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Abstract
After reviewing classic facts on elementarity, quantum mechanics and fractal
geometry, we propose to give the name of “atom” to any natural object whose
qualitative properties are strongly modified if we divide it into two parts.
Then we present the fractaquantum hypothesis that express that quantum
approach is relevant for all “atoms” in Nature, whatever their size. We discuss
an important objection, lay on the question of confrontation with decoherence
and develop it in two directions: structures obtained by union of two “atoms”
and intrinsic loops associated with multiple interactions. A research program
is suggested in order to enlarge the framework of fractaquantum hypothesis.

Elementarity
I drink water. A glass of water. No, half a glass. Half a glass of water
still contains water. I start again this operation and I obtain a quarter of
a glass. Again, there is no difficulty and water is nevertheless present in
the glass. Imagine now that I carry on about 80 times this operation of
dividing into two parts water in the glass. Then after this 80th step, we
know from Chemistry and Physics that there is no more water in the glass.
The so-called molecule of water bas been destroyed, the internal links of the
last molecule have been broken down and as a result, we put in evidence
the two elements that compose water: hydrogen and oxygen. The idea that
Nature is composed by elementary structures has been proposed by antic
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Greek philosophers (Democritus, among others, 450 bc). The existence of
atoms has been considered as an hypothesis during the 19th century and is
now well established since the beginning of 20th century. This first fact is
fundamental: despite its appearing stucture of continuous media (water, air,
etc.), Nature is composed by elementary quanta.

Quantum mechanics
Quantum mechanics has been developed during the period 1920-1930 by a
collaborative approach of well-known physicists to explain stability of atoms.
With the knowledge transmitted by the Copenhagen interpretation and wave-
particle complementarity (see e.g. the book of C. Cohen-Tannoudji et al,
1977), quantum mechanics consists in a semi-empirical approach which de-
mands also a high level of mathematical developments. It gives at the mi-
croscopic scale a mathematical description of “what can be measured and
predicted with the human experiments”.

In this contribution, we insist on a main consequence of quantum theory:
the separation between “matter” and “relations”. On the one hand, matter is
composed with fermions (protons, electrons, etc.) that are indistinguishable
and follow the statistics of Fermi-Dirac. On the other hand, the relations,
i.e. the interactions between elements of matter, are composed by bosons,
like photons, the elementary components of light. The bosons are also indis-
tinguishable and follow the statistics of Bose-Einstein. The indiscernability
of identical quantum “atoms” is a fundamental postulate of the theory that
is in clear accordance with the experiments. In particular, it is not possible
to distinguish between two electrons or between two photons. Moreover, the
Fermi-Dirac statistics implies also the so-called Pauli exclusion principle (see
e.g. his book, 1958) that claims that two analogous fermions cannot occupy
the same position in space. For the major influence of Pauli exclusion prin-
ciple, the reader can consult the beautiful text of J.M. Levy-Leblond (1984).
We develop in the next section a totally different idea.

Fractal geometry
The notion of scale is well defined in the usual euclidian space. Any interval
of a straight line has a measure relatively to a unity scale associated with
the definition of the scaler product. Remark also that a straight line is in-
variant under a dilatation associated with one of its own points. And the
straight line is not the only shape to have this property of invariance under
a simple family of geometric transformations. The existence of complex geo-
metrical figures invariant under a dilatation followed by a rotation has been
recognized many years ago with the popular Peano curve (1890), Von Koch
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snowflake (1906) or Sierpiński triangle (1915). These so-called fractal curves
have an infinite length, contain internal replicae of themselves and suggest
the emerging property that “the big is analogous to the little”.

Since the work of B. Mandelbrot (1975), it is well recognized that self-
similar geometrical shapes are present in our natural environment with trees,
clouds, ferns or cauliflowers among others. For example, a partial piece of
a tree is analogous to the entire tree and this fractal property is a charac-
teristic of the invariance of Nature under particular scale transformations.
This discovery has an important development in a lot of fields of knowledge,
from mathematics with the extension of the notion of dimension (Hausdorff
(1918), Besicovitch, 1929), astrophysics and the scale relativity (L. Nottale,
1992), solid state physics (B. Sapoval at al, 1988), biology with study of the
detailed structure occupied by the lungs (see e.g. B. Mauroy et al, 2004),
finance markets (J.P. Bouchaud, M. Potters, 2000), up to urbanism (N. Salin-
garos, 2001).

