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4. Evaluation of vibrational energies and wave functions on a quantum computer

Erik Lotstedt', Kaoru Yamanouchi', Yutaka Tachikawa’? ('Department of Chemistry, School of
Science, The University of Tokyo, > DIC Corporation)

A variety of methods have been developed for the calculation of electronic energy levels of
molecules using quantum computers, but the calculation of vibrational energies of polyatomic
molecules has received much less attention. We have developed a method called the reduced multistate
contracted variational quantum eigensolver (RMC-VQE) method, in which matrix elements of the
Hamiltonian are evaluated using a quantum computer, and the eigenenergies are obtained by
diagonalization of the Hamiltonian matrix using a classical computer. We apply the method to a two-
mode model of CO; and execute the quantum circuits on the quantum computer ibm_kawasaki. After
applying an error mitigation method, in which the systematic error caused by the noise is estimated by
comparing with reference results obtained using a classical computer, we find that the energy levels
of the Fermi resonance states can be obtained with an uncertainty of less than 0.1 cm™. We also show
how vibrational wavefunctions can be calculated on ibm_kawasaki by measuring the expansion

coefficients of the harmonic oscillator basis functions.



5. Y=y MR X BZRT AT ORKEIREIRE : iKEit— FOBBERL T tr—

BASR, RS (HORELT)

DEEAZRRITIIT HEME R I E A b OB R A EEMICRHE OIS Z L 2B/
ELT, RO TORBBREREICER L, oIy MRIZE ST 21T o7, i
By7e ) —<E— R+ Thd SO i1 &, W a—LE— Ry Ths H0 4y
FAZOWT, REIGEBEIC X o TH Ol 2 O BB A EMEIC Y = X v N ofif
L, [E#EIROIEDBEN) 2R T 740 - /A~y haE—0fEE T/, KB
BOHHEEDENE T ) A~y br E—0B%R, FICESHFEEOEBRRBER CAEL
LTy b B—EOEIEH L CGEmd 5.

6. A A EFEIRIEL BFE L7 SFs' 1 2 OE BEERAFHIE

TR SR 2L IR, BREAR T (ARSI R R R SR L R
SRR RGBSR e R b )

BT, CCLITHRTT DA A B a1 (TIED) ENFEBL I, SR 1A 4 v Ol
ERENFTRE & 22 o7z, AWFFETIX, SFs OEFEHTHIEIC X > T TIED {EOANEZ MEE
THIEEHME LT, A4 T v AT K 28 BRI B A2 1T > 7o, T4 SFe 7/ A
AT DT TNTHEHESZ A AL, N7 o 7T RFEEHREL T SFs'A Ao D&
B BRI L 721212 flife A A4 o 2 FRATRE I AV B i CHIE L7z, M Sz
SFs" A 7 > B> 6 SFs" O 1 [BIFTHE 5 O8I CCly" DA D) 50% & BAEH i, SFs'od
TIED HIE D+ EBLARETH 5 T & DS S L7z,

7. Population transfer in a laser-driven three-level system by a noisy quantum computer

Takanori Nishi, Erik Lotstedt, and Kaoru Yamanouchi (Department of Chemistry, School of Science,
The University of Tokyo)

We simulate the temporal evolution of the population transfer in a laser-driven three-level system,
representing N>™ suddenly exposed to an intense laser field, using an IBM Quantum computer. The
wave packet is expressed on a fixed-depth quantum circuit using variational parameters. In order to

mitigate the error originating from the imperfect gate control and the qubit decoherence, we apply the



Clifford data regression and reproduce qualitatively the temporal evolution of the population transfer

among the three levels.



