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Abstract

We made a dimensional analysis of Einstein’s fields equations in
vacuum. To obtain an homogeneous equation we had to take the cos-
mological constant as the inverse of the square of a length,and immerse
our three dimensional curved universe in a four dimensional space. Time
is taken as an extra parameter which results to be linked to the fourth
dimension of the space in which our universe is embedded. The con-
clusion is that dark energy in vacuum is linked to dark matter. The
same dimensional analysis links matter (or mass) to time and to one
dimension in our universe. This may help to find the Higgs boson.
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1 Introduction

The question of what is dark matter and dark energy still remains. Here we

made a dimensional analysis of Einstein’s fields equations to partly answer this

question. Moreover, the question of what is mass is related to dark matter,

our dimensional analysis shows also this.

In order to make this dimensional analysis, our three dimensional curved

universe was embedded in a four dimensional space which curvature is not

known but which has four dimensions of space. Time is taken as an extra

dimension. This is always possible on a geometrical point of view.
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2 Theory

Let us consider our three dimensional curved universe embedded in a four

dimensional space. The time t may be considered as a parameter. We will

focus here on a vacuum dominated universe at a time t fixed.

The Einstein fields’ equations write down:

Rμν − 1

2
Rgμν + Λgμν = 8πGTμν (1)

where Rμν is the Ricci curvature tensor, R is the scalar curvature, gμν is the

metric tensor, Λ is the cosmological constant, G is the gravitational constant

and Tμν is the energy momentum stress tensor.

We make here a dimensional analysis, i.e. we express all tensors an as a

function of mass (M), length (L) and time (T ). This dimensional analysis

does not depend on the system of coordinates neither on the metric tensor as

this last has no dimension (we cannot express it in terms of M, L or T ).

As our three dimensional space is embedded in a four dimensional space

with 4 space coordinates, the left hand side of equation (1) may be written in

a dimensional analysis:
1

L2
(2)

where L is one of the four space dimensions. This is consistent with the

cosmological constant being the inverse of a length [1]. Indeed, the scalar

curvature has a dimension of the inverse of the square of a length and is the

trace of the Ricci curvature tensor. Therefore, the Ricci curvature tensor and

the scalar curvature have the same dimension as the cosmological constant

( 1
L2 ). This is consistent with the homogeneity of the left hand side of equation

(1).

Now let us analyze the right hand side of equation (1). G, the gravitational

constant has dimensions of m3kg−1s−2 in the MKS system, so the dimensional

analysis of G gives:

L3M−1T−2 (3)

By Lorentz invariance and in vacuum the energy momentum stress tensor

writes [1]:

< Tμν >= −ρvacuumgμν (4)

where ρvacuum is the energy density of the vacuum.

Now let us make the dimensional analysis of this energy density:

ML2T−2

L3
(5)
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Here we suppose that the energy density has a sense only in our three dimen-

sional curved universe, even if it is embedded in four dimensional space. It

is intrinsic to our universe. Therefore, the energy has a dimension ML2T−2

divided by a volume L3 in our three dimensional curved universe.

Finally, by using equations (2),(3) and (5) we obtain:

L = T (6)

In this result of the dimensional analysis of Einstein’s fields equations in vac-

uum, we cannot assimilate time T to a length in our three dimensional curved

universe. Straightforwardly, the time t is linked to the fourth space dimension

coming from the space in which our universe is embedded.

Now let us replace time t in the energy density of vacuum, once again by

a dimensional analysis and if we consider that we are in the four dimensional

space, i.e. that all space dimensions are equivalent:

ρvacuum → M

L3
(7)

This leads directly to dark matter. This last equation applies also for matter

(i.e. real mass): Einstein’s fields equations in the presence of matter write

exactly like equation (1). The same dimensional analysis applies also. So, the

energy momentum stress tensor is also a energy density.

Straightforwardly, in the four dimensional space, energy writes:

E =
M

L3
=

MT 2

L
(8)

Thus, matter is linked to time (or to the fourth dimension of the space in

which our universe is embedded) and to one dimension in our universe.

3 Conclusion

As a conclusion, we may say that time is linked to a space dimension to which

we do not have access. This is a similar result that we have found in reference

[2] where the local time is related to the fourth space dimension of the space in

which our universe is embedded, in the case of the vacuum dominated FLRW

cosmological model. The dimensional analysis of equation (7) is a relation

between dark energy and dark matter and gives a hint to discover the Higgs

boson which gives mass to all particles.
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