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Abstract 

Fractal speed of light theory is a variation of Magueijo-Smolin varying speed of light (VSL) theo- 
retical modification of Einstein’s energy mass relation. We use this theory to derive an exact value 
for the missing dark energy which is found to be in astonishing agreement with the latest result of 
the WMAP measurement and the independent supernova analysis. Thus while Einstein’s formula 
predicts 95.5% more energy than found in highly precise astrophysical measurement, our VSL- 
based calculation indicates an exact theoretical value of only 4.508497% real energy. Conse- 
quently, the exact conjectured missing dark energy must be 95.491502%. By any standards, this is 
an astounding confirmation for both the cosmological measurement and the VSL theory. 
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1. Introduction 

In the present work, we use a fractal speed of light theory to resolve the issue of the missing dark energy in the 
cosmos which has become a colossal problem threatening the very foundations of theoretical physics and cos- 
mology [1] [2]. There is new undeniable confirmation via sophisticated analysis of WMAP and supernova mea- 
surement that approximately 95.5% of the energy which the cosmos should contain is not there to see or meas- 
ure [1]. It should really go without saying that at this level of analysis, we are lumping dark energy and dark 
matter in one category for a start which is the quintessence of Einstein’s insight [1]-[10]. 

In this work which constitutes a concerted effort of various avant-garde theories brought to bear on the subject 
of dark energy, we give an exact analysis showing that the energy value predicted by Einstein’s special theory of 
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relativity 2
oE m c= , where E is the energy, mo is the rest mass and c is the velocity of light gives the wrong 

answer when it comes to calculating the intergalactic energy scales [1] [2]. The correct equation in this case 
must take quantum mechanics and nonclassical topology of the fabric of spacetime into account [2]-[8] in order 
to bring theoretical predictions and experimental measurement together. To this end we will use the equation 
developed by Magueijo and Smolin [9] [10] to modify Einstein’s relativity theory using a fractal version of the 
theory of varying speeds of light (VSL). Subsequently we give the VSL equation a novel topological interpre- 
tation using an eleven dimensional theory akin to that of super gravity and M-theory but within a fractal setting 
[7] [8]. At the end, the obtained result confirms the absence of 95.4915% of the energy of the cosmos dubbed 
dark matter and dark energy [1]-[3] as well as the experimental findings based on the WMAP and super nova 
measurement which indicates 95.5% dark matter and dark energy [1] [2]. The amazing agreement between 
theory and experiment is unparalleled and leaves very little room for doubting the cosmological measurement [1] 
or the VSL theory [9] [10] or indeed for that matter, the extra dimensions and fractal nature of spacetime at the 
quantum scale [3]-[18]. In fact contemplating the entire big picture starting from F. Zwieky’s observation as 
well as the confirmed increased acceleration of cosmic expansion we must conclude the existence of attracting 
dark matter and repulsing dark energy. Similarly, these measurements [1] [2] and experiments [19]-[30] go a 
long way towards heralding the physical reality of cosmic entanglement, Hawking negative energy fluctuation 
as well as Rindler and Unruh effects [29]. 

2. The Energy-Mass Relation of the VSL Theory 

The completely new idea behind the derivation of the energy-mass relationship using the VSL theory basically 
comes from Nottale’s theory of scale relativity [3]. Both scale relativity and VSL theory [9] [10] take the Planck 
energy 1p pE L=  where pL  is the Planck length as invariant. Consequently J. Magueijo and L. Smolin arrive 
at their replacement of Einstein’s single equation 2E mc=  by three remarkable and thoroughly ingenious equ- 
ations which due to space limitation are given here without elaboration [9]: 

2

2
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with the usual transformation om mγ=  where γ  is the Lorentz factor but with E and momentum p trans-
forming as [9] 
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The preceding equations which are explained lucidly in the original paper of Mageuijo and Smolin [9] [10] 
give us the possibility of admitting a ratio 2

o Pm c E  far larger than unity. In other words through the postulates 
of VSL theory 2

om c can become many times larger than Ep without violating Lorentzian invariance, nor the 
1 pL  invariance of the theory [9]. To show that this superficially contradictory statement leads to a true formu- 
la for quantum relativity and gives results in full agreement with the cosmological measure is our next task. 