“Atoms”
Following a vision that comes from the antic Greek culture (J. Salem, 1996),
we call “atom” any natural object whose qualitative properties are modified at
least in one subset if we divide it into two parts. Of course, the modern atoms
of J. Perrin (1913) are “atoms” in our understanding. Note here also that it
is also the case for all classical elementary particles of microphysics: proton,
neutron, and electron. A stable structure like a molecule is also an “atom”
for our point of view. Moreover, we propose here to generalize the notion of
“atom” to the macro-scale; we consider here a living cell as an “atom”, due to
all the properties that are strongly modified or destroyed if it is cut into two
parts. We extend the family of “atoms” to highly organised living organisms,
including mammals and human beings. At a superior scale, we suggest here
that the entire social organisation of life and exchanges on Earth constitutes
an “atom”, as suggested by J. Lovelock and L. Margulis (1974). We refer to
the last report (2007) of Intergovernmental Panel on Climate Change (IPCC)
for illustration complex coupling between human economical activities and
climate change.

Fractaquantum hypothesis
The question of adequacy of quantum theory and Nature at macroscopic scale
has been early studied by great pioneers of quantum mechanics like N. Bohr
(1937) and W. Heisenberg (1958). In particular, they point out the con-
tradiction of observing the atoms inside a living organism and maintaining
life. Following them, the complete knowledge of a cell can only be known
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with operations that destroy the life. Nevertheless, the quantum approach of
the world suggested by microphysics is taking more and more influence when
considering for example human language (M. Locquin (1995), E. Andreewsky,
2002), biology (J. McFadden, 2000) and mind and brain (H. Stapp (1993),
S.R. Hameroff and R. Penrose, 1996). To surmount the classical a priori that
quantum mechanics is relevant only for the microscopic scale, we have pro-
posed (2002) a description of Nature first founded on its fractal and quantum
properties. The fractaquantum hypothesis express simply that quantum ap-
proach is relevant for all “atoms” in Nature, whatever their size. The main
purpose of this contribution is a tentative to incorporate a quantum approach
in our understanding of the world at the macroscopic scale. We discuss here-
after an important objection against fractaquantum hypothesis, develop some
consequences induced by acceptance of this hypothesis and propose some di-
rections for a research program.

Reply to a main objection
To our opinion, the main drawback of the fractaquantum hypothesis is the
contradiction of quantum indiscernability with macroscopic appearances. Con-
cerning human beings for example, it is obvious that “we are all different”!
One could conclude that the fractaquantum hypothesis is not realistic. Our
motivation to go one-step further is firstly motivated by classical philosophi-
cal observations introduced by Descartes (1641): “appearances are deceiving”.
The situation is not so intuitive and we take time to develop some doubt.

It is very interesting in our quest of possible quantum aspects of macro-
scopic “atoms” to review the possibilities of inter-changeability of two cells
during the embryogenesis. As we all know (see e.g. the book of S. Gilbert,
2006), a complex organism such as a human being comes from a single cell
that divides many times and particularizes themselves. At a certain step of
embryogenic development, all the embryonic stem cells (M. Evans, M. Kauf-
man (1981), G. Martin, 1981) are identical and are a priori interchangeable.
After a certain time, they are different, they look different and most impor-
tant, they have been specialized in specific functions in order to promote the
development of the entire “atom” to the superior scale. The understanding of
the exact dynamics during the embryogenesis still is an open question (see e.g.
D. Weisblat, 1998). We consider here that ethical reasons naturally limit the
field of scientific research. We can also consider this fact as a macroscopic ver-
sion of the Heisenberg inequalities. Following W. Heisenberg himself (1958),
“the measuring device has been constructed by the observer, and we have to
remember that what we observe is not Nature in itself but Nature exposed to
our method of questioning”.
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If we go back to the human example, the common points between two hu-
man persons are much more important than the different ones. The existence
of medicine establishes empirically this fact! Moreover, recent discoveries con-
cerning the genomic structure of desoxyribonucleic acid in each human cell
(J. Venter et al, 2001) show that two human desoxyribonucleic acid sequences
coincide up to 1 for 10000 parts. Even if the so-called single nucloitidic poly-
morphism is widely studied in order to reveal local mutations (see e.g. Z. Zhao
et al, 2003), the first established accounting fact from genomic studies is that
two human beings have the same sequence of desoxyribonucleic acid up to
99.99%!

