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Abstract

This paper investigates evolution of a physical system through intermediate noninteger dimensions to provide a phenomenological

explanation for the system’s emergent properties. In recent papers it was shown that physical space is associated with noninteger

dimensionality and its value is associated with the strength of attractive inverse square law and this has applications to diverse

fields including the design of metamaterials. Here this information-theoretic analysis is applied to cosmology to yields a novel

noninteger dimensional explanation for filaments and sheets of matter, inflation, and the accelerating expansion of the universe,

without the need to postulate inflation field or dark energy as the drivers of this expansion. Furthermore, the analysis shown

that in the future as the zero-dimension residual potential declines further, the expansion will slow and then reverse. Evolution

across noninteger spaces has potential relevance for the study of materials that emerge from compressing three-dimensional

volumes into lower dimensions.
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Abstract. This paper investigates evolution of a physical system through 

intermediate noninteger dimensions to provide a phenomenological explanation for 

the system’s emergent properties. In recent papers it was shown that physical space 

is associated with noninteger dimensionality and its value is associated with the 

strength of attractive inverse square law and this has applications to diverse fields 

including the design of metamaterials. Here this information-theoretic analysis is 

applied to cosmology to yields a novel noninteger dimensional explanation for 

filaments and sheets of matter, inflation, and the accelerating expansion of the 

universe, without the need to postulate inflation field or dark energy as the drivers 

of this expansion. Furthermore, the analysis shown that in the future as the zero-

dimension residual potential declines further, the expansion will slow and then 

reverse. Evolution across noninteger spaces has potential relevance for the study of 

materials that emerge from compressing three-dimensional volumes into lower 

dimensions. 

Introduction  

There are two intertwined aspects to our conception of reality: physical (matter and 

energy together with their distribution in various forms), and informational. Their 

mutual interconnection comes from the fact that we know about the physical world 

through information [1]. Science is concerned with enlarging the physical view to the 

extent it is possible, but in recent years the spectacular successes of physical theories 

have hit roadblocks in the inability to construct grand unified theories to bring 

together the Standard Model and the strong force, and to find a place for gravity in 

these theories. Furthermore, the accelerating expansion of the universe that began 

4 billion years ago, based on supernovae that provide good standard candles, is now 

being explained in terms of dark energy for which no evidence exists.  Since 

hypothetical dark matter and dark energy are now required to describe 96% of the 

physical universe [2][3], it becomes imperative to go back and examine the 

assumptions related to information on which current theories are based.   

 

In a recent work, it was proposed that physical space in its most information-efficient 

form has a dimensionality of e and this helps resolve the problem of Hubble tension 
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[4]. In a subsequent paper [5], it was shown that the phenomenon of asymptotic 

freedom, in which there is weak interaction at high energies and strong interaction 

at low energies as in the case of quarks that constitute a proton, can also be 

explained within the paradigm of noninteger dimensionality [6][7]. It was also 

argued that the inverse square law is a consequence and was shown that the 

potential is zero for all values between 1 and 2 and it peaks at 𝑑𝑐𝑟𝑖𝑡 , a value between 

2 and 3. It was also argued that these ideas apply directly to cosmology. The previous 

results are motivation to push further with the information-centered view of physical 

reality and investigate its strengths and limitations. Observations of the cosmic 

microwave background radiation and the scale-invariant distribution of structures 

[8][9] indicate that the spatial variations in energy in the early universe were nearly 

scale-invariant. Such scale-invariance means noninteger dimensionality and, 

therefore, it is further reason to consider noninteger dimensionality during the 

evolutionary phase.  

 

In the present paper, the evolution of the universe is investigated and it is shown 

that the presence of filaments and sheets, inflation, slowing and subsequent 

accelerated expansion of the universe flow naturally from our model, obviating the 

need to postulate dark energy.  

 

Dimensionality energy 

Our thesis is that since e-dimensionality is optimal for representations [10][11] it 

must include physical space [4][5], and several issues with this have been 

investigated [12][13]. The potential of space in its zero-dimensional form may be 

called 𝑉0 and its value may be fixed from experimental observations. This potential 

eventually transforms the dimensionality of space, which increases in value from 0 

to the optimal e, with accompanying transformations into radiation and increasingly 

complex forms of matter and clumped structures. 

 

The metric for a flat expanding universe with scale factor 𝑎(𝑡), with t as the cosmic 

or physical time, has the form 𝑑𝑠2 = −𝑐2𝑑𝑡2 + 𝑎2(𝑡)(𝑑𝑥2 + 𝑑𝑦2 + 𝑑𝑧2). For the 

universe to satisfy the cosmological principle, that is it is both homogeneous and 

isotropic it is essential that as dimensional potential V(t) changes into radiation and 

baryonic matter, the size of the universe should increase in proportion to the amount 

of matter that is being created.  

