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ハイブリッド固体量子システムハイブリッド固体量子システム
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Quantum RepeaterQuantum Repeater

1. Entanglement Generation1. Entanglement Generation

2. Entanglement Swapping2. Entanglement Swapping
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Entanglement GenerationEntanglement Generation
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Entanglement SwappingEntanglement Swapping
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Memory ConfigurationMemory Configuration
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Requirements for MemoryRequirements for Memory

•Initialize

•Write

•Read out

•Gate operation

•Scalability

High fidelity 

Long coherence time 
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1. NV center in diamond

2. Semiconductor quantum dot

3. Rare-earth impurity in crystal

C
Vacancy

Photon

Nuclear
Spin

Electron
Spin C

Material System for MemoryMaterial System for Memory
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• Long coherence time (T2
e > 1 ms & T2

n > 1 s at RT）

• Single electron/nuclear spin manipulation
® Gate operation

• Optical pumping of electron/nuclear spins at RT
® Initialization

• Entanglement generation between spins and photons

• Quantum non-demolition measurement of a nuclear spin
® Read out

• Multiple quantum memories on nuclear spins
® Scalability

• Long coherence of nuclear spin Bell-stats (T2 = 5ms at RT)
Writing function has not yet been demonstrated

Diamond NV centerDiamond NV center
Demonstrated featuresDemonstrated features
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Hybrid Quantum RepeaterHybrid Quantum Repeater
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Emission and AbsorptionEmission and Absorption

|A2ñ = |E−ñ Ä |+1ñ + |E+ñ Ä |−1ñ
|A1ñ = |E−ñ Ä |+1ñ − |E+ñ Ä |−1ñ
|Exñ = |X ñ Ä |0ñ
|Eyñ = |Y ñ Ä |0ñ
|E1ñ = |E−ñ Ä |−1ñ − |E+ñ Ä |+1ñ
|E2ñ = |E−ñ Ä |−1ñ + |E+ñ Ä |+1ñ

|A2ñ

|-1ñ |+1ñ

|0ñ

|A2ñ

|-1ñ |+1ñ

|0ñ

orbit spin

|s -ñ|s +ñ |s -ñ|s +ñ

1. Emission1. Emission 2. Absorption2. Absorption

|+ñ = |s−ñ Ä |+1ñ + |s+ñ Ä |−1ñ
photon spin

ES

ES

GS
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実験結果 室温におけるNV中心発光イメージ

Counts/s

532nmパワー：1mW
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実験結果 室温における単一NV発光スペクトル

Zero
Phonon

Line

Phonon Side Band
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実験結果 室温における単一NVの光検出磁気共鳴

FWHM=12.6MHz
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実験結果 室温における単一NVのラビ振動

・MW power: 3.2mW ・MW power: 32mW ・MW power: 320mW

T=350ns, Ω=2π・2.8MHz T=130ns, Ω=2π・7.7MHz T=59ns, Ω=2π・17.0MHz

◆Rabi振動波形

◆Rabi周波数のMWパワー依存性

e
1+

e
0

（Accum. #635）（Accum. #56）（Accum. #146）

■ と の間のRabi振動を観測

→コヒーレント操作の達成
e

0
e

1+

■ MWIµW

532nmレーザーパワー：1mW
温度：室温
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実験結果 室温における単一NVの偏光依存性

■ 偏光状態の転写に必要な偏光依存性の取得

H-pol

V-pol

H-pol

V-pol

光子 光子
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Single-photon
Counter (APD)

MW・RF
generator

Amplifier

MW switch

Green laser
（532nm）

AO modulator

Monochromater

Spectrum Analyzer

Two-photon
interferometer

Red laser
（637nm）

EO modulatorPulse generator

Diamond
PC

開発したダイヤモンド量子状態転写評価システム開発したダイヤモンド量子状態転写評価システム
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２核スピン間のもつれ生成と読み出し２核スピン間のもつれ生成と読み出し

NV center with 2 NN 13C 4 states with 2 nuclear spins
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4

2 3

1

ベル測定実験
手順
• 2つの核スピン間にベル状態生成

• 4つのベル状態を4つの核スピン状態の

分極に変換

• 4つの核スピン状態の分極を測定



24 24４つのベル状態測定を実現

I   II  III  IV I   II  III  IV I   II  III  IV

I   II  III  IV

実験結果

F-

F+
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