QUANTUM CHEMISTRY

Annual Research Highlights

(1) “Long-lived neutral Hz in hydrogen migration
within methanol dication”

The ejection of triatomic hydrogen molecular ions HD>*
and Ds* from partically deuterated methanol cation,
CD;0OH?*, was investigated by first-principle molecular
dynamics simulation. It was found from the numerical
simulations that two C-D chemical bonds in the methyl
group are broken first to form a neutral D, moiety within
CD3;0H?*, and then, the neutral D, moiety vibrates and
rotates for a relatively long period of time (20~330 fs)
while moving towards a transition state leading to the
ejection of HD." or D3*. The formation of such a long-lived
neutral D, moiety within a hydrocarbon dication was
commonly identified in all the trajectories yielding the
formation of HD," and Ds*. The formation of such a
long-lived neutral D, moiety within a hydrocarbon
dication explains well the recent experimental findings of
the long lifetime of doubly charged energized hydrocarbon
molecules prior to the ejection of Hs".

@ CD,0H2* & HD,* + CDO*

Distance / A

(b)

PHD2

Sum of atomic charge

PDp2
0 1 L
0 100

200
Time / fs

300

Fig. 1. (a) Time evolution of |R;| and |R,| for CDsOH?* >
HD2* + CDO". (b) Time evolution of (i) the sum of the total
charge pp, of two D atoms forming a neutral D2 moiety and (ii)
the total charge pyp, of two D atoms and one H atom forming
HD2* as a final product.
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(2) “Full-coherent free electron laser seeded by 13th
and 15th-order harmonics of near-infrared
femtosecond laser pulses”

In order to produce full-coherent and intense ultrashort
light pulses in the extreme ultraviolet (EUV) wavelength
region, the 13th-order harmonic and the 15th-order
harmonic of Ti:Sapphire laser pulses at 800 nm were
introduced into an undulator of the SCSS (SPring-8
Compact Self-Amplified Spontaneous Emission (SASE)
Source) test accelerator at RIKEN with the accelerated
electron bunch. The generated seeded SASE-free electron
laser (FEL) light pulses were monitored with a single shot
EUV spectrometer.

From numerical simulations of the amplification
processes of high-order harmonic pulses in the undulator,
optimum conditions of the electron bunch duration
interacting with the high-order harmonic pulses were
investigated for generating full-coherent and intense pulses
in the EUV wavelength region.

The obtained spectral profiles of the FEL seeded with
the 13th and 15th of harmonics are shown in Figs. 2(a) and
2(b), respectively. In contrast to the spike like spectrum of
SASE-FEL (Fig. 2(a) middle), the single peak spectrum
with the 30-fold amplification was recorded by the seeding
with the 13th harmonic (Fig. 2(a) upper). Similarly, in
contrast to the spike like spectrum of SASE-FEL (Fig. 2(b)
middle), the single peak spectrum with the 80-fold
amplification was recorded by the seeding with the 15th
harmonic (Fig. 2(b) upper).
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Fig. 2. (a) Typical examples of the spectral profiles of the 13th
harmonic averaged over 30 shots (upper), the single-shot profile
of SASE pulse at 61.7 nm (middle), and the single-shot profile of
the FEL pulse seeded by the 13th-order harmonic (lower). (b)
Typical examples of the spectral profiles of the 15th-order
harmonic averaged over 30 shots (upper), the single-shot profile
of SASE pulse at 53.5 nm (middle), and the single-shot profile of
the FEL pulse seeded by the 15th-order harmonic (lower).
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