3. Dark Energy for the Extra Dark Dimensions 

From the first equation of Magueijo-Smolin [9] [10] it is clear that our crucial ratio 2
o Pm c E  could take three 

vital values: 
2 0o Pm c E ≅                                       (a) 

i.e. we have Einstein’s classical equation of special relativity. 



M. S. El Naschie 
 

 
3 

2 1o Pm c E =                                      (b) 

i.e. we have the Newtonian expression for energy when setting c v=  and find ( ) 21 2E mv= . 
2 21o Pm c E =                                     (c) 

This is a crucial situation for us as we will explain in a moment. The energy in this case could be written as 
2 2

1 21 22
o o

o
m c m c

E = =
+

. 

Let us consider the above from the view point of spacetime dimensions [7] [8] and in particular from the view 
point of the theories involving extra spacetime and compactified dimensions [7]-[18]. 

In case (a) above we could say that spacetime fuses into 3 + 1 = 4 dimensions. There are zero hidden dimen- 
sions in this theory. The total energy oE  is not reduced or diluted by extra dimensions, which is behind any 
fractal spacetime theory at least implicitly [8] [11] [23]. 

In case (b) above we could say, somewhat surprisingly, that we have a hidden dimension, namely time ap- 
pearing only as a parameter. The energy 2 2mc mv→  is divided therefore by 2. 

In the most important case (c) above however we could interpret the factor 21 as the number of dark dimen- 
sions of 26 bosonic string theory [7] [8] [17] when a 5 dimensional Kaluza-Klein theory is assumed [21] [22]. 
Alternatively we take 1 + 21 = 22 factor to mean the 22 compactified [17] invisible, dark and hidden dimensions 
of non-super symmetric string theory [13] [15] [17]. In fact the 22 dark dimensions could be interpreted differ- 
rently as 11 bosons and 11 fermions of a super symmetric 11 dimensional theory [11]-[13]. That way we have a 
new modified energy-mass relation almost identical to Einstein’s equation with the exception that the energy is 
now reduced by a factor of 1/22. This reduction amounts to diluting or spreading thinly Einstein’s energy be- 
cause of the extra dimensions which exist but were not taken into account in the derivation of the 4D theory of 
Einstein. Therefore we can write [9] 

( ) ( )2 2
max

1 0.04545
22 o oE m c m c = ≅ 

 
. 

This result is tantamount to saying that ( )( )1 0.04545 100 95.454%− =  of the energy in the universe is dark 
energy. The result is very close indeed to the experimental measurement of 95.5% [1] and means that the extra 
dark extra dimension of micro spacetime is the cause for dispersing energy to the extent that we notice only a 
fraction equal to 4.5% of the classically predicted total. It is not difficult to convince oneself of the intimate rela- 
tion between symmetries, dimensions, degrees of freedom and E. Noether’s theorem [16] on the laws of conser- 
vation including of course energy, is behind our result [16] [22]-[24] .On the other hand we know that fractal 
spacetime implies extra dark dimensions as well as nonclassical microscopic mechanics which we perceive as 
quantum mechanics [4]-[6]. Thus we will look once more at the preceding result from the view point of quantum 
mechanics and thus quantum relativity, i.e. quantum gravity [3]-[5] [13] [15]-[17]. 

