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Quantum electrodynamics (QED) is a well-tested theory. However, some of its predictions are still
not experimentally confirmed. Among them, vacuum birefringence (VBir) [1,2] stands out. As previously
remarked in the literature, VBir is a pure vacuum effect, and, contrary to most QED effects (Compton
scattering, Dellbriick scattering etc.), it is a macroscopic one [3].

Measuring this QED-induced effect stemmed from intense experimental efforts. Decades ago began
the magnetic field-based (i. e. the Cotton-Mouton effect) PVLAS [4] and BMV [5] experiments. As of
today, they have still not reached the required sensitivity to detect VBir [3]. The only indirect observation
reported to date comes from astrophysics [6].

With the advent of petawatt-class lasers, [7], electric fields in the order of E ~ 10 — 10 V/m
became available.

If we assume the petawatt (pump) laser to be linearly polarized and counter-propagating with respect
to a probe beam [9,10], we expect a birefringence
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where Agyg = ozqed/QOm—:gE?q ~ 1.65 x 1072° m3/J, g9 (uo) denotes the vacuum electric permittivity
(magnetic permeability), ageq is the fine structure constant and Eg = m?c®/eh ~ 1.3 x 10*® V/m is the
Sauter-Schwinger critical electric field. In the previous equation, besides the well-known electric (i. e.
Kerr) and magnetic contributions, we also took into account the magneto-optical effect [8].

From a quantum optical point of view, this QED-disturbed region can be seen as a birefringent crystal.
Thus, interferometric schemes can be implemented to measure it [9,10]. Besides the classical (i. e. laser)
light sources, one can implement non-classical states of light (e. g. squeezed vacuum) in order to boost
the sensitivity of the device [10-12].

The purpose of this work is to discuss in detail the all-optical vacuum birefringence measurement
proposals, their feasibility, and the technical challenges that need to be solved for a successful experiment
[10,13]. We consider both the realistic, available resources as well as potential resources that might become
available (such as Rochester University’s EP OPAL or China’s SULF). We also briefly discuss possible
advantages by extending the VBir experiment into the x-ray spectral domain [14].
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