
1. Introduction 
Science was born in Antic Greece about 3 centuries B.C. [1]. From its very beginning it mainly 

consisted of two branches: physics, which etymology means the study of nature and mathematics 

which means the study of what can be learnt. Given these definitions which can be seen in [1], there 

cannot be any paramount opposition between physics and mathematics, at least on the physicist point 

of view. Indeed, once he has discovered what nature is, if he wants to transmit his knowledge to 

further generations, he needs to transform his knowledge into something learnable and therefore into 

mathematics! Now, it could happen that things in mathematics do not fall under the scope of physics, 

so that learnable things would not be part of the physical world. This sounds strange, doesn’t it? It 

sounds so strange for us that we shall assume, say it is an axiom, that all mathematics are tied to 

physics in a way or another. Maybe to try convincing the reader we can say all mathematics we know 

today come from man who is a physical being and even if such things did not exist before they were 

invented, the fact is that as soon as they are, they have come to physical existence and are therefore 

part of our universe1. They may seem, for some of them, as non-physical objects, but what does really 

mean non-physical? We think here that everything is physical. May God exist, he would be physical! 

Such an approach allows us drawing a first consequence: mathematics and physics aim at describing 

the same unique world; ours! In some way, physics would be some kind of intrinsic knowledge when 

mathematics would be some kind of coding of this knowledge so that it can be passed to further 

generations. Therefore, if there are some contradictions between any mathematical approach and 

physics, there is quite an interesting subject there! Having seen the very tie between both sciences, this 

is basically the subject we are going to treat in this text which will bring us pretty far away from this 

basic question. 

2 A major contradiction 
It is well known that the probability results issued from quantum experience are not consistent with the 

Kolmogorov axioms [2]. Since mathematicians and physicists aim at describing the same world, the 

question is to know who is right and who is wrong, because, a priori, both cannot be right. Ultimately, 

we shall prove a posteriori that it can be the case, but it is tricky! The disagreement between 

mathematicians and physicists has been known for a long time and among others, Einstein, de Broglie 

and Bohm proposed a theory in which there would be hidden variables which could both be consistent 

with the Kolmogorov axioms and the experiments of physics. In fact, what is at stake is what 

physicists call “intrinsic randomness” which definitely does not exist in mathematics. 

Let us be a bit truculent about physicists by, for a while, getting under the skin of an engineer. Indeed, 

for an engineer, everything must have a cause. This is, in some way, his very job: understand what the 

causes of problems are and work them out. Intrinsic randomness, in quantum physics, bring to non-

causal physics. This is asserted in almost all standard books of quantum mechanics! Viewed from the 

engineer, this sounds as “they (the physicists) have put God into their equations”, because the ultimate 

causality is randomness. And this is exactly what we think here. If we were to know any absolute root 

cause in our world, then we would have “God in our hands”. 

                                                      
1 Please think about photons which, it seems, do not exist as free particles but are created as the result of 

interactions. It would come to nobody’s wit that photons are not physical beings… 
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Let us make a parallel with the axiomatic method in mathematics. In a theory, there are undefined 

terms [3] and axioms saying what their basic properties are. The undefined terms may seem somewhat 

unrealistic. However, we cannot avoid this, otherwise, we must define the terms with other terms 

which need to be defined in their turn and so on and, with finite resources, we necessarily end in 

circular definitions. So, we should see the intrinsic randomness of quantum physicists more as an 

undefined term as something true, whatever it can be. This is one of our goals here to give some 

alternative view of a system providing the same properties as intrinsic randomness but strictly relying 

on Kolmogorov axioms. 

In order to explain why the probabilities in quantum physics do not follow the Kolmogorov axioms, 

Einstein, de Broglie and Bohm proposed, as we said above, the existence of hidden variables. This 

would allow an explanation of the experimental results while keeping consistence with Kolmogorov 

axioms. However, some experiments (Aspect, Gisin) have, we are told, proved that there are no hidden 

variables and this led to the abandonment of what we call local realism. Let us quickly recall the result 

of Gisin which basically put 2 entangled photons at 18km of each other and showed experimentally 

that the correlation speed between them was, if finite, more than 10 000 times the one of light. In fact, 

the orthodox interpretation of this basically is the following. The 2 photons have a physical state as a 

couple, but they have no individual state while entangled. So, when they are precipitated in their Eigen 

state, since they “come from nowhere”, their interaction speed is not any trustable magnitude. This is 

what conclude most orthodox physicists and they ultimately declare that this definitely prevents 

quicker than light communications. We shall see further on that they are wrong on this latter point 

since we can imagine such a protocol based on mathematics. We do not mean our protocol will work 

(it must be verified by experiment) but at least no one can reasonably and definitely conclude on the 

infeasibility of such communications. This is in that sense that orthodox physicists are wrong! 