There exists also circumstances in quotidian life when two persons can
be exchanged, as we have suggested previously (2002). With the example of
a crowd, studied by G. Le Bon (1895) and S. Freud (1921), one can consider
that a new entity is created, where each human being is reduced to a very
primitive component and develop intense internal relations, as suggested by
S. Freud. In his contribution, Freud describes also social structures as religious
organisations and army as artificial crowds! In such hierarchical organisation,
each “atom” is a priori exchangeable and is reduced to specific function.

Undiscernability, confusion beween I and someone else seems to be illus-
trated by the way the so-called mirror neurons interact. Observing macaque
monkeys and human subjects, G. Rizzolatti and his colleagues discovered
(Grafton et al, 1996) that a given “mirror” neuron can fire due to two inde-
pendent reasons, one due to its own behavior and independently due to the
same behavior of someone else. Moreover, the location of mirror neurons for
human beings have been found close to Broca’s area, the langage region.

Entanglement and decoherence
We now return to quantum theory and consider the astonishing phenomenon
observed by A. Aspect and his colleagues (1982). The story begins with the
Einstein-Podolsky-Rosen paradox (1935) and the possibility of existence of
hidden variables (D. Bohm, 1951). These authors consider a Gedanken Ex-
periment where two systems (two spins for D. Bohm) have interacted in the
past, and form a so-called entangled structure. From a classical realistic point
of view, we are in presence of two objects interacting together whereas from
the quantum point of view, we are in front of a unique “atom” that occupies
two different macroscopic spatial positions during the experiment. A detailed
analysis of possible cross-correlations that defines a crucial test for quantum
mechanics has been proposed by J. Bell (1964) and the experiment of two en-
tangled photons has been realized with a great success by A. Aspect (1982).
The result shows that quantum mechanics gives the good prediction; the Bell
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inequalities are not satisfied by the experiment, even if “in many other situa-
tions, the Bell inequalities are not violated” (A. Aspect, 2005). Consequently,
the holistic vision of the entangled photons is now experimentally well estab-
lished.

Nevertheless, the main difficulty of these micro-physics experiments is
due to the decoherence, modelized by H. Zeh (1970) and W. Zurek (1982) and
experimentally established by S. Haroche and his colleagues (M. Brune et al,
1996). When interacting with the environment, mesoscopic quantum systems
loose quickly their coherence properties. An intense field of development is
then open in the laboratories of physics to prepare and maintain a certain
quantity of matter in an entangled state like in Bose-Einstein condensates
(W. Ketterle et al (1993), C. Wieman and E. Cornell, (see M. Anderson et
al, 1995), S. Jochim et al (2003), M. Greiner et al, 2003). The possibility or
not for the environment to interact with an “atom” without destroying the
entanglement is a fundamental question.

Decoherence assumes classically a transition from quantum to classical
(Zurek, 2003). With fractaquantum hypothesis, we suggest to apply general
principles of quantum mechanics even to macroscopic “atoms” and these two
approaches seem to be in contradiction. In fact, as Bohr and Heisenberg sug-
gested for studying life, a detailed quantum knowledge of all constituants of
a macroscopic “atom” is not possible without destroying its internal struc-
ture. With fractaquantum hypothesis, we take a priori the point of view of
globality. We have of course no general answer to this global problem set by
system science. Nevertheless, the fractaquantum hypothesis seems to indicate
by analogy with quantum mechanics at the micro-scale a double possible evo-
lution for an “atom”. First a regular one, where a Schrödinger type evolution
equation drives the time evolution, parameterized by the local regular fields
that are accessible to the system. Second an abrupt evolution due to an ex-
ternal cause. In some sense, if we reverse the point of view, going now from
the big scale to the little one, the external cause for a microscopic atom is the
human observer which imposes the wave function to collapse. An external
cause induces an abrupt modification of the external boundary and/or initial
conditions. We can consider a whole set of familiar examples. Individual eco-
nomical agent is submitted to the fluctuations of economic constraints with
major breaking off like unemployment. Citizen is submitted to macro-politics
of its own State that can induce personal disaster due to a war for example.
Last but not least, the global life system on Earth is submitted to possible me-
teorite impact as the one which occured 65 millions years ago (L. Alvarez et al
(1980), A. Hildebrand et al, 1991). To summarize our purpose, fractaquantum
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hypothesis suggests that an “atom” interacts with its environment, following
some evolution equation for regular exchanges and can be displaced strongly
when interacting with the superior scale. We keep in mind that the compari-
son of fractaquantum hypothesis and decoherence is a key point of discussion.
The question is to know what precise aspects of quantum mechanics can be
maintained in order to convert an hypothesis into an operating theory.

