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ABSTRACT. It recently was proved that correlation between entangled par-
ticles was almost instantaneous. Entangled particles have also proved to be 
useful for teleportation. In this paper we show that such protocols as telepor-
tation involve what we call the double penalty in terms of special relativity 
whereas this discipline never said such. In order to avoid it, we suggest using 
knots theory and on a more general point of view topology of a set of entan-
gled particles so that this topology really pre-exists to the measure and there-
fore can give rise to the detection in a change of “state”. This brings us to 
expect protocols for communications that are quicker than light once the 
communication is established (the latter being constrained by special relativ-
ity.  

 
RESUME. On a récemment prouvé que la corrélation entre particules intri-
quées est presque instantanée. On a aussi montré l’utilité des particules intri-
quées pour la téléportation. Dans cet article nous montrons que des protoco-
les tels que celui de la téléportation impliquent ce que nous appelons la dou-
ble peine en termes de théorie de la relativité. De façon à éviter cela, nous 
suggérons d’utiliser la théorie des noeuds et, d’un point de vue plus général, 
la topologie d’un amas de particules intriquées si bien que la topologie pré-
existe à la mesure permettant alors de détecter un changement « d’état ». Ce-
la nous amène à espérer l’existence de protocoles de communications qui 
sont plus rapides que la lumière une fois la communication établie 
(l’établissement des communications, lui, est contraint par la théorie de la re-
lativité).  

 

1 Introduction 

Entanglement has been the subject of intensive research in recent years, 
the expected applications ranging from quantum computers to teleportation. 
Very recently, it was shown in an experiment in Switzerland [1] that in case 
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the speed of propagation of the dependence of state between 2 entangled 
particles would be finite, then such a speed would be higher than 10000 times 
the one of light. In some sense, this means that the information on a particle 
is transmitted to the other at a speed greater than the one of light and the term 
information is used in [1]. However, a lot of literature has been written on 
teleportation and all the authors insist on the fact that such a phenomenon 
cannot be achieved at a speed greater that the one of light. In this paper we 
shall describe the teleportation mechanism in detail enough in order to insist 
on what we call the double penalty. And we shall infer that there is no reason 
why such a double penalty should apply. This relates to the deep character of 
what information is. Clearly, we shall try to answer the question of what 
information consists in, in its very hand. We shall then turn to classical chem-
istry where a way of looking for a new molecule with expected known prop-
erties is performed by using topology of the molecule. Applying such an idea 
to our problem of avoiding the double penalty, we shall try to use topology in 
order to perform communications quicker than the speed of light. For our 
purpose, the best suited field within topology seems to be knots theory which 
will be quickly assessed. We shall then try to define a suited operator which 
could help us in determining, say, a bit of information on Mars instantane-
ously after it was sent from the earth. In order to perform such an ultimate 
experiment, we shall design an intermediary experiment which could be 
easier to realize in a first time giving clue for the possibility of the ultimate 
experiment.  

2 Preliminaries 

In this whole paper we shall use the notations of the book of Michel Le 
Bellac [2]. Associated to a particle is a Hilbert vector space and in case of 
several particles, we associate them the tensor product of their Hilbert spaces. 
Namely if   

p1, ..., pn  are n particles, which Hilbert space respectively are 

  
H1, ..., H

n , then the system of particles is associated the Hilbert space 

  
H1 ! ...! H

n . In the general case we shall define the state of a quantum 

system by a statistical operator (we only consider Hilbert spaces of finite 
dimension so that the statistical operator will be a matrix) but pretty often we 
shall prefer, when possible, the use of a vector in the Hilbert space. A vector 
of a Hilbert space will be noted  x  and in case of a tensor product we shall 

often omit the tensor product sign by writing, for example,   xyz... . Entangled 
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particles are characterized by the fact that no maximal (i.e. with a probability 
equal to 1) test does exist for them for measuring physical magnitudes. 

3 Teleportation 

Let us quickly recall here the mathematics of teleportation for a spin ! 
particle. Let us consider a particle A which state is   !A = " 0A + µ 1A  and 
let us assume that this state is unknown on earth but we want to teleport this 
particle on Mars. For the purpose, let us take 2 spin ! entangled particles B 

and C which are in state
  
! BC =

1
2

0B0C + 1B1C( ) . C is sent to Mars 

whereas A and B stay on earth. At this stage, particle A is not entangled with 
particles B and C and therefore the quantum system made of these 3 particles 
can be described by the following vector. 

  

  

! ABC = "A # ! BC

=
$
2

0A 0B0C + 1B1C( ) + µ
2

1A 0B0C + 1B1C( )  

Now, let us apply a cNOT gate on particles A and B, the cNOT matrix be-
ing given by: 

  

cNOT =

1 0 0 0
0 1 0 0
0 0 0 1
0 0 1 0

!

"

#
#
#
#

$

%

&
&
&
&
=

I 0
0 ' x

!

