Extreme-light physics at the Apollon laser:
new challenges & opportunities for laser-plasma interaction
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The Apollon laser [1,2] is now operational at the 1PW level (22J in 22fs, after
compression). An ongoing upgrade will allow to reach the multi-PW level in the months to
come, and the first experiments are about to start. Apollon and similar (multi-PW class) laser
systems in Europe and Asia will soon allow to reach unprecedented on-target intensities, well
beyond 102! W/cm?2 and potentially up to 1024 W/cm?2. Under such extreme light conditions,
the laser-plasma interaction is not only relativistic, it is also strongly impacted by quantum
electrodynamic (QED) effects [3]. Among these effects are high-energy (y) photon emission
and its back-reaction on the emitting electron dynamics, as well as electron-positron pair
production in either the strong laser-field or the Coulomb field of highly-charged ions. These
new processes will not only strongly modify the dynamics of the laser-plasma interaction,
they will provide new opportunities in terms of radiation and particle sources, as well as pose
new challenges in terms of their experimental detection.

To support this formidable experimental undertaking, new theoretical and numerical
tools need to be developed, that allow to model new processes at the edge of relativistic
plasma physics and QED. In this talk, I present recent code developments [4] and advances
we have made - on both the simulation & theory sides - in treating QED processes of outmost
importance for the forthcoming experiments on the Apollon laser. A particular emphasis is put
on y-photon [5,6] and electron-positron pair production [7,8] in strong electromagnetic fields.
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