4. Hardy’s Quantum Entanglement Behind Dark Energy 

The classical Heterotic string theory [17] stipulates three dimensions, namely 26, 16 and 26 16 10− =  super- 
string dimensions of which 6 are compactified to give a 4 dimensional classical or relativistic spacetime [18]. Set- 
ting this theory in fractal dressing one finds 26 + k, 16 + k and ( )26 16 10k k+ − + =  where 0.18033989k = . 
Thus our hidden dark dimensions of the previous analysis are made “fractally” accurate by writing [7] [8] 
[21]-[30] 

26 4 22k k+ − = +  
where ( )3 31 0.18033989k φ φ= − =  and ( )5 1 2 0.618033989φ = − = . Since the hidden dimensions reduce 
the energy density as explained in the previous section we see that the exact energy Emax must be logically divided 
by 22 + k and consequently [21]-[25] 

( ) ( )( )2 5 21 1
22 2o oE m c m c

k
φ = = + 

 

The remarkable thing is that 5φ  is the exact theoretical value which Hardy found for a generic quantum en- 
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tanglement [19]. This value was also experimentally confirmed with high precision and sophisticated quantum 
informational methods using modern beam splitters etc. [5] [6] [19] [20]. 

The same previous result can be found directly from delicate light cone quantized Lorentzian transformation 
[18] and confirms the intuitive initial hunch that ( )( )5 21 2 oE m cφ=  is a quantum gravity formula for quantum 
relativity [22]. Consequently we could rephrase our hidden dark dimensions interpretation [7] [14] [15] to mean 
the inclusion of quantum entanglement which is clearly the cause for the 95.5% reduction in the classical energy 
prediction and therefore give a quantum gravity explanation for the missing dark energy [12]. The reader is re- 
minded again that the 95.5% include dark energy as well as dark matter converted to energy [1] [23]. There are 
many other subtle points which need not discussed here in details regarding the topological speed of light being ϕ 
and the three dimensional topological mass of a quantum particle 3m φ=  which leads via the classical kinetic  

energy formula 21
2

E mv= to ( )( ) ( )3 2 51 2
2

E φ φ φ = = 
 

 in full agreement with the above when setting  

( )2 1om c = . This fascinating topological unit interval Cantorian spacetime approach is expanded upon in Refer-
ence [21]-[25]. 

5. Conclusion 

We give a hidden dark dimension interpretation to the Magueijo-Smolin energy mass equation of VSL 
theory [9] [10]. The quantitative result fully explains the missing dark energy of the cosmos. Einstein’s equ- 
ation predicts 2

oE m c= . The VSL equation on the other hand predicts approximately 1 22  of this value. 
Accurate calculation shows that 22 26 4= −  hidden dark dimensions of bosonic string theory should be 
22.18033989 when taking the “fine structures” of the strings into account and consequently the exact re- 
duction is not 1 22  but ( ) 51 22 2k φ+ =  where ( )5 1 2φ = − . On the other hand, Hardy’s quantum 
generic entanglement is given exactly by 5φ , a quantity which was found experimentally [5] [6] [19]. Con- 
sequently the reduction factor in the energy which is the cause for suspecting a 95.5% missing dark energy 
in the cosmos is clearly due to the inclusion of the quantum entanglement effect in Einstein’s formula to 
elevate it from a relativistic formula to a quantum relativity formula predicting accurately the real energy 
content of the cosmos. Either way the rationale behind the dark dimensions and the quantum entanglement 
interpretation is the same. Many infinite gaps in the fabric of spacetime itself are what simulates quantum 
entanglement or hidden dark dimensions reduction of the total energy predicted by the classical formula and 
that by as much as 95.5% [1] [2]. At this point, two further remarks are in order. First, the relation between 
internal symmetries of spacetime, extra compacted dimension and energy is not entirely surprising in view 
of Noether’s theorem [23]. Second, the difference between dark energy and dark matter not considered in the 
present work is intimately related to the sum of quasi dimensional inverse coupling which was touched upon 
in a previous publication [24]. The present result confirms that the cosmological measurements are accurate 
and fully deserve the 2011 Nobel Prize and that VSL theory is a valid and accurate theory [9] [10]. Similar 
ideas within a limited context compared to the present paper maybe found in Reference [26]. For a short re-
view of work related to the present paper, we recommend Reference [27]-[30]. Finally, we draw attention to 
new result which we perceive as tantalizing, because it raise the real possibility that Hawking radiation, 
Unruh temperature, and Rindler wedge are as physically real as cosmic expansion being linked to it [29]. 
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