"
#

$

%
&  

Where  I  is the identity (in a space of dimension 2) and  ! x
 is the tradi-

tional Pauli matrix. Such an operation transforms the initial state in the fol-
lowing state 

 
  
! 'ABC =

"
2

0A 0B0C + 1B1C( ) + µ
2

1A 1B0C + 0B1C( )  

Then, let us apply a Hadamard gate to A where the Hadamard gate is de-
fined by the following matrix:  
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H =

1
2

1 1
1 !1

"

#$
%

&'
 

This then transforms the state of the system made of the 3 particles to be 
described by the following state:  

 

  

! "ABC =
1
2

0A0B " 0C +µ 1C( )
+ 1

2
0A1B µ 0C +" 1C( )

+ 1
2

1A0B " 0C #µ 1C( )
+

1
2

1A1B #µ 0C +" 1C( )

 

Now let us make a Bell measure, that is, we measure the state of the cou-

ple AB on the basis  0 , 1{ } . This measure projects AB on one of the 4 pos-
sible states and, according to the result, the state of C on Mars appears to be 
the one that appears in the lines in the equation above. In order the guys on 
Mars to know what they got, we send them through a standard telecommuni-
cations system the information which was observed on earth, so that the guys 
on Mars can perform the appropriate operations in order to get B in state 

 !A .  
We did not invent anything in this presentation and the way it is described 

strictly follows the one of Le Bellac [2]. So let us do our first remark. Indeed, 
in such a protocol, we face what we call a double penalty for what concerns 
special relativity. In fact, Einstein’s theory asserts that we cannot move any 
particle quicker than the speed of light. We face this problem first when send-
ing particle C to Mars. Up to now, we do not know any means to bring any 
particle to Mars quicker than the speed of light and we generally even think 
this as not possible because of special relativity theory. However, in the pro-
tocol described above, we face the penalty of special relativity a second time 
because we must send information to Mars after the Bell measure. With to-
day’s means, this clearly signifies that we are, once again, limited by special 
relativity. But special relativity in no way says that we must face such a dou-
ble penalty. One penalty is already difficult enough! Here is the paramount 
philosophical reason why we think that communications quicker than the 
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speed of light are possible. This is not in the sense of violating special relativ-
ity but in the sense that only one penalty should be sufficient. More precisely, 
we believe that we cannot avoid the first meeting with special relativity, that 
is, when sending the particle to Mars, however, we think that we can get rid 
of relativity for communications once the particle is on Mars, because the 
commutation time of the states of 2 entangled particles is zero or, at least 
given [1], very short even between the earth and Mars.  

This brings us to the very deep question of knowing what information can 
be. Indeed, information in common physics is considered as having a sub-
strate, generally a particle at least, so that it is generally believed that special 
relativity applies to communications which, at the very end, consist in infor-
mation transfer. But what is information or what can we think it is? Clearly, 
information can be thought of in many different ways. For example, if noth-
ing happens, then you get no information… Except if you decided with the 
other party you want to communicate with that no communication means 
something! This is what is often used in espionage films. However, such a 
way of communicating is a bit too much simple even if it trivially allows 
communicating quicker than the speed of light (trivially sending nothing can 
run quicker than light and please notice that this only suppresses the second 
penalty we were speaking about earlier because the phase of agreeing that no 
information means something is trivially submitted to special relativity con-
straints). The problem occurs when we want to change and send diversified 
information. In such a case the problem, on the receptor point of view, is to 
detect a change wherever it comes from. The use of entangled particles can 
then be imagined for such communications. Indeed, since the measurement of 
particle A on earth projects particle B on Mars, say, instantaneously, we can 
imagine we could detect when the projection takes place. However we do not 
speak here about the change of state of particle B since it is today believed 
that no state really pre-exists. This is the reason why, in our opinion, micro 
devices (that is which work at particle level) will not work: how detecting 
change if there was no pre-existing state? We therefore turn our attention 
towards “macroscopic” devices in a sense which will be given a precise 
meaning later on.  

Finally, we today currently use time as a variable for transmitting diversi-
fied information. Typically, let us consider a time window during 1ns and let 
us divide it into 2 halves. Then if you send a wave during 1ps in the first part 
of the window, consider it is understood as a zero otherwise it is understood 
as a 1. Such a system allows communicating perfectly well. We could there-
fore imagine 2 entangled particles A and B and project them by measuring A 
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on earth so that B is projected on Mars, the projection depending on time. 
There again the problem is detection of projection. 

4 The main idea 

Therefore communicating is changing of state in a device and this change 
of state must be detectable at the other end. Since it seems difficult to rely on 
the only quantum physics to detect a change in a state which did not pre-
exist, let us turn to more classical physics where properties occur in different 
ways. This is typically the case in chemistry. We all know that the same 
molecules deviate light to the left or to the right depending on the topology of 
the molecule. Moreover, for some alkenes, the place of the double bond may 
give rise to different physical or chemical properties. The question we ask 
there is therefore the following: can we imagine some physics with entangled 
particles which would put into play some topological characteristics which 
would change on demand when manipulating some particles? We are going 
to answer positively this question in the following of this paper. 

