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c© Società Italiana di Fisica / Springer-Verlag GmbH Germany, part of Springer Nature, 2019

Abstract. We consider further consequences of the recently (Eur. Phys. J. C 78, 632 (2018)) revealed
role of cosmological constant Λ as of a physical constant, along with the gravitational one to define the
gravity, i.e. the General Relativity and its low-energy limit. We now show how Λ-constant affects the basic
relations involving the Planck units and leads to emergence of a new dimensionless quantity (constant)
which can be given cosmological information content. Within Conformal Cyclic Cosmology, this approach
implies the possibility of rescaling of physical constants from one aeon to another; the rescaling has to
satisfy a condition involving Λ and admitting group symmetry. The emerged dimensionless information
constant enables to reduce the dynamics of the universe to an algorithm of discrete steps of information
increase.

1 Introduction

The cosmological constant as a universal constant was mentioned by Einstein [1,2] when he introduced it to describe
a static cosmological model but later abandoned it. In the recent study [3] we have shown that the cosmological
constant Λ does possess properties of a second physical constant, along with the gravitational one G, both for the
General Relativity and the Newtonian gravity as its low-energy limit. That follows from the Newton theorem on the
equivalency of gravity of a sphere and of a point-mass located in its center (see [4]), i.e. the motivation of emergence
of Λ is entirely different from that of the static universe. The Λ-constant was shown to be dimension-independent and
matter uncoupled and therefore even more universal than the gravitational constant [3]. That approach enables one
to describe the dark matter and the dark energy as possessing a common nature [5].

Here we discuss further consequences for Λ joining the set of fundamental constants G, c, �, the gravitational
(Newton) constant, speed of light and Planck constant, respectively; for detailed discussion of constants see [6].

The consideration of Λ together with the 3 constants affects the issue of Planck units. Planck [7] denoted the latter
as natural units since they “retain their meaning for all times and for all cultures, even extraterrestrial and non-human
ones”. We show that Λ together with the Planck units leads to emergence of a dimensionless constant, also relevant
for “all cultures”, which in cosmological context acts as scaling for information. Among the consequences is that, a
rescaling of values of the 3 fundamental physical constants will be allowed from one aeon to another aeon within the
Conformal Cyclic Cosmology (CCC) [8,9]; the rescaling satisfies a dimensionless relation and possess group symmetry.

2 The 4 units and information

The set of (3 + 1) constants and their units look as

[c] = LT−1, [G] = M−1L3T−2, [�] = ML2T−1, [Λ] = L−2, (1)
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where L, T and M stand for dimensionality of length, time and mass, respectively. The most general combinations of
these constants can be represented in the form

[cn1Λn2Gn3�
n4 ] = Ln1−2n2+3n3+2n4T−n1−2n3−n4M−n3+n4 . (2)

From here, two consequences follow readily.
First, for the set (G,Λ, c, �) the corresponding algebraic equation has no unique solution and hence no units can

be defined by these 4 constants, as distinct of the case of (G, c, �) leading to Planck units.
Second, the following dimensionless quantity (constant) does emerge:

I =
c3a

ΛaGa�a
, (3)

where a is a real number. In contrast, no dimensionless quantity was possible to construct from the 3-set (G, c, �).
This difference, as we show below, can have consequences for the CCC.

Note, that for a = 1 in (3) one has I ≃ 3.4×10121, which obviously reflects the renown cosmological constant value
problem.

The relation of the 4 constants in (3), except for a numerical factor, for a = 1 coincides with that of the information
(or entropy, with the Boltzmann constant) of de Sitter event horizon [10,11,8],

IdS = 3π
c3

ΛG�
. (4)

This relation emerges also from the Bekenstein Bound [12] written for the information in de Sitter space

IBB =
3πc3

ΛG� ln 2
. (5)

One may expect emergence in future of this same dimensionless relation of the 4 constants from other backgrounds or
motivations.

The coincidence of IdS and IBB , i.e., ∆IdS = 0, reflects that there is no information (entropy, thermodynamical)
time evolution in de Sitter manifold. In the next section we will study the possible link between this statment and
symmetries of manifolds with more details.

