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Abstract
How do mathematicians work? With their brains. But their brains are just a part of the
universe. Isn't it natural to imagine, then, that at some deep level, the brain structure
reflects that of the universe? And since the brain structure surely influences our way of
thinking, then it is natural to imagine that the products of this activity reflect in some way
the brain structure, and therefore that of the universe. In other words, mathematicians will
precisely conceive the mathematics that describe the universe. And the unreasonable
effectiveness of mathematics would not be mysterious.
Introduction
This famous expression by Wigner about the application of mathematics in physics
concerns at least two aspects. First, the fact that mathematics works so “miraculously” in
physics. But also – and perhaps most importantly – the fact that mathematical theories
necessary to understand new physical phenomena have often been developed decades
earlier by mathematicians who had absolutely no motivation from physics and sometimes
even no knowledge in this area. They did the math simply for the pleasure of doing
mathematics, and yet it was precisely the mathematics that physicists would need a few
decades later.
Moreover, in one instance at least, the mathematician in question (G. H. Hardy) publicly
boasted of being a purist, engaged only in totally abstract mathematics having absolutely
no relation to reality; in short, he boasted of doing useless things. He has even made a toast
to one of his theorems, declaring it “the most useless mathematical theorem”. Five years
later, it was used in nuclear physics1…
In fact, not only did some mathematicians not believe that their discovery had something to
do with reality, but at least once in history, a mathematician was not even sure initially that
he believed in his own discovery! Indeed, referring to his demonstration that an area does
not contain more points than a line, Cantor said: “I see it, but I don't believe it!” (Letter to
Dedekind in 1877). This idea was the spark that would lead to the questioning of the
concept of integer dimension and thereafter to fractals, found everywhere in nature.
Why do mathematicians invent exactly the right mathematics?
Or, more precisely, the right mathematics for physicists? One might reply that they do not
invent but discover them! Especially since it happened often in history that the
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It was a theorem about the partition of integers.
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same mathematical theory was developed by two or more mathematicians quite
independently. For example, Gauss and Schweikart developed simultaneously, but
independently of each other, the foundations of non-Euclidean geometry. Then, ten years
later, Lobachevsky and Bolyai, also independently of one another and without knowing the
results of the first two, developed the same ideas and reached similar results. In yet another
example, Riemann rediscovered twenty years later, without knowing them, some of the
basic ideas of Galois on the integrals of algebraic functions. And there is the case of
Ramanujan who, completely isolated in India and with virtually no training, rediscovered
100 years of Western mathematics in number theory – by extending them – and achieved
this in only a few years (he died at age 33).
If mathematicians are just discovering mathematics, if they only update something that
already exists “somewhere”, such a phenomenon (the independent discovery of the same
theories) is easily understandable. But on the contrary, if mathematicians invent
mathematics, if that is a pure act of creation of the human mind, it is much less
comprehensible. Of course, when it is assumed that mathematics is a discovery, we talk
about their internal structure, not the formalism used to describe them, which of course is
totally arbitrary and therefore a pure invention. Mathematicians would then be a bit like
explorers trying to reach the top of a pristine mountain. Each uses a different pathway,
meets different obstacles, develops different tools; but all arrive at the same summit and
discover the same view.
For example, it is often said: “The numbers! But this is an invention of the human mind.
Without conscious thought, there is no number. Two and two make four, it is a definition,
it does not mean anything.” Be careful! Of course, the notations “2” and “4” are a pure
convention. But the numbers exist in an abstract way, regardless of their notation and
independently of human consciousness. The proof? Prime numbers, for instance. This idea
is not an invention, it's something absolute. Take 6 stones. You can group them into 3
packs of 2 or 2 packs of 3. Now take 7 stones. Impossible to separate them in equal packs!
7 is a prime number. This is independent of stones, independent of the notation,
independent of human consciousness. It is a fact, inescapable and absolute. This is true
with 7 pebbles, 7 sheep, 7 galaxies. This is true regardless of the nature of the objects. And
of course it was true before humans appeared on Earth.
Suppose mathematical structures actually underlie the constitution of the universe – and
thus that mathematicians only do discover them. How do mathematicians work? With their
brains. But their brains are just a part of the universe. Isn't it natural to imagine, then, that
at some deep level, the brain structure reflects that of the universe? And since the brain
structure surely influences our way of thinking, then it is natural to imagine that the
products of this activity reflect in some way the brain structure, and therefore that of the
universe. In other words, the mathematicians will precisely conceive the mathematics that
describe the universe. And the unreasonable effectiveness of mathematics would not be
mysterious.
But how can we understand such a similarity of structure between the brain and the
universe, since those two entities seem so far away from each other? Do not forget the
lessons of history. A few centuries ago, when some people began to think that celestial
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bodies were not divine representations but were other worlds like Earth, that idea seemed
totally crazy. For most people at that time, such a similarity between what they saw in the
sky (these kinds of abstract entities) and the mainland was completely heretical. But this
relationship is obvious today!
Therefore, a similarity or a connection that today seems impossible between two very
different areas, may one day become crystal clear. I am not speaking of a relationship in
the kind of the holographic principle, for instance, according to which our universe would
be a 3-dimensional hologram of the “two-dimensional physics” at its border. Such a
connection would be spectacular, but would remain a connection in the same field. I am
rather talking of a connection between our thoughts and the laws of physics. It would be a
new jump in abstraction. This is normal: what will be completely revolutionary will require
a new conceptual leap, the equivalent of saying that Earth and heaven are made of the
same stuff, and that the celestial bodies are worlds on which we will one day land. Given
today's context, where the unification of heaven and Earth is trivial, a similar jump would
be to say that the functioning of our brain and that of the universe are similar, and that our
thoughts reflect the fundamental structure of the universe. (For instance, just imagine
rewriting all the physics in terms of some theory of information.)
Who is afraid of self-reference?
The brains of mathematicians being a part of the universe, the universe would be selfexplaining. Note that such a self-reference is not necessarily sterile. For example, the
behavior of elementary particles is described by field theory. But what is a field? An
infinite assembly of oscillators. What is an oscillator? A spring. What is a spring? An
assembly of particles. What is a particle? An object described by field theory… In other
words, it is particle physics which explains the physics of materials which explains the
linear behavior of a spring which explains the behavior of oscillators which explains the
behavior of a field which explains the behavior of the particles. In short, the particles
explain the particles… and in particular, to return to our mathematicians, a small part of
the universe (the brain) contains the explanation of the entire universe (the cosmos). Did
you say scale invariance?…