5 A very short introduction to knot theory 

5.1 Introduction 

All the material which we are going to describe here can be found in the 

excellent book of Saul Stahl [3]. Formally speaking, a knot is a loop in   !3  
and portions of a knot are called arcs. A link is a set of disjoint knots, each of 
which being called a component of the link. One of the main problems of 
knots theory is to determine when some knots are trivial or not in a link. 
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Figure 1 : examples of knots and links 

On the figure 1, we show 1 knot and 1 link. The first one is said to be the 
trivial knot because if you unfold the 8-form, then you obtain a circle which 
is by definition the trivial knot. In fact all knots that are topologically equiva-
lent to the trivial knot are called trivial. To be more precise, the trivial knot is 
an equivalence class made of all knots that can be transformed into a circle 
via topological transformations called isotopies. Clearly, the second case on 
the figure above is different. If you cut and paste, then you obtain 2 circles 
which constitute the sum of 2 trivial knots and therefore make a link with 2 

components. Such a link is noted  02  with a trivial notation.  
 
Now, we can define 2 major problems of knots theory. The first one is to 

know whether a link can be split via isotopic transformations into 2 disjoint 
components or not and we shall rather focus on the non-splitable character. 
Typically, the lower part of figure 1 is what we call a true link, that is, we 
must cut and paste to obtain 2 separate components which is not an isotopy. 
Another major problem of knot theory is to know whether a knot is trivial or 
not or, even better, to determine when 2 knots are isotopic. In the following 
we shall mainly concentrate on the link separation problem but we shall al-
lude to the second one in case the first treatment would lead to a failure in 
terms of an experiment. 

5.2 From knots to graphs 

A graph is a set of points called vertices and lines joining some of the ver-
tices called edges. An example is given on the figure hereunder. 



248 J.-F. Geneste 

 

 
 

Figure 2 : example of a graph 

This graph is known as   
K6  because it has 6 vertices, all of which are 

linked via edges to the 5 others. We also say that such graphs are complete 
and the general complete graph is denoted  

Kn . Now it is known that any 

graph can be traced into   !3  without having any edge of the graph crossing 
another one [4]. Therefore knots can be seen as graphs, but pretty particular 
graphs. Indeed, let us consider the plane projection of a knot as the one of 
figure 1 and let us define the following graph. For each intersection of 
strands, let us define a vertex and let us keep the remaining part of the strands 
joining the vertices and being considered as edges. Here is our graph! This 
allows then to use graph theory to treat problems about knots and vice-versa. 
In particular, this allows proving the theorem of Sachs, Conway and Gordon 
which we now state together with a short proof.  

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

Every placement of the graph   
K6  in   !3  contains a linked pair of 3-cycles 

(a 3-cycle is a triangle). 

This theorem clearly means that graph   
K6  contains at least a 2-component 

non-trivial link whatever the position of its vertices in space   !3  is. Moreo-
ver, we have an additional very important property. It can be proved [5] that 
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if we suppress at least 1 edge of   
K6 , then we no more enjoy this property, 

that is, the obtained graph has a placement in   !3  which has 2 disjoint com-
ponents. For the aftermath of this paper we shall need to know the proof of 
this theorem because this proof will give us interesting clues that we shall re-
inject into physics for designing a (hopefully) working experiment. So, let us 
define some important notions which will be useful to us before proving the 
theorem. Please be aware that we strictly and faithfully follow the already 
referred book of Saul Stahl. 

Definition 

Let us be given a link with crossings and let us orient the strands of the 
link. Now we are going to label the crossings left or right, or equivalently -1 
or +1 according to the following rule. Let us call the strand which is over the 
other one the overstrand while we call the other one the understrand. The 
game is played the following. The palm of your hand must be turned towards 
you while the thumb must indicate the direction of the overstrand and the 
hand indicates the direction of the understrand as depicted on the figure 
hereunder. If you must use the right hand to do that then the crossing is la-
belled right or equivalently +1 whereas it is labelled -1 or left in the other 
case. For the sake of completeness and of clarity we must precise that we 
only take into account those crossings which are made of one strand originat-
ing from one component of the link and the other strand originating from 
another component of the link. A crossing of 2 strands (or 1) originating from 
the same component are not taken into account. 

 
Figure 3 : Labelling of crossings 

Definition 
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Let us call  
Ci  the crossings obtained according to the previous definition. 

Then we define 
  
lk(L) =

1
2

C
i!  which is called the linking number. If we 

consider a non labelled link, we then define its linking number as being 

  lk(L)  where   lk(L)  is the linking number of any orientation of the link. 

 

 
General results 

Let us give here some general easy results without proof. The linking 
number is an integer and it is a topological invariant of the link.  

Proof of the theorem 

Let us first begin with a figure in which we study a particular placement of 
6K .  

 
Figure 4 : A placement of   

K6  in   !3  
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Since any 3 vertices of the graph are linked together they form a 3-cycle. 

Therefore, the number of different possible 3-cycles out of   
K6  is 

 
6
3

!

"#
$

%&
= 20 . 

Now, if we take any one of these 3-cycles, there is its complement made of 
the 3 remaining vertices which also makes a 3-cycle. There are therefore 

 
1
2

6
3

!

"#
$

%&
= 10  possible different pairs of disjoint 3-cycles which can be chosen 

out of   
K6 . Let us call them   C2i ,C2i+1{ }  for   i ! 1,2,...,10{ } . For the configu-

ration of figure 4, let us compute 
10

( , )2 2 1
1

U lk C Ci i
i

= ! +
=

. On the figure we 

clearly see that the triangles 123, 125, 134, 135, 145, 235, 345, 356 are 
clearly unlinked to their complements, leaving us with the pairs (136, 245) 
and (156, 234) which have linking number 1 and 0 respectively as shown on 
figure 5. 

