Self-triggered strong-field QED collisions in laser-plasma interaction
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Strong-field qguantum electrodynamics (QED) describes the behavior of electrons in intense electromagnetic fields. The theory predicts
spectacular phenomena, such as the creation of matter from pure light through light-by-light scattering. Reaching the strong-field QED
regime, characterized by y = 1, is an experimental challenge, as it requires the collision of high-energy electrons with ultra-intense laser
pulses. This work presents the results of an innovative scheme that enables access to the strong-field QED regime using currently available
laser parameters, relying on a single laser and multiple plasma stages. The laser accelerates an electron beam to 11 GeV, self-focuses in a
second gas jet, reflects off a foil, and then collides with the electrons to trigger strong-field QED processes.

Strong-field QED Double jet scheme®

* Predicts electrons behaylgg in a strong electromagnetic fields A second (high density) gas jet is inserted between the first gas jet and the foil
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3.Thin foil acting as a plasma mirror ensures the automatic alignment.

Laser parameters
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PIC-QED of the setup Strong-field QED observables

3 PIC codes are used to simulate the full setup After electron acceleration, laser self-focusing and reflection on the foil, the collision parameters are :
1. FBPIC : Electron down-ramp injection in the first plasma. Durine th lisi limated iet
2. HiPACE ++ : Electron acceleration over 40 cm to reach 11 GeV. Collision ap = 40 Xe ™~ 5 uring the co ISI(_)n’ coflimated Jets
3. CALDER: Laser self-focusing, reflection on the foil and electron / laser collision €E=10GeV Strong-field QED of y-rays and positrons are created.
FBPIC HIPACE CALDER processes are visible
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