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Abstract – The present relatively short paper is a rather concise outline of the topological roots of Professor L.
Hardy’s seminal theory of quantum entanglement and its very deep relation to Professor Edward Witten’s path
breaking and pioneering work in mathematical physics in general and quantum fields theory in particular as well as
the very notable work of Alain Connes who invented non-commutative geometry, Nobel Laureate Sir Roger
Penrose’s fractal tiling universe, Ed Wilson’s loops, Chern Simons’ theory and the present author’s physical EInfinity theory. It is also quite relevant for a properly open-minded understanding of the present work to highlight
the historical background of the said E-Infinity theory which goes back to astounding classical philosophical and
mathematical work conducted at the Greek-Egyptian renowned school of Alexandria-Egypt where the universal
guiding lights of Pythagoras, Socrates, Aristotle and Plato shined for the first time and whose ideas have played and
still play a central role in the present theory which has invigorated the transfinite set theory of the great universal
genius George Cantor. The crowning result of our paper is that of bringing all of the above-mentioned into a
coherent synthesis forming a general theory making quantum physics easily understood without any paradoxes and
equally easily computable via the almost miraculous golden mean number system first discovered and rediscovered in
Alexandria-Egypt. For a swift grasp of the mathematics used, the reader is advised to consult Appendix 1, from
which the main message of the present paper becomes apparent namely, that physics and mathematics are unified in
wild topology.
Keywords – Wild Topology, Golden Mean Cantor Sets, Solitonic Spirals, Topological Quantum Field, E. Witten,
‘tHooft Renormalon, E-Infinity Theory, Unification of the Fundamental Forces, Unification of Science and Arts,
Fractal M-theory, Gross’ Heterotic Superstrings, Dark Energy, L. Hardy’s Quantum Entanglement, Einstein’s
Relativity, Umov Derivation of Mass-Energy Equation, Golden Mean Number System, Pythagoras Music of
Numbers, The Greek-Egyptian School of Alexandria.

I. INTRODUCTION
It is a well known fact gained from the work of L. Hardy that the probability for a two particle quantum
entanglement is almost 9% [1-5]. We also know since sometime that initially Hardy did not notice that his tiny
rounding error of his result compared to the exact one which he was the first ever to obtain prevented him from
realizing the enormous significance of his exact analysis namely, that it is nothing less than being 5 where  is
the amazing golden mean minor form (

-1)/2 which is well known from E-Infinity theory [6-18]. Again the

first to notice this fact was the notable Cornell teacher and researcher N. David Mermin although the present
Author thought wrongly that he was first. The full story of this discovery was reported in several papers by the
present Author on Hardy’s quantum entanglement and the nature of dark energy as well as the unexpected
accelerated cosmic expansion [2], [5].
From the preceding discovery of the role played by the golden mean number in Hardy’s quantum entanglemeCopyright © 2021 IJISM, All right reserved
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-nt and the physical E-Infinity theory, a magnificent web of interconnections unfolded [1-60] which resulted
ultimately in the present work as we will explain briefly in the ensuing sections as well as in Appendix 1 which
summarizes the quintessence of the paper in one short statement namely that physics and mathematics are
unified in topology [42-56].
Last but not least, we must mention that the guiding light of Nobel Laureate Gerardus ‘tHooft’s research in all
of the above could not be sufficiently emphasized [12, 13]. Similarly we must mention the role played by the
remarkable Heterotic string theory [36-38] of Nobel Laureate David Gross in developing our ideas [39-60].
In fact, the present work is indebted to almost the entire scientific community and the number of engineers,
physicists, philosophers and artists who charted the way for us are too many to mention individually [12-50].

