy that exists in free space throughout the entire Universe[2]. Based on this idea,
it is also possible to imagine that, as the universe is evolving, decreasing matter density and increasing cosmic
volume, both, paves a way for increasing vacuum content. Thinking in this way, from the beginning of cosmic
evolution, dark energy can be identified with evolving vacuum energy.

In this context, with reference to the currently believed cosmic density break up and Planck scale critical density,
we proposed an empirical relation for understanding/predicting the quantitative percentages of past and future
cosmic density breakups. Proceeding further and by considering the proposed set of assumptions, we tried our level
best in fitting the current cosmological physical parameters. Further study, may help in understanding the actual
nature of ‘dark energy’.

1.1 Observable universe - a quantum gravitational object

Photons and black holes can be considered as the best candidates of quantum gravitational objects. It is true
that, without the existence of universe, there is no independent existence to any photon or any black hole. Now
the fundamental question to be answered is: Is our universe a quantum gravitational object or something else?
Physicists expressed several opinions with many possible solutions [1-5] and references therein. We could also
express different unified views in this direction [6-15] and readers are strongly encouraged to go through. In an
optimistic approach, some of the modern cosmologists believe that, during cosmic evolution, Planck scale quantum
gravitational interactions might have an observable effect on the current observable cosmological phenomena.
Clearly speaking, with respect to ‘Quantum gravity’ and Planck scale early universal laboratory, current universe
can be considered as a low energy scale laboratory. If one is willing to consider the current observable universe as a
low energy scale laboratory, currently believed cosmic microwave back ground temperature can be considered as the
low energy quantum gravitational effect. At any time in the past, i.e as the operating energy scale was assumed to be
increasing; past high cosmic back ground temperature can be considered as the high energy quantum gravitational
effect. Thinking in this way, starting from the Planck scale, ‘quantum cosmology’ can be considered as ‘scale
independent’. If one is willing to consider the observable evolving universe as an evolving quantum gravitational
object, there is a scope for initiating a toy model of quantum cosmology. To proceed further, we have chosen the
following two quantitative relations.

1. We define the Planck scale Hubble parameter, Hy, = \/é—; = 1.854921 x 10*3 sec™! and apply it to cosmo-

Hy
H,

logical data fitting in the form of, v, = {1 + In ( )] where H; is the running Hubble parameter.

2. According to G‘t Hooft, the combination of quantum mechanics and gravity requires the three dimensional
world to be an image of data that can be stored on a two dimensional projection much like a holographic image
[16,17]. The ‘holographic principle’ is a property of string theory and a supposed property of quantum gravity
that states that the description of a volume of space can be thought of as encoded on a lower-dimensional
boundary. Based on this concept, for the four dimensional space-time universe, its three dimensional increas-
ing volume can be set by Mach‘s principle, gf‘fg = 1. Clearly speaking, information of the evolving universe,

can be extracted from R, = €Yt With this proposal, at any stage of cosmic evolution, a closed and massive

universe can be defined. One can find interesting technical discussion on this assumption by D.W.Sciama,

R.H. Dicke, C. Brans and G. J. Whitrow [18-25].

Based on these quantitative relations, we re-view the phenomena of ‘inflation’ [26-28], ‘acceleration’ and ‘dark
energy’ [29-31]. We arranged our revised version in the following way. In section-2, we proposed our assumptions
connected with big bang and Planck scale. In section-3 we proposed many possible applications of the proposed
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new number v; pertaining to observational cosmology. In section-4 we presented our concluding remarks.

1.2

Important points pertaining to modern cosmological observations

Subject of cosmology is quite interesting, very complicated and quite controversial.

1.

In June 2015, three professors, J. T. Nielsen, Alberto Guffanti and Subir Sarkar of Niels Bohr International
Academy and Rudolf Peierls Centre for Theoretical Physics, using the JLA catalogue of 740 SN Ia processed
by the SALT2 method, come to a conclusion that [32], evidence for the currently believed cosmic accelera-
tion is only marginal and current universe seems to expand at a constant rate. This breakthrough work got
published in the prestigious Nature journal‘s ‘Scientific Reports’. In their words: “The ‘standard’ model
of cosmology is founded on the basis that the expansion rate of the universe is accelerating at
present - as was inferred originally from the Hubble diagram of Type Ia supernovae. There
exists now a much bigger database of supernovae so we can perform rigorous statistical tests
to check whether these ‘standardisable candles’ indeed indicate cosmic acceleration. Taking
account of the empirical procedure by which corrections are made to their absolute magni-
tudes to allow for the varying shape of the light curve and extinction by dust, we find, rather
surprisingly, that the data are still quite consistent with a constant rate of expansion.”

According to T. Padmanabhan [33]:“One natural - and in fact, inevitable - contribution to cosmological
constant arises from the energy density of quantum vacuum fluctuations. The trouble is, we do not know
how to compute the gravitational effects of quantum fluctuations of the vacuum from first principles. Naive
estimates suggests that this will give A (%) ~ 1 which misses the correct result by 120 orders of magnitude!
It is possible to get around this difficulty and get the correct value but only if we are prepared to make
some extra assumptions. The appearance of G and % together strongly suggests that the problem
of dark energy needs to be addressed by quantum gravity. None of the currently popular
models of quantum gravity has anything meaningful to say on this issue (let alone predict its
correct value). In fact, explaining the observed value of the dark energy is the acid test for
any quantum gravity model and all the models currently available flunk this test. There is no
doubt that, when we eventually figure this out, it will lead to as drastic a revolution in our
conceptual understanding as relativity and quantum theory did”.

