High-order harmonic generation by relativistic plasma
singularities
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Abstract: We discuss the new regime of high-order harmonic generation by relativistic-irradiance
multi-terawatt femtosecond lasers focused onto gas jet targets [PRL 108, 135004 (2012); NJP 16,
093003 (2014)]. The laser induces multi-stream relativistic plasma flow resulting in the formation of
density singularities: structurally stable, oscillating electron spikes coherently emitting
high-frequency radiation. In this presentation we analyze the dependence of the harmonic yield on the
laser power and focal spot quality, and derive the required laser parameters for efficient harmonics
generation. We show the status of the J-KAREN-P laser and report on the progress towards satisfying
these requirements.

In the new regime of high-order harmonic generation, intense (>10*® W/cm?) high-power
(multi-TW) femtosecond (30-50 fs) laser pulses focused onto gas targets induce multi-stream
relativistic flows in underdense plasma (n. ~ 10" cm™). This results in the formation of density
singularities, which are structurally stable, oscillating electron spikes coherently emitting
high-frequency radiation with spectra comprising high-order harmonics [1, 2]. The experiments
with the J-KAREN laser [3] demonstrated strong dependence of the harmonics yield on the laser
pulse energy and focal spot quality.

In this presentation we analyze the obtained dependences and derive laser parameters
required for efficient harmonics generation. Apart from higher power, it turns out that the focal
spot quality should approach the diffraction limit, i.e. the Strehl ratio should exceed 0.5. The
focal spots of high-power lasers typically suffer from wavefront distortions and angular
dispersion. For noise-like wavefront distortions, the above stated requirement corresponds to an
rms wavefront error <100 nm. The angular dispersion should be kept smaller than a fraction of
the diffraction divergence, i.e. urad level for 100 to 300 mm beam diameters. The corresponding
angular chirp should be <10? prad/nm for 50 nm bandwidth. We show the status of the
J-KAREN-P laser and report on the progress towards satisfying these requirements.
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