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Le vide quantique en laboratoire
…par l’électrodynamique non linéaire

Laboratory tests of a quantum vacuum
… by the non linear electrodynamics



What does «vacuum» mean ?

❖ Aristotle : «The investigation of similar questions about the void, also, must be 
held to belong to the physicist - namely whether it exists or not, and how it exists 
or what it is » (Physics, part VI-IX, book IV, ~350 B.C.)

Vacuum energy could be the cause of the universe expansion acceleration !

Dark energy !

A vacuum has macroscopic properties !

Magnetic and electric properties of a quantum vacuu m, R. Battesti and C. Rizzo, Rep. Prog. Phys. 76, 016401 (2013)
Limits on nonlinear electrodynamics , M. Fouché, R. Battesti and C. Rizzo, PHYSICAL REVIEW D 93, 093020 (2016)
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❖ In a vacuum, the light travels at c. But, in a medi um (like water, glass 
etc..), its speed is reduced … and viceversa.

❖ For physicists, a vacuum is a place where the speed of 
light is equal to c,    with c= 299 792 458 m/s

What about light propagating in vacuum in the presence 
of electromagnetic fields ?
More in general, what about interactions between 
electromagnetic fields ?

B , E
?



Non linear electrodynamics : photon-photon interactions

Lorentz invariants

Low field limit

Constutive equations



Point charged particle with a magnetic moment : apparent magnetic monopole …

Light propagating in the presence of light : photon – photon scattering …

Light propagating in the presence of an external field : vacuum magnetic linear birefringence

also known as Vacuum Cotton-Mouton effect 
…



Based on Dirac’s model of a vacuum

An attempt to solve the problem of the infinite energy of a charged point particle

It contains the previous two as a particular case

1935 - 1936

1934

Nowadays



Test of 
non linear electrodynamics 

Test of 
long range electromagnetic

interactions



This effect exists in any medium, even in vacuum

Effect as old as 1935, 

but still not observed in a laboratory

Z. Bialynika-Birula et al., Phys. Rev. D 2, 2341 (1970)
H. Euler and B. Kochel, Naturwissenschaften 23 246 (1935)
W. Heinsenberg and H. Euler, Z. Phys. 38, 714 (1936)
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� Vacuum magnetic linear birefringence



CODATA 2012

a very challenging task !

� Vacuum magnetic linear birefringence

Heisenberg – Euler prediction

� Vacuum magnetic linear birefringence

Born - Infeld prediction

∆n = 0
because c0,2 = 4 c2,0 !
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• Ellipticity to be measured : 

b

a

Fabry Perot cavity

� Ellipticity measurement : BMV experiment 

It

Ie

Lc= 2.27 m

Very high magnetic field
+

Very precise optical measurements

light trapped for ~ 300 Km in the magnetic field !



10-24 ?!

Same order of magnitude of
G.W. dephasing !

Same kind of optical 
Instrument !

G.W. : separate arm interferometer
BMV : polarization interferometer

LIGO



LNCMI breaks the European record of non 
destructive pulsed magnetic field

New european record of magnetic pulse 98.8 T

Laboratoire National des Champs Magnétiques Intense s -
Toulouse

Faraday configuration : B field parallel to the axis
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Magnetic field : XXL-Coils

73 cm

� Higher B2L (300 T2m)

X-coilXXL-coil



BMV.II

3D view



The real thing !

The cryostat entering in the clean room



PVLAS, 2008: E. Zavattini et al., Phys. Rev. D 77, 032006 (2008)

PVLAS, 2012: G. Zavattini et al., Int. J. of Mod. Phys. A 27, 1260017 (2012)

BMV 2014 :                         A. Cadène et al, Eur. Phys. J. D, 68, number 1 (2014)

PVLAS 2014 :                     F. Della Valle et al, Phys. Rev. D 90, 092003 (2014).

The race for the Cotton Mouton effect in vacuum

210 h

100 pulses

Last results  (2016):
PVLAS is heading again !

A factor 20 from goal !

+ OVAL Tokyo
+ Q&A Taiwan

+ OSQAR CERN
+ Very intense laser sources …

BMV last result



Mignani et al., MNRAS, 465, 492 (2016)

Astrophysical evidence !?

Maybe, if you assume the values of the star parameters.

The press is getting interested !



Looking to all that with a wider approach than Heisenberg – Euler QED :



Non linear electrodynamics

QED laboratory tests

Vacuum magnetic birefringence:
BMV

Atomic physics:
Lamb shift

Hydrogen & muonic atoms

Astrophysics observations:
Neutron stars

High energy physics
High energy lasers

Photon-photon 
interactions

Physics beyond
Standard model :

Dark matter (axions ?)
Dark energy

R&D

General CONCLUSION



BMV CONCLUSION

We are in the race !

BMV 2018 ?

We are working hard for that 
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Light by light scattering also 
observed for the first time ?!

In competitions with experiment 
at high power lasers


