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Scaling of phase matching of high-order harmonics into the multi-
keV x-ray region at low ionization and large density-length products
TENIO POPMINTCHEV, MING-CHANG CHEN, ALON BAHABAD, MICHAEL
GERRITY, PAUL ARPIN, MATTHEW SEABERG, RICHARD SANDBERG,
MARGARET MURNANE, HENRY KAPTEYN, JILA, University of Colorado at
Boulder, NIST, NSF EUV ERC, PAVEL SIDORENKO, OREN COHEN, Technion
- Israel Institute of Technology, STERLING BACKUS, XIAOSHI ZHANG, GREG
TAFT, Kapteyn-Murnane Laboratories Inc., IVAN CHRISTOV, Sofia University
— In this work we investigate theoretically and experimentally how phase-matched
high harmonic generation scales to multi-keV x-ray photon energies. We find that
by using mid-infrared driving lasers of moderate intensity, this process presents an
experimentally feasible and straightforward route for generating bright, fully co-
herent, beams even at multi-keV photon energies. We experimentally verify our
predictions by demonstrating macroscopic phase-matched up-conversion of mid-IR
laser light to water-window soft x-rays over extended distances in a high-density
medium and moderate ionization levels. Finally, we show that the optimum phase
matching pressures, absorption limited medium lengths, and macroscopic high har-
monic yields scale very favorably with increasing driving laser wavelengths and x-ray
photon energies, compensating for the decreasing single-atom signal strength at long
driving wavelengths.
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