We therefore have U=1. Now, any other placement of 6K  will differ from 
the one above by a sequence of isotopies and crossing switches. The isotopies 
are of no interest since the linking number U does not depend on them. This 
is clearly not the case of the crossing switches. For the latter, let us assume 
without loss of generality that the switched crossing involves the edges 12 
and 34. The only disjoint cycle pairs to which these arcs belong are (125,346) 
and (126, 345). Hence when the crossing is switched, only their 2 linking 
numbers are affected and each is modified by  ±1 . It follows that U is modi-
fied by 0 or 2± , so that U always remain an odd number. This clearly means 
that there are at least 2 “intersecting” 3-cycles as shown on figure 5. 
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Figure 5 : The two remaining links in   
K6  

6 A new potential step in quantum physics 

The underlying idea from the above presentation about knot theory is that 
particles which are entangled are somewhat tied together and a system of 
entangled particles can be viewed as a graph. What we expect in this paper is 
that there is some physical test which will allow distinguishing between 2 
configurations of particles. In fact what we look for is a detector of the under-
lying topology of the system of particles. Let us be more precise. 

6.1 Differentiating 2 topologies of a system 

Let us in a first time consider 5 entangled particles on one side and one 
alone particle on the other. The 5 entangled particles can be represented by 
graph 5K  whereas the one alone is represented by graph   

K1  

 
Figure 6 : Graph   

K5  

Now, let us entangle our 2 systems. Clearly, we obtain graph 6K . Since 

there are at least 2 3-cycles within   
K6  which are linked or “entangled”, it is 

expected that we are able to differentiate between   
K5 + K1  on the one hand 

and   
K6  on the other. Let us however be a bit more foolhardy. 

6.2  The step beyond 
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Let us consider for the beginning a spin ! particle which state vector is 
! = " + + µ # . We traditionally say that the state of the particle is the 

superposition of the 2 pure states +  and ! . The origin of such a point of 
view is the wave function associated to a particle thanks to Louis De Broglie. 
And the paramount question we ask here is the one of the reality of these 
states. Let us assume that such states are the reality and not an ad hoc artefact 
for computations. In that case the + sign between the 2 pure states can be 
assimilated to a tie between them, so that, on a topological point of view, our 
spin ! particle can be represented under the form of the 2K  graph where 

each vertex can be labelled +  and !  respectively. Then it is standard 
knowledge about magnetic nuclear resonance to deal with such a particle.  

Let us now turn to the case of 3 entangled particles in GHZ state [6]. The 
state vector of such a system can be written under the form 
! = " +++ + µ ### . There again, if the superposition is the one of really 

existing states, we can draw a graph. However, assuming the particles are the 
same and indistinguishable, the corresponding graph for representing such an 
entanglement must be 6K . Clearly, if we consider the system made of these 

3 GHZ particles, considering the vector +++  as +  and the vector !!!  

as ! , we should be able to write the same equations when the system is in 
an electrical oscillating field as in the spin ! case, so that we should face the 
same phenomena (with different characteristics because some physical mag-
nitudes may differ from the preceding ones). This is what the equations say. 
On the contrary, due to our topological view, we expect the result would be 
different shedding light on the fact that there is at least a non trivial link 
within   

K6 .  

After such a qualitative discussion, we must remain humble. Topology 
only describes equivalences and does not generally give any absolute meas-
ure value so that doing the above experiment could result in pretty fuzzy and 
tiny results. Nevertheless we should aim at detecting this, if possible and, of 
course, if true. 

7 Quantum link physics 

Let us keep on our path. When 2 particles are entangled, this can be 
thought of as if there was an arc between those particles so that those parti-
cles can be represented by graph   

K2  as shown on the figure hereunder. 
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Figure 7 : graph of 2 entangled particles 

The nature of the link is pretty fuzzy since we clearly feel that there is 
some difference between entangled particles and non-entangled ones. Such a 
difference appears in the writing of the tensor product of vectors and we can 
see physical properties which differentiate entangled particles from non-
entangled ones. However the very nature of this link is not really known. The 
extraordinary thing here is that it does not matter for us. If 2 particles are 
entangled we can assume that their representation is the one given in the 
figure above. On a general point of view, the representation of n entangled 
particles gives rise to the complete graph  

Kn . Moreover, on potentially the 

contrary of section 6.2, we have real “things” at both ends of the edges of our 
graph.  