The importance of Newton theorem lies also on the fact that it enables one to generalize the “sphere-point”
equivalence idea to higher dimensions. In those cases, of course we have hyperspheres S

d−1, where d is the dimensionality
of space. Then, according to [3], for gravitational potential (d ≥ 3) we have

Φ(r) = −
GdM

rd−2
−

Λc2r2

2d
. (6)

As a consequence, the Newton gravitational constant becomes dimension-dependent and, for four constants, we have

[c] = LT−1, [Gd] = M−1LdT−2, [�] = ML2T−1, [Λ] = L−2. (7)

Then, the dimensionless quantity is obtained as

Id =
c3a

Ga
d�aΛa d−1

2

, a ∈ R, (8)

obviously, for d = 3 we recover eq. (3).
Since the information is related to the area of (d − 1)-dimensional hypersurface, the Bekenstein’s “elementary

particle” has an area

dπ
d

2
−1

Γ (d
2 + 1)

Gd�

c3
, (9)

and the evolution of the universe ends at de Sitter phase at corresponding maximum information

IdS =
c3

Gd�Λ
d−1

2

d
d−1

2 π bits. (10)
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Table 1. Non-relativistic background geometries.

Sign Geometry Symmetry group T (t) Relativistic limit

Λ > 0 Newton-Hooke NH+(4) = (O(3) × O(1, 1)) ⋉ R6 O(1, 1) de Sitter

Λ = 0 Galileo Gal(4) = (O(3) × R) ⋉ R6 R Minkowski

Λ < 0 Newton-Hooke NH−(4) = (O(3) × O(2)) ⋉ R6 O(2) Anti de Sitter

Table 2. Spatial geometries.

Space Symmetry group Curvature

Spherical: S
3 O(4) +

Euclidean: R
3 E(3) 0

Hyperbolic: H
3 O+(1, 3) −

3 Information, time evolution and Weyl principle

As shown above, upon introducing Λ as one of fundamental constants the notions of lp, mp and tp as ordinary natural
units, disappear. However, within Bekenstein’s “elementary particle” [10] approach, one can consider Planck units as
composing one bit of information. Namely, one bit of information is attributed to 4l2p, so that in expanding universe
upon the increase of the surface area more information is created. Creation of information continues until in de Sitter
(dS) phase IdS-th bit is created.

Thus the time evolution of the universe is reduced to discretized steps

T = {1, 2, 3, . . . , IdS} . (11)

Such description based on creation of information, naturally, imposes a temporal order. Note, that for de Sitter
(dS) universe where ∆IdS = 0, we have time-translational symmetry T (t) as the subgroup of isometry group O(1, 4).
Thus it seems that, there might be a link between the T (t) group and evolution of universe based on information.

In non-relativistic limit the geometry of universe is considered as Galilean spacetime, which has 10-parameter
symmetry group Gal(4), where time translations T (t) make a subgroup of Gal(4). This is also true at non-zero
cosmological constant case, where the symmetry groups are NH±(4) as shown in table 1. Meantime, for each case it
is easy to show that there are non-relativistic limits of following groups

O(1, 4) → (O(3) × O(1, 1)) ⋉ R6, O(2, 3) → (O(3) × O(2)) ⋉ R6, IO(1, 3) → (O(3) × R) ⋉ R6, (12)

where clearly there is again time-translational symmetry. This implies that it is not possible to fix a preferred direction
of time based only on symmetrical features of background geometries for both relativistic and non-relativistic ones.

At the same time, following [3], the sphere-point identity implies that, at each point of background geometry
(spatial), we have O(3) symmetry. As in all of these non-relativistic geometries the spatial algebra is Euclidean
E(3) = O(3) ⋉ R3, the Newton theorem is valid.

Thus, by considering Newton theorem and information theoretic evolution of universe simultaneously, it becomes
clear that although the geometry initially during the creation of information does not posses T (t) symmetry group,
O(3) is the stabilizer of the spatial geometry. All possible 3-geometries with O(3) as the stabilizer are listed in table 2.

In relativistic cosmology the background geometry, i.e. the Friedmann-Lematre-Robertson-Walker (FLRW) metric
is fixed by “Weyl principle” which assumes that at any moment of time the universe is homogeneous and isotropic

ds2 = c2dt2 − a(t)2dΣ2, (13)

where Σ is one of geometries listed in table 2. Within the approach presented above, “Weyl principle” becomes not
just a matter of simplification, but a condition to have gravity satisfying Newton theorem, on one side, and enabling
information theoretical consideration, on the other side.

4 CCC: rescaling of physical constants

The key elements of CCC are the second law of thermodynamics and the positive Λ [8]. That naturally implies the
involvement of physical constants and Planck units through the concepts of entropy and information. Namely, within
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CCC the initial point of each aeon corresponds to vanishing of Weyl tensor, C = 0, and then the evolution of each
aeon is completed by de Sitter expansion. The re-set of entropy at the conformal boundary of aeons is reached by the
loss of information in massive black holes situated in galactic centers and Hawking evaporation.

