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Technology Roadmap in Q. Network

Based on the "Quantum Technology and Innovation Strategy* from Japanese Cabinet Office

In 5 years (2025) In 10 years (2030) In 20 years (2040) ]I

Field demonstration of quantum repeater Entanglement

distribution
Entanglement distribution b/w 3 parties > 500 km via

via a quantum repeater quantum repeater

Remote entanglement Entanglement with Multi-party

entanglement via
guantum memories

Key rate > 1kbps
via entanglement
distribution

generation b/w memories communication-band
by emission & absorption photon

- Single-qubit gate Two-qubit gate Individual access
- Single-shot measurement fidelity > 99.9% memories
OIVEETaldUl gl - Quantum error correction y =99 100~1000 bits Scalabl
Calapie
Memory Multiple memories ~10 Complete Bell measure Fault-tolerant

menmory time > 1 min transferred from photons with quantum coding

Quantum Media Conversion Quantum Media Conversion
b/w photon &

b/w superconducting qubit
Quantum quantum memory & quantum memory

Interface Quantum wavelength conversion Quantum wavelength Wavelength division Distributed
conversion module

multiplexing quantum
Single photon fiber coupling communication quantum computer

and

Single photon source All-photonic quantum sensor,
Entangled photon source guantum repeater




Quantum Computer Network
e Quantum media converter

» Interface Quantum Computer to Network
» Distributed Quantum Computer could be built

* NV center in diamond under a zero magnetic field
» Interface optical & microwave photons with memory
» Purification and Fault-tolerance would be expected
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Research Concept
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Promising Qubits

Diamond Qubits show high performance
INn Speed, Fidelity and Memory no less than other qubits
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Diamond NV Center Quantum Interface

Various Spins in an NV center are used as
Q. Memory, Q. Processor, and Q. Buffer

Carbon Nuc.: Q. Memory |

& Vi Electron: Q. Processorj
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Nitrogen Nuc.: Q. Buffer

Diamond can be an Ultra-Compact Quantum Computer or Sensor
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Required Functions

Quantum Manipulation, Memory, Readout and those Combinations

INn Diamond Spin Qubits under a Zero magnetic field

Functions Requirements Status
Quantum Manipulation Fidelity > 99.9%
Quantum Manipulation Time < 1ns 5 ns
Quantum Memory Time > 1 min. 1s
Single-Shot Readout Fidelity > 99.9% 99.7%
Electron-Photon Entangl. Generation | > 99% 90%
Photon-to-Spin Q. State Transfer > 99% 90%
Q. Error Correction = Q. Coding > 99% 80%
Complete Bell measurement > 99% 85%
Individually addressable Q. Memory > 100 10
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We can Transfer and Store Quantum State
from an Optical Photon to a Quantum Memory
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We will be able to Transfer and Store Quantum State

from a Microwave Photon to a Quantum Memoryv.



Diamond Nanotechnology

1G (100um) 2G (10um)

Diamond Device:
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Optical Random Access Photonic Crystal

Diamond Photonic Crystal dramatically
iImproves Efficiency of Quantum Interface 12




Research Trends in Quantum Interfaces

Combination of Diamond, Superconducting technology
with Photonic Integration enables Hybrid Quantum Interface

Diamond + Fabry-Perot Resonator Diamond + Photonic Crystal
(Delft, Oxford, Basel) (Harvard MIT, Stanford)
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(& arget Performance

'oughput = Conversion Efficiency x Band width x Fidelity
Photon = Memory SC qubit = Photon

No memory
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Summary

Diamond Qubits show high performance
INn Speed, Fidelity and Memory no less than other qubits

Combination of Diamond, Superconducting technology
with Photonic Integration enables Hybrid Quantum Interface
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