Macroscopic bosons
Once the fractaquantum hypothesis is taken into consideration, we can explore
its consequences for simple associations and configurations. Let’s bare in mind
that the quantum association of two identical fermions of spin equal to 1

2
conducts to a boson of spin equal to zero. A consequence of this microscopic
property for fractaquantum hypothesis is the existence at our scale of a lot
of temporal associations that exist in order to express some relation, some
communication, some exchange. We suggest here to name macroscopic boson
such a structure composed by two “atoms” plus a relation between them. It
is in itself an interaction, as we have pointed out in 2003.

A first example of a macroscopic boson is the simple conversation between
two persons. The internal sense of the relation is associated with the words
that are exchanged. The macroscopic boson is defined as the two actors of the
exchange including their exchange, all this during the exchange. The energetic
transfer between the two actors is very low (the energy of the acoustic wave!)
whereas the mass of this macroscopic boson is quite impressive. The analogy
of such macroscopic boson (with a very big mass for a very weak interaction)
with the intermediate boson, existing under three forms named W± and Z0

(see C. Rubbia, 1984) can be considered. Bare in mind that the intermediate
boson has a mass equal to 90 to 100 times the mass of a proton and a length
of life estimated to 10−25 second!

Intrinsic loops
Having considered the relation between two “atoms”, the general situation of
n “atoms” interacting together seems much more difficult. Consider firstly
that when n “atoms” interact, the number of possible two by two interac-
tions, the number of possible “dual bosons”, is equal to n(n−1)

2 . Remark that
this number is exactly equal to n when n = 0 (no interest!?) or when n = 3.
The particular case of three “atoms” interacting together is characterized by
the fact that the number of dual relations is exactly that of matter elements.
A fundamental of such a triangle is present in Nature for a three atomic
molecule. We suggest here to look for the internal structure of a proton or a
neutron. According to the quark theory developed by M. Gell-Mann (1964),
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the proton is composed by three quarks (three fermions) interacting via a per-
manent exchange of gluons (internal coloured bosons for strong interaction).
If the observation of isolated quarks is not possible at usual low energies, the
experimental evidence of quarks is well established (see R. Taylor (1967) and
J. Friedmann, H. Kendall, 1972).

What matters for our purpose is the kind of representation that is given
by a computer simulation of a single proton (Figure 1). What is obtained is
essentially a simple triangle: the vertices are associated with the quarks and
the edges with the permanent exchange of coloured gluons. Our observation
is simple: this kind of picture has a nontrivial topological structure with one
hole (also called loop, or cycle) inside. The correct mathematical definition
(see e.g. C. Godbillon, 1971) of a loop is not elementary. We just have to
know here that such a rigorous definition is possible in the framework of graph
theory (see e.g. the book of C. Berge, 1969).

Figure 1. Illustration of internal structure of proton (J.F. Colonna, 1992):
a loop is obtained by interaction of three quarks through colored gluons.

Consider a set of vertices (or fermions for our example, “atoms” of mat-
ter) in relation, interacting through a given set of λ binary links, edges
between two vertices. For example, the macroscopic boson of the previous
section corresponds to n = 2, λ = 1 whereas the proton composed by three
quarks is modelized in this approach with n = 3, λ = 3. More complex pic-
ture can be considered and the use of graph theory is now classical: in the
framework of chemistry (M. Eigen, 1971), biology (H. Atlan, 1979). Analysing
a (connected) graph composed by n vertices and λ links, the number γ of
independent loops is equal to γ = λ−n+1. For a macroscopic boson there is
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no loop ( γ = 0 ) and this kind of structure can be simply topologically reduced
to a simple vertex. With the example of a triangle, we have γ = 1, making
in evidence one cycle. Then the interaction can circulate and be stabilized in
the time the same way than a classical regulator in automatics.