Our approach to get communications quicker than the speed of light is 
then the following. Let us take on one side a group of 10 entangled particles 
which can be modelled as the complete graph   

K10  and another group of 2 

entangled particles which form the complete graph   
K2 . Let us number the 

particles by   
p1, ..., p10  for the first 10 ones and   

p11, p12  for the 2 remaining 

ones. According to our notations, let us note ,...,1 12H H  their associated Hil-
bert spaces. Then let us face the first special relativity theory by sending 
particles   

p1, ..., p5, p11  to Mars and keeping   
p6 , ..., p10 , p12  on earth. On 

Mars, the guys there face the following: they have ...1 5H H! !  on one side 

and   
H11  on the other. On earth we have the same with the corresponding 

indices. Now, the guys on earth perform some physical transformation so that 
we get all the particles entangled, that is we get   

H6 ! ...! H10 ! H12  so that 

the state of the 6 particles is entangled, that is, the corresponding state vector 
potentially is given by   ci5...i10i12 i5...i10i12! . We potentially have the same 
writing with other indices with the particles on Mars as we are now going to 

 

Particle A 

Entanglement 
Particle B 
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explain. Indeed, let us look at what we get for the total system in terms of 
tensor products. We get 

   
H6!...!H10!H12( )! H1!...!H5( )! H11  

This expression gives clue for the following reasoning. If we entangle par-
ticle 12 with particles 6 to 10, then we also entangle particle 12 with particles 
1 to 5 by the associative property of the tensor product. Moreover particle 11 
is also entangled to particle 12 so that commutativity and associativity of the 
tensor product imply that particles 1 to 5 and particle 11 are entangled on 
Mars! So, if the guys on Mars have a physical or chemical device which can 
detect a change in the topology when the entanglement is triggered on earth, 
then they face the 6K  graph whereas they did not have it before. The basic 
idea is that there exists an operator which can measure such an event as al-
ready explained before. However, one more remark is worth. The 6K  graph 

is local and may be viewed as a subgraph of 12K . What is going to be meas-

ured, a priori, is a local property, that is, the topology of the link   
K6 . Moreo-

ver, this property is not only local when we measure it, but it is also clearly 
pre-existing to the measure. We are therefore at the boarder of the EPR ques-
tion with a preference towards the EPR view. What we clearly assess now is 
that the topology of the system can be some kind of “hidden” local variable.  

Let us end this section with a short precision on the scheme for communi-
cating. Let us consider, say, a time window of 1ns. Let us perform a measure 
on the 6 available particles. If they do not have the   

K6  property in the first 

half, then we consider we have received a zero otherwise it is a one. Clearly, 
such a communications is quicker than light once the particles are on Mars. 

8 The Jones polynomial 

Up to now, we concentrated on links. However, the problem of links may 
suffer some theoretical problems or some experimental problems because 
proving that among all possible configurations one implies at least a non 
trivial link can be difficult to detect. So let us propose here an alternative still 
based on knots theory. One major problem of knots theory is distinguishing 
between 2 knots and determining if they are topologically equivalent. There-
fore intensive research has been performed in order to find topological in-
variants for knots. Such a research culminated in the work of Vaughan Jones 
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who was awarded the Fields medal in 1986 for his work. He introduced what 
is called the Jones polynomial and which in fact is a Laurent series and has 
proved this is a topological invariant for knots. The Jones polynomial enjoys 
the following recurring formula known as the Skein formula. 

 
   
A4V

!
L+( ) ! A!4V

!
L!( ) + A2! A!2( )V !

L0( )  

The reader should not be bothered with the non explained notations here 
such as 

   
!
L+ ,
!
L! ,
!
L0  which are out of the scope of this paper. Some additional 

information is available in [3]. Let us precise that A is the variable of the 
Laurent series. As an example, the knot 61  displayed in figure 8 has the fol-
lowing Jones polynomial. 

   A16 ! A12 + A8 ! 2 A4 + 2 ! A!4 + A!8  

 

Figure 8 : the 61  knot 

Let us give a new theorem which is stated without proof. 

Theorem 

For any placement of   
K7  in   !3 , some of the arcs form a non trivial knot. 

We have there all the necessary ingredients to keep on our path to com-
munications quicker than the speed of light. 

9 Quantum knots physics 
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9.1 The approach 

We repeat here the same reasoning as the one we made with links so that 
there are ties between entangled particles. Our procedure is the following. Let 
us pick 7 entangled particles 6 of which are sent to Mars and let us pick 2 
additional entangled particles one of which is sent to Mars. We only remain 
with 2 particles on earth. Then, let us entangle them so that we entangle the 
whole 7 particles on Mars and we get   

K7 . Clearly, there is a change in the 

topology of the graph made of the 7 particles on Mars. Detecting it would be 
a must. For such detection we need an operator and finding the operator is 
not an easy thing. 

9.2 Looking for the operator 

Clearly, we have an “operator” which is topologically invariant for a graph 
and which is the Jones polynomial. However, a quantum operator is a linear 
operator and must be a matrix in the finite dimension case. So our question 
there is how to transform the Jones polynomial into a matrix operator? Let us 
consider the only case of the guys on Mars which want to measure a change 
in the state of the quantum system made of the 7 now entangled particles. Let 
us denote V(A) the Jones polynomial in the A variable of the graph. Then let 
us take any operator which allows a measure on the system of the 6 particles. 
Let us call it G. Since G is an operator, it must be unitary and invertible, so 
that we can compute what we call the Jones matrix which is given by V(G) in 

a trivial way. Such an operator can be computed since   G!1  exists. The idea 
is to apply then V(G) to the system made of the 7 particles on Mars. Depend-
ing on whether it gives the result corresponding to a complete   

K7  graph or 

not will result in the knowledge whether the particles on earth were entangled 
or not. Moreover, let us imagine the particles on earth were not yet entangled. 
We therefore have a link with 2 components   

K6 ! K1 . If we perform the 

measure V(G) on such a system, we shall get a certain result. Now, once the 
entanglement has been made on earth, then we measure V(G) on   

K7  which 

is expected to give another result and be representative of the change in the 
topology.  