The evolution of the universe must be viewed in its dynamics with respect to d, 

which, in turn, creates cosmological time as the dynamic variable, V, evolves. The 
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measured Hubble expansion parameter 𝐻(𝑡) =
𝑎̇

𝑎
=

𝑅̇

𝑅
 is positive if the universe is 

expanding and negative if it is contracting and R is the scale factor. 

The potential as a function of the scalar field 𝜙  should be 𝑉(𝜙) =
𝑚2

2
𝜙2but due to 

the expansion of the universe we need to use the damped harmonic oscillator 

equation for the field: 

 

𝜙̈ + 3𝐻𝜙̇ = −𝑚2𝜙     (1) 

It is reasonable to assume that the rate of change of this potential is proportional in 

a negative to the potential itself. In other words, 

𝑑𝑉

𝑑𝑡
= −𝛼𝑉       (2) 

This corresponds to the solution 

𝑉(𝑡) = 𝑉0𝑒−𝛼𝑡       (3) 

If matter increases in inverse proportion to the rate at which 𝑉(𝑡) is changing, that 

is  𝑚(𝑡) = 𝑚0𝑒𝛼𝑡 , then the cosmological principle requires that the size of the 

universe increases by the same factor. In other words, the size of the universe at 

time t compared to an earlier reference epoch is:  

 

𝑎(𝑡) = 𝑎0𝑒𝛼𝑡       (4) 

 

There is an additional complicating factor. As space dimensionality increases, it 

transforms first into radiation energy and subsequently into matter, which is 

associated with an increasing stronger attractive force that begins to counter the 

expansion. The interplay between these two first slows down the expansion from its 

initial rate and later as the attractive force begins to weaken, the expansion 

accelerates. Therefore, the rate of expansion must be revised to take into 

consideration the attractive field associated with matter. This will be discussed 

further in the next section, but before that we sketch the standard view, which 

speaks of five epochs of evolution. These are [14][15][16[17]]:  

 

1) Inflation with a near instantaneous expansion from the initial state which is scalar 

field dominated; 2) Hot big bang that is radiation dominated; 3) Matter dominated 

expansion from its initial rapid rate that continued for nearly 9.8 billion years ago; 4) 

Accelerating expansion of the universe that began about 4 billion years ago; and 5) 
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Future states that can be described only after proper explanation for the 

acceleration expansion has been found. 

 

Consider the scalar field 𝜙(𝑡) for a homogeneous universe, then we can combine the 

Einstein equation   

 

𝐻2 + 
𝑘

𝑎2  =  
1

6
( 𝜙̇2  +  𝑚2𝜙2 )     (5) 

 

with equation (1) and consider the initial case where  𝜙̈ ≪ 𝜙̇, so that 3𝐻𝜙̇ = −𝑚2; 

and since the resistance to the field is low, consequently a is large, and the change 

in the field is small. Therefore, 𝐻2 =  
1

6
  𝑚2𝜙2,  where𝐻 =  

1

√6
 𝑚𝜙. 

 

In the hot big bang [18] the scaling is  𝑎(𝑡) = 𝑎0𝑡1/2 in which baryosynthesis, 

neutrino decoupling, and nucleosynthesis take place. The next epoch has 𝑎(𝑡) =

𝑎0𝑡2/3 , but the gravitational dynamics hinge on pressure-free cold dark matter 

(CDM) for which also no evidence has yet been found. 

 

In the ΛCDM model [19], the Friedmann equations define how the energy in the 

universe drives expansion by relating the gravitational constant G to the energy 

density 𝜌𝑐2,  p pressure, and k a dimensionless constant for the curvature of the 

universe and the cosmological constant Λ to describe the accelerating expansion of 

the universe by means of the field 𝜑, which represents dark energy, such that 𝜌𝜑 +
3𝑝𝜑

𝑐2 < 0: 

 

𝐻2 =
8𝜋𝐺

3
𝜌 −

𝑘𝑐2

𝑅2 +  
Λ𝑐2

3
     (6) 

 
𝑎̈

𝑎
= −

4

3
𝜋𝐺 (𝜌 +

3𝑝

𝑐2) +
𝛬𝑐2

3
     (7) 

 

These equations don’t remain valid if G varies [20][21]. A description with a varying 

gravitational constant can be designed to satisfy the equivalence principle in its weak 

form but not in its strong form. The difficulty with the standard view is that there is 

no observational evidence for the dark energy fields as well as CDM. Furthermore, it 

ignores the noninteger aspects of space dimensionality. 

