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keV electron heating in laser-cluster interaction probed by
X-ray and electron spectroscopy
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Synopsis The interaction of intense laser pulses with nanoscopic rare-gas clusters provides a testing ground for
laser-atom interaction at solid-state densities. We investigate the driven electronic dynamics on the femtosecond
time scale both experimentally and theoretically using two complementary observables: the laser intensity de-
pendence of characteristic X-ray emission and of high-energy (keV) electron spectra.

We study the interaction of moderately intense
(~10'"* W/cm®) near-infrared femtosecond laser
pulses with nanoscopic (~10° atoms) rare gas
clusters both experimentally and theoretically.

The laser-driven electronic dynamics lead to
the production of remarkably highly energetic
(keV) electrons even for short pulses (~ 60 fs)
and moderate intensities. These fast electrons
can, in turn, create inner shell holes leading to
characteristic X-ray emission, which can be
used as in situ “thermometer” for the electrons
inside the cluster. Complementarily, the energy
spectrum of keV electrons allows to probe the
temperature of the “hot” electrons emitted by
the heated cluster.

We have measured [1,2] and have simulated
characteristic X-ray photon yields on an abso-
lute scale employing a mean-field classical
transport simulation [3], taking into account fo-
cal-volume averaging for the experimental ge-
ometry. For short pulses (<100 fs), good
agreement between experiment and simulation
is found for the absolute photon yield as well as
for the intensity threshold (Fig. 1a), allowing us
to identify the electron heating mechanisms in-
side the cluster. Remaining discrepancies are
traced primarily to the Lotz cross section for
electron impact ionization [4], the validity of
which for multiply excited atoms in a plasma-
like environment is questionable.

By adding an electron spectrometer to our
improved experimental set-up we provide com-
plementary information on the distribution of
emitted energetic (~keV) electrons. First simu-
lations suggest that the electron energy spec-
trum reflects the field enhancement at the clus-
ter poles, thus probing the electromagnetic re-
sponse of the highly excited and ionized cluster.
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E-mail: christophe.prigent@insp.jussieu.fr

Qualitatively, in both experiment and theory,
we observe that the fraction of energetic elec-
trons increases for increasing laser intensity
(Fig. 1b). However, large quantitative differ-
ences are observed. Experimentally, precise cal-
ibrations of the electron spectrometer are under
progress. Theoretical efforts focus on the im-
proved modeling of electron-impact ionization
under such extreme conditions, and on the
simulation of the Coulomb explosion and its
influence on the electron spectrum.
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Figure 1. (a) Preliminary simulated (line) and meas-
ured (points with error bars, [3]) X-Ray yield as a
function of laser intensity for Ar clusters (2 10° at-
oms), laser pulse length 61 fs and wavelength 800
nm. (b) Theoretical (lines) and experimental (points)
electron energy spectra at laser intensities increasing
from left to right (other parameters as before). The
arrows indicate the corresponding ponderomotive
energies (2U, = 120).

References

[1] E. Lamour et al 2007 Journal of Phys 88, 012035
[2] C. Prigent et al 2008 Phys. Rev. A 78, 053201

[3] C Deiss et al 2006 Phys. Rev. Lett. 96, 013203
[4]1 W Lotz, 1968 Z. Phys. A 216, 241

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1

doi:10.1088/1742-6596/488/13/132033