3. According to Martin Bozowald[1]:

(a) “Quantum cosmology is based on the idea that quantum physics should apply to anything in nature,
including the whole universe. Quantum descriptions of all kinds of matter fields and their interactions
are well known and can easily be combined into one theory - leaving aside the more complicated question
of unification, which asks for a unique combination of all fields based on some fundamental principles
or symmetries. Nevertheless, quantizing the whole universe is far from being straightforward because,
according to general relativity, not just matter but also space and time are physical objects. They are
subject to dynamical laws and have excitations (gravitational waves) that interact with each other and
with matter. Quantum cosmology is therefore closely related to quantum gravity, the quantum theory
of the gravitational force and space-time. Since quantum gravity remains unfinished, the theoretical
basis of quantum cosmology is unclear. And to make things worse, there are several difficult conceptual
problems to be overcome”.

(b) “We remain far from a proper understanding of quantum cosmology, especially when
physics at the Planck scale is involved. At the same time, research on quantum cos-
mology has led to progress in our understanding of generally covariant quantum systems
and often showed unexpected effects of quantum space-time”.

2 Workable assumptions connected with Planck scale

With the following three simple and logical assumptions, most of the currently believed cosmological observations
can be reviewed and refined at fundamental level. Our proposed set of assumptions can be divided into ‘quantitative’
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and ‘qualitative’ assumptions. We appeal the readers to go through the rest of the paper and evaluate their novelty
with reference to:

1.
2.

2.1

Implementing Planck scale, Mach‘s principle and Holographic principle;
Developing a model of quantum cosmology;

Current cosmological data fitting and ability for extrapolation to past and future;
Compatibility with hot big bang model and dark matter;

Simplicity and ability for extension or modification;

Proposed set of qualitative assumptions

At any stage of cosmic evolution,

1.

2.2

Space-time curvature follows GM; = R,c?, where M, and R, represent the ordinary cosmic mass and radius
respectively.

Planck scale Hubble parameter plays a crucial role in cosmic evolution.

Ratio of cosmic mass and volume is equal to the ordinary matter density.

Our basic conceptual thoughts and numerical fits

. Hy,; being the Planck scale Hubble parameter, at any stage of cosmic evolution, let, v, = {1 +In (%":)} and

at the Planck scale, H,; = H; and vy, = 1.

H

. If magnitude of H,; is ~ 10?3, for the current case, we noticed that, o [1 +1n (H—"O’)} =~ 141.

Based on this observation, for various decreasing values of v; = {1 + In (Z‘;l )} in between 141 and 1, corre-

sponding cosmic Hubble parameters and cosmic temperatures can be estimated.

. With reference to current cosmological data,

2
(a) Both, ordinary matter density and dark matter density are approximately proportional to 7—10 (g’f&)

(b) Proportionality constant for current ordinary matter density seems to be (%)

2
(c) Proportionality constant for current dark matter density seems to be (%) .

2
(d) Current ordinary matter density seems to be approximately equal to (%) {% (25&)}

2 2
(e) Current dark matter density seems to be approximately equal to (H_;/%) {% (25&)}

(f) Ratio of current dark matter density and ordinary matter density is close to (%)

. Guessing that, vy, = 1, we noticed that, at the Planck scale, both, ordinary matter density and dark matter

density seem to be equal to Planck scale critical density. It seems to be violating the currently believed
Friedmann’s cosmic ‘density sum rule’.

2 2
. To sustain the density sum rule for 1 > < 141 , we consider [ﬁ (gf&)} in place of [i (gf&)} If one

vt
is willing to consider this adjustment, at the Planck scale, both, ordinary matter density and dark matter

density seem to be equal to % of the Planck scale critical density.
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7. For various increasing values of =; in between 1 and 141, it is noticed that, sum of ordinary matter density
and dark matter density seems to be gradually decreasing and is always less than unity. With reference to
cosmic ‘density sum rule’, one can identify [critical density-(ordinary matter density + dark matter density)]
with ‘dark energy’. Clearly speaking, during cosmic evolution, dark energy content attains increasing values
according to [critical density-(ordinary matter density + dark matter density)].

8. At the Planck scale,
(a) ypr =1 and (%) =58
(b) (Qom), = (owm), = 1 and (QpE), 0.

(c) Characteristic radius and ordinary mass are: (Ry), = 2 (ﬁ) and (My),, = 28~ 9 % = 2M,,

GHy
respectively.
(d) Characteristic thermal wavelength is,(Amaz),; = % ~9 (Hcp )
(e) Characteristic temperature is, T = W = [2.898 x 1073 K.m + %} =~ 8.967 x 103 K.
9. If one is willing to define My as the current cosmic ordinary mass and 2M, = 2 % as the Planck

scale cosmic mass, then (%) seems to be the ratio of current cosmic thermal wavelength (Apqz), and

\/(GMO) (G(iijzwpl)) = (Ry),;- Clearly speaking, (H%/%) = [2'898”073[('”’} - GV Mo (2M)

c? Tg c?

Alternatively, (Amaz)y = [2-898“0731(-7”} ~ [(QDM)O} G/ Mo(2Mp1) o (HE/'T") Gy MCO,EQM”)

Tg - (SZOJ\{)O c?

2.3 Proposed set of quantitative assumptions

Quantitatively, above set of qualitative assumptions can be fine-tuned with respect to current cosmological observa-
tional data and past and future cosmological predictions. In this paper, we choose the following set of assumptions.
With further study, quantitatively, these set of assumptions can be modified according to one‘s own choice and
selection.

