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Plasma-based accelerators represent a promising advanced accelerator concept with many
perspectives for their applications [1], for example by leveraging the interaction of plasma-accel-
erated electrons with electromagnetic fields for the generation of light sources [2] with unique
properties. While this interaction between ultrarelativistic electrons and electromagnetic fields
can be described classically for most light sources, with the recent development of multi-PW
laser facilities this interaction can become quantum and nonlinear, entering the so-called
strong-field QED regime where the electric field in the electron rest frame exceeds the Schwing-
er critical field E_ = m? ¢® /eh = 18 x 10% V/m. The creation of extreme conditions where such
strong-field QED interactions can take place is a very active area of research, notably with the
aim to increase particle energies and generate stronger fields.

In this Colloquium, we will first present recent progress on the development of light sources
based on laserplasma accelerators. Betatron radiation is a natural by-product of laser-plasma
accelerators (LPA) where accelerated electrons interact with the transverse fields of the
laser-driven plasma wave and emit X rays as a consequence of their betatron oscillations. We
have demonstrated how the plasma density can be tailored to considerably enhance the critical
photon energy of betatron radiation, increasing from 5 to 50 keV for a 50 TW laser systems [3].
Plasma tailoring strategies can also extend the betatron photon energy range to the MeV scale
with PW laser power [4]. We have also shown the potential of betatron radiation for application
in warm dense matter (WDM), where femtosecond X-ray absorption spectroscopy can be
carried out with a betatron source to uncover thenonequilibrium dynamics of a copper sample
and its ultrafast evolution when heated up to the WDM regime by a pump laser [5]. Inverse
Compton scattering (ICS) of a laser pulse off an LPA electron beam is also an attractive source
to reach high energy photons. A powerful approach is to rely on a plasma mirror [6] to reflect the
LPA drive laser pulse and automatically trigger ICS with the LPA electron beam, and the key
advantage of self-alignment and self-synchronisation. Recent plasma-mirror-based ICS
measurements carried out at APOLLON at near-PW power will be presented, showing an
improvement in photon energy by several orders of magnitude compared to our seminal result
[6] that used a 50 TW laser system.

Then, we will discuss how plasmas can be leveraged to boost the fields, which, together with
high particle energies, can provide promising paths to the strong-field QED regime. Two original

concepts will be presented, relying either on the fields of a laser pulse or of an electron beam,
and greatly enhancing these fields by plasma self-focusing. The first concept relies on ICS
based on a plasma mirror, while boosting considerably the laser intensity in a high-density
plasma between the LPA and the plasma mirror via selffocusing and self-compression. The
second concept uses the electron beam as the source of the fields, and a self-focusing dynam-
ics in a sequence of conducting foils [ 7] (multifoil target) to boost these fields, the beam experi-
encing the reflected self fields [8] at each foil that are becoming stronger as the beam is being
focused, leading to the emission of high-energy photons and possibly to strong-field QED [78].
Preliminary experimental results demonstrating the focusing effect in the collective interaction
between a high-energy electron beam and a multifoil target will be presented and discussed.
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