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In an effort to investigate a possible relation between geometry and information, we establish a relation of the Ricci scalar in the
Robertson-Walker metric of the cosmological Friedmann model to the number of information 𝑁 and entropy 𝑆. This is with the
help of a previously derived result that relates the Hubble parameter to the number of information𝑁. We find that the Ricci scalar
has a dependence which is inversely proportional to the number of information 𝑁 and entropy 𝑆. Similarly, a nonzero number
of information would imply a finite Ricci scalar, and therefore space time will unfold. Finally, using the maximum number of
information existing in the universe, we obtain a numerical value for the Ricci scalar to be 𝑂(10−52)m−2.

1. Introduction

Any physical system can register information just because it
exists.Those systems that evolve dynamically in time not only
transform but also process the information. In relation to the
laws of physics, we say that these laws determine the amount
of information that a given system can register (i.e., number
of bits or nats) as well as the number of elementary logic
operations that the given system can perform (i.e., numbers
of operations). In his original paper, Landauer [1] made the
statement that information is physical, and then he went on
stating that: first, information is registered and processed by
physical systems, and second, all physical systems register and
process information. Physical systems can be described in
terms of information, but information processing is related
to the system description by physical laws.

In relation to the universe in a recent paper by Haranas
and Gkigkitzis [2, 3], the authors investigate the Bekenstein
[4] bound of information number 𝑁 and its relation to cos-
mological parameters in a universe with and without cosmo-
logical constant, and they also derive a relation that describes

the dependence of Hubble parameter on the amount of
information 𝑁. The authors derive that Hubble’s parameter
at any time 𝑡 in the history of the universe can be written in
the following way [3]:
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𝑐 is the speed of light, and𝑁 is the number of information in
nats. In this paper, is an effort to establish a possible relation
between geometry and information. For that, we start by
investigating the relation of the Ricci scalar derived from
a Robertson-Walker metric in the Friedmann cosmological
model to the number of information bit 𝑁. We also investi-
gate the relation of theRicci scalar to entropy 𝑆. Finally, we use
Landauer’s principle of information and derive various new
expressions for the Ricci scalar as a function of basic physical
parameters of the universe.
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2. The Robertson-Walker Metric and
the Ricci Scalar

In the context of general theory relativity, the standard Fried-
mann cosmological model can be described by the Robert-
son-Walker metric that has the following form [5]:
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where 𝑘 is a constant that can take the values of −1, 0, 1 giving
three different kinds of spatial metric and 𝑅(𝑡) is the scale
factor of the universe. In order to establish a relation between
geometry of the universe and number of information in nats,
let us look at the Ricci scalarR resulting from (2) which can
be written as in [5, 6]:

R = 𝑔
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The scalar curvature is usually denoted byR. It is defined as
the trace of the Ricci curvature tensor with respect to themet-
ric. Defining the Hubble constant 𝐻(𝑡) = �̇�(𝑡)/𝑅(𝑡) and the
deceleration parameter 𝑞(𝑡) = −�̈�(𝑡)𝑅(𝑡)/�̇�2(𝑡) [5] we obtain
that−�̈�/𝑅 = 𝑞(𝑡)𝐻2(𝑡), also using relation−𝑘𝑐2/𝐻2𝑅2 = 1−Ω
[7], and (3) for the Ricci scalar can be written in the following
way:

R =
6𝐻
2

𝑐2
(𝑞 (𝑡) − Ω (𝑡)) , (4)

where Ω is the density parameter of the universe, and decel-
eration parameters can be in general functions of time 𝑡. Ω
is defined as the ratio of the actual (or observed) density 𝜌 to
the critical density 𝜌

𝑐

of the Friedmann universe.The relation
between the actual density and the critical density determines
the overall geometry of the universe.

3. Ricci Scalar and Its Relation to
Entropy and the Number of Information
in a Flat Universe

In order to investigate the relation of the Ricci scalar to
entropy and number of information 𝑁, we substitute (1) in
(3), and we obtain that
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where ℓ
𝑃

is the Planck length. Using the equation for the
entropy given in Haranas and Gkigkitzis [3], namely
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ln 2, (6)

where 𝑁 is the number of information in nats and 𝑘
𝐵

is the
Boltzmann constant we obtain that:
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Therefore we find that the Ricci scalar is inversely propor-
tional to the number of information𝑁 or the entropy 𝑆, that
is,R ∝ 1/𝑁 ∝ 1/𝑆. Furthermore, 𝑞 = Ω((1 + 3𝑤)/2), Kolb
andTurner [8] an therefore theRicci scalar can be alsowritten
as:
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where𝑤 = 𝑝/𝜌 is the equation of the state of a perfect fluid, 𝑝
is the pressure, and 𝜌 is the energy density. Similarly (7) can
be written in the following way:
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Next using (11) and the fact that Ω = 𝜌/𝜌
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which is also equal to Ω = 8𝜋𝐺𝜌 ln 2ℓ2
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2, after sub-

stituting in (11), we obtain that the Ricci scalar becomes equal
to
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an expression that has units of m−2 and is independent of any
of the four coordinates.

