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Fig. 1. Progress of the focused laser intensity over years and the development of laser-driven physics!4.
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Fig. 2. Peak brilliance for different types of X-ray radiation sources from the third-generation synchrotron-radiation sources and

XFELs!*" (a) and laser-plasma-based radiation sources® (b).
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Fig. 4. (a) Concept of extremely brilliant V-rays from a two-stage laser-plasma accelerator; (b) 3D simulation results of collimated 7-

rays radiation in the two-stage LWFA scheme; (c) the angular-spectrum and angular distribution of the emitted gamma-rays;

(d) the gamma-ray peak brilliance (photons/(s:mm?mrad0.1%BW)) as a function of the radiated photon energy!6.
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Fig. 5. (a) Schematic diagram of attosecond V-ray pulse generation from a circularly-polarized Laguerre-Gaussian laser-driven cone-

foil target. Electrons (red rings) are extracted from the cone walls and accelerated by the focusing laser. Then, the focusing laser

pulse is reflected by a plasma mirror/foil (blue plate) and collides head-on with the dense energetic attosecond electron bunches, re-

sulting in efficient emission of bright multi-MeV attosecond 7-ray pulses. The spatial distributions of the laser intensity for the in-

cident pulse (b) and in-cone pulse (c). Density distributions of electrons (d) and 7-photons (e)[®4.
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SPECIAL TOPIC—Ultra short ultra intense laser plasma physics

Research progress of ultrabright 7-ray radiation and
electron-positron pair production driven by
extremely intense laser fields”
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Abstract

The advent of high-power ultra-short ultra-intense laser pulses opens up the new frontiers of relativistic
nonlinear optics, high-field physics, laser-driven inertial confined fusion, etc. In recent years, with the
construction of high power laser facilities at a multi-petawatt (PW) level and above, the interaction between
laser and matter enters into a new realm of high field physics, where extremely rich nonlinear physics is
involved. In addition to classical nonlinear physics involving wave-particle interactions, relativistic effects, and
ponderomotive force effects, the quantum electrodynamic (QED) effects occur, such as radiation reaction force,
electron-positron pair production, strong 7y-ray radiation, QED cascades, and vacuum polarization. This paper
presents a brief overview of electron-positron pair creation and bright 7-ray emission driven by the extremely

intense laser fields.

Keywords: high-intensity laser-plasma interaction, ultrabright <-ray radiation, electron-positron pair

production, quantum electrodynamics (QED)
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