We arrive here at the frontier of the upcoming research for finding a suited 
material for G and the potential use of the Jones polynomial. Another idea 
would be to find an operator which matrix is equivalent to the companion 
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matrix of the Jones polynomial and which therefore would well characterize 
the topological nature of the knot we are facing.  

Clearly, we have shown here a communication quicker than the speed of 
light except that the initial transfer of particles was penalized by special rela-
tivity.  

9.3 Consequences 

Clearly, the state of entangled particles is characterized by a statistical op-
erator. On a general point of view, such an operator can be written, in the 
case of the tensor product of 2 Hilbert spaces as 

 
! = p" #"$ #" . On the 

contrary of the approach of §6.2, there maybe is an opportunity to include in 
such a representation of the entangled system the topology of the realized 

graph (knot) for example by calculating  V !( ) . Then the mean value  V !( )  
could be an indicator of the topology we are dealing with. 

10 Coming back on the foundations of quantum physics 

It is currently admitted (axiom) that associated to a quantum system is a 
Hilbert space. Obviously in the light of the preceding, there seems to be some 
clue to add some topological space, namely in our case, the graph described 
by the different links between the particles of the system. Therefore, the writ-
ing should be  H ! T . Our question is to know whether the !  means some 
“entanglement” between H and T or if it does not mean anything. In this 
paper we took the position that such an “entanglement” really exists and that 
in a set of particles the topology really pre-exists to any measure. Therefore 
in the traditional view, a system should not only be represented by a vector in 
the Hilbert space H but also with an associated graph. Knowing whether the 
graph is hidden or not, refers to the EPR discussion. And we took the party in 
this paper that it is not hidden and even more it is detectable. We can then ask 
a paramount question: what can the exact nature of T be? Without answering 
this question, let us give one more precision. Indeed, we have assumed all 

along this paper that the ties between, say, entangled particles are within   !3  
and this is the reason why we were allowed to apply our maths theorems. If 
such ties would be in another dimension of a space which would have more 
than 3 dimensions, then we would have to change the reasoning. 
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11 Epilogue 

We recently were opposed the following argument by an anonymous refe-
ree to what you have just read and was the November 2008 issue of this pa-
per in which not a word has been changed.  

The point is simply postulated by the author without any justification, 
namely that entanglement can be reduced to knot theory, that is to say an 
entangled state can be described by a graph. This point of view has to be 
more thoroughly studied and not simply admitted because of aestheticism 
concerns. I am not aware of any literature on the subject, and the author 
does not give any reference concerning that point. Moreover, I can argue one 
point against this: if entanglement reduces to graph, then entanglement is 
reducible to a local hidden variable. But local variable theory is already 
ruled out by Bell’s inequality violation. Therefore, the author has to explain 
how to deal with the Bell’s inequality.  

In this pretty long and complex paragraph, we are going to answer all the 
objections and even more give some more clues we are dealing with the 
foundations of physics. Let us come back to what we said earlier speaking 
about entangled particles. For sure, entanglement does exist and what it 
means on an experimental point of view is a complete correlation between 
the states of 2 or more particles which will be applied a measure. As far as 
we know today, physicists notice only the fact but do not know what physical 
phenomenon really is at stake to explain such behaviour of entangled parti-
cles. However, experience shows a correlation and this is such a correlation 
that is targeted through the representation of a link. In other words, “entan-
glement” means “link” in standard language, and if physicists criticize us to 
use the word link, they should also be reproached to use the term entangle-
ment. Indeed, instead of knots theory relying on links, we could as well make 
knots theory rely on entanglement and obtain the same theorems. Moreover, 
experimentally, entanglement is generally obtained through interaction be-
tween particles which are going to be entangled so that it can be thought of as 
being very near to the notion of a physical link we refer to in knots theory 
even if the passage to graph theory is much more subtle about the reality of 
links in the graph. Therefore, we maintain here our view that entangled parti-
cles can formally be represented as linked points. The absence of any refer-
ence to other literature dealing with the subject in physics is a no-way criti-
cism, since our goal here is to propose new ideas. The comment therefore just 
partially proves that the subject is pretty new.  

The criticism about the Bell’s inequalities violation is a bit more serious. 
First of all, let us tell the reader that not all physicists do think everything is 
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OK with Bell’s inequalities violation and for this he is referred to Georges 
Lochak’s book [9] in which he will only find the remark which itself refers to 
much more complex work. Now, let us try to give some clues that even if we 
admit the violation of Bell’s inequalities, then we do not necessarily contra-
dict quantum physics. In the preceding of this paragraph we attempted to 
justify, on experimental ground, why we think there is a link between entan-
gled particles but on a theoretical point of view there are alternatives which 
are our subject now.  