1. Space-time curvature follows GM, = R,c?, where M, and R, represent the ordinary cosmic mass and radius
respectively.

2. Hubble parameter associated with Planck scale is, H,; = é—; = 1.854921 x 10%3 sec™!.

3. With reference to the Planck scale Hubble parameter, H,;:

(a) Tt is useful to define a number, ~; & {1 +1n (I;r;j )}

(b) Ratio of ordinary matter density to critical density is, (Qoar), = (ﬁ) (H_ﬁ)

2
(c) Ratio of dark matter density to critical density is, (Qpar), = (ﬁ) (Hﬁ)

(d) Ratio of dark matter density to ordinary matter density is (Qom), o~ (HQ/W )

> (Qowm), T
(e) Cosmic thermal wavelength is,

Amaz), & [2.898x10*3K.m} ~ |:(QDM)t:| G/ Mo(2Mp1)
mazx T (Qonm), c?

;=
~ (1 T\ GV M:(2Mp) ~, (1 p
:(-i-%/’T) . 1 :<+5/"7) Rt(Rt)pl-

C
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2.4 POSSIBLE implications of our proposed set of assumptions

1. About the equality of ‘cosmic mass density’ and ‘ordinary matter density’: It may be noted that, at

. . Cosmi 3H;
any stage of cosmic evolution, (((Jo:;?écvﬁz:)et)t = ( 4375\;[{?) = (Qom), ( .

3G
For various values of (Qoas);, it is possible to show that, R, =,/ (Qon) (H%)
t

) 2 Visible or ordinary matter density.

2. About the horizon problem: The ‘horizon problem‘ or ‘homogeneity problem’ is a problem with the
standard cosmological model of the hot Big Bang which was identified in the late 1960s, primarily by Charles
W. Misner. It points out that different regions of the universe have not ‘contacted’ each other because of the
great distances between them, but nevertheless they have the same temperature and other physical properties.
If one is willing to consider the concept of ‘matter causes the space-time to curve’, ‘horizon problem’ can
be understood. According to hot big bang model, during its evolution, as universe is expanding, thermal
radiation temperature decreases and matter content increases. As ordinary matter content increases, based
on Mach‘s principle, i.e. (with assumption 1), at any stage of evolution, it is possible to have an increasing
radius of curvature,R; = ch\z/lt. Clearly speaking, for the current case, as there exists no matter outside of

Ry = Gp]\fo, there is no scope for ‘causal disconnection’.

3. About the cosmological constant problem: With reference to assumption-2, ratio of Planck scale critical

2 2 2 2 2
density to current critical density is, (SH’”C ) = (SH”C ) = (ﬁ) & 6.686 x 10*?*. We wish to appeal that,

887G 887G H;
our assumption-2 can be considered as a characteristic tool for constructing a model of ‘quantum gravity’.

4. About cosmic inflation: Mainstream cosmologists believe that the superluminal expansion period of the
universe (called “cosmic inflation”) ended by 10732 seconds (a tiny fraction of a second) after the hot big bang
[19-21]. Since that time, they believe, expansion initially decelerated (from gravity) and then, after about
6 billion years, began very slowly to accelerate (from dark energy). Many cosmologists proposed different
starting mechanisms for initiating and fine tuning the believed ‘inflation’. In this context, we would like to

stress the fact that, with (Qoar), = (1+1~m) (1-5-27\/%) and Ry &2, /ﬁ (H%)), estimated current cosmic
0

radius is 92.826 billion light years or 28.474 giga parsec and is just twice of the modern estimate [34-37]!
Clearly speaking, considering our proposed assumptions, currently believed cosmic inflation can be reviewed
in a very simplified approach.

5. About CMBR anisotropy:Observed anisotropy in current CMBR temperature can be understood with

-1
(?oM)o) is greater than or less than (M) See subsection-3.3.
Qb)) galazy 2

the relational condition: (

6. About thermal radiation redshift; Redshift associated with thermal radiation can be understood with

the relation: (z + 1) & exp (27%) ~ % . See application-4 of subsection-3.4.

7. About the evolving vacuum energy: Based on the proposed set of assumptions and cosmic density
break up relations, currently believed dark energy can be identified with current vacuum energy and can be

expressed by the relation: (Qpg), (m) 2 (ﬁ)

8. About the (possible) current cosmic rotational kinetic energy: We would like to appeal that, rotation
is a natural phenomena for most of the sub-universal objects like galaxies, stars and planets etc [38]. In
the current gigantic universe, tracing the ‘point of big bang’ and tracing the ‘rotational axis’ are most
challenging tasks. First of all, one must believe in their existence. It needs strong theoretical support as
well as reliable observational support. Over the last sixty plus years, numerous rotating and expanding
general relativity-compatible cosmological models have been developed. An excellent review of this history
with possible observational support is provided in Yuri Obukhovs papers [39,40]. For knowing the current
status of cosmic rotation, interested readers may refer the works of L.M.Chechin [41]. With reference to

~Y 1 ~Y C ~ C2 ~ C3 M I
Q) = (H_l%> ( +;/AT°>, Ry = ,/ﬁ (H—O) and My = é%o = 1/% (CT{O) and by imagining the

numerical equality of current angular velocity and current Hubble parameter, it is possible to show that,
magnitude of current cosmic rotational kinetic energy (about the point of big bang) is equal to the magnitude
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of current dark energy. It may be an accidental coincidence also. Just we are trying to show one theoretical
possibility. Interested readers, may see subsection-3.8.

2.5 To choose the value of H,

As per the 2015 Planck data [30], the current value of the Hubble parameter is reported to be:
1. PlanckTT + low P : (67.31 £ 0.96) km/sec/Mpc.
2. PlanckTE + low P : (67.73 £ 0.92) km/sec/Mpc.
3. PlanckTT,TE,EE + low P : (67.77 = 0.66) km/sec/Mpc.

According to Adam G. Riess et al and advanced observational data[31], current best value of Hy 2 (73.24 + 1.74)
km/sec/Mpc. In this paper, we choose the lower limit, Hy = (73.24 — 1.74) = 71.5km/sec/Mpc = 2.349548 x
10~ 18sec™t .