3 Some exotic mathematics 
Let us combine some graph theory with knots theory [4]. We get the following. 

Theorem (H. Sachs 1982, J. Conway and C.M. Gordon 1983): 

Let us consider the complete graph 6K  as a link. Since it is complete, any triple of its vertices make a 

triangle and the remaining triple also makes a triangle. The question is to know if, considered as a 

link, the two triples are in configuration 1 or configuration 2 on the figure hereunder. 

 

 

 

 

 

 

Figure 1: configuration 1 on the left (non-trivial link) configuration 2 on the right (trivial link) 

Now the theorem states that for every placement of 6K  in 
3
 there is at least a pair of triples of 

vertices which are in configuration 1. Moreover, such a property, which is purely topological, is 

minimal in the sense that we lose it whenever we remove either any vertex or any edge in 6K . 

Now, let us consider entangled particles. Since we say they are “entangled”, this means they are tied 

and we do not know the very nature of the ties. Let us consider that we use the following model. We 

consider the particles as the vertices of a graph and the entanglement relation as an edge. Just please 



notice that n  entangled particles will bring to a complete graph 
nK . Our protocol of communications 

“quicker than light” is the following for communications between the Earth and Mars. 

We begin with 2 bunches of particles, one with 6 entangled particles and the other one with 2. 
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Figure 2: starting point on earth 

Then we chose any 5 particles in bunch 1 and any particle in bunch 2 and we physically send these 

particles to Mars. 

Earth      Mars 

 

 

 

 

 

 

Figure 3: trip to Mars (much lower speed than c) 

We therefore get the following configuration. 

    Earth    Mars 

 

 

 

 

 

Figure 4: ready to communicate 



We want to transmit a bit of information, that is, either 0 or 1. For this, we have a schedule to transmit 

our information. Say we want to transmit our information between 12:00 and 12:01. If we want to 

transmit information 0, then we do nothing. Locally, as displayed on Figure 4, Bob, who is on Mars, 

faces a local configuration which can be described, in terms of graphs, as 5 1K K . If, on the contrary, 

we want to transmit a 1, then, between 12:00 and 12:01, we entangle on Earth the two remaining 

particles. This brings to entanglement of the 6 particles on Mars, instantaneously. 

 

Earth      Mars 

 

 

 

 

 

Figure 5: transmitting a 1 

Bob then views a 6K  configuration which clearly changes from 5 1K K  because of our theorem. The 

change is topological. Like in chemistry, we propose to consider as pretty obvious that the change in 

topology of any bunch of particles will display different physical properties. Therefore we can 

discriminate both situations and therefore can transmit information. 

The reason why such a protocol works is because the tensor product of Hilbert spaces is associative; 

this is why entangling particles on Earth will entangle them on Mars. This protocol does not contradict 

relativity theory because the transport of particles to Mars, is at low speed. On the contrary, once the 

exchange has been made, information sending is immediate, at infinite speed. 

We should experimentally verify such a protocol, but it is at least questioning for orthodox physicists. 

And since we obtained such a property via adding one axiom to traditional quantum physics, since this 

axiom obviously is independent of the others, this is some kind of incompleteness axiom which allows 

us to explore new horizons and only experiment can bring to conclusion. It is a fact that the author of 

these lines never found any echo from orthodox physicists! 

4 So what? 
We just saw a potential contradiction between what we proposed and standard physics. Our approach 

shows the richness of the axiomatic method in mathematics, since it can open up our mind. Now, if we 

can imagine such a major contradiction with standard physics, wouldn’t it mean that there is some 

flaw somewhere? An undetected flaw? 

