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6. Real-space quantum dynamics simulation for NISQ devices

Kazuki Tsuoka?, Erik Lotstedt !, Kaoru Yamanouchi ! (* Department of Chemistry, School of
Science, 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 quantum dynamical processes in real space [1,2]. Because a time evolution
operator cannot be implemented directly on a quantum computer, it needs to be split into operators for
smaller time steps. In order to perform a time propagation of a wave function of the system by the
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 currently available noisy intermediate-scale
guantum (NISQ) devices are adopted, it is not realistic to set the time step sufficiently short so that



guantum dynamics can be simulated with a reasonable level of accuracy. In the present presentation,
we propose another approach to the simulation of quantum dynamics in real space on a NISQ device
and demonstrate its performance for a one-dimensional one-particle system using ibm_kawasaki [3].

[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. Benentiand G. Strini, Am. J. Phys. 76, 657—662 (2008).

[3] IBM Quantum, ibm_kawasaki falcon r5.11, 2021.

7. BWEI~Y U A Ag JRF DOBHMEERRRIEIZM T 72 DPSS L—H—D L —HF— U
— R b

G AR 12 Ak B Elge B2 omE 2R AR B B S RERYE
A2 (VyEREET, 2P Rz, 3JASRI)

oo 1T EI~ Y 7 A(He INERBRIZEA LR O e 217> T b, He Il H
DFRFIZH L, KRB TEEHWTAEY U RE LR 0T U4~ A 7 aijidg e
— 7 BRFT 5 LT, B~ UL R SRR A WE T D, 2 ETIZ, He ll
T WIOAg JE A2 HHEEICHKEI L TWD, UL, RV EVZETHON TS
DPSS L —H —D U —EEENE W E | JFHFDRE D O~ 7 AN ETRERRRE AR T RRE
RPRBET D, R THOL—F—OHIINEWIEE, L——FEEENEZ A b
72, DPSS L—H—D Ot 217 5 BN H D, F T, AL TIE He Il 1 CD
Ag JF O L —HF—FFid 0Bl A L, DPSS L—¥—D ot 21772,

8. L—P— RS T 3 YTTEFI OB & TR HRET 7 L OB
ENRIRER, KM B3 CRALAR: - )

L—H—3FE D 3 Wothy FESIGIENI S FEERTORFOX AT I 7 AZHE - #
YET D= OICEHE R BN O—2>Th b, WEDEDONGOFEL /NS T 5720, @EL—
*f~/vv27b>ﬁﬂb\%;hfé°to Lol mb\%ﬁkfz’»%%héﬂbﬂ%@/w% ZIZBH LTI

DT EICRET DM END T, & 2 THWTE I L VLR OS FITk Uil 2
FRL, BERRT A—X 2 ICHERT 5 2 L & Bigd, A% “C 1% 0 K T EHIH 4
RN ATNTHNG D /NT A —B LG5 oRT A=K aFph | Y| E S W% 1 )3 D E
ETNENERT D, ZOEFTIVICE > TTRISNDHIEHO T o RA 7 —7 K% 4 &1, il
BRSO ZUIZ DN TELET S



9. BB~V U L Rb T OBMMEERENE AT 7o~ A 7 nEER51 HIEORRE

gy A L2 i -l AR BT L ik R e ALY | BB BT
TE =R mEmER Y2 (VT - EARIGHTEE. 2IEBl R

Fox OBFFERTIE, BIREI~Y v ABE(He ) & L— — 5B A2 MO B bR TR
TERLIR A DOREMSE 21T > T D, %’f\:m&fHeu¢®£ﬁﬁﬁ%%mm*ﬂ
LA ST 5 #i. 3°Cs | ﬂLGﬁ@%ﬁfﬁﬁﬁ%LﬁMﬂmméh Z OB EZE
X0 T REINA R SN2, He ll IXEBHHIESE if%ﬁf%é%FTb%
FREELTW5, L, BIFEHWTWA~ A 7 ok @?%uﬁ%ﬁﬁ%%?m%ﬁ
BEIZZDVOXLNEZY ) BFHEZRB LTS, I T, AWIZEICBWT 6 HTORSEE - e
JEE G 88Rh DB ERIFRRE 2 B & U<, BERE~ A 7 a4 FV 72 1E % 4
VR ART MVEUGFEEE 2, TOREE « W 2 RGE Lz,

10. Quantum computing of orbital energies of a-conjugated and hetero-n-conjugated
molecules

Ryuhei Yoshida !, Erik Lotstedt !, Kaoru Yamanouchi ! (* Department of Chemistry, School of
Science, The University of Tokyo)

We have calculated the orbital energies of n-conjugated and hetero-r-conjugated molecules
such as benzene (C6H6), cyclobutadiene (C4H4), and pyridine (C5H5N) by running quantum
circuits on ibm_kawasaki. By adopting two error mitigation methods, i.e., the spurious-state
elimination method and the zero-noise extrapolation method (ZNE), we have shown that the orbital
energies can be calculated with reasonably high accuracy.