4. Discussion and Numerical Results

We examine the scalar curvature that constitutes a contrac-
tion of the Ricci tensor. Its meaning is very similar to the
Gaussian curvature, and it tells how a surface area of a
generalized sphere in curved space differs from the surface of
a sphere in flat space. From (5), (7), and (9), we find that the
Ricci scalar has an inversely proportional relation to number
of information 𝑁 and entropy 𝑆. Thus we find that infor-
mation and entropy can shape the universe geometry, by
affecting its Ricci scalar. To use another interpretation we say
that the Ricci scalar constitutes an information or entropy
repository. Zero number of information would imply an infi-
nite Ricci scalar. Therefore a nonzero number of information
would imply a finite Ricci scalar, and therefore space time
will unfold. Furthermore, the value of Ricci scalar linearly
depends on the density parameter Ω, and the 𝑤 is the equa-
tion of the state of a perfect fluid. The dependence of Ricci
scalar on theΩ and𝑤will be examined in detail in a follow-up
paper. In this letter we are mainly interested in establishing a
relation between the Ricci scalar and the information number
𝑁 as well as entropy 𝑆. As a result of Landauer’s information
principle, in their recent paper, Faus and Fullana i Alfonso [9]
postulate that “all physical systems ofmass𝑀 and energy𝑀𝑐2
are equivalent to an amount of information in number of bits”
of the order of

𝑁 =
𝑀𝑐
2

ℏ𝐻
, (11)

where𝑀 is the mass of the system, 𝑐 is the speed of light, ℏ
is Planck’s constant, and𝐻 is the Hubble constant. Assuming
the universe to be the system of mass𝑀 = 𝑀

𝑈

and using (5),
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we find that the Ricci scalar can be written in the following
way:
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where 𝐸gr ≅ ℏ𝐻 is the gravitational energy [9] and 𝐸rel is the
relativistic energy corresponding to the mass𝑀

𝑈

. This is an
expression for the Ricci scalar that depends on the ratio of the
gravitational energy of the universe over its relativistic energy.
Eliminating the mass of the universe using (15) in Haranas
and Gkigkitzis [2] and also using the fact that 𝑡2

𝑃

= 𝐺ℏ/𝑐
5, we

obtain an expression of the Ricci scalar in terms of fundamen-
tal parameters of physics to be
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Eliminating the mass of the universe using (15) as in [2, 3],
namely
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we further obtain that
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With reference to Islam [5]we canwrite that the cosmological
constant lambda is equal to

|Λ| = 21
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And therefore (15) can be written as

R =
126𝜋

ln 2
(𝑞 − Ω) |Λ| . (17)

Using (5) and the number of maximum number of informa-
tion in the universe as it is given in Haranas and Gkigkitzis
[3], namely, 𝑁 = 4.661 × 10

122 nats, we obtain the following
value for the Ricci scalar:

R = 2.234 × 10
−52

(𝑞 − Ω) m−2. (18)

Furthermore, using that the cosmological constant lambda is
given by Λ = 1.117 × 10−52m−2 [10], (18) can be written as

R = 2Λ (𝑞 − Ω) . (19)

This is a very small number that for any practical purpose can
be taken to be approximately equal to zero.

5. Conclusions

In an effort to investigate the relation of the geometry of
the universe to information, we have examined the Ricci
scalar in the standard Robertson-Walker metric. Using a pre-
viously derived expression that relates the Hubble constant to

the number of information 𝑁, we have expressed the Ricci
scalar as a function of the number of information 𝑁. Next,
using the relation that relates the entropy 𝑆 to the number of
information, we have expressed the Ricci scalar in terms of
the entropy 𝑆. Thus we find that information and entropy can
shape the universe’s geometry by affecting its Ricci scalar.The
Ricci scalar scales in an inverse relation in both entropy and
number of information and depend linearly on the difference
of the deceleration and density parameters. Using a gener-
alized expression for the number of information, we obtain
alternative expressions for the Ricci scalar in terms of funda-
mental parameters of physics. Finally, we numerically evalu-
ate the numerical value of the Ricci scalar for the maximum
number of information𝑁 that exists in the universe.
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