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High Power Tabletop Ultrafast Laser Sources Extending
from Terahertz Through X-Ray

Abstract

High peak power ultrashort laser pulses from picoseconds (107? sec) down to attoseconds (10® sec) in
duration have enabled a whole range of fundamental and applied research areas as well as industrial
applications. The cryogenically-cooled laser technology combined with the ytterbium-doped gain media with
excellent thermo-optical property has played a key role to demonstrate the amplification of short pulses with
high beam quality and high average power.

In this talk, I will first present the developments of our few-cycle optical parametric chirped-pulse amplifier
(OPCPA) laser system and cryogenically-cooled chirped-pulse amplifier (CPA) laser system at MIT for
delivering ultrashort pulses with high energy and high repetition rate. Second, I will introduce our laser
applications which are the high-energy sub-cycle parametric waveform synthesizers for studying attoscience
and the high-efficiency intense ultrafast terahertz generation for direct electron acceleration. Third, I will
report our progress of compact ultrafast coherent X-ray source based on high harmonic generation (HHG)
and inverse Compton scattering with high photon flux. Particularly, the photon energies in the water window
and keV range can open up unprecedented capabilities for in-vivo studies of biological specimens, and
respectively, for many inner-shell absorption edges in catalytic, magnetic, and electron materials.
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