II. THE ROLE OF THE GEOMETRY AND TOPOLOGY OF MATRICES
Contemplating the fundamental role which matrices played in Werner Heisenberg’s discovery of his matrix
version of quantum mechanics based on N. Bohr’s initial philosophical and intuitive insight [19-24], it is not
that difficult to infer that since quantum mechanics obeys the non-commutative matrix formulation which came
directly from experimentally obtained data, then it must follow that all the bizarre non-classical and counter
intuitive features of quantum mechanics are a consequence of its bizarre non-intuitive character of its higher
dimensional geometry and topology [5-24]. To understand this somewhat surprising conclusion, we have to
regress and point out that we needed to invoke some advanced and non-trivial subtle and intricate mathematics
of higher mathematical spaces and topology linked to matrices as indicated in the preceding paragraph of this
section [1-60]. For all these reasons, we must expect now that knot theory [6], golden mean wild topology [25],
quantum and Wilson loops [26], Witten’s topological quantum field theory, fusion algebra [25, 26], zero set
quantum particle, empty set quantum wave, fat and thin Cantor sets, the degree of emptiness on an empty set
[17-55] and the golden field theory of E-Infinity [27, 28] to form the true deep foundation of quantum
mechanics and that our entire mathematical machine is part and parcel of the golden mean number system
encoded into the mathematics of the golden mean elementary Cantor sets forming its Leonardo da Vinci’s self
similar solotinic golden Eddies [17] which are essentially the ‘tHooft building blocks of our spacetime [56] and
intrinsically coupled to our energy-matter existence [13], [17], [19], [21-28], [29-55].

III. CANTORIAN SPACETIME ANALYSIS WHERE A PARTICLE CAN BE AT TWO DIFFERENT
POINTS AT THE SAME TIME
One of the most remarkable things about E-Infinity Cantorian spacetime theory [1-5], [7-18], [25-28] is that
“physics” and “mathematics” melt into each other more or less as if they were one and the same “thing”. In this
section we have to persuade the reader to embrace this viewpoint wholeheartedly. As a bonus of this unheard of
total and radical unification, we find a surreal resolution, as far as simplicity is concerned, of the classical
impossibility of the said quantum-Cantorian particle being at two different “spacetime” location points at the
very “same time”.
Let us start with a basically simple intuitive model which will give us the same results obtained many years
ago using the golden mean number system formalism of E-Infinity Cantorian spacetime theory [1-18].
Imagine that we take a line in spacetime as shown in Fig. 1 and regard its end points as being two quantum pCopyright © 2021 IJISM, All right reserved
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-article locations. Next, if we look at the line from above we see two points separated by the length of the said
spacetime line. However, if we look at the same line perpendicular to its extension we will see one point or one
particle only because the end points are now overlapping. Thus we may argue now on purely and strictly
formalistic bases that in some experimental setup, we see only one particle while in another quasi “gedanken”
experiment, we see two points and two particles.
In both cases, the fact that we are poised to see one or two points we are assuming (or pretending) that it is
not known to us (or at least we are not aware of what has been changed in our two separate observations which
changed our point of view). Taking now the simplistic and obvious fact that multidimensional spacetime setting
permitting folding and knot-like structure we see that spatial separation is now quite misleading unless we are
aware of the complexity of the spacetime we are inhabiting and dealing with [18-28]. Needless to reiterate what
we said earlier on, namely that all these results are obtained easily using the mathematics leading to the
meantime well-known indistinguishability condition given in various previous publications. [29]. To make this
work reasonably self contained, some of the mathematics is given in Appendix 1.
The preceding discussion may be advantageously conducted while following its details using Fig. 1 (a) and
Fig. 1 (b) and the corresponding captions. In addition to reading Appendix 1 attentively.
Quantum
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1

;

1

2

Spacetime
interval
Location

12

1;2

Fig. 1(a). Here we are looking on a one
Virtual
Experiment

dimensional spacetime element (say a
“Cantor” Line) parallel to the plane. That way
we may regard the two end points as two
particles (1) and (2) at two locations 1 and 2

Fig. 1(b). Now our virtual “cantor” line is rotated to become perpendicular
to the plane. That way we see only one end point “because the two end
points overlap and we pretend that we do not know this fact” and the line
becomes a single point as far as the naive observer is concerned.
Fig. 1 (b). Now we have an elementary trivial example of the weird

Fig 1(a)
and (b)

Fig. 1 (a). As explained in the main body of

situation of quantum mechanics where spatial separation is meaningless

the paper, there is no confusion in Fig. 1 (a) at

unless we become aware of the true radical change in our observational set

all and spatial separation is meaningful as in

up. To reconcile Fig. 1 (a) with Fig. 1 (b) all what we need is a multi-

the core of everyday experience of classical

dimensional spacetime with a sufficiently high dimensionality allowing all

mechanic. However, the situation in Fig. 1 (b) the ingredients of general topology to take place, like folding and producing
is radically different as explained in the text

wild topology ramifying at a cantor set and consequently permitting the

and the caption of Fig. 1 (b)

existence of golden mean spirals similar to Leonardo da Vinci's fractal
Eddies as mentioned in Ref. [17] and [43-55] (see also Appendix 1).

