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At present, there is immense interest in tunable attosecond XUV and x-ray sources to investigate 
correlated charge dynamics and coupled electron-nuclear motion in molecules, as well as fast charge, 
spin, and phonon dynamics in materials. I will discuss a new approach to high harmonic generation 
(HHG) from our lab at the University of Arizona, as well the design and applications of a new compact x-
ray free electron laser (CXFEL), which is an effort led by Bill Graves from the Arizona State University.  

We show that using non-
commensurate photon energies for 
HHG, where a tunable long 
wavelength (900-1800nm) IR field 
accompanies the stronger 800 nm 
wavelength laser pulse, we can 
modulate the HHG process to 
produce a dense set of XUV 
spectral peaks. This structure is 
tunable in the spectral and spatial 
domain by altering the incidence 
angle or the wavelength of IR field, 
respectively. This scheme allows 
us to selectively target the 
resonances in the atomic and 
molecular systems, making many more systems accessible to pump-probe studies of electron dynamics. 

In the second part of talk, I will discuss the design of a CXFEL which is being planned at the 
Arizona State University. I will highlight the applications and important features of this instrument, which 
include generation of patterned electron bunches, implementation of inverse Compton scattering, and the 
production of attosecond packets of x-rays from 0.1 to 8 keV. The ability to control the phase and 
amplitude of x-rays will allow implementation two-color attosecond pump- attosecond probe experiments 
in the x-ray regime.  

The HHG work at University of Arizona was supported by the grant DE-SC0018251 funded by 
the U.S. Department of Energy, Office of Science. The electron bunch patterning work at ASU is funded 
by NSF under contract under contract 1632780. 

 
Figure 1 Experimental high harmonic spectra generated using non-
commensurate and non-collinear two-color laser fields, showing 
dense, tunable, sideband structure.  

 
Figure 2 Design of the Compact XFEL at ASU which will generate tunable keV x-ray beams for multi-color, 
multi-pulse, attosecond pump - probe studies of electron dynamics.  