Note: In the forgoing sections, we show a procedure for fitting the observed T with adopted Hy.

l

3 Various applications of ~;, = [1 +1In (HF’;)] in cosmology
3.1 Application-1: To estimate the current cosmic ordinary matter density, dark matter
density and dark energy density

Let, 70 = [1+n (7 ) | = 141.2213008.

Current ordinary matter density can be fitted by the following relation.

1 1+ 7%
Q = =~ (0.0452944 1
Qo) <1+70)( 5 ) (1)
With reference to the proposed assumptions, current dark matter density can be fitted by the following relation.
1 1+ 70\’
Q = =~ 0.291 2
(Qpar)g <1+%>( 5 ) 0.291779 (2)
Ratio of current dark matter density to ordinary matter density can be expressed by the following relation.
Q 1+
<(DM)0> o (\/%> >~ 6.441829 (3)
(Qom)y 2

With reference to the currently believed ‘flat model concepts’ and Friedmann’s cosmic ‘density sum rule’,

(QpE)y =1~ [(Qoam)y + (2pm),] )
=~ 1 —(0.0452944 + 0.291779)) = 1 — 0.337073 = 0.6629269

At any time in the past,
(Qpr); =1 - [(Qom); + (b)), (5)

Interesting point to be noted is that, at the Planck scale, (o), = (pamr),; = 1 and (Q2pE), = 0. See table 1

for the past, current and future cosmic density breakup. It may be noted that, for each assumed value of 4, there

exists a corresponding Hubble parameter with the relation, H; = %.
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Tab. 1: To understand the past, present and future cosmic density
breakup

v Hysee™d (Qowm), Qom), (Qom),+ Qom), (QpEr),

1.0 1.855E+43 0.5000 0.5000 1.0000  0.0000
6.0 1.250E+41 0.2464 0.4250 0.6714  0.3286
11.0 8.421E438 0.1799 0.3882 0.5681  0.4319
16.0 5.674E+36 0.1471 0.3676 0.5147  0.4853
21.0 3.823E+34  0.1269 0.3541 0.4810  0.5190
26.0 2.576E+32 0.1129 0.3444 0.4574  0.5426
31.0 1.736E+30 0.1026 0.3370 0.4396  0.5604
36.0 1.170E+28 0.0946 0.3311 0.4257  0.5743
41.0 7.880E+25 0.0881 0.3262 0.4144  0.5856
46.0 5.310E+23 0.0828 0.3222 0.4049  0.5951
51.0 3.578E+21 0.0783 0.3187 0.3970  0.6030
56.0 2.411E+19 0.0744 0.3156 0.3901  0.6099
61.0 1.624E417  0.0711 0.3130 0.3840  0.6160
66.0 1.094E415 0.0681 0.3106 0.3787  0.6213
71.0 7.374E+12 0.0655 0.3085 0.3740  0.6260
76.0 4.969E+10 0.0631 0.3066 0.3697  0.6303
81.0 3.348E+08 0.0610 0.3049 0.3659  0.6341
86.0 2.256E+06 0.0590 0.3033 0.3623  0.6377
91.0 1.520E404  0.0573 0.3018 0.3591  0.6409
96.0 1.024E+402 0.0557 0.3005 0.3562  0.6438
101.0  6.900E-01 0.0542 0.2993 0.3534  0.6466
106.0  4.649E-03 0.0528 0.2981 0.3509  0.6491
111.0  3.133E-05 0.0515 0.2970 0.3485  0.6515
116.0  2.111E-07 0.0503 0.2960 0.3463  0.6537
121.0  1.422E-09 0.0492 0.2951 0.3443  0.6557
126.0  9.583E-12 0.0481 0.2942 0.3423  0.6577
131.0 6.457E-14 0.0471 0.2934 0.3405  0.6595
136.0 4.351E-16 0.0462 0.2926 0.3388  0.6612
141.0  2.932E-18 0.0453 0.2918 0.3371  0.6629
146.0 1.975E-20 0.0445 0.2911 0.3356  0.6644

See the following figure-1. Bottom curve represents the track of (Qoar),, middle curve represent the track of

(2par), and top curve represents the track of (Qpg),.

t?



Toy model of quantum cosmology with evolving dark energy 10

0.70 Cosmic density breakup

0.65
0.60 /
0.55

0.50
0.45
0.40
0.35 Y

0.30

0.25

0.20 l \

0.15

0.10 l \
!

Density ratios

0.05
0.00

Fig. 1. Past, present and future cosmic density breakup

3.2 Application-2: To estimate the current cosmic radius and current cosmic mass
3.2.1 About the cosmic radius:

According to modern cosmological observations, the commoving distance from Earth to the edge of the observable
universe is about 14.26 Gpc (46.5 Gly = 4.40x10%% meters) in any direction [34-37]. The observable universe is
thus a sphere with a diameter of about 28.5 Gpc = 93 Gly = 8.80x10%¢ m). Readers are suggested to see the
valuable scientific information available in Wikipedia web site on ‘Observational cosmology’.

According to Mihran Vardanyan et al [36], “Bayesian model averaging is a procedure to obtain parameter
constraints that account for the uncertainty about the correct cosmological model. We use recent cosmological
observations and Bayesian model averaging to derive tight limits on the curvature parameter, as well as robust
lower bounds on the curvature radius of the Universe and its minimum size, while allowing for the possibility
of an evolving dark energy component. Because flat models are favored by Bayesian model selection, we find
that model-averaged constraints on the curvature and size of the Universe can be considerably stronger than non
model-averaged ones. For the most conservative prior choice (based on inflationary considerations), our procedure
improves on non model-averaged constraints on the curvature by a factor of 2. The curvature scale of the Universe
is conservatively constrained to be R.>42 Gpc (99 %), corresponding to a lower limit to the number of Hubble
spheres in the Universe NU >251 (99%)”.