For the beginning of this discussion, let us come back to what we said in 
§6.2. One of the alternatives to a physical link between entangled particles is 
the one of entangled states as described in paragraph 6.2 and there are 2 ways 
of seeing the entanglement between states. Let us begin with an electron, that 
is, a spin ! particle which state is written ! = " + + µ # . When put in an 
oscillating field, we know that a spin ! particle will experience Rabi oscilla-
tions, that is, it oscillates between states +  and ! . Such an oscillation has 
physical consequences since this is this phenomenon which allows modern 
medical imagery. So we can consider there is a “link” between such states 
and the reader will notice that such a link is of a different nature as the one 
treated above between entangled particles since it is between states and there-
fore takes place in a Hilbert space and not really in the physical world. Let us 
now turn to 3 spin ! particles in GHZ state. Those particles are entangled so 
that, potentially, when in an oscillating field, the whole 3 particles are going 

to experience Rabi oscillations between + + +  and ! ! !  states. Now, 

these 2 states are made of 3 internal possible states for the particles so that, in 
terms of links, we could draw the following. 

 

 
Figure 9 : « naive representation of the links between GHZ states 

However, the drawing is not correct because it is well known that particles 
are indistinguishable so that the formal representation of the links must be the 
following:  



A pace towards communications ... 261 

 

 
 

Figure 10 : correct representation of GHZ states 

This clearly gives rise to a   
K6  structure. We can deduce from this point of 

view a potential procedure for communicating quicker than light. Indeed, let 
us consider 3 entangled particles on earth and 2 extra ones which are entan-
gled. Among the 3 ones, let us pick 2 of them and let us take 1 of the 2 oth-
ers. Let us bring those particles to Mars. Then let us entangle the 2 remaining 
of earth. If it is possible to entangle those particles on earth so that the 3 par-
ticles on Mars entangle into only 2 states (typically GHZ like) then we are 
done since we face a   

K6  graph whereas before entanglement on earth we 

only had, in terms of graphs between states,   
K4 + K2 . And even if we are 

not able to entangle those particles into 2 states but in the 8 potential ones of 
the basis representing the system, on Mars, on the 3 particles in their Hilbert 
space, then we potentially face   

K8  which contains   
K6  and therefore enjoys 

the same topological property at least. However, in such a protocol, since we 
cannot guarantee that all particles, when entangled, will have the same state 
in the end after measurement, the indistinguishability property can badly 
interfere so that things may become a bit more complex and this is the reason 
why such a scheme was not described in the first version of this paper. Nev-
ertheless, even if the protocol may reveal to be difficult with 3+2 particles, it 
can easily be solved by increasing the number of entangled particles.  

Let us finally study here another alternative to the already proposed view 
about links. Indeed, the previous links should be thought of as too much 
physical since they would be ties between physical existing realities and 
therefore could be thought of as potential “hidden variables”. We therefore 
make now a step in abstraction. Let us take, once again, the example of 3 spin 
! particles in GHZ state. What we know is that if a measurement for one of 
them gives a +  state, then the others will be in the same +  state, and this 

is the same thing for the !  state. Therefore the +  states are linked to-
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gether. We do not know the very nature of the link but we know it exists. 
Moreover, such a link may be considered as non physical because the states 
we are dealing with are not yet true physical states while particles have not 
been under measurement. Now, as before, we can make the drawing of the 
potential states. Let us propose, through drawings, as previously, a communi-
cation protocol with use of colours in a trivial way (elements of the same 
colour are entangled). 

 
 
 

 Earth Mars  

 
 

Figure 11: Initial state 

 Earth Mars 

 
 

Figure 12 : sending the particles to Mars 



A pace towards communications ... 263 

 Earth Mars 

 

Figure 13 : Disposition of particles before communication 

 

Figure 14 : entangling particles on earth implies entanglement on Mars 

The reader will remark that in fact here, in figure 14, the whole 8 particles 
are entangled. Now, let us assume we dealt with spin ! particles so that when 
considering a state vector for the 6 particles on Mars we have the typical 
writing !!!!!!  where !  means either 0 or 1. When we are going to per-
form a measurement on Mars, we are going to project the particles on such a 
vector, whatever it is and we can therefore consider all the states of the dif-
ferent particles as “linked” together, the one depending on the other. Such 
links do exist but are not necessarily physical since the state in itself does not 
pre-exist as said in §3, but the link does. And, about links, we take opportu-
nity to make a last remark. Let us consider a set of balls of different colours 
and let us define an equivalence relation via the rule “is of the same colour 
as”. Clearly, considering the set of balls under such considerations gives 
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them a topological structure so that as soon as at least 6 balls are of the same 
colour in the set, we get a 6K like!  structure, but our balls have no physical 
link and there cannot be, at least in the space of the balls themselves, any 
“hidden variable”.  

All the protocols above potentially allow communications quicker than the 
speed of light, the problem being to find an experiment able to test the topol-
ogy of the mesoscopic state made of the particles. But we can even go further 
that way and the drawing of figure 14 is worth to be looked at. In fact, we 
have a total of 8 entangled particles, but when we are going to make a meas-
urement on Mars, we only are going to deal with 6 particles, the other ones 
being on earth. We therefore expect some “locality” in the experiment since 
we intend only deal with 6 particles on Mars. If such a locality did not exist, 
then any experiment on mars, would give, in topological terms,   

K6 + K2  and 

not   
K1 + K5 . In some way, we have somewhat twisted the overwhelmingly 

recognized laws of quantum physics since we have said that we were able to 
entangle on earth the 2 remaining particles, which means, to some extent, that 
their probability of presence on earth is 1. Therefore, there is some kind of 
locality in our process, the one of particles!  