IV. IS THIS A TERRA NOVA?
To think that connecting fuzzy Wilson loops, ‘tHooft’s renormalon with Witten’s quantum field theories and
Hardy’s quantum entanglement as well as knot theories and the golden mean number system is a terra nova for
theoretical physics in general and quantum physics in particular is undoubtedly a heady project and a
daydreaming of the Author but we do have our doubts. The Author's dream is nothing less than claiming that
topology and in particular wild topology [25] is all what we need and although it may very well be true, we do
not think we are there yet or are we? In all events, we believe we are on the right track but it may well be a long
Copyright © 2021 IJISM, All right reserved
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way to Tipperary and it’s still a long way to go to the sweetest science dream we know. All the same, hope is the
last thing to go, so let us hope despite all real and imagined doubts.

V. AFTERTHOUGHTS
As we said earlier on, within the main body of this paper, we are genuinely indebted to the entire scientific
community as well as to so many philosophers and artists. Nevertheless, we have to admit that being originally
an engineer, we were strongly influenced by a strong applied and down to earth attitude which paradoxically led
us, slowly but surely, to realize that pure mathematics and particularly topology is the basis of all sciences.
Working in non linear dynamics, chaos and fractals we were also well educated to realize that Cantor sets and
the like are not simply pure mathematics, but to a far extent we could say applied engineering. In other words,
nothing comes from nothing and we feel blessed to have gone in almost the opposite direction of what normally
one could have thought, namely from application to abstraction.