With reference to our proposed assumptions, current cosmic radius (including observable and non-observable)

2
can be estimated in the following way. If it is assumed that, (fﬂ%@) = (Qowm), (%) and GM, = ¢*R, and for
t

various values of (Qoar), ,

1%

For the current case,

Il

2
Ro [ —2 (C) 2~ 8.479 x 10% 1m (7)
0
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From our estimate, current distance (observable and non-observable) about the point of big bang is 89.62 Gly=27.491
Gpc. Clearly speaking, current universe seems to constitute 293 Hubble spheres [37].This is really a very interesting
coincidence and needs further study at fundamental level. Our estimate seems to be just 2 times higher than the
modern estimation. With further research and analysis and by understanding the galactic red shifts, discrepancy
can be reviewed and resolved. Diameter of current (observable and non-observable) cosmic sphere about the point

of big bang is 179.24Gly/54.982Gpc. See table 2. For the Planck scale,

2 ¢\ c \ Gh
Boo =\ [ @onry <Hm) =2 (H> =a

3.2.2 About the ordinary cosmic mass:

1

With reference to the estimated cosmic radius, at any stage of cosmic evolution,

M, = R, ~ 2 ( c3 >
G (Qownr), \GH,
For the current case,
2Ry 2 ( 3 >
My = = >~ 1.14177 x 10°* k
LANE (Qon), \GH, g

For the Planck scale,

c? (Ry) 2¢3 he
M), , = LN > 9= ~2M
(Me) G GH,, G vl

Tab. 2: To fit the current cosmic radius

Estimating method Cosmic distance from and about the reference point

Modern estimate

(Observable) 46.5Gly/14.26Gpc (About Earth)

Our estimate

(Observable+Non-observable)  89.62 Gly=27.491 Gpc (About point of BigBang)

3.3 Application-3: Relation between cosmic thermal wavelength and ordinary cosmic

mass or cosmic radius

(8)

About thermal radiation wavelength:With reference to the observed isotropic temperature, it is very inter-

esting to note that,

(o > ( (G252 \/ (%) (55™)
N (1 + \/70> G\/m
B 2

- (1415) yam

o1 = 0.00106645 m

(12)



Toy model of quantum cosmology with evolving dark energy 12

e (2898 X 100K (2898 x 107 Km
0T (Amaz)o =~ \ 7 0.00106645 m

As per the 2015 Planck data [30], the current value of CMBR temperature is reported to be:

) ~ 271743 K (13)

1. PlanckTT + low P+ BAO : (2.722 £ 0.027)K
2. PlanckTT,TE,EE + low P + BAO : (2.718 £ 0.021)K.

With reference to Hawking’s black hole temperature formula [42], current cosmic temperature can be estimated by

the following relation:
T <(QOM)O) < 1 > hc?
* 7 \ Qb)) \ 496511423 ) kpG/M, (2M,,)

N (0.28483) hed
- \1+4+ 7/ kpG\/MyM,

1
To L+ L (Qonm)y \V Hy
It is also possible to co-relate the critical energy density and thermal energy density in the following way. At any
stage of cosmic evolution,

(14)

Based on this relation,

3H2 > Hy\1?
——t _~|1+In( =2 ~ 2
s oy | T\ T, v
1 1 1
H,y\172 /3H22\* _1 (3H22\*
To~ |1+In|=£ ¢ ~ 3 ¢
= ()] () o0 (S

~

Note: In our earlier publications [6-15], we proposed that, T; =

(16)

he’ ~ 3 :
— ¢ where M; & 55+ is the mass of
8mkp Gr/M; My t = 2GH;

universe.

3.3.1 To understand the current CMBR temperature anisotropy

Observed anisotropy in current CMBR temperature can be understood in the following way. For any galaxy,

L. (Tv) yaazy is on higher side, if

@ (25, 0> ()

() 1203 oJgutamy > [(F2) (5]

(©) [(2000)0] oty < [(”f“ ) (Hﬂo)}
2. (Tb) yutany i on lower side, if

@ (625,00, < ()]

1) 12030 gateny < [ (F5) (1257

(©) (@010l gtz > [(“2“% ) (@)}
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3.4 Application-4:To understand the CMBR redshift and scale factor

With the proposed 7 and ~; it is possible to fit the CMBR redshift z and scale factor {at = ﬁ} in the following

way. With reference to current phase and for the past cosmic evolution,

T _
Let, (z + 1) & ft ~exp <’yo 5 %> (17)
0

Based on this relation and for any value of z,

Ve =y — [2111(2’-1—1)]

Hy 2
H~—7 ~(41)72H
T eap(y— 1) ( )" Ho

O = (F552) \JRi (R 18)

7 o 2808 x 105 K.m
L ()‘maw)t

With reference to the currently believed CMBR redhift of 1090, obtained ~;, Hubble parameter and temperature
are: (1), 1000 = 127.23161, (Hy), 1090 = 2.7966 x 107 2sec™, (My),, 1990 = 9-32984 X 10*7 kg, (Mmaz) 11090 =
9.18832 x 10~ " m and (1}), 099 = 3154.0 K respectively. This fit or coincidence, directly and indirectly supports
the possible role of the proposed v term. In addition, relations (17) and (18) can be applied to the past cosmic
evolution also. We noticed that,

0 2 Hy

T; Yo — Mt H;

—1 )~In|— ) ~ ~1 —
n(z+1) H(T()) < 5 n’/HO

3.5 Application-5:To understand the redshift dependent cosmic age

T; — H

With reference to the currently believed CMBR radiation and its corresponding age of 3,80,000 years and by
considering the above relations (17) to (19), cosmic age can be understood by the following relation.