We shall end this paragraph by tackling another subject which is the 
paramount one which is at stake in this paper. Namely, we have solved the 
problem of communications quicker than the speed of light by exiting the 
microscopic world and jumping into the mesoscopic world. Such a question 
is pretty well documented and is even presented as one of the greatest chal-
lenges of physics in the 21st century [10]. Our view is that the biggest prob-
lem of quantum physics resides in the non verification of Kolmogorov axi-
oms by the probabilities of quantum physics [11]. On the other hand, we do 
not know any mesoscopic system not verifying the Kolmogorov axioms. 
Therefore, the transition between the microscopic world and the mesoscopic 
world must be detectable in terms of probability laws which differ in experi-
ments. The problem in quantum physics arises when we only deal with alge-
braic operations on Hilbert spaces, whatever they are (addition, subtraction, 
dot product, tensor product,…) Because of the “strong” continuity of such 
operations, the nature of probability laws cannot be changed. On the contrary, 
when dealing with the geometry or the topology of a set of particles, we 
change the rules, we no more are consistent with algebra and this is the rea-
son why, in our mind, we have a qualitative leap in the behaviour of such 
mesoscopic systems. In this text, we have proposed the breach appears from 
6 entangled particles, or 3 in the case of GHZ states. Let us hope that further 
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research will give a precise answer to this problem and explain what we can 
exactly expect. 

12 Conclusion and further remarks 

We have shown a path towards communications quicker than the speed of 
light. In fact, communications must first be established, which can only oc-
cur, as far as we know today, at a speed less than the one of light. But once 
the communication is established, we showed that there is no reason why we 
should be subject to a double penalty in terms of special relativity. Two main 
works remain to be done on a theoretical point of view: 

- Finding a right operator which is consistent with the Jones polynomial. 
- Finding a way to detect non trivial links.  
There can also be a major problem which we could face and which con-

sists in saying that no entangled configuration of particles can be sorted out 
by a physical measure. Such an event would completely ruin the proposition 
we made here which, on the contrary, assumed that such a configuration is 
detectable by physical (or chemical) measure. We could also imagine an 
alternative in case we would encounter problems in using non identical parti-

cles so that we could distinguish them in their placement in   !3  which could 
help in the physical measure. We also raised the critic on the belief that all 
was wrong in the EPR view. We clearly believe that the topological nature of 
entangled particles pre-exists to any measuring. Finally we proposed a poten-
tial modification of the statistical operator of an entangled system with the 
Jones polynomial in order to get a measure of the topology we face. 

Let us finally remark that we only dealt with special cases of graphs and 
that some other graphs enjoy the same property as   

K6  such as 
  
K1,3,3  [7] or 

  
K4,4  [8] for example and that such graphs could have given rise to slightly 

different ways of communicating but with the same result. 

13 Comments 

This paper has already been published in another context. The main ques-
tion which remains is the one of experiment. How could we make decisive 
experiments in favour of such a view? As already suggested in the text above, 
one way could be to put 3 GHZ particles in an RMN device and verify that 
there is a deviation in the oscillations compared to what foresees the current 
theory. Just please notice that even if the experiment showed negative results, 
this would not be sufficient to assert that the proposed method for communi-
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cations quicker than light will not work. But the method presented here in the 
context of entangled particles can be generalized to other fields of physics 
and chemistry. For example, considering the benzene molecule, considering 
links (which do obviously exist in such a case) brings back to   

K6  and its 

topology. Can this explain the strange behaviour of benzene? 
On a more general point of view, experiments with benzene could reveal 

some extra properties of the phenomena at stake in this molecule and the real 
influence of the   

K6  structure. Now, mixing the experiments with maths, a 

fundamental question is the possibility of detection of the topological struc-
ture of   

K6 . To be more precise, what are the configurations, in space, of   
K6  

which lead to 1, 2, 3 or more entangled triangles? On a mathematical point of 
view, such a question remains very difficult. But, let us imagine some simu-
lation with vertices being within a given sphere. Then it could be “easy” to 
determine, with a random positioning of the vertices, which probability we 
have to get 1, 2, etc. entangled triangles. In parallel, we could make some 
experiment, sending, say, photons or electrons on a benzene molecule and 
getting diffraction of diffusion figures maybe corresponding to the probabili-
ties above. Now, marking some carbons in the molecule could also maybe 
give some information by changing the probabilities… And so on. Of course, 
not only benzene is at stake, many other molecules or, more simply many 
other groupings of matter can be used to make such tests. 

There is a final comment I think is worth about the preceding. It is be-
lieved by the community of mathematicians that knots theory only works in 
dimension 3. I had some discussions recently with CNRS which led me to 
think that we could possibly build a similar theory in higher dimensions. Let 
me take as example the case of dimension 4. Let us assume that vertices are 
linked with connected and convex surfaces. Then let us work in some kind of 
projective space. The surfaces could be transformed into traditional “links” of 
a dimension 3 space. This is only a new potential direction for mathematics. 
Of course, we could imagine generalize this to all dimensions. 
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