QUANTUM CHEMISTRY

Annual Research Highlights

(1) “Observation of laser-assisted electron scattering
in femtosecond intense laser fields”

In electron-atom collision processes in a laser field, the
electron can gain or lose its energy by multiples of the
photon energies. This process is called laser-assisted
electron scattering (LAES). We observed this LAES
process, for the first time, using an intense near-infrared
femtosecond laser field.

Figure 1(a) shows an energy spectrum of scattered
electrons when the scattering occurred in the laser field
(filled circles) and a background spectrum when the tem-
poral delay of the electron pulse from the laser pulse was
set to be +100 ps (open squares), so that the scattering
occurs without the influence of the laser field. The rela-
tive intensities are normalized by the peak intensity of the
elastic scattering signal. The increases in the signal in-
tensity are recognized at the kinetic energy shifts of +7w,
i.e. £1.56 eV in the spectrum of electrons scattered in the
laser field. In Fig. 1(b), the filled circles represent the
LAES signals obtained by subtracting the background
signals from the scattering signals in the laser field in Fig.
1(a). The distinct peak structures in Fig. 1(b) show that
the one-photon transitions in the LAES process were ob-
served.

As an application of this femtosecond-LAES phenom-
ena, a new time-resolved gas electron diffraction method
is proposed for probing the change in the geometrical
structure of molecules with high precision of the order of
0.01 A with extremely high temporal resolution of the
order of femtoseconds, which is three-orders of magni-
tude shorter than the previously achieved temporal reso-
lution of gas electron diffraction experiments.

1.(1)-1) Phys. Rev. Lett. 105, 123202 (2010).
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Fig. 1 The energy spectra of relative intensities of scattered
electron signals. (a) Filled circles: Electron signals with
laser fields. Open squares: Background signals. (b) Filled
circles: A subtraction of the backgrounds from the signals with
laser fields. Solid line: A calculated spectrum.

(2) “Two stages of ultrafast hydrogen migration in
methanol driven by intense laser fields”

The hydrogen migration dynamics of singly charged
methanol was investigated by the two-body Coulomb
explosion of CH;OH" using the pump-probe coincidence
momentum imaging (CMI) technique. We recorded the
spectra of the kinetic energy (Ey,) of the fragment ions
ejected from two pathways, i.e., (i) the pathway in which
the C-O bond is broken without the hydrogen migration,
CH;OH*" — CH;" + OH', and (ii) the pathway in which
the C-O bond is broken with the migration of a hydrogen
atom from the methyl group to the hydroxyl group,
CH;OH*" — CH," + OH,’, as a function of the time delay
(At) between the pump and the probe pulses.

The yield distributions of the two pathways are plotted
as functions of At and Ey;, in two-dimensional (2D) con-
tour pattern, as shown in Fig. 2. It can be seen in both
cases that the 2D distributions can be categorized into two
parts: the upper strip, where the kinetic energy distribu-
tions are independent of At, and the lower strip, where the
peak position of the kinetic energy distributions shift to-
ward lower energies as At increases, exhibiting a
time-dependent behavior. The ratio of the yield of the
migration pathway (pathway (ii)) to the sum of the yields
of pathways (i) and (ii) is independent of At for the upper
strip, showing that the hydrogen migration occurs within
the laser pulse duration. Contrary, the yield ratio for the
lower strip exhibits clear temporal change, showing that
the hydrogen migration proceeds even after molecules
interact with the intense laser field. The time constant
for this post-pulse hydrogen migration is evaluated to be
~150 fs from the exponential fitting to the experimental
data. The observed temporal evolutions of the yield
ratio and the kinetic energy spectra reveal that there are
two distinctively different stages in the hydrogen migra-
tion processes in the singly charged methanol: ultrafast
hydrogen migration occurring within the intense laser
field (~38 fs), and slower post-pulse hydrogen migration
(~150 fs) occurring after the light-matter interaction .

1.(1)-3) J. Chem. Phys. 133, 071103 (2010).

(a) CH3OH* > CHy" + OH"  (b) CH30H*— CHy" + OH,"
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Fig. 2 The E,;,-At 2D contour plots for the yield distributions

of the fragment ions ejected through (a) CH;OH?* — CH," +

OH" and (b) CH;0OH** — CH," + OH,".
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