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8. Quantum computation of vibrational energy levels: Application to the Fermi resonance
in CO2

Erik Loétstedt!, Kaoru Yamanouchil, Takashi Tsuchiya2, Yutaka Tachikawa2
(1Department of Chemistry, School of Science, The University of Tokyo, 2DIC

Corporation)

Quantum computers are promising for solving problems in quantum chemistry which
cannot be solved efficiently on classical computers because of the exponential scaling of
the number of coefficients used to expand the wave function. Because a quantum

computer having N qubits may store an exponentially large number of 2/ amplitudes,



the wave functions of very large systems may be treated on a quantum computer,
provided that suitable algorithms are developed.

Until now, quantum computers have been employed in the field of quantum chemistry
for the calculation of electronic wave functions and potential energy curves. However, in
order to understand the dynamics of a molecular system, we also have to calculate the
vibrational wave functions and energy levels. In this contribution, we calculate the
vibrational energy levels involved in the Fermi resonance of COz using the Multi-state
Contracted Variational Quantum Kigensolver method. In this method, the matrix
elements of the vibrational Hamiltonian are evaluated on the quantum computer, while
the energy levels are obtained by diagonalizing the Hamiltonian matrix on a classical
computer. We perform calculations both using a simulator including a noise model and
using the quantum computer 7bmq_rome available at IBM Quantum. An error mitigation
method is used to compensate for the shift of the matrix elements caused by the noise.
We demonstrate that an uncertainty of below 1 cm can be obtained for the Fermi
resonance levels by executing each quantum circuit about 107 times, which shows that

quantum computers can be used to treat strong anharmonic resonances in molecules.
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12. Modification of metal surface morphology by submicron focusing using ultrashort
EUV pulses

Hiroto Motoyamal!, Atsushi Iwasaki!, Hidekazu Mimura2, and Kaoru Yamanouchi!
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The high-order harmonics (HHs) in the extreme ultraviolet (EUV) is generated by
focusing a near-infrared femtosecond laser pulse to rare-gas medium. We focused the

generated HHs onto a sub-micron sized area of a metal thin-film using a Wolter mirror



at the fluence up to ~100 md/cm2 and measured the surface morphology using an atomic-
force microscope. We found that the height of the central area of the EUV light spot
increases to as much as 100 nm and showed that we can modify the morphology of a

metal surface with sub-micron resolution.
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