VI. CONCLUSION
The present paper has proposed wild topology and golden mean Cantor sets as the true building blocks of
Spinoza-Einstein’s dream which also happens to be the present Author’s dream.
In short, all what you need is the most general form of topology (i.e. wild topology) to understand quantum
physics pretty much like love for the greatest modern band of all times (i.e. the Beatles). All you need is
topology and topology is all what you need.
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APPENDIX 1
The Surreal Mathematical Machinery of the Alexandrian Quartet (i.e. Aristotle, Pythagoras, Socrates
and Plato)
Although the essence of the golden mean number system was well known to the four exponents of the GreekEgyptian Alexandria School [11, 17], these were largely philosophical and artistic sweeping generalizations
without the details needed for computational sciences such as physics, chemistry and astronomy [23, 43, 53]. On
the other hand, we know that the devil is in the details. Consequently, one has to ask how were we able to turn
the golden mean number system into a computational tool, equal if not more efficient than the not yet there and
potentially very expensive quantum computer, to tackle not only classical mechanics but also quantum
mechanics [36-60] as evident by E-Infinity Cantorian-fractal spacetime theory? The short direct answer to this
Copyright © 2021 IJISM, All right reserved
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question was given in the work of the outstanding Fields medalist Alain Connes by applying his noncommutative geometry to Nobel Laureate’s Sir Roger Penrose’s fractal tiling universe in conjunction with the
legendary John von Neumann’s pointless « continuous » i.e. fractal geometry [20, 24, 29] [49, 43] [45, 58].
Thus, we say it loud and clear that without the combined efforts of those outstanding pioneers, nothing could
have been possible at all as far as the present work is concerned. It is true that we may have understood
everything but equally true is that without Connes, Penrose and their colleagues, we could not have computed
anything [18-23], [60].
Let us give in this section a limited precise explanation for what we meant by all the ideas addressed in the
present paper in general terms but now we will use the clear-cut language of mathematics and will clarify that
way the quintessence of the fundamental notions of (1) The Unruh temperature, (2) The Barbero-Immirzi
parameter [51] and (3) Hardy’s quantum entanglement [45-55]. In order to achieve the above goals, we need to
present first some facts and results which we were able to obtain over the last twenty years or so, the details and
proof of which were published in numerous papers [2-17] [36-60]. Some of these results were in fact repeatedly
referred to in the present work for instance [1-5], [7-18], [25-29] and [36-51]. The first crucial step in this
respect is to link the work of Alain Connes to the Author’s physical E-Infinity Cantorian spacetime theory. This
is done here by recalling the well-established fact that the so-called bijection formula of E-Infinity is just a
mathematical tautology of Alain Connes’ golden mean dimensional function [29, 21, 24] [35-58]. In that respect
Alain Connes had the audacity of writing explicitly a dimensional function for R. Penrose’s golden mean fractal
tiling universe [5] [43-48]. That way we were in a position to relate certain topological dimensions to the
corresponding Hausdorff dimensions of the same mathematical quasi-manifold. The next step was taken by the
present author to go even further with Connes-Penrose’s scheme and introducing not only a bi-dimension for the
zero set denoted D(o)  (o; ) and the empty set D(o)  (1, 2 ) but we went on to give the zero set and the empty
set a definite and profound physical interpretation namely being, the pre-quantum particle and the pre- quantum
wave respectively [44]. That way a beautiful mental and physical picture arose out of the above via the theory of
Cobordism which simply stated means that the empty set quantum wave is the surface of the zero set quantum
particle. This is clearly reminiscent of the De Broglie-Bohm guiding wave theory [8] as well as the L. Pandtl-T.
von Karman boundary layer theory of turbulence engineering which is of an enormous importance in aircraft as
well as naval ships design [17, 18].
Now we are reasonably equipped to derive Hardy's quantum entanglement in various equivalent ways. First,
we start from the five dimensional Kaluza-Klein theory [29] [30] [54]. Assuming the said five dimensions of
Umov-Lorentz-Poincare-Einstein's relativity plus a fifth quantum spin dimension, it follows then that there is an
intersectional correlated Hausdorff dimension for this Kaluza-Klein space time namely  to the power of 5
giving us the experimentally confirmed Hardy’s quantum entanglement 5 where   ( 5  1) / 2 [1-5]. Invoking
fuzzy counting i.e. fractal logic [59], [60] would lead us to think of the same situation in a different way namely,
a four dimensional spacetime given by ()41  3 joined to two quantum particles given by   2 so that the
net result is a topological probability for entanglement equal (3 )(2 )  5 as shown several years ago [1-5]. Let
us turn our attention now to the derivation of the Barbero-Immirzi parameter [51]. This is slightly a more tricky
task because it is in some sense a fudge factor needed mainly to convert two competing theories to two
compatible theories namely the ten-dimensional superstring theory and the four-dimensional loop quantum graCopyright © 2021 IJISM, All right reserved
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-vity theory [1-5], [36-60].
Let us start by dividing the ten dimensions of superstring theory into 4 for gravity and 6 compactified
dimensions. Treating the 6 compactified dimensions as akin to the 5 Kaluza-Klein dimension, one finds the
“correlated” parameter ()6 . This is indeed the exact value as shown several years ago in Reference [51].
Finally, let us look at the topological Unruh topological temperature in a similar vein to the preceding
derivation. In this particular case, the topological Unruh temperature may be seen as two pre-quantum particles
  2 sharing a single pre-quantum wave 2 , so that the intersectional correlated total is simply 2 2  4 .

Seen in this way, we could regard Hardy's quantum entanglement as the Unruh temperature of three prequantum particles sharing a single pre-quantum wave so that the total correlated result is ()(2 )  5 as
should be [5]. These are only just some of the truly “surreal” results formed from the fuzzy setting of E-Infinity
Cantorian spacetime theory in full agreement with the results obtained using the Connes-Penrose theory [9].
Similar results may be found by invoking the fractal picture of Leonardo da Vinci’s divine fractal golden mean
spirals of fluid turbulence [17].
At this point we must also stress the importance of our resolution of the major quantum paradox of nonlocality and the contra intuitive notion of quantum particle being at two different spacetime points at the very
same time as mentioned in section 3 of the present paper [48-60].
In concluding, we may emphasize the main message of the present paper and the appendix in one “simple”
equation namely that: Physics U Mathematics

 Wild Topology.
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