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Ultrahigh-fidelity coherent control with attosecond precision
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Coherent control is based on optical manipulation of
quantum phases of wave functions. It is a basic scheme of
controlling a variety of quantum systems from simple atoms
to nanostructures with possible applications to novel
quantum technologies such as bond-selective chemistry and
quantum computation. We have so far developed a
ultrahigh-precision coherent control by stabilizing the
quantum phase of a molecular wave packet on the
attosecond time scale. We apply this attosecond coherent
control to a variety of quantum systems ranging from
laser-cooled atoms to bulk solids to explore
quantum-classical boundary and to develop novel quantum

technologies.
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Fig. 1: Actively controlled wave-packet interference in a molecule [1].
Fig. 2: Ultrafast computing with a laser-driven molecule [2].
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e We have succeeded in tailoring and visualizing
spatiotemporal images of quantum interference in
a gas-phase molecule on the picometer and
femtosecond scales (Fig.1) [1].

e \We have demonstrated ultrafast computing with
molecular wavefunctions that executes discrete
Fourier transform within 150 fs (Fig. 2), showing
that single molecule can calculate 1000 times faster
than supercomputers [2].

e We have developed another class of logic gates
based on quantum interference among different
molecular eigenstates induced by a strong
non-resonant femtosecond laser pulse, which is
referred to as strong-laser-induced quantum

interference (LSI) [3]
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