QUANTUM CHEMISTRY

Annual Research Highlights

(1) Nuclear wavepacket dynamics in intense laser
fields by time-resolved coincidence momentum
imaging

The temporal evolution of the nuclear wavepacket
of CS,?" formed in an intense laser field (60 fs, 0.13
PW/cm?) was traced in real time by the pump-and-probe
technique combined with coincidence momentum
imaging of the Coulomb explosion process, CS,”" — S*
+ C" + S'. The momentum correlations among the
fragment ions obtained as a function of the pump-probe
time delay between 133 fs to 3 ps revealed that the
nuclear wavepacket in CS,*" evolves not only along the
anti-symmetric stretching coordinate to yield S” and CS"
but also along the symmetric stretching coordinate
leading to the simultaneous breaking of the two C-S
bonds. The contribution from two different electronic
states having bent and linear-type geometrical
configurations was identified in the wavepacket motion
along the bending coordinate of CS,*".
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Fig. 1: The two-dimensional coincidence momentum
imaging maps of (a) CH;", (b) CH,", (c) CH" produced
through the two-body Coulomb explosion of CH;CN,".

In Fig 1, the two-dimensional p,- p, correlation
maps obtained only with a pump pulse (a), and with Az =
300fs (b), 600fs (c) and lps (d) are shown. The red
solid lines indicate the results of the free-rotor
simulation for the sequential process via the formation
of a metastable CS?*, while the features marked with
black broken lines are attributed to the direct Coulomb
explosion of CS*" from CS" by the probe laser. The
component corresponding to the nuclear wavepacket of
CS,*" dissociating towards the symmetric stretching
coordinate is visible along the diagonal p; = p, line
(orange broken circle),

(2) Dissociative ionization of ethanol by designed
laser pulse trains

The dissociative ionization of ethanol was
investigated in a pulsed intense laser field composed of

a sequence of the shorter laser pulses.

Pulse trains in which the intervals between two
adjacent pulses are equal were generated by an
acousto-optic programmable dispersive filter (AOPDF)
so that the integrated power of the pulses within the
train was kept constant. When the original TL pulse
(32 fs FWHM) was adopted, the laser field intensity of
4x10"> W/ecm? was achieved at the focal point. The
interval of the first pulse and the last pulse in the train
was fixed to be 800 fs throughout the experiment.

When the number (n) of component pulses
increased from n = 1 to 5, the relative yield of the C-O
bond breaking increased monotonically, and the ratio at
n =15 was about 2.5 times as large as that by a single TL
pulse, suggesting that filling the interval with laser
pulses is preferred for the C-O bond breaking.

When the linear chirp rate was increased from
zero-chirp while keeping n = 3, the yield ratio of the
C-0 bond breaking increased and reached the maximum
at the chirp rate of 5x 107 ps®, at which the three pulses
can cover smoothly the duration of about 1 ps without a
gap. The maximum ratio was found to be almost the
same as that achieved previously by single chirped
pulses.

The observation supported strongly our proposed
mechanism that the temporal duration that the intense
laser field covers determines the fate of the evolution of
the nuclear wavepacket of ethanol on the LDPESs.

(3) Electronic structure of multi-electron atoms in
laser plasmas by a Debye shielding model

In order to understand electronic structures of atoms
and atomic ions in a "laser plasma", which is a
high-temperature and high-density plasma produced by
focusing intense laser light on the surface of materials,
we proposed a multi-electron Hamiltonian based on the
Debye-shielding model. A quantum chemical code
using a multi-reference CI method is developed
including relativistic effects.

By using this "relativistic Debye shielding model"
the excitation energies of the lowest dipole-allowed (2p)
P - (2s) ’S transition of the Li-like multiply-charged
atomic ions (Z = 3 ~ 40) are calculated as a function of
4, the Debye shielding parameter determined by the
temperature and density of the plasmas. The results of
the calculations showed that the excitation energies of
the neutral (Z = 3) and singly-charged ion (Z = 4)
decrease as u increases, while those of the other ions
with higher nuclear charges (Z > 5) increase. This
demonstrates that spectral shifts toward the longer
wavelength side are observed in the emission spectra of
Li-like atomic ions for Z = 3 and 4, while spectral shifts
toward the shorter wavelength side are observed for the
higher charged species.
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