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What is a constant?���

Constant : PHYS., Numerical value of some quantity that allows to 
characterize a body. Quantity whose value is fixed (e.g. mass  and charge of 
the electron, speed of light) and that plays a central role in physical theories. 

This definition asks more questions than it gives answers!���
���

 - How many constants?���
 - Are they all on the same footing?���
 - What role do they play in laws of physics?���
 - Can they vary? (according to the dictionary, NO!)���



Making a list of constants���

Studying the constant of a theory  =           
To study the limits of this theory 

Let	  us	  start	  to	  look	  in	  a	  book	  of	  physics	  (probably	  the	  best	  place	  to	  find	  constants)	  
	  depends	  on	  when	  and	  by	  who	  the	  book	  was	  wri9en	  

Any	  parameter	  not	  determined	  by	  the	  theories	  at	  hand	  
	  	  	  	  	  	  	  	  It	  has	  to	  be	  assume	  constant	  (no	  equa1on/	  nothing	  more	  fundamental	  )	  

	  Reproduc1bility	  of	  experiments.	  

It does not show our knowledge but our ignorance 

How	  many	  fundamental	  constants	  should	  we	  consider	  today?	  



Reference theoretical framework���

The number of physical constants depends on the level of description of the 
laws of nature. 

In our present understanding [General Relativity + SU(3)xSU(2)xU(1)]: 

•  G : Newton constant (1) 
 
•  6 Yukawa coupling for quarks 
•  3 Yukawa coupling for leptons 

•  mass and VEV of the Higgs boson: 2 

•  CKM matrix: 4 parameters 
•  Non-gravitational coupling constants: 3 
• Λuv: 1 

•  c, ħ : 2 
 
•  cosmological constant 

22 constants 
19 parameters 





Number of constants may change���

This number is « time-dependent ». 

Neutrino masses 

 
 

Unification 

Add 3 Yukawa couplings + 4 MNS parameters = 7 more 



Three classes of constants���

The	  classifica?on	  depends	  on	  ?me!	  

•  Class A : characterizes a given physical system, 
       e.g. : mass of the electron 

•  Class B : characterizes a class of phenomena, 
       e.g.: charge of the electron 

•  Class C : universal constant, 
       e.g.: speed of light, Planck constant, gravitation constant 

Does this mean that all constants are to be put on the same footing? 

The 3 fundamental constants played a role of concept synthesizers:  
 they  created bridges between concept that were incompatible before 
  space & time          spacetime 
  particle & waves            wave function 



Change of classes and history of physics���

JPU, B. Leclercq, De l’importance d’être une constante (Dunod, 2005) 
      translated as “The natural laws of the universe” (Praxis, 2008)	  





From units to constants���

Units systems were initially very anthropomorphic 

They depend on some reference person 
Vary from a region to another, confusion of names etc… 

French	  revolu,on	  
	  	  	  	  	  26	  March	  1791,	  pushed	  by	  Charles	  Maurice	  Talleyrand,	  the	  meter	  	  	  	  	  	  	  	  	  	  	  	  	  
	  	  	  	  	  is	  defined	  as	  1/40,000,000	  of	  the	  length	  of	  a	  meridian	  



The metre���



International system of units���



From units to constants���

•       J.C. Maxwell (1870) 
       « If we wish to obtain standards of length, time and mass which shall 

be absolutely permanent, we must seek them not in the dimensions, or 
motion or the mass of our planet, but in the wavelength, the period of 
vibration, and absolute mass of these imperishable and unalterable and 
perfectly similar molecules. » 

 
•  G. Johnstone-Stoney (1881) 
    « Nature presents us with 3 such units » 

 
 

•  Planck (1900) 
    « It offers the possibility of establishing units for length, mass, time and 

temperature which are independent of specific bodies or materials and 
which necessarily maintain their meaning for all time and for all 
civilizations, even those which are extraterrestrial and nonhuman, 
constants which therefore can be called fundamental physical units of 
measurement » 



Proposal for the new SI���

h9p://www.bipm.org/en/si/new_si/	  



3	  fondamental	  units	  

3	  

Synthe?ser,	  limi?ng	  value,...	  

	  
	  
	  
	  
	  
	  
	  
	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  ...	  
	  

Constants 

Dimensions  
(M, L, T) 

Units 
(kg, m, s) 

New theory ? 
 
constant ? 

 Fondamental  
  parameters 



Summary���

Any parameter not determined by the theories at hand 
 - Hence, it depends on our knowledge of physics 

All the constants do not have the same status 
 - The change of status told us about the evolution of physics 

We can define units from constants 
 - Recent evolution in metrology and SI 

We are left with pure numbers 
 - Why are they constant? 
 - Can we explain their value? 



          Dirac (1937) 
Numerological argument  
G ~ 1/t 

 Kaluza (1919) – Klein (1926) 
multi-dimensional theories 

     Jordan (1949) 
variable constante= new  
Dynamical field. 