 

Variation of G with changing d  

For noninteger dimensionality spaces, the previous paper [5] presented the potential 

𝑝(𝑑, 𝑟)  at a distance r from an object of unit mass as a function of the dimensionality 
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d of the space and function f related to the difference between the actual dimension 

of the space and its ceiling integer value: 

 

𝑝(𝑑, 𝑟) = {

𝑓(2−𝑑)

4𝜋
 , 1 ≤ 𝑑 ≤ 2

𝑓(3−𝑑)

4𝜋𝑟𝑑
 , 2 ≤ 𝑑 ≤ 3

    (8) 

 

For 1 ≤ 𝑑 ≤ 2, the potential is independent of r and therefore it may be taken to be 

equal zero. For, 2 ≤ 𝑑 ≤ 3, the potential corresponds to the inverse square law 

which we may on account of the Occam’s razor take to be the same as the 

gravitational force. As explained in the previous paper, the function 𝑓(3 − 𝑑) is zero 

for integer values.  

For  0 ≤ 𝑑 ≤ 1, we need to know 𝑓(1 − 𝑑).  Given that the potential 1 ≤ 𝑑 ≤

2 turns out to be zero, we may assume that 𝑓(2 − 𝑑) is zero and by extension take 

𝑓(1 − 𝑑) to be zero also. Plugging that into  𝑝(𝑑, 𝑟) is 
𝑓(1−𝑑) 𝑑 𝑟

 𝑆⌈𝑑⌉(𝑑,𝑟)
 for   0 ≤ 𝑑 ≤ 1, we 

have the case of 0/0 which is indeterminate as we don’t have further information to 

simplify it directly. But in extension with the situation for  1 ≤ 𝑑 ≤ 2, we will take 

𝑝(𝑑, 𝑟) = 0, 0 ≤ 𝑑 ≤ 1     (9) 

As explained in the previous paper, the simplest choice for 𝑓(3 − 𝑑) is 

𝑓𝐴(3 − 𝑑) = (𝑑 − 2)(3 − 𝑑)
ln 𝑑

𝑑
    (10) 

This has a peak at 𝑑𝑐𝑟𝑖𝑡  = 2.455. In other word, the gravitational force will be 

maximum at this value of dimensionality. If on the other hand, we didn’t consider 

the normalizing weight 
ln 𝑑

𝑑
 in the above expression, then the force will be maximum 

at 𝑑𝑐𝑟𝑖𝑡  = 2.5. We assume that this latter value is appropriate for further discussion 

of the question.  

Thus equations (9) and (10) represent the gravitational potential associated with 

different dimensions in Figure 1. 

The attractive potential at a unit distance for unit mass will be a function of d for 2 ≤

𝑑 ≤ 3 , and it may be written as: 

𝑉𝑔(𝑑) = 𝐺(5𝑑 − 𝑑2 − 6)     (11) 
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Figure 1. The potential map for 1 ≤ 𝑑 ≤ 3 

If it is assumed that the evolution of dimensionality is uniform with respect to time 

until it reaches the optimal value of e, the gravitational constant will have the 

functional form (Figure 2): 

𝐺(𝑑, 𝑡) = 𝐺(𝑑) = {
𝐺0(5𝑑 − 𝑑2 − 6);   𝑑 ≤ 𝑒
0.202 𝐺0;                  𝑑 > 𝑒

 (12) 

in units of universal time and 𝐺0 is its reference value. 

We find that 𝐺(𝑑)𝑚𝑎𝑥 = 0.25 in reference units, whereas 𝐺(𝑑 = 𝑒) = 0.202 in the 

same units. This means that the gravitational attraction has weakened from its peak 

value by the factor 

𝐺(𝑒)

𝐺(𝑑)𝑚𝑎𝑥
= 0.8094     (13) 

 

Figure 2. Time variation of G 

𝐺𝑚𝑎𝑥 

0.8094𝐺𝑚𝑎𝑥 
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To consider the expansion rate, we must look at the difference between (1) and (9): 

𝑉(𝑡) − 𝑉𝑔(𝑡) = 𝑉0𝑒−𝛼𝑡 − 𝐺(𝑡)  (14) 

The accelerated expansion of the universe began about 4 billion years ago [21][22], 

so this turning point should be close to when the gravitational constant G peaked 

and began to weaken thereafter. It may not be exactly this turning point because the 

expansion would depend on the relative strengths of the two potentials and, 

therefore, may have occurred somewhat later. 

Evolutionary epochs 

Now we consider the question of investigating the evolution of d with respect to 

time. It is assumed that the dimensions expanded in response to the initial potential 

associated with dimension 0; it follows that it will grow into increasing 

dimensionality on its way to the optimal value of e. The interplay of time-varying 

gravitation and the decaying field V, creates four epochs in the evolution of the 

universe. We will see these in terms of different ranges of d.  