3
(1+2) 2 vVz+1 0.75 170.25\ — 1
o ~ 7, ~ (Ht Hy )

~ i E ~ i o Yo — Nt
o)V " \& P\ 2
Cosmic age corresponding to a temperature of 3154 K, CMBR redshift of 1090 and Hubble parameter of 2.7966 x
107*2sec™! can be estimated by the following relation.

v 1091
(Ht)z~1090

t, ~

(20)

t.~1090 = l 1 ~ 3,74,264 years (21)

For the current case, z = 0 and tg = (H%,) If one is willing to apply relation (19) to the Planck scale, redshift based

cosmic age seems to begin at around 9.037 x 1072 sec and its corresponding Hubble age is, Hzﬁl ~5.39 x 1074
sec. It needs further study. See the following figure 2 for the estimated redshift based cosmic age. In this figure
2, inner curve refers to the data taken from http://cosmocalc.icrar.org/ with Planckl5 survey within the range
z =0 to 1100. Outer curve is our approximate fit with the following relations.

Hy
&~ —2In(z+1 ,H%pandtz%(
%= i) H exp (v —1)

et (2)

H,
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15.0
14.0 —— Redshift Vs faY:{]
13.0

P.//cosmocaic.icrar.or; ocalc:icrar.o 81

_11.0 ur-fit-with relation (22)

w

510.0

> 9.0 //
§ 80

ZF 7.0 //
% 6.0

S 5.0

€ 4.0

8

S 30

ot
o

TTT TTITTTTI T T T T e T T T T T T T T T T T T T T T I T I TrTITTT TTTTTTTITTTITTITITITTITTTT TTTT1
O M I N OO NS MOWWOWUO O OO VN OST OO 0 I
SEATORAIMNIINNNAARARATNNO XX A QN
©Q 0 T O M VWO O MM MBMNL OO TONMMTANCSWSEO O
O AN AN N O O W w0 O M N = = -

0O NANN A
-

Redshift, Z=1100 = 0

Fig. 2. Redshift Vs. Cosmic age

3.6 Application-6: To interpret the cosmic expansion velocity

Based on the estimated cosmic matter density, it is possible to interpret the cosmic expansion velocity V; in the
following way.At any stage of cosmic evolution,

Vi 2 ~ 2 .
e \ (Qom), o= \/ (Qowm), (2)

For the current case,

2
Vool 2 o 6.645
c (Qom)g
(24)
2
S Vo2 | ———¢221.9921 x 10° m.sec™*
(Qonr)g
For the Planck scale,
Voo |2 o,
c (QOM)pl
(25)
2
— Vi & [ 2 5.99585 x 10® m.sec™ "
(QOM)pl

See the following figure 3 for the increasing cosmic expansion velocity.See table-3 for various estimated cosmic
physical parameters.
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Fig. 3. Increasing cosmic expansion velocity
Tab. 3: Estimated cosmic physical parameters
H, Ve Radius Mass Temperature Hubble age,H{1 Velocity
(1/sec)  (Number) (m) (kg) (K) (sec) (m/sec)
1.855E4+43 1.000e+00  3.232e-35  4.353e-08 8.965e+31 5.391e-44  5.996e+08
2.350E+42 3.066e+00  3.102e-34  4.178e-07 2.104e+31 4.256e-43  7.289e+08
2.350E+41 5.369e+00  3.536e-33  4.762e-06 5.168e+30 4.256e-42  8.308e+08
2.350E4+40 7.671e+00  3.870e-32  5.212e-05 1.374e+30 4.256e-41  9.094e+08
2.350E4+39 9.974e+00  4.146e-31  5.583e-04 3.807e+29 4.256e-40  9.741e+08
2.350E+38 1.228e+01  4.381e-30  5.900e-03 1.081e+29 4.256e-39  1.029e+09
2.350E+37 1.458e+01  4.589%e¢-29  6.180e-02 3.123e+28 4.256e-38 1.078e+09
2.350E+4+36  1.688e+01  4.774e-28  6.430e-01 9.132e+27 4.256e-37  1.122e+09
2.350E+35 1.918e+01  4.943e-27 6.657e+00 2.695e+27 4.256e-36  1.161e+09
2.350E+34 2.149e+01  5.098e¢-26  6.865e+01 8.011e+26 4.256e-35 1.198e+09
2.350E+33 2.379e+01  5.241e-25 7.058e+02 2.396e+26 4.256e-34  1.231e+09
2.350E+32 2.609e+01  5.374e-24 7.238e+03 7.199e+25 4.256e-33  1.263e+09
2.350E+31 2.839e+01  5.500e-23  7.406e+04 2.172e+25 4.256e-32  1.292e+09
2.350E4+30 3.070e+01  5.618e-22 7.565e+05 6.575e+24 4.256e-31  1.320e+09
2.350E4+29  3.300e+01  5.730e-21  7.716e+06 1.997e+24 4.256e-30  1.346e+09
2.350E+28 3.530e+01  5.836e-20 7.859e+07 6.079e+23 4.256e-29  1.371e+09
2.350E+27 3.760e+01  5.937e-19  7.995e+08 1.855e+23 4.256e-28  1.395e+09
2.350E+26  3.991e+01  6.034e-18 8.126e+09 5.671e+22 4.256e-27 1.418e+09
2.350E+4+25 4.221e+01  6.127e-17 8.251e+10 1.737e+22 4.256e-26  1.439¢+09

Continued on next page ‘
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H, Ve Radius Mass Temperature Hubble age, H, 1 Velocity

