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1. Introduction

Fundamental constants are not determined by the theories in which they appear. They can only be measured, which
is actually their most important property. This explains why metrology has engaged in the quest of measuring physical
constants, fundamental or not, to the highest precision that is deeply entangled with the improvement of the definition and
realisation of the standards of units [1].

These constants play an important role in physics since they set the order of magnitude of phenomena, allow one to forge
new concepts and characterise the domain of validity of the theories in which they appear. They also play a central role in
cosmology and astrophysics. Their value fixes the rate of local clocks (e.g., radioactive decay rates, atomic transitions, etc.)
that allow one to perform datation of geophysical and astrophysical phenomena. There are a key to the reconstruction of the
history of our Universe. The phenomena that can be observed in our local Universe, from big-bang nucleosynthesis time to
now, rely mostly on general relativity, electromagnetism, and nuclear physics. The fact that we can understand the Universe

* Corresponding author at: Institut d’atrophysique de Paris, UMR 7095 du CNRS, Université Pierre-et-Marie-Curie, 98 bis, boulevard Arago, 75014 Paris,
France.
E-mail address: uzan@iap.fr.

http://dx.doi.org/10.1016/j.crhy.2015.03.007
1631-0705/© 2015 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.


http://dx.doi.org/10.1016/j.crhy.2015.03.007
http://www.ScienceDirect.com/
http://www.sciencedirect.com
mailto:uzan@iap.fr
http://dx.doi.org/10.1016/j.crhy.2015.03.007
http://crossmark.crossref.org/dialog/?doi=10.1016/j.crhy.2015.03.007&domain=pdf

J.-P. Uzan / C. R. Physique 16 (2015) 576-585 577

and its laws has an important implication in the structure of physical theories. At each step of their construction, we have
been dealing with phenomena below a typical energy scale, for technological constraints, and it turned out (experimentally)
that we have always been able to design a consistent theory valid in such a restricted regime. This is not expected a priori
and is deeply rooted in the mathematical structure of the theories that describe nature. This property, called scale decoupling
principle, refers to the fact that there exist energy scales below which effective theories are sufficient to understand a set of
physical phenomena. Effective theories are the most fundamental concepts in the scientific approach to the understanding of
nature and they always come with a domain of validity inside which they are efficient to describe all related phenomena.
They are a successful explanation at a given level of complexity based on concepts of that particular level. For instance, we
do not need to understand and formulate string theory to develop nuclear physics and we do not need to know anything
about nuclear physics to develop chemistry or biology.

The set of theories that describe the world around us can then be split into a hierarchy of modular levels in interaction.
The relation between the different levels have the following properties [2,3]. (1) Higher-level behaviours are constrained by
the lower level laws from which they emerge. This is the usual bottom-up causation in which microscopic forces determine
what happens at the higher levels. The more fundamental gives the space of possibilities in which a higher level can develop,
by constraining, e.g., causality, the type of interactions or structures that can exist. (2) Scale separation implies that at each
level of complexity, one can define fundamental concepts that are not affected by the fact that they may not be fundamental
at a lower level. In that sense, much of the higher level phenomena remain quite independent of the microscopic structures,
fields, and interactions. (3) At least for the lowest level, the fact that physical theories are renormalisable implies that they
influence higher levels mostly through some numbers. This in particular the case of the fundamental constants of a given
effective theory. While they cannot be explained within the framework of this particular level, they can however be replaced
by more fundamental constants of an underlying level. For instance, the mass or the gyromagnetic factor of the proton are
fundamental constants of nuclear physics. They can however be “explained”, even if the actual computation maybe difficult
(see [4]), in terms of constants of the lower level (such as the quark mass, binding energies). This explanation of the
constants of an effective theory may reveal new phenomena that could not be dealt with before (e.g., the fundamental
parameters of the effective theory may now be varying), but these phenomena have to be at the margin (or below the
error bars) of the experiences that have validated this effective theory. (4) Not all the concepts of a higher level can be
explained in terms of lower-level concepts. Each level may require its own concepts that do not exist, or even are not
related, to lower-level concepts. These are emergent properties so that the whole may not be understood in terms of its
parts. (5) The fact that there exists a lower level of complexity and thus microscopic degrees of freedom implies that these
degrees of freedom can be heated up so that we expect to see entropy and dissipation arising. (6) The higher levels of
complexity can back-react on the lower levels. This is the notion of top-down causation. (7) Historically, various disciplines
have developed independently in almost quasi-autonomous domains, each of them having its own ontology. Sometimes two
such theories collide and show inconsistency that will need, in order to be resolved, the introduction of new concepts, more
fundamental, from which the concepts of each one of the theories can be derived in a limiting behaviour. For example,
Maxwell electromagnetism and Galilean kinematics are incompatible, which is at the origin of special relativity with the
new concept of spacetime; or in quantum mechanics, the concept of wave function has to be coined from the preexisting
concepts of particle and wave. This implies that concepts that were thought to be incommensurable (such as space and time,
or momentum and wave number) need to be unified, which is usually achieved by the introduction of new fundamental
constants (speed of light, or Planck constant, in the two examples above) that were not considered as fundamental (or even
existed) in the previous theories; see, e.g., [5].

[ shall thus define a fundamental constant as “any parameter not determined by the theories in which it appears”, which
emphasises that constants and theories cannot be considered separately. Indeed, this parameters have to be assumed con-
stant for two reasons. First, from a theoretical point of view, we have no evolution equation for them (since otherwise they
would be fields) and they cannot be expressed in terms of other more fundamental quantities. Second, from an experimen-
tal point of view, in the regimes in which these theories have been validated, their constants should be constant at the
accuracy of the experiments, to ensure their reproducibility. This means that testing for the constancy of these parameters
is a test of the theories in which they appear and allow us to extend the knowledge of their domain of validity.

These constants raise a number of questions. First, are they really constant during the evolution of the Universe? Then,
can we explained their value? The first question is related to the validity of Einstein’s equivalence principle, while the sec-
ond is related to the apparent fine tuning of our Universe. In the following, I will summarise in Section 1 some theoretical
aspects about fundamental constants, in particular their relation to general relativity and cosmology. Section 2 will pro-
vide an overview of the constraints on their variation, focusing on the latest developments. More details can be found in
reviews [5,6], as this text focuses on more recent developments.

2. Theoretical considerations

This section briefly summarises some theoretical considerations about the constants, in particular their nature (Sec-
tion 2.1), their link with the equivalence principle (Section 2.2), and cosmology (Section 2.3)
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