Let us consider basic quantum physics and just recall that when we make any measurement, the 

system is precipitated into an Eigen state. Let us consider the operator x  of position, and let us 

remark its spectrum is . Now, even with intrinsic randomness, what nature does is it chooses any 

value in  when we want to measure the position. So, nature computes what mathematicians call a 

choice function. Namely  

  : 2  such that f f x x    



This clearly means that Nature operates on the set 2 . If we use the Cantor Bernstein theorem we 

know that the cardinality of this set is infinitely greater than the one of  or . But it is a fact that all 

physics works with sets which have a cardinality 
1  whereas, if we assume the extended continuity 

hypothesis, we just have shown that Nature at least operates in a set of power at least 1

2 2


  . This 

very simply shows that physicists do not deal with the right “set”. 

5 Our universe 
Let us keep on the preceding paragraph, and let us evoke the well-known Russell paradox. Does the 

set of all sets exist? The answer is no and a straight forward argument is once again to use the Cantor 

Bernstein theorem which says that #2 #X X . If such a set existed, it would have a cardinality 

strictly greater than its cardinality which is a contradiction. But, for any person having common 

judgment, our universe must contain everything, even itself. This brings us back to Gödel who 

“invented” what he called proper classes which do not suffer the same problem as sets. Those are too 

small and our universe must be so big! 

Our logical reasoning brought us to the fact that our universe must be a proper class. However, is there 

any natural way of counting quantities in a proper class? The answer is yes and has been discovered in 

1974 by John Conway [5]. He built the field of surreal numbers which generally is called No. So we 

have mainly solved our problem. Our universe must somewhat trivially be a proper class and there is a 

field which is suited to count inside a proper class because it is itself a proper class. 

6 And geometry 
The fact is that No is a non-Archimedean field. This means that any geometry in our universe must be 

non-Archimedean. We can, as Hilbert did in 1899 [6], build an intrinsic non-Archimedean geometry. 

It is a fact that it is obviously more general than Archimedean geometry because it imposes less 

constraints. However, intrinsic non-Archimedean geometry is even more general than any geometry 

based on, say, a Descartes referential with axes indexed by No. And this raises the question of 

knowing whether No could be the ultimate field for any representation of nature. 

But there is a much bigger collateral damage which is more easily explained with geometry. In non-

Archimedean geometry, it is obvious that there are infinitesimal distances. If nature can be reliably 

described with such geometry, this means that there would exist a world at infinitesimal scale from 

ours. It is so much infinitesimal that we cannot use any means of our scale, a priori, to manage the 

“infinitesimal world”. What this means is that if we make an experiment which result depends on what 

happens at infinitesimal scale, then we cannot be sure to reproduce the same very conditions and the 

result might be non-reproducible. And this frontally crashes against the so called scientific method 

which is based on the reproducibility of experiments! 

However, let us make an important remark. We can reasonably say that humankind has pretty much 

success with chemistry given what we are able to perform in the field. Nevertheless, no one has ever 

seen any chemical reaction at microscopic scale. Our science only relies on a model whereas it is 

successful. Couldn’t we imagine at least for a while that we could do the same with our infinitesimal 

world? This clearly means that intelligence is and must be much more at stake than what we have 

considered up to now in scientific activities. And we shall finish on this subject on a word addressed to 

Heisenberg by Einstein [7]: Don’t you see Heisenberg, this is theory which says what can be 

observed! We therefore can hope that one day we could manage infinitesimal particles… 

We shall end this paragraph by coming back to the surreal numbers to give a clue of what they can 

involve. Let us assume there would be an aether made of particles having their diameters in the scale 

1/  where   is the first transfinite ordinal of Cantor. Then, potentially, the influence of such 



particles at our scale is infinitesimal, as their scale. However, let us assume we consider a string of   

such particles. Its length is 1/ 1     and therefore it has a real influence at our scale! Such 

stuff, in our opinion, is a good candidate for dark matter. 

