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1. Real-space quantum dynamics simulation on NISQ devices

Kazuki Tsuoka?, Erik Lotstedt !, Kaoru Yamanouchi 2 (!Department of Chemistry, School of
Science, 2Institute for Attosecond Laser Facility, The University of Tokyo)

One of the promising applications of quantum computing is a simulation of dynamical processes
of quantum systems, and several methods adopting quantum Fourier transform (QFT) have been
proposed to simulate the dynamical processes of quantum systems in real space [1, 2]. In order to
perform a time propagation of a wave function of the system by QFT in which ©(n?) CNOT gates
are used, we need to introduce Q(n?M) CNOT gates in the quantum circuit for the entire simulation,
where n and M represent respectively the number of qubits and the number of time steps. Therefore,
as long as noisy intermediate-scale quantum (NISQ) devices are adopted, it is not realistic to set the
time step sufficiently short so that quantum dynamics can be simulated with a reasonable level of
accuracy. In the present study, we propose an alternative approach to simulate quantum dynamics in
real space on a NISQ device and demonstrate its performance for a one-dimensional one-particle
system by simulating a quantum circuit with depolarizing noise.

[1] Kassal, S. P. Jordan, P. J. Love, M. Mohseni, and A. Aspuru-Guzik, Proc. Natl. Acad. Sci. U.
S. A. 105, 1868118686 (2008).
[2] G. Benenti and G. Strini, Am. J. Phys. 76, 657-662 (2008).
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