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Gain characteristics of innershell L2-Mi transition in Ti
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Abstract. X-ray laser schemes are described in which the Coster-Kronig Auger-process is the
dominant lower level decay mechanism. Such systems have inherently short lower level lifetimes and it is
shown that under certain conditions they can be inverted with excitation by energetic electrons as well as
X-rays.

1. Introduction

The recent advances in 10-fs-range, high-peak-power lasers have renewed interest in developing
keV X-ray lasers based on inner-shell atomic transitions[l-8]. If it were possible to create an
inner-shell population inversion via atomic processes involving electrons only, then photo-
ionization pumped X-ray laser schemes based on the same transitions would be less sensitive to
secondary electron collisional filling of the lower state, require less demanding X-ray pumping
conditions, and result in inversions which could be maintained longer, compared to equivalent
photo-inner-shell ionization pumping schemes for KL transition. Coster-Kronig or super Coster-
Kronig decay can be significantly larger than those of the next deeper vacancy states, i.e. the
potential upper state of a lasing transition. As pointed out in Ref. 4 and 5, for selected states in
numerous atomic systems in which the lower state decay is mediated by Coster-Kronig or Super-
Coster-Kronig decay while the upper state is not, a transient, femtosecond time-scale inversion
can be achieved. As mentioned above, photo-ionization pumped inner-shell X-ray laser schemes
using these transitions will benefit from this concept because the additional rate out of the lower
state can overcome secondary filling processes.

2. Pumping by electrons

For appropriately chosen atomic species and transitions, the population inversion between
inner-shell hole states can be created by electron collisional ionization only - a situation which
has previously been considered impossible. We have reviewed radiative and non-radiative decay
rates from inner-shell vacancies in elements up to Z=90 To study the population dynamics, we
have numerically solved the rate equations for the populations of the states of interest when
neutral atoms are ionized by a short, intense electron pulse. Computer simulations show that
among these transitions the L2M1 transition for Z=22 to 32 is the most robust to detrimental
collisional processes. Transient population inversion with a maximum value of 2.4xlO19 cm"3 at
3.09 nm wavelength in Ti could be achieved for an electron pulse of 5 fs (Figure 1).

3. Pumping by photons

Photo-ionization inner-shell pumping schemes will also benefit from the usage of this type of
transition. To investigate the performance of the gain on the L2M1 transition by photo-pumping, a
population kinetics code has been developed. Populations are calculated only for the single
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Fig. 1 pumping with a 5 fs electron pulse.
Solid density of 6x1022 cm"3 for titanium and
density of 102' cm

Fig. 2. Pumping with photons.
Monochromatic flux at 470eV of electron
1.4xlO18 photons /cm 2

vacancy states. Double vacancy states are considered to include the decay channels from the
single vacancy states such as photo-ionization, electron collisional ionization, Auger and Coster-
Kronig and to calculate the electron energy distribution. Radiation source is a monochromatic or
black-body source. In the case of monochromatic source, the Gaussian pulse shape of an
incoming photon flux is assumed. The calculations were done for the case of Ti. Gefr is the
difference between the gain on the L2M1 transition due to inversion and absorption on L2M1 due
to neutrals. Geff = Ginv - GabS (absorption by neutral). Figure 2 shows that the effective gain
changes dramatically when the pulse duration (FWHM) is below 20 fs. This calculation is done
for monochromatic source at 470eV and the total photon flux delivered at 1.4x 1018 photons /
cm2.
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