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Annual Research Highlights

(1) “Extreme ultraviolet free electron laser seeded
with high-order harmonic”

Free electron laser (FEL) light sources based on the
self-amplified spontaneous emission (SASE) scheme
have been developed as promising intense light sources in
the short wavelength regions from extreme ultraviolet to
hard X-ray. However, the temporal and spectral profiles
of SASE-FEL laser pulses are composed of random and
uncontrollable spikes originated from their poor temporal
coherence. We injected the high-order harmonic of
near-infrared ultrashort laser pulses into an undulator of
the SASE-FEL facility at Harima Institute of RIKEN, and
demonstrated the generation of full-coherent and intense
extreme ultraviolet (EUV) pulses as the significantly am-
plified the input high-order harmonic pulses.

Typical spectra of the output EUV-FEL pulses obtained
with and without seeding by the high-order harmonic
pulses are shown in Fig. 1 in red and blue, respectively.
When seeded, the output pulses exhibit the narrower
spectral profiles with the much larger intensity compared
with those obtained without the seeding pulses. The pulse
energy of the seeded FEL, estimated to be 1.3 pJ, was
indeed 650 times as large as that of the input high-order
harmonic pulses, and the temporal coherence of the
high-order harmonic pulses was transferred to the seeded
FEL output [1].

By using the intense, full-coherent laser pulses gener-
ated as the seeded output of EUV-FEL, the intense laser
science in the EUV and soft X-ray regions will be ex-
plored. This project was carried out jointly with the
researchers in RIKEN, JASRI, JAEA, Keio University,
NTT Basic Research Laboratories, KEK, and Synchro-
tron SOLEIL (France).

1.(1)-7) Opt. Exp. 19, 317 (2011).
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Fig. 1 The spectra of the SASE-FEL output pulses obtained by
the SCSS test accelerator at Harima Institute of RIKEN (blue
lines), and those of the output pulses obtained when the seed-
ing with the high-order harmonic of ultrashort near-infrared
laser pulses was achieved (red lines).

(2) “Classical dynamics of laser-driven D5

We investigated the dynamics of D;" in an ultrashort
intense laser pulse by employing the classical description
of the molecule. In order to prevent autoionization or col-
lapse of the molecule, non-classical momentum depend-
ent potentials, which expels the electrons from the regions
in the phase space where the Heisenberg principle is vio-
lated, were added to the classical Hamiltonian.

We simulated the time evolution of D;" subjected to a
linearly polarized three-cycle (FWHM 3.9 fs) pulse with a
carrier wavelength of 790 nm. Starting from the initial
conditions that could mimic the corresponding experi-
mental conditions, the Monte Carlo method, where phys-
ical observables are obtained from statistical averages
over many trajectories of the system, was employed. The
following seven pathways were identified: D;" (no ioni-
zation or dissociation), D"+ D,, D," + D, and D"+ D + D
(dissociation only), D" + D," +e and D"+ D"+ D + e
(single ionization and dissociation), and D" + D" + D" +
e +e (double ionization and dissociation). In Fig. 2(a),
the kinetic energy release (KER) spectra are shown for
the three ionization channels D" + D,, D" + D" + D, and
D" + D" + D, at a fixed intensity 4x10"° W/em®. A
comparison with the experimental results (b) reveales
good qualitative agreement, although the KER is overes-
timated by a factor of around 1.5.

We expect that our results may open up the possibility
of classical simulation of larger polyatomic molecules
such as hydrocarbon molecules driven by a laser field,
since the ground state of larger sized molecules could also
be constructed with the model potentials introduced in
this study.

1.(1)-5) Phys. Rev. Lett. 106, 203001 (2011).
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Fig. 2 (a) Filled symbols show the number of trajectories
having final KER for the three ionization channels at the laser
intensity of 4x10"° W/cm?. The total number of trajectories
run was N = 4x10*. Note that the curve for the D" + D,"
channel (M) has been multiplied with a factor of 10. Open
symbols display the result of intensity volume averaging,
normalized to the same peak value as the corresponding fixed
intensity curve. (b) Experimental data obtained by McKenna
et al. (Phys. Rev. Lett. 103, 103004 (2009)) at | = 10'® W/cm?.
The experimental curve for D* + D" + D" has been multiplied
with a factor of 20.
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