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1. Under the right circumstances the vacuum of Quantum ElectroDynamics (QED) behaves like an optically
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birefringent medium

Consider the EM field Lagrangian with quantum corrections from the electronic field (Heisenberg and Euler, 1936 — Schwinger 1951)

the integration variable is the “proper
time” variable (fully developed later by
Stuckelberg, Feynman and Schwinger)
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subtraction of the infinite
free-field effective action
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scalar invariant
(in units of the critical electric field)

pseudoscalar invariant related to axial symmetry

this corresponds to a log term

in the integrated Lagrangian: it
is an embryonic form of charge
renormalization
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The lowest order expansion of this Lagrangian yields the Maxwell form of the Lagrangian + a scalar correction term + a pseudoscalar correction term.
As a consequence we obtain a new form of the Maxwell’s equations. These new equations can be recast in their standard form with the introduction of
new effective D and H fields: this means that we can think of QED vacuum as an effective medium with its own properties, which depend on the external fields
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Modified EM field Lagrangian with the lowest order
terms from the Heisenberg-Euler Lagrangian
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Effective values of vacuum polarizabilities when external fields are present
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In a strong magnetic field region vacuum
becomes birefringent, with different
refractive indexes parallel and
perpendicular to the field. However, the
A. parameter that determines the
birefringence — and therefore the QED
effect — is extremely small.

2. The predicted QED effect is extremely small and requires an exceedingly sensitive apparatus: the PVLAS experiment in Ferrara

birefringence

of QED vacuum

3. The seemingly endless fight against systematics and noise

How should the power spectrum of
the photodiode signal look like?

This is an example of the power -6
spectrum close to the frequency of 2 -

The spectrum on the right displays peaks
at the positions of the first and second
harmonics, but in this case this is due to
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*  We use the intense dipole field from permanent magnets (blue cylinders in the picture, field intensity about 2.5 T). This yields the

*  We inject linearly polarized LASER light perpendicular to the magnetic field, and try to detect the tiny ellipticity due to the birefringence

¢ The effect is extremely small and we modulate it and force it to emerge from the ever present noise background by rotating the magnets

¢ The magnetic field modulation is not enough, we must add a additional controlled ellipticity which is modulated as well at its own pace

¢ On top of all this we amplify the effect as much as we can by folding the path of LASER light inside the magnetic field region by means of
a high-finesse Fabry-Perot resonator. In this way we have been able to achieve an amplification factor almost as large as 10°

e Finally, the polarized light is analyzed with a precision analyzer, and the final light intensity is detected by a low-noise photodiode
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4. Current status of the experiment
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5. Future perspectives and physics goals

We are confident that in the near future we shall reach the sensitivity level
required to detect the magnetic birefringence of vacuum predicted by QED.

The birefringence of vacuum may have other sources in addition to QED, and
fully understanding this minuscule effect has a large relevance in a cosmic
context (such as in the physics of magnetars, where the magnetic birefringence
of vacuum — and the associated process of photon splitting — influences the

spectrum of the emitted light).

Moreover, any results at odds with the QED prediction could point to the

existance of exotic particles and to new and exciting physics.
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