(1/sec) (Number) (m) (kg) (K) (sec) (m/sec)
2.350E+24 4.451e+01 6.216e-16  8.370e+11 5.329e+-21 4.256e-25  1.460e+09
2.350E+23 4.682e+01 6.301e-15 8.486e+12 1.637e+21 4.256e-24 1.481e+09
2.350E4+22 4.912e+01  6.384e-14 8.597e+13 5.038e+20 4.256e-23  1.500e+09
2.350E+21 5.142e+01 6.464e-13  8.705e+14 1.552e+20 4.256e-22  1.519e+09
2.350E+20 5.372e+01 6.541e-12  8.809e+15 4.785e+19 4.256e-21  1.537e+09
2.350E+19 5.603e+01 6.616e-11  8.909e-+16 1.477e+19 4.256e-20  1.554e+09
2.350E+18 5.833e+01  6.688e-10 9.007e+17 4.563e+18 4.256e-19  1.571e+09
2.350E+17 6.063e+01  6.759¢-09 9.102e+18 1.411e+18 4.256e-18  1.588e+09
2.350E+16  6.293e+01  6.827¢-08 9.194e+19 4.367e+17 4.256e-17  1.604e+09
2.350E+15  6.524e+01 6.894e-07  9.283e+20 1.353e+17 4.256e-16  1.620e+09
2.350E+14  6.754e+01 6.958e-06 9.371e+21 4.192e+16 4.256e-15  1.635e+09
2.350E+13  6.984e+01  7.022e-05 9.456e+22 1.300e+16 4.256e-14  1.650e+09
2.350E+12 7.214e+01  7.083e-04 9.539e+23 4.034e+15 4.256e-13  1.664e+09
2.350E+11  7.445e+01 7.144e-03 9.620e+24 1.253e+15 4.256e-12  1.678e+09
2.350E4+10 7.675e+01  7.202e-02  9.699e+25 3.891e+14 4.256e-11  1.692e+09
2.350E+09  7.905e+01 7.260e-01  9.777e+26 1.210e+14 4.256e-10  1.706e+09
2.350E+08 8.135e+01 7.316e+00 9.853e+27 3.761le+13 4.256e-09  1.719e+09
2.350E407 8.366e+01 7.371e+01 9.927e+28 1.170e+13 4.256e-08  1.732e+09
2.350E4+06 8.596e+01  7.425e¢+02 9.999e+29 3.642¢e+12 4.256e-07  1.745e+09
2.350E+05 8.826e+01 7.478e+03 1.007e+31 1.134e+12 4.256e-06 1.757e+09
2.350E+04 9.056e+01 7.530e+04 1.014e+32 3.532e+11 4.256e-05  1.769e+09
2.350E+03 9.287e+01 7.581e+05 1.021e+33 1.101e+11 4.256e-04 1.781e+09
2.350E402 9.517e+01 7.631le+06 1.028e+34 3.431e+10 4.256e-03  1.793e+09
2.350E4+01 9.747e+01 7.680e+07 1.034e+35 1.070e+10 4.256e-02  1.804e+09
2.350E4+00 9.977e+01 7.728e¢+08 1.041e+36 3.337e+09 4.256e-01  1.816e+09
2.350E-01 1.021e+02 7.775e4+09 1.047e+37 1.041e+09 4.256e+00 1.827e+09
2.350E-02 1.044e+02 7.822e+10 1.053e+38 3.249e+08 4.256e+01  1.838e+09
2.350E-03 1.067e+02 7.868e+11 1.060e+39 1.014e+08 4.256e+02 1.849e+09
2.350E-04 1.090e+02 7.913e+12 1.066e+40 3.168e+07 4.256e+03  1.859e+09
2.350E-05 1.113e+02 7.957e+13 1.072e+41 9.894e4-06 4.256e+04 1.870e+09
2.350E-06 1.136e+02 8.00le+14 1.077e+42 3.091e4-06 4.256e+05 1.880e+09
2.350E-07 1.159e+02 8.044e+15 1.083e+43 9.660e+-05 4.256e+06  1.890e+4-09
2.350E-08 1.182e+02 8.086e+16 1.089e+44 3.020e4-05 4.256e+07  1.900e+-09
2.350E-09 1.205e+02 8.128e+17 1.095e+45 9.440e+04 4.256e+08  1.910e+09
2.350E-10 1.228e¢+02 8.169e+18 1.100e+46 2.952e+04 4.256e+09  1.919e+09
2.350E-11 1.251e+02 8.210e+19 1.106e+47 9.233e+03 4.256e+10  1.929e+09
2.350E-12  1.274e+02 8.250e+20 1.111e+48 2.888e+-03 4.256e+11  1.938e+09
2.350E-13 1.297e+02 8.289e+21 1.116e+49 9.037e+402 4.256e+12  1.948e+09
2.350E-14  1.320e+02 8.328¢+22 1.122e+50 2.828e+02 4.256e+13  1.957e+09
2.350E-15 1.343e+02 8.366e+23 1.127e+51 8.852e+01 4.256e+14  1.966e+09
2.350E-16 1.366e+02 8.404e+24 1.132e+52 2.771e+01 4.256e+15 1.975e+09
2.350E-17 1.389e+02 8.442e+25 1.137e+53 8.677e+00 4.256e+16  1.983e+09
2.350E-18 1.412e+02 8.479e+26 1.142e+54 2.717e400 4.256e+17  1.992e4-09
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3.7 Application-7: To estimate the galactic receding speeds and galactic distances in the
current expanding universe

Based on relations (6) and (7), within the current radius of 89.62 Gly=27.491 Gpc, from and about the point of
big bang, galactic receding speeds can be approximated by the following relation.

