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Our ambition: a first guantum internet
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Collaboration between experimental
physicists, theorists, material scientists,
engineering support...

Blind & distributed QC
DI-QKD

Metrology applications




A diamond-based quantum network

Communication qubits to
generate remote entanglement
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Robust memory
qubits for storage High-fidelity control and readout
for processing and error correction
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Diamond networks: A to-do list

Optical cavities: Telecom wavelength conversion
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Wiring up the ideal quantum internet
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Wiring up the ideal quantum internet
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Wiring up the real quantum internet
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Overcoming imperfections: The distillery
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Phase dependent Mixed state

We use: Campbell & Benjamin, PRL 101, 130502 (2008)

Initial protocols: Bennett et al., PRL (1996); Deutsch et al., PRL (1996)



J.-W. Pan et al., Nature 423, 417 (2003)

\:_ntaﬂ%\

Photonic experiments —
only post-selected
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Trapped ions
local distillation within 1 trap

R. Reichle et al., Nature 443, 838 (2006)
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Always-on interactions
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Always-on interactions

State dependent frequency Entanglement f
of the nuclear spin memory generation
sequence
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Always-on interactions

State dependent frequency
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of the nuclear spin memory generation
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Always-on interactions

State dependent frequency
of the nuclear spin memory
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Always-on interactions

State dependent frequency
of the nuclear spin memory
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Complicated and probabilistic evolution
NV occupies spin states randomly

Entanglement f

—> Causes nuclear dephasing

Reiserer®, NK*, et al., PRX 6, 021040 (2016)
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Bloch vector decay constant N
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Always-on interactions

State dependent frequency
of the nuclear spin memory
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Distillation experiment _
Science 356, 928 (2017)
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Distillation experiment _
Science 356, 928 (2017)

Entanglement distillation
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Distillation experiment

Generate remote entangled state
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Distillation experiment

f Generate remote entangled state \
1 e 9
Y ¥ Communication qubit
N (NV e spin)

/

Generate another remote entangled state

3 e 9
Wi F

¥

Raw state is of the form:

Swap to memories

Science 356, 928 (2017)

4 @
m( ....... > VanY m
0.75
>
T
i)
13 0.50
3 - -
wn

0.25F

¢ Raw state: data
— —Raw state: model

Idealized models
——Electrons: raw state

(1 — )| P3N P51+al0,0)(0,0 01 02
AN



Distillation experiment

Generate remote entangled state
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Distillation experiment _
Science 356, 928 (2017)

Generate remote entangled state Swap to memories
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Distillation experiment _
Science 356, 928 (2017)

Generate remote entangled state Swap to memories
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Deterministic entanglement generation

Microcontroller

Measure and correct internal phase
Vastly increased entangling rate (40 Hz)!
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