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Quantum Information Technology Research
in Japan for the Past 15 Years

NICT (¥58) 2001-2015 — IMPACT (¥3B) 2014 - 2019
CREST (¥6B) 2003 - 2010 IST, ISPS (¥3.4B) 2014 - 2019
FIRST (¥3.3B) 2009 - 2013 &S
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Quantum vs. Classical

e The universe is quantum mechanical. Classical reality surfaces out of quantum
substrates by system-reservoir interaction and super-selection (reduction postulate).
@ Modern scientific and technological breakthroughs are the history of imbedding
guantum mechanics and concepts into classical robustness.
NMR (MRI)
Transistors
Lasers
Superconductors, superfluidity and BEC
Quantum Hall effect

Quantum mechanics disappears behind the scene once those macroscopic
phenomena spontaneously emerge.

e Current experimental quantum computing research is focusing on “engineering
details” without such trick.

® Let’s not talk about “Is it quantum ?” but talk about “Is it useful and practical ?”.
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Quantum Key Distribution
— Quantum Communication with Classical Devices -

® Concept: Use of classical photon sources instead of single photon sources or
entangled photon sources (Single photon BB84, entangled photon
E91/BBM92 - decoy state BB84, RR-DPS)
Quantum mechanics appears only in security proof

e Implementation: Standard optical systems except for single photon detectors

® Exit strategy: From high-end applications (one time pad) to new services (to be discovered)
Decoy BB-84 protocol Round robin differential phase shift (RR-DPS) protocol
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‘ Practical system? Yes, but slow and short distance 5
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Coherent Computing
- Brain-Inspired and Quantum-Inspired Optical Computing -

® Concept: Reconfigurable network computing
Computation at criticality of second order phase transition
e [mplementation: Optical parametric oscillator network as Ising machine
Laser network as XY machine and as Heisenberg machine
Optical connection vs. FPGA controller

® Exit strategy: Combinatorial optimization problems
Associative memaory
Large-scale emergent brain network at various tasks Measurement-feedback OPO network

High-speed Ising machine_
All optical OPO network
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- Practical system? Yes, but how large the system can be? AN 6
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Quantum Simulation
- Toward Room-Temperature Superconductivity/Superfluidity -

® Concept: Nonequilibrium long range order under external energy injection
® Implementation: New numerical methods for correlated electron systems at non-
equilibrium conditions
Experimental simulators for studying many-body Hamiltonians
® Exit strategy: Simulation inspired material synthesis

' Material-inspired ‘
b Hamiltonian design _
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- Practical system? Yes, for numerical methods and classical simulators.
But how about quantum simulators? 7
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Basic Strategies in IMPACT Project

Three frontiers: Computer Science
Modern Cryptography
Strongly Correlated Physics

Theoretical efforts: Imbedding quantum concepts in the
theoretical model and the numerical methods for modern digital
computers (creative quantum software)

Experimental efforts: Development of simple and practical
quantum technologies (robust quantum hardware)
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Quantum Secure Network Quantum Simulation

" Architectures B Superfluidity and i Software /
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