            Fierz (1956) 
Effects on atomic spectra 
Scalar-tensor theories 

Savedoff (1956) 
Tests on astrophys. 
spectra 

Lee-Yang (1955) 
   Dicke (1957) 
Implication on the 
universality of free 
fall 

Teller (1948)–Gamow (1948) 
Constraints on Dirac hypothesis 
New formulation 

    Scherk-Schwarz (1974) 
          Witten (1987) 
String theory: all dimensionless 
Constants are dynamical 

      Oklo (1972), quasars... 
Experimental constraints 



Fundamental constants���
&���

gravity���



Equivalence principle���



The equivalence principle in Newtonian physics���

Inertial mass is the mass that appears in Netwon’s law of motion.���

Passive gravitational mass is the mass that characterizes the response to a ���
gravitational field (notion of weight)���

Active gravitational mass characterizes the strength of the gravitational field created���
by an object���

Action-reaction law implies that���

And thus                          is a constant, that can be chosen to be 1.���



The equivalence principle in Newtonian physics 

The deviation from the universality of free fall is characterized by 

Second law: 

Definition of weight 

So that 

Consider a pendumum of length L in a gravitational field g, 

Then 



On the basis of general relativity���

It is based on Einstein equivalence principle 
 universality of free fall   
 local Lorentz invariance   
 local position invariance 

The equivalence principle takes much more importance in general relativity 

If this principle holds then gravity is a  
consequence of the geometry of spacetime 

  

This principle has been a driving idea in theories of gravity from 
Galileo to Einstein 

Not	  a	  basic	  principle	  of	  physics	  but	  mostly	  an	  empirical	  fact.	  



Underlying hypothesis 

Equivalence principle 
•  Universality of free fall 
•  Local lorentz invariance 
•  Local position invariance 

GR in a nutshell���

Physical	  
metric	  



Gravirational redshift at 30 cm level���
C.	  W.	  Chou,*	  D.	  B.	  Hume,	  T.	  Rosenband,	  D.	  J.	  Wineland,	  Science	  329,	  1630,	  (2010)	  

Time	  dila?on	   Gravita?onal	  shiZ	  
Clock	  B	  is	  liZed	  up	  by	  33	  cm	  	  

its	  rate	  is	  increased	  by	  3.	  4	  10-‐17	  



Current contraints���

[Schlamminger, 2008] 



Current contraints���



Lunar laser ranging���



Tests on the universality of free fall���

2014	  
MicroScope	  



Underlying hypothesis 

Equivalence principle 

Dynamics 

•  Universality of free fall 
•  Local lorentz invariance 
•  Local position invariance 

Relativity  

GR in a nutshell���

Physical	  
metric	  

gravita?onal	  
metric	  



Solar system tests���
C

ourtesy of G
. E

sposito-Farèse 
Metric	  theories	  are	  usually	  tested	  in	  the	  PPN	  formalism	  

Perihelion	  shiG	  of	  Mercury	  

Nordtvedt	  effect	  

Shapiro	  1me	  delay	  

Light	  deflec1on	  

[Will, Liv. Rev. Relat. 2006-3] 



Fifth force���
The PPN formalism cannot be applied if the modification of General relativity  has a range smaller than���
 the Solar system scale.���
���
Fifth force experiments���

Adelberger	  et	  al.,	  Ann.	  Rev.	  Nucl.	  Part.	  Sci.,	  53	  77	  (2003)	  	  
Adelberger	  et	  al.,	  Prog.	  Part.	  Nucl.	  Phys	  62,	  102	  (2009)	  



Equivalence principle and constants���

In general relativity, any test particle follow a geodesic, which 
does not depend on the mass or on the chemical composition 

2- Universality of free fall has also to be violated 

1- Local position invariance is violated. 

In Newtonian terms, a free motion implies d�p

dt
= m

d�v

dt
= �0

Imagine	  some	  constants	  are	  space-‐,me	  dependent	  

Mass of test body = mass of its constituants + binding energy   

d⇥p

dt
= ⇥0 = m⇥a +

dm

d�
�̇⇥v

m�aanomalous

But, now 



Needs to test GR���

•  The variation of the constants, 
•  the deviations from Newton law (or general relativity), 
•  the violation of the universality of free fall 

are tied together. 

Testing the constants, is testing gravity 

There is a growing need to test general relativity on astrophysical scales 

dynamics	  of	  galaxies	  	  
and	  dark	  ma'er	  

accelera1on	  of	  the	  universe	  	  
and	  dark	  energy	  

but	  also	  theore1cal	  mo1va1ons…	  



Parameter space 

Tests of general relativity on astrophysical  
scales are needed 

 - galaxy rotation curves: low acceleration 
 - acceleration: low curvature 

Dark energy:  

Solar system: 

Dark matter: 

Cosmology: 
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