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Abstract of Thesis

Quantum computers are anticipated to provide computational advantages over classical devices for
specific classes of problems.

In quantum chemistry, such an advantage can be achieved on fault-tolerant quantum computers
(FTQCs) using quantum phase estimation (QPE), which can, in principle, provide accurate electronic
energies with polynomial scaling.

However, the practical success of QPE and related algorithms critically depends on the availability of
high-quality initial quantum states with sufficient overlap with the target eigenstates.

Moreover, even FTQCs are expected to be limited in size and total computational resources for the
foreseeable future, restricting quantum calculations to reduced subspaces and allowing only a partial
treatment of electronic correlation.

For chemically meaningful predictions, the remaining correlation effects must therefore be recovered
through post-processing.

Motivated by these limitations, this dissertation develops two complementary strategies for the
preparation of chemically relevant quantum states on FTQCs and a classical post-processing scheme.
The first strategy introduces a unified framework for power-iteration-like state preparation methods
based on generalized quantum signal processing (GQSP).

This framework encompasses and generalizes several quantum algorithms, including quantum power
iteration, quantum power Lanczos, quantum inverse iteration, and quantum folded spectrum method,
enabling efficient energy filtering.

The second strategy enforces fundamental physical symmetries of electronic Hamiltonians, such as
particle number and spin.

Symmetry projectors are constructed using linear combination of unitaries, GQSP and generalized
quantum singular value transformation.

They ensure symmetry-adapted state preparation and improve overlap with target eigenstates. A
classical post-processing framework was also designed to recover the electronic correlation not captured
by quantum calculations in restricted subspaces.

This method, referred to as QC-CBT-AFQMC (quantum-classical computational basis tomography
auxiliary-field quantum Monte Carlo), enables the reconstruction of quantum-prepared
multiconfigurational wave functions and their subsequent refinement.

Together, the proposed quantum state preparation algorithms and the QC-CBT-AFQMC post-
processing pipeline establish a concrete hybrid quantum—classical workflow.

These approaches extend the reach of FTQC toward quantitatively accurate and chemically relevant
simulations of strongly correlated molecular systems.
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Kiwid, BHEFFEICR T 2 B EEMEOERICmIT T, @YMERETFa o Ea—% (FIQC) LEToR%R
B 70 B IR RE VG 15 & B FH R IC L 2 BB L2 A MICIRET 20 TH D, B2 Ea— X dEm L
FEHEE (QPE) 218U THFOTRAF —DEREEFEA~DOISHBHIRF STV D23, QPED R I3 S 417z
IR TRRE L BEEEARE S OERVITKGFET D, ZO7H, QPEIEFEA LR ME R OIHREOHER RS A AKX &
o TW5S, MAT, ZOMERRENT-E LTS, FIQCOF — MEEOME T T fia L P a—2 10§ KIEIC
BB L RAAENTEY, QPEOEAIXEFREDO 21 THHIR S 2GRN OMBEICYERES T LE
9o BTEFEFHEICE W TERMZRFHEITITISEHERA OB R AR AR TH D Z LIFA< MO TEY | EM2EH
SAOEFHEZBIET L7200 HMBMBEIIARRE > TnD, AGXIZhboflNE2 Em» bz, FEAM
7p AR R AT T BRI SR A 4R R LT D,

) LIfifEL LT, PAR TR, BAMEMEICH L CEilay o —F TEFRICEDNRL TS [REF
Hl, L ETE LI (GQSP) [CHESEM—MICBFar Pa—¥ ECEBRTIMMAZHEL, BT &H
KEEERLE LB CIREBERTIEREAZAR L TV D, ZORMAIZE D, B X RIE, & Lanczosih, &
FWRELE, BTV ELANT MEE WS TBEFORBBHER T LTV X820 E - —ixbT 52 & T, 2
REFNAX—T 4 VZ ) T EAREIZL TN D,

WIZAFRILTIE, 1 IV b =7 U FF DR EUIRAFR A B Ut B & W o 7o B Zdife e RMEIC S B L.
WA G2 =41 (LCU), GQSP, —Me L& 7HrRAHZAHL (GASVT) % MW7z IS 1 O R 7ot al ik % BR %
LTW5, BEOHEFBRIEOERATA ML, RbRIENRFEELFET DL LI, [MHET 112
VT RQPED IR EZ RIFIZ A ESH 5 2 & A HEMIR LTS, FIZ, FeMoco® K 9 Z258FHBIRIT) L T
%, QPEL R L THEMHHME W 2 2 b TOMFREE SIRREDER A EBLRRETH L Z L 2P LN LTV 5,
RBIZ, BZoT7 7 —F L LTARBXTIE, HIRSNZEEZER IR 2 VB FHEZRET 7200
oA AR EQC-CBT-AFQMCZ 2R L T\ 5, ZoOFEE, ftEEENES 77 ¢ (CBT) 2HAVWCETHETE
AR E VT LB B B A SR AR L. fiBhnE e T v iE (AFQUC) OB THEEBIRS S LA
b0 THD, BEFFOQ-AFQCTE & el U CRIEZFHH = A F ORI A R Lo >@WEE Z T 5 2 L %,
KEBILT CHN, ZF Lo, BESTEORT Vv LT FAX— MO ER L O 3+2] BALAINES O KSR
BEDHET 238 U CTHEIEL TV 5,

ZO R IITAFGHIE, FIQCEATHEE LT, EAMREHLFFHE DD O EEER & & iz 0 2 &t BAR
M7estE 7 o —%42R L, 1) GASPIZHE DS REFEOR T AL Ea—F ETOR—-MFEEEOMSNL, 2) 5513
Ik =T OB RTRE 2 G U7 s S T O SR IIRERIE ORISR, 3) CBT & AFQMCZE $A A& ot 7= Zh =i 72
HHA LR FIEORRZ L TOEIE, LW ZOOEERMREZELL TWVD, TNLHDOMEIT, EFarEa—F
DEAALF T ~ORIEAIC T 7= EE 2B - B 2348 U, FTQC & & MlEH AL O BE 73 BF D3 1T
FHETH2HL0THD, U LoBEEMSLHE L ) OFimLeE L TMERSL LD LRBD D,




