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Cherenkov Radiation from Superluminal Plasma Quasi-particles
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Attosecond Sources

Flectrons move on attosecond timescales (1 as = 107"8 s). That motion governs » Goal: optimize laser and gas density profile parameters to achieve constant velocity quasi-
photoionisation, charge migration and electron transport in atoms, molecules, solids and particle propagation, in experimentally achievable ranges (CoRels, South Korea)

plasmas [1]. _aser Parameters: wavelength, energy, pulse durations, spotsize, focus position

Plasma Parameters: initial density, up-ramp slope (controlled by CFD simulations)

Attosecond pulses let us watch and control it. They are used for:

Balance between laser intensity and plasma density required to achieve stable velocity
time-resolved spectroscopy [2]

» Shown that for a given focusing geometry (spotsize)

strong-field and plasma interactions |3, 4] — Laser energy (“coarse knob”)

future petahertz electronics [5] — Laser focus position (“fine knob”)
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Sources of attosecond pulses: I I

High Harmonic Generation — conversion efficiency is low, limited by phase matching M 2, -22/E=103
Free Electron Lasers — brightest sources but expensive
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Malaca et al. [6] have shown through simulations that superluminal plasma quasi-particles

can be used as FEL-like bright sources of attosecond pulses w (V)

Figure 2: Cherenkov spectra for different laser energies

Plasma Quasi-particles Jet Tilt Angle to Tune Cherenkov Angle
The electron density peak at the rear of a non-linear bubble is shape invariant » Laser parameters fixed
(approximately) — regarded as a plasma quasi-particle » Gas jet backing pressure fixed at 2.6 bar
Plasma quasi-particles achieve superluminal velocities in tailored gas density profiles » Rotating the gas jet allows probing different longitudinal density profiles (gradient and
Radiate coherently at a preferred angle: 6 = arccos(c/vgp) baseline density)

The cone is “sharper” if the quasi-particle velocity is constant > S|mlu|at|ons Ishovved that the Cherenkov angle can be varied by 35 mrad for experimentally
achievable tilt angles
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High-power laser Figure 4: a) Longitudinal density profiles for different tilt angles. b) and ¢) Cherenkov spectra for two

different gas jet tilt angles (+8° and -12°)

Cherenkov ring

Conclusions & Future Work

» For a given focusing geometry (focal distance and focal spotsize) the laser energy can be
varied to optimize the quasi-particle trajectory (aim at constant velocity)

» The gas jet tilt angle can be used to tune the Cherenkov angle (a single experimental

parameter allows to test a signature of this radiation mechanism
Figure 1: Laser-driven plasma quasi-particle radiation source concept schematic.

» Next Steps: experimental setup design
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