QUANTUM CHEMISTRY

Annual Research Highlights

(1) “Light-dressing effect in laser-assisted elastic
electron scattering by Xe”

When an electron is elastically scattered by an atom
in a laser field, the kinetic energy of the scattered
electron changes by multiples of the photon energy.
This scattering process is called laser-assisted elastic
electron scattering (LAES). In 1984, Byron and
Joachain calculated the differential cross section of the
LAES process by a light-dressed H atom, and predicted
that a peak structure would appear at the small
scattering angles in the LAES signals with one-photon
energy gain, showing that the small-angle LAES
signals carry valuable information on the electron
density distribution in a target atom in an external laser
field. However, in the previous LAES experiments in
which mid-infrared cw- or pulsed-CO, lasers were
employed with rather moderate light-field intensities
(<10° W/cm?), no evidence of light-dressing effect was
identified. In the present study, the observation of the
light-dressing effect in the LAES process is reported for
the first time since the theoretical prediction made more
than 30 years ago.

Figure 1 shows the observed and simulated angular
distributions of LAES signals with one-photon energy
gain. In the observed angular distribution of the
LAES signals (filled circles), a peak profile is
recognized at small scattering angles (6 < 0.5°). This
peak structure cannot be reproduced by a numerical
simulation based on the Kroll-Watson theory (broken
line), in which the laser-atom interaction is neglected.
On the other hand, in a numerical simulation based on a
model (solid line) in which the deformation of the
electron density distribution of the target atom is
approximated by a point-dipole induced by the
oscillating laser electric field, a peak structure appears
at the small scattering angle region of 6 < 0.5°, showing
that the observed peak structure originates from the
light-dressing effect in Xe atoms induced by the intense
laser field. Because the light-dressing effect in the
LAES process reflects the time-dependent electron
density distribution in a target atom or molecule, this
peak profile representing the light-dressing effect will
be of use for probing ultrafast variations of the electron
density distribution within an atom or a molecule.
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Fig. 1 The angular distributions of LAES signals with
one-photon energy gain. Filled circle: experimental data.
Broken line: simulation based on the Kroll-Watson theory.
Solid line: simulation based on a model including the
light-dressing effect.
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(2) “Wave packet bifurcation in ultrafast hydrogen
migration in  CH3OH* by pump-probe
coincidence momentum imaging with few-cycle
laser pulses”

Ultrafast nuclear dynamics in CH3OH* has been
explored on the basis of the released kinetic energy
distributions of Coulomb explosion pathways of
CH3;OH* obtained by pump-probe coincidence
momentum imaging (CMI) measurements using
few-cycle laser pulses.

The 6-fs few-cycle intense laser pulses were
generated by a hollow core fiber compression technique.
The few-cycle laser pulses were introduced into a
Michelson interferometer to generate pump and probe
laser pulses. The optical time delay At of the probe laser
pulse was scanned from —20 fs to 500 fs. These pulses
were guided into an ultrahigh vacuum chamber to
observe the two Coulomb explosion pathways;

Non-migration pathway

CH3OH?* — CHs*" + OH*,

Migration pathway

CH3OH2+ — CHy*" + OH,",

Figure 2 shows kinetic energy Exin distributions of
the non-migration pathway and the migration pathway
as a function of the time delay At. In the non-migration
pathway, only one component whose Kinetic energy
decreases as the time delay increases can be identified.
This decay component shows that the C-O bond
breaking proceeds in CHs;OH*. In the migration
pathway, on the other hand, the peak position of the Exin
exhibits an oscillation in the delay time range between
~25 fs and ~150 fs and bifurcates into two components,
that is, the decay component, assigned to the C-O bond
breaking of CH,OH,*, CH,OH,* — CH>" + OH, and
the component keeping the constant peak positon at Exin
~4.5 eV, assigned to the C-O stretching vibration of
CH,OH_" trapped in the bound potential.

The characteristic time evolution of the Kkinetic
energy distributions show that the hydrogen migration
starts within CH3OH* immediately after it is excited to
the potential energy surface (PES) of the second or
higher-lying electronically excited state and that the
prepared nuclear wave packet evolves and reaches the
bound part of the PES of the electronic ground state of
CH20H" in 25 fs.
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Fig. 2 The Exin distributions of (a) the non-migration pathway
and (b) the migration pathway as a function of At.
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