,\ w ~
.Q".\. CRD Bk 52 BH FE BB £ o & — FE1 S22 56 1 AR5 A
~\
v

Center for Research and Development Strategy

a4
HERf-PHESEFRTE FEs#H=
EFHERNEES(E N @)
SF6F1 A 16 B

XEMRIFE EFRIFRINEES (5631[0)
SFRITDOMRFRFEICEIT =B

=FRDHNE - FSTIEDER ERE

2024F1H16H

JST AZRFEEE > 5 — -

USH F=|AS
7 N

yoshiaki.shimada@jst.go.jp




D

2023%(I ;RHEEFEY bl TUE &)

IBM

Harvard ftt

Google
[[25, 1, 5]] Surface code
IR G
® S
e fofl o F5Y o
: .
Lo el o oy o
() —_—
nlz:z o hog o
ln.I:IOn.n.IXI
= O

Google Quantum AI, Suppressing quantum
errors by scaling a surface code logical
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N. Sundaresan et al., Demonstrating multi-
round subsystem quantum error correction
using matching and maximum likelihood
decoders, Nature Communications 14,
2852 (2023).
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D. Bluvstein et al., Logical quantum
processor based on reconfigurable atom
arrays, Nature (unedited,
arXiv:2312.03982) (2023).
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Status of NISQ applications

What we have now. NISQ is valuable for scientific exploration.
But there is no proposed application of NISQ computing with
commercial value for which quantum advantage has been
demonstrated when compared to the best classical hardware
running the best algorithms for solving the same problems.

What we can reasonably foresee. Nor are there persuasive
theoretical arguments indicating that commercially viable
applications will be found that do not use quantum error-

correcting codes and fault-tolerant quantum computing. John Preskill, Crossing the Quantum Chasm: From NISQ to

Fault Tolerance, Q2B 2023 Silicon Valley (2023).
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[1] C. Gidney, Estimating the Fault Tolerant Cost of Classically Intractable Quantum Computations, Talks at Simon Institute (Feb. 27, 2020)
[2] N. Yoshioka et. al., Hunting for quantum-classical crossover in condensed matter problems, arXiv:2210.14109 (2022).

[3] M. Reiher et al., Elucidating reaction mechanisms on quantum computers, PNAS 114 (29), 7555-7560 (2017).

[4] C. Gidney and M. Ekera, How to factor 2048 bit RSA integers in 8 hours using 20 million noisy qubits, Quantum 5, 433 (2021).
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D. Bluystein et al., Logical quantum processor based on reconfigurable
atom arrays, Nature (unedited, arXiv:2312.03982) (2023).
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Kitaev surface code Transversal Pauli gates exist and are based

on non-trivial loops on surface. Transversal
Clifford gates can be done on folded
surface codes [15]

Two-dimensional color code ransversal CNOT can be implemented via

braiding [23].

[[8,3,2]] CSS code CZ gates between any two logical

qubits [35] and CCZ gate [35-37].
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Quantum metrology
(QM1) state preparation Quantum computing
(QM2) initialization
(QM3) free evolution

(QC1) state preparation/initialization
(QC2) running quantum algorithm

(QM4) measurement/readout
(QC3) measurement/readout

Y. Hama, H. Nishi, Quantum-Error-Mitigation Circuit Groups for
Noisy Quantum Metrology, arXiv:2303.01820 (2023).
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K. Yamamoto et al., Error-Mitigated

Quantum Metrology via Virtual Purification,

Phys. Rev. Lett. 129, 250503 (2022).
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J. C. Saywell et al., Enhancing the
sensitivity of atom-interferometric inertial
sensors using robust control, Nature
Communications 14, 7626 (2023).
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