(vg), = <(ng°> Vo = (%) 6.645¢ (26)

where (dy), is the current galactic distance from the point of big bang and (vy), is the current galactic receding
speed. Based on this relation, within the current radius of 92.826 Gly=28.474 Gpc, galactic distances corresponding
to assumed galactic receding speeds can be expressed in the following way. See table-4.

where 0 > (vg), < 6.645¢

1

From and about the point of big bang, by co-relating the ‘actual’ galactic distances and ‘actual’
galactic receding speeds with observed galactic red shifts, further research can be carried out.

Tab. 4: Galactic receding speeds and distances from and about the
point of big bang

Galactic receding speed  Galactic distance in meters, Giga Light years and Giga parsec

m/sec m Gly Gpc
0.1c 1.28%x10%° 1.35 0.41
0.2¢ 2.55%10%° 2.70 0.83
0.3c 3.83%x10%° 4.05 1.24
0.4c 5.10x10%° 5.39 1.65
0.5¢ 6.38x10%° 6.74 2.07
0.6¢ 7.66x10%° 8.09 2.48
0.7¢ 8.93x10%° 9.44 2.90
0.8¢c 1.02x 1026 10.79 3.31
0.9¢ 1.15x10%6 12.14  3.72
1.0c 1.28 %1026 1349 4.14
1.1c 1.40x1026 14.84  4.55
1.2¢ 1.53%x10%6 16.18 4.96
1.3c 1.66x10%6 17.53  5.38
1.4c 1.79x10%6 18.88 5.79
1.5¢ 1.91x10%6 20.23  6.21
1.6¢ 2.04x10%6 21.58 6.62
1.7¢ 2.17x10%6 22.93 7.03
1.8¢c 2.30x10%6 24.28 7.45
1.9¢c 2.42x10%6 25.63 7.86
2.0c 2.55%x1026 26.97 8.27

3.8 Application-8: To estimate the current cosmic rotational kinetic energy

For a moment if one is willing to assume that, at any stage of cosmic evolution, magnitude of angular velocity is
equal to the Hubble parameter, it is possible to show that, magnitude of current cosmic rotational kinetic energy
density is equal to the fitted current dark energy density. It can be understood in the following way. From classical
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mechanics, rotational kinetic energy of any spherical body is given by,
L. 5
Krop 2 51w (28)

where, I is the moment of inertia of the rotating body and w is the angular velocity. Based on this relation, current
cosmic rotational kinetic energy can be expressed by the following relation.

1
(Krot)() = §IOW8 (29)
As current ‘ordinary mass density’ is very small in magnitude, current observable universe can be considered as
a thin spherical shell and hence its corresponding current moment of inertia can be expressed by the following

relation.
L2

3

From the above two relations, current cosmic rotational kinetic energy can be expressed by the following simple
relation.

Iy MyR§ (30)

1
(Kot )y & gon}z%;wg ~ “MoR2HZ = 1.5105 x 10 J (31)

|:(Krot>0 - (47?3]%8)] - [0.68 (35552” ~0.98 (32)

2 2
where [0.68 (35705 )} is the currently believed dark energy density [30]. With reference to critical energy density,

current rotational kinetic energy density can be expressed by the following relation.

47TR3 M0w2 M0H2
Kpop)p + 0 )| 0 o 0 33
[( o ( 3 ﬂ 4nRy  47Ry (33)

With respect to Hubble parameter,

4TR3 wz (R HZ (R Hc?
+ = = = 4
[(K“’t)o ( 3 ﬂ 47Ry \ G 47Ry \ G 4nG (34)

Ratio of current cosmic rotational kinetic energy density and critical energy density is equal to % =~ (0.6667. It can
be expressed in the following way.

4R} 3H2c? Hc? 3HZc? 2
(Krot)() - ! - : = : - - =3 (35)
3 8rG i7G 81 3
If one is willing to consider this coincidence as ‘heuristic’, it is possible to say that, there exists

a characteristic relation between currently believed ‘dark energy’ and ‘estimated current cosmic
rotational kinetic energy’ and needs further study at fundamental level.

4 Discussion and conclusion

Points to be noted in this toy model are:
1. We have successfully implemented the Planck scale in current cosmological observations.
2. We have perfectly connected the current Hubble parameter and current cosmic temperature.

3. We have successfully implemented Mach‘s principle and Holographic principle in modern cosmological obser-
vations.

4. We have fitted current ordinary matter density and dark matter density with reference to current and Planck
scale Hubble parameters and by following the ‘density sum rule’, we have fitted the current dark energy
density.
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5. We have estimated current cosmic radius, ordinary mass, velocity and age with reference to the current
ordinary matter density.

Proceeding further, with the proposed set of assumptions,
1. Extrapolation to past and future is very easy.

2. With further study and observations, actual galactic distances, actual galactic receding speeds and observed
galactic redshifts can be studied in a unified approach.

3. With minor changes and with further study, a unified model of quantum cosmology can be developed.

In any model of cosmology, fundamental questions to be solved are: 1) Why do ‘dark matter’ and ‘ordinary matter’
have their measured values of ~ 33% of critical energy? 2) Why do ‘dark energy’ has its measured values of ~ 68%
of critical energy? 3) How to estimate their past and future magnitudes? These are the puzzling questions raised
by the Royal Swedish Academy of Sciences [29] in 2011. In the conclusion part, Royal Swedish Academy of Sciences
quoted like this: “The study of distant supernovae constitutes a crucial contribution to cosmology. Together with
galaxy clustering and the CMB anisotropy measurements, it allows precise determination of cosmological param-
eters. The observations present us with a challenge, however: What is the source of the dark energy that drives
the accelerating expansion of the Universe? Or is our understanding of gravity as described by general relativity
insufficient? Or was Einstein‘s “mistake” of introducing the cosmological constant one more stroke of his genius?
Many new experimental efforts are under-way to help shed light on these questions”.

In this context, we appeal that, our set of assumptions can be given some consideration and with further
research, their scope and workability can be scrutinized and validated.
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