Towards a research program
We emphasize that Graph theory is a good mathematical framework for the
description of permanent structures. Our problematics for fractaquantum
hypothesis is now the following: given a certain number of “atoms” and rela-
tions, is it possible to consider the entire graph as a new “atom”? Referring
to I. Prigogine (1947) and H. Maturana and F. Varela (1980), the existence
of stable highly organized system demands a permanent exchange with the
environment. As a living system, our body is in continual evolution whereas
we remain the same human being! Consequently, the number n of “atoms”
for the new structure at the superior scale has to be variable. If the number n
is varying what could be permanent are the topological invariants, the loops
for variable number of “atoms” interacting in a permanent changing way. As
we have suggested in 2004, “intelligence is in the loops”! Loops allow the feed-
back regulation that maintains the nontrivial topological structure. Of course,
this basic idea wants developing as per e.g. R. Hadani, D. Harel (2001) in a
“multiscale graph theory”. The vertices of the structure at the upper scale
could be the permanent loops of the given graph. The interaction between
these loops has to be precisely defined. Further research has naturally to be
considered. . .

A natural question is associated with the fractaquantum hypothesis: does
entangled matter, does “atoms” with a multiple spatial location exist at a
macroscopic scale? Is it possible to evidence at a macroscopic scale phe-
nomenon that shows that two apparently distinct objects belong in fact to
the same “atom”? This question is highly difficult and the end of this section
can be considered as a very preliminary idea founded on analogies suggested
by fractaquantum hypothesis for Nature at the meso-scale (2005). We sug-
gest coming back to the embryonic development. On the one hand, a single
cell develops in order to create a complex highly organized living being. The
interaction with the environment is crucial and we can set down the question
of existence of some global intricate information at the final state of embry-
onic evolution. On the other hand, empirical knowledge developed in China
since 3000 years with the acupuncture (see the 2000 years old classical book
is named Nei Jing Su Wen) set up some relations between the internal organs
inside the body and some precise locations on the skin that are acupuncture
points. Of course, these correlations resist to simple explanations through
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classical scientific approaches. We suggest that relations between acupuncture
points and internal organs could be the sign of the existence of macroscopic
entangled “atoms”. The correlation with the embryologic development could
be a possibility to evidence the past interaction between the corresponding
cells. Nevertheless, all this research program is highly conditional. We re-
call that recent scientific contributions (see e.g. of J. Dundee et al (1989),
H. Langevin, J. Yandow (2002), K. Schlebusch et al (2005), A. von Bubno
(2005) among others) create interesting links between modern scientific pro-
tocols and traditional acupuncture.

Conclusion
In this contribution, we have presented the fractaquantum hypothesis that is
founded on a primally description of Nature with fractal and quantum aspects:
with this hypothesis, quantum approach is relevant for all “atoms” in Nature.
In particular fermions-bosons structure of matter-relation allows to define
macroscopic bosons in various situations. We have discussed a main drawback
of this hypothesis that concerns indiscernability of microscopic fermions and
a priori discernability in the macro-world. We have set out the question of
compatibility of fractaquantum hypothesis with decoherence that classically
justifies the fact that “at the macro-scale, the world is classical”. With the
help of graph theory, upper scale structures could be linked with the existence
of intrinsic loops. Moreover, a dynamic based on relations between loops could
be an interesting way to link the micro-scale and the macro-scale through a
general multiscale graph theory. Finally, the existence of entangled states
joined with fractaquantum hypothesis suggest the existence of macroscopic
entangled states; a possible direction of research could be a link between
embryogenic development and acupuncture.

The reader would have noticed that if fractaquantum hypothesis is foun-
ded on a very simple assumption, it conducts more to new problems that it
answers open questions! Last but not least, it can give original intuitions for
classical situations. Due to the efficiency of quantum mechanics!

Acknowledgements
The author is felicitous to thank Jean-François Colonna, Claude and Stéphane
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