Since the expressions defined by 4 constants (3) are dimensionless numbers, they are transformed identically from
one aeon to another (regarding the information transfer to the next aeon see [13]), as invariants with respect to
conformal transformation

g̃µν = Ω2gµν . (14)

Namely, the ratio
QdS

Qp

= m

(

c3

�GΛ

)n

= mIn, m, n ∈ R, (15)

of all physical quantities {Q} in final (de Sitter) and initial (Planck) eras of an aeon will remain invariant under
conformal transformations.

However, the invariance of mIn does not imply the invariance of each of 4 constants involved. In other words, the
constants can be rescaled from one aeon to another

c → a1c, � → a2�, G → a3G, Λ → a4Λ, ai ∈ R
+, (16)

keeping satisfied the condition
a3
1

a2a3a4
= 1. (17)

From here we arrive at the conclusion that, the constants’ transformations in an aeon are invariant under the following
group:

S =

⎧

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎩

⎛

⎜

⎜

⎜

⎝

a11 0 0 0

0 a22 0 0

0 0 a33 0

0 0 0 a44

⎞

⎟

⎟

⎟

⎠

, det |S| = 1, a11 = a3
1, a22 = a−1

2 , a33 = a−1
3 , a44 = a−1

4

⎫

⎪

⎪

⎪

⎬

⎪

⎪

⎪

⎭

. (18)

This means that the subsequent aeons can possess rescaling of constants c, �, G, Λ and of Qi keeping invariant the
dynamics of an aeon.

Thus, the yet unknown “Master Equation” of the universe has to admit the S group’s symmetry.
Then, in view of the relation (15) we see that there is a noted difference between the role of Λ and of other

constants. In fact, since the Λ is absent in Planck era scales, by fixing Λ’s value, the values of physical quantities (up
to possible combination of other constants) QdS are fixed. This property is possessed only by Λ, since fixing any of
the rest three constants does not define either the initial or final stages of an aeon. If so, one can rewrite the group S
as follows:

S =

{(

q11 0

0 q22

)

, qii ∈ R
+, det |S| = 1

}

, (19)

where, in this case, q11 = a11a22a33 and q22 = a44.
Thus, the expansion of an aeon starts at positive Λ and upon fixing its value, the values of 3 physical constants

c,G and � are fixed according to formula (3), i.e. allowing several equivalent combinations satisfying the group S.
Note, a difference of the described information approach and the conventional one defining the dynamics of the

universe with Friedmannian equations. Those equations are solved numerically for given input parameters with proper
choice of time steps. Now, when Λ is considered a universal constant and the notion of natural units for time, length
and mass disappear, we come to a dimensionless information and the dynamics of the universe is reduced to discrete
steps {1, 2, 3, . . . , IdS}.

5 Conclusions

The cosmological constant Λ, which as shown in [3], acts as a physical constant defining the gravity, in combination
with other fundamental constants leads to the following principal conclusions:

a) the 4 constants no longer define a unique scaling for length, time and mass, as were the Planck units for the 3
physical constants;

b) a dimensionless quantity (constant) is emerging composed of 4 constants G, Λ, c, � of a transformation group
symmetry which was not possible with 3 constants G, c, �.
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Starting from 1970s the notion of information as of dimensionless quantity was attributed to event horizons [10,
11]. Now, as shown above, only together with Λ one can construct a natural dimensionless quantity, to which within
Bekenstein’s “elementary particle” approach one can attribute information content.

Thus, Λ as universal constant approach, enables one to consider dynamics of the universe as of (d+1)-dimensional
Lorentzian geometry satisfying the following conditions:

– Newton theorem ensures O(d) symmetry at each point of d-dimensional spatial geometry.

– The evolution intrinsically imposes “time ordering” as described by group theoretical analysis.

– Evolution can be reduced to discrete increase of (dimensionless) information.

– Bekenstein’s “elementary particle” corresponds to an area dπ
d

2
−1

Γ ( d

2
+1)

Gd�

c3 .

– Evolution tends to de Sitter phase with information c3

Gd�Λ
d−1

2

d
d−1

2 π bits.

The group properties of transformations involving the physical constants within the Conformal Cyclic Cosmology
imply that, at any positive value of Λ at initial state of each aeon the initial values of 3 physical constants will allow
rescaling satisfying the dimensionless constraint. The rescaling of 4 fundamental constants will admit the same global
cosmological dynamics but with rescaled internal physics. This opens an entire arena for modifications for physical
processes and configurations from one aeon to another, since the values of physical constants define such basic concepts
as e.g. the atomic physics, the Chandrasekhar limit, black hole collapse, etc.

The emergence of Λ as a physical constant in modified weak field limit of GR can be tested via gravity lensing
observations [14].
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