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C ompact, soft X-ray laser sources
capable of producing high average
powers could make possible a variety
of new studies in science and enable
development of unique metrology and
processing tools for industry. Lasing
in the gain saturation regime, which is
necessary for efficient energy extraction,
has been demonstrated for wavelengths as
short as 5.9 nm in laser-created plasmas,
but only at repetition rates of a few shots
per hour due to the high laser pump
energy required.

Researchers have made significant
efforts to develop high repetition rate
soft X-ray lasers for applications. Fast
discharge excitation of capillary plasmas
operating at a repetition rate of 4 to
10 Hz has produced milliwatt laser
average powers at 46.9 nm. Different
soft X-ray lasing schemes have been in-
vestigated to reduce the necessary pump
energy and enable high repetition rate
laser operation in laser-created plasmas at
shorter wavelengths. Recently, scientists
have demonstrated that the laser pump
energy required to reach gain saturation
can be significantly decreased by directing
the pump beam at grazing incidence into
a pre-created plasma.!?

This geometry takes advantage of
the refraction of the pump beam in the
plasma to increase the path length of the
rays in the gain region, thereby increasing
the energy deposition efficiency into a
pre-selected plasma region with opti-
mum electron density for amplification.
Pumping of the 18.9 nm line of Ni-like
Mo with 150 m] of total pumping energy
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from a 10 Hz laser has
reportedly generated a gain-
length product of roughly
14, and subsequently the
use of 1 ] heating pulses
resulted in operation in the
gain-saturated regime.?

We have shown gain-
saturated operation of table-
top soft X-ray lasers at 5 Hz
repetition rate producing
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microwatt average powers at
wavelengths ranging from 13.2 to
32.6 nm in transitions of Ni-like and Ne-
like ions.?*® Lasing was also observed for
shorter wavelength transitions of Ni-like
ions with amplification approaching gain
saturation in the 11.9 nm line of Ni-like
Sn and progressively reduced gain for
wavelengths as low as 10.9 nm in Ni-like
Te.? The figure shows on-axis spectra of
lasers in transitions of the 4d'S>4p' P
Ni-like isoelectronic sequence at wave-
lengths ranging from 16.5 nm for a
Ni-like Ru (Z=44) plasma down to
10.9 nm for Ni-like Te (Z=52).

We obtained these results by heating
a pre-created plasma with an optical laser
pulse of approximately 8-ps duration
with an energy of only 1 ] impinging
at optimized grazing incidence angles
between 14 and 23 degrees. For several
transitions between 13.2 and 32.6 nm,
laser operation at 5 Hz repetition rate
produced average powers of 1 to 2 pW.
The findings demonstrate the feasibility
of producing high average power laser
beams in the 100 eV spectral region for
applications using a table-top source. 4
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Single shot on-axis spectra of 4 mm
line focus plasmas showing lasing in
the 4d'S~>4p'P, transition of the
Ni-like ions at wavelengths ranging
from 16.5 to 10.9 nm.
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