7 A clue! 
Above, we gave a clue why we have to deal with structures having cardinality greater than 

1  but our 

approach was mathematical. Let us now give another one, which is physical even if the reasoning is 

mathematical. Let us consider statistic physics in which it is assumed that particles are 

indistinguishable. Standard computations give us, for the entropy of a perfect gas, the following 

formula. 
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In order to obtain it, it was compulsory to introduce the indistinguishability of particles [8]. If we do 

not do it, we obtain for the entropy a non-extensive function which then poses some problems with the 

Gibbs paradox. As is well known, we can derive the state equation of perfect gases from the 

expression of the entropy. We get  

 pV mrT   

With standard notations and where m  is the mass. Now, let us use a bit of formal logic. In the 

expression of entropy, the number of particles at stake, ,N  explicitly appears and in m  it intrinsically 

appears. This clearly means that every particle has to be counted for. But physicists say they are 

indistinguishable! If you have in front of you fully indistinguishable objects, then you can only count 

up to 1, not more! Therefore, the term “indistinguishable” is improper. What the values N  and m  

appearing in the formula tell us, is that all particles are distinguishable, but that for the properties of 

entropy, they can be considered, for some of their properties (not all), as indistinguishable. This is the 

difference between an equality and an equivalence relation [9]. 

Now, let us consider any particle of quantum physics. It has a non-zero diameter. Even working in  

we can cut the radius (virtually) into 2 halves. But quantum physicists tell us this is not possible. So, to 

bring contradiction to them, let us assume that any extensive physical function is made through “sub 

particles” which are members of a same equivalence relation (we just generalize what we showed for 

entropy). Let us consider that as an axiom. There we are! Let us apply this to any extensive function 

related to any elementary particle, say the electron. Then, for this very function, the electron has 

components, for example because its charge is the result of counting some properties of some sub-

particles constituting it! Such components are, relative to the physical properties that are of interest to 

us, indistinguishable, but, as we said for the entropy, since ultimately such sub-particles must be 

counted for, they must be distinguishable. Since the electron is thought of as being a fundamental 

particle in our world (and cannot be split), it remains to conclude that its constituents cannot be 

distinguishable for us and must therefore be at an infinitesimal scale, like in a non-Archimedean space 

as we proposed above. Indeed, by the very properties of what we call non-Archimedean, infinitesimal 

scale particles can only be indistinguishable at the upper scale. This does not mean indistinguishable at 

the infinitesimal scale itself! In fact such infinitesimal particles must be distinguishable at their own 

scale as we already said.  



8 Another approach for a clue 
Some years ago I was presenting some work in front of a Russian academician. During the discussion, 

he was brought to tell me: matter does not exist, it only is a singularity of the electromagnetic field. 

Needless to say the guy was a specialist in fields. So, let us take such a view for granted. Now, in 

geometrical terms, any singularity can only occur if there is, locally, a negative curvature (This is quite 

exact but can depend from where the observation is done. We assume we are in the right case). 

Therefore, the question is, since we are in dimension 3, to know whether we can embed the 

Lobachevski plane into 
3

 and we know since Hilbert that this cannot happen. The best we can do is 

to embed a part of it and we get such figures as the one hereunder. 

 

Figure 6: Beltrami pseudo sphere 

The singularity, as we can see on the figure, cannot be in our space, but it could be in a non-

Archimedean space, because in that case, Hilbert’s proof no more works. So here is an additional clue 

drawn from a purely physical approach. 

9 Emptiness 
If we have a careful look to the preceding, it appears that the problems we have between mathematics 

and physics are related to filling in emptiness. On the one hand, there is the notion of vacuum in 

physics which poses a lot of problems [10] and [11] and on the other there is the problem of 

describing, say, the entanglement ties which, today, seem to have no physical ground. We ruled out 

the vacuum problem with the use of surreal numbers and entanglement with topology of knots. Up to 

now, we mainly showed the power of mathematics for approaching physics even if we showed how 

physics itself can give clues upon which mathematics to use. Because of a lack of place, I shall just 

add an example of the other way physics and mathematics can interact. I presented at the conference 

Catacrypt’2014 in San Francisco a new kind of quantum analog computer which is based on 

entanglement and which would allow computers able of NP-complete computations. A description of 

such a computer will appear in [11]. 

It is a fact that to obtain such results, I just tried to fill in emptiness. In some way, if we go back to the 

Middle Ages, mathematicians had the same problem before discovering the 0. The difference in 

physics, if we follow both Descartes and Einstein, is that in physics, emptiness should not exist! 