From its initial point singularity, the universe must increase its dimensionality in 

stages. First, the initial dimensionality potential transforms into radiation and 

subsequently to matter. This means that it must first become filaments (d= 1) or line 

fractals that are one-dimensional scale-invariant structures and then sheets (d =2) 

[23] before transforming into matter as the dimensionality increases beyond 2. One 

may speculate that the filaments consisted of neutrinos and photons came later. 

As the dimensionality becomes greater than 2, there will be an exponential rise over 

the values 2 ≤ 𝑑 ≤ 𝑒.   Beyond 2, the inverse square law arises and by Occam’s Razor 

we may take it to be gravitation. 

Now we return to our evolutionary epochs: 

Epoch 1. 𝐹𝑖𝑙𝑎𝑚𝑒𝑛𝑡𝑠.  0 ≤ 𝑑 ≤ 1.  

We already provided reasons to assume that the potential associated with the 

filaments is zero. This epoch is characterized by single-dimensional fractal filaments 

with optimal value reaching to e/3.  

Epoch 2. 𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑎𝑟𝑦 𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛,  1 ≤ 𝑑 ≤ 2. Sheets. 

The drop in the potential during this expansion is also zero, because the attractive 

force is independent of separation. During 1 ≤ 𝑑 ≤ 2, fractals sheets will eventually 
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rise to the value 2e/3. The radiation energy will get distributed in a scale-invariant 

manner over the sheet. Other forces may be associated with this range. The 

expansion will be near instantantanous.  

If the initial expansions are in terms of neutrinos, then we know the interaction 

amongst them will be very small but it will not create an infinitely large space of 

filaments and sheets. 

Epoch 3. Radiation to matter 2 ≤ 𝑑 ≤ 𝑑𝑐𝑟𝑖𝑡 Slowing expansion. 

As the dimensionality becomes greater than 2, the inverse square law arises and by 

Occam’s Razor we may take it to be gravitation. Since the attractive force increases 

for 2 ≤ 𝑑 ≤ 𝑑𝑐𝑟𝑖𝑡 ,   there will be slowing down of the expansion over this range for 

matter is pulled towards each other with increasing value. It is indeed reasonable to 

assume that it has two sub-epochs: one in which radiation dominates, and the other 

in which matter dominates. But after 𝑑𝑐𝑟𝑖𝑡, that appears to  occur somewhere in the 

middle of 2 and 3 (we have, for simplicity taken it to  be 2.5) the gravitation attraction 

decreases and, therefore, the expansion rate will increase. This is shown in Figure 3. 

 

Figure 3. The stages of inflation, slowing expansion, and accelerated expansion 

Epoch 4. Accelerating expansion.  𝑑𝑐𝑟𝑖𝑡 ≤ 𝑑 ≤ 𝑒 

A much slower and gradual expansion of space continued after this, until at around 

9.8 billion years (4 billion years ago) it began to gradually expand more quickly, and 

is still doing so. There is no need to postulate the existence of dark energy appearing 
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as a cosmological constant in the simplest gravitational models as a way to explain 

this late-time acceleration.  

Epoch 5. The future 𝑑 = 𝑒 with decreasing V. 

This will lead first to slowing expansion and subsequently to contraction. 

Conclusions 

The postulation of dimensional energy and the big bang as a result of the “explosion” 

of d = 0 space into higher dimensions with the evolution provides an alternative to 

the current models of cosmology. 

This alternative model shows that quite like in the established theory, the expansion 

goes through different stages.  These are a very rapid expansion at a nearly 

instantaneous rate quite like the inflation of standard theory, followed by an inverse-

square law (gravity) attraction mode with two sub-phases (radiation-dominant and 

matter-dominant) where this attraction becomes increasing larger which slows 

down the expansion from its initial phase, accelerated expansion as the attraction 

force declines and gravitation holds steady. This model predicts that in the future 

the potential V will progressively decline and at a certain point it will be less than 

that of gravitational attraction; it will thus be characterized by slowing expansion 

followed eventually by contraction of the universe.  

Our model shows that there is no need to postulate dark energy as being responsible 

for the accelerated expansion, for in our theory it was a consequence of the 

weakening of the attractive gravitational force as compared to the dimension-driven 

energy responsible for the expansion of the universe.  

The potential tests for this theory is that it should be able to explain all observational 

phenomena without invoking dark matter and dark energy. Furthermore, evidence 

should be found for changing gravitational field in the past.   

The notion of dimension applies to physical reality at all conceivable scales, therefore 

one must also consider anomalous mechanical properties of materials that emerge 

from compressing three-dimensional volumes into lower dimensions, which may be 

seen as an example of increasing the energy scale, with prospective applications to 

superconductivity, ferroelectricity, information communication, sensing and 

detection.  
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