10 Conclusion 
We are up to conclude! We have approached our world through both physics and mathematics. We 

have shown that both approaches are cross-fertilizing. Indeed, adding some axioms can bring to some 

interesting new properties whereas analyzing physical phenomena, that it be entangled particles or 

statistical physics, brings to logical and disruptive conclusions allowing to progress in the 

mathematical representation of the world for transmission to further generations. 

Now it is time to give some consequences of what we more or less quickly proved. All of what is said 

above was written in 2 books from the author, the first one in French having been released in 2010 

[10] and the second will be released in 2015 [11] in English. We therefore propose that our universe 

be, in some way, isomorphic to No3 or more generally to a non-Archimedean space of dimension 3 



(time is something else). If we now come back to our introduction about intrinsic randomness, the fact 

that the source of randomness could be at an infinitesimal scale, could be reliably modeled by intrinsic 

randomness and staying within . Such randomness could be the result of deterministic happenings 

at the infinitesimal scale, thus remaining consistent with Kolmogorov axioms. The reason why 

quantum physicists would not have found hidden variables would be that they were looking for them 

in  or  where they cannot be in case our universe would be non-Archimedean. Such a view can 

bring to some kind of proof of free will for humankind [12] with a view which is very far away and 

even contradicting the one proposed in [13]. 

Concerning speeds greater than the speed of light, there is no contradiction at all with relativity. 

Basically and without going into too many details, relativity theory is linked to a world where 

derivation plays a major role. It is a fact that despite much effort we were not able until now to build 

any derivation of functions operating on the field of the surreal numbers. So, relativity could be a truth 

at our scale, but not at sub scales. In particular, the entanglement links could occur at such sub 

infinitesimal scale and would allow infinite speeds without contradicting relativity. 

Now, let us give a clue of why the “unreasonable efficiency of mathematics”. Science was born as we 

said in the beginning, in Antic Greece. It was in fact born through geometry, since at that time 

numbers mainly were lengths. It is a fact that all the physics we have dealt with up to today deeply 

relies on geometry. But geometry only deals with points and lines or sets of lines at best. A point is an 

undefined term, the same for a line. But, intuitively, it was thought of, from the very beginning, as 

something without any volume for the point and with zero thickness for the line. It was thought of as 

an idealization of our world. In the presented view of this paper, the line of the Greeks does physically 

exist! Just take an infinite number, say 
  particles of radius 1/  and put them beside each other up 

to touch. Then, you exactly have the physical line of the Greeks. For any man on earth, this line does 

exist, has zero thickness and every point has zero volume. And no man in the world can see it! But it 

physically exists! This is, in our opinion, why mathematics are so “unreasonably” efficient, they in 

fact work with physical tools! 

In the same way, physicists have elaborated the notion of vacuum. Such a notion cannot be the right 

one because, for example, there is some energy in vacuum (Casimir effect). The very notion of 

vacuum is even contradictory to physics itself and this was very much commented by both Descartes 

and Einstein. However, if we see our universe as a non-Archimedean proper class, then viewed from 

 , infinitesimals may seem as non-existing, that is, as vacuum. This the reason why vacuum works 

so well in physics whereas it cannot exist on logical grounds. 

Now, our last point will be dedicated to make people aware of how big our universe is. There are a lot 

of universe models [14] in physics. But none, to the author’s knowledge, makes us as small as the one 

presented in this short paper. Indeed, if there are infinitesimal scales as we tend to prove in case our 

universe is non-Archimedean, this brings to the possibility that we are the infinitesimal scale of a 

bigger world. We would be, say, an infinitesimal aether particle of a bigger world which in its turn 

would be an infinitesimal aether particle of a bigger scale and so on. This is obviously implied by the 

use, say, of surreal numbers. What does this mean? It means that whatever happens at the upper scale 

of ours, the probability of something happening to our scale universe (that is the galaxies, the galaxies 

clusters and so on) as a consequence from the upper scale world led by the Kolmogorov axioms, is 

zero. This is somewhat reassuring, isn’t it? Coming back to God, if he exists, then he must cover all 

scales and our view makes him much more infinite than what both mathematicians and physicists 

generally think. Anyway, he is far too big to be inserted in any equation!  
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