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• Wednesday (06/08/2025) – Introduction: the need for spin-photon interfaces, 
examples of spin-photon interfaces, the NV system in diamond

• Thursday (07/08/2025) – The NV system in diamond: spin control protocols 
and implementation as quantum sensing and quantum computing platform.

• Saturday (09/08/2025) – Quantum communication demonstrations using the 
NV and alternative systems.

Agenda
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The NV- – Fine structure of the ground state
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The NV- – photodynamics

C3

Spin total = 1 Spin total = 0

Consequence 2: NV 
illumination allows  you to 
initialize the spin through 
repeated optical transitions 
(even at room temperature!)

Consequence 1: The photon 
emission rate of NV depends on 
the spin state! I can read the 
spin state by detecting the 
emitted photons
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The NV-
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Spin total = 1 Spin total = 0
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The NV- – the continuous wave experiments

C3

Spin total = 1 Spin total = 0
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Laser
MW

signal Ref.

𝐶 =
PLSig − PLref

PLref
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Laser
MW

Itself Ref

𝐶 =
PLSig − PLref

PLref
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The NV- – the CW experiments

C3

Spin total = 1 Spin total = 0
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Chem. Commun., 2022, 58, 8165
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Measuring with a quantum sensor, not performing a 
quantum sensing measurement!
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• The quantum state and its evolution in time 

Ramsey, Echoes, Relaxometry
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Ramsey, Echoes, Relaxometry
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Relaxometry Measurement – quantum sensor of AC fields 
without spectral resolution
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Relaxometry Measurement – quantum sensor of AC fields 
without spectral resolution
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Ramsey measurement – quantum sensor of DC fields
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Ramsey measure – quantum sensor of DC fields
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Ramsey measure – quantum sensor of DC fields

21

time

Laser - initialize Laser - readout
𝜋

2

𝜋

2

𝜏

𝜏0

ΔPL

0

1

ℏ𝜔0

ℏ𝛿

As it evolves, the quantum state acquires a phase that depends on the energy of the states

07/08/2025



Ramsey's Measure
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The longer the evolution time, the more information we can acquire about the 
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Echo Measurement – decouple from the environment
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Echo Measurement – decouple from the environment
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Echo Measurement – quantum sensor of AC fields
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Echo Measurement – quantum sensor of AC fields
This experiment is not sensitive to DC fields!!
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Echo Measurement – quantum sensor of AC fields
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Echo Measurement – quantum sensor of AC fields
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Echo Measurement – quantum sensor of AC fields
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Echo Measurement – quantum sensor of AC fields
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Echo Measurement – quantum sensor of AC fields
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• Parameter estimation is a statistical process!
The question is: how sure can we be that the inferred parameter 𝜃 
coincides with the real physical parameter Δ𝐵, given that we observe
a change in the photon emission rate Δ𝑃𝐿?

The accuracy of my estimation is given by the Cramer-Rao bound,
  Δ𝜃 2 ≥

1

𝑀 𝐹𝑄

Some remarks:

32

Number of 
measurements Quantum Fisher 

information: how much 
does my observable 
change with respect to 
parameter 𝜃
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• Parameter estimation is a statistical process!
The question is: how sure can we be that the inferred parameter 𝜃 
coincides with the real physical parameter Δ𝐵, given that we observe
a change in the photon emission rate Δ𝑃𝐿?

The accuracy of my estimation is given by the Cramer-Rao bound,
  Δ𝜃 2 ≥

1

𝑀 𝐹𝑄

Some remarks:
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𝐹𝑁 Δ𝐵 ≔ ෍
1

𝑝𝑁 Δ𝑃𝐿 Δ𝐵
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3407/08/2025



35

Nuclear spins generate AC fields (Larmor of the nucleus itself)
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Every sensor is an actuator!
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• Challenge: nuclear spin control @ MHz, slow process! 
• The electron decoheres while we drive the nuclear spin
• The interaction nuclear spin-rf field depends on electron-spin 

evolution
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𝜔𝐿 − 𝐴∥

𝜔𝐿

rf field @ 𝜔1 = 𝜔𝐿 −𝐴∥

In the rotating wave approximation: 
𝐻 = 0 0 ⨂ 𝜔𝐿 − 𝜔1 𝐼𝑧 +

1 1 ⨂Ω(cos 𝜙 𝐼𝑥 + sin 𝜙 𝐼𝑦)

Nuclear spin

Choice of 𝜙𝑘  for k even, odd, 
gives rise to one-qubit and 
two-qubit gates
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Microwave pulses 
on the electron spin



State tomography
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• Wednesday (06/08/2025) – Introduction: the need for spin-photon interfaces, 
examples of spin-photon interfaces, the NV system in diamond

• Thursday (07/08/2025) – The NV system in diamond: spin control protocols 
and implementation as quantum sensing and quantum computing platform.

• Saturday (09/08/2025) – Quantum communication demonstrations using the 
NV and alternative systems.

Agenda
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• This type of approach is very general! Useful for any system with 
multiple, strongly coupled degrees of freedom, where we need to 
‘select’ our coupling times

 
 Quantum dots (both III-V, and Si)
 Other defect systems
 

Some remarks:
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• Is this the limit? 
 

Some remarks:
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The NV has limited bandwidth arXiv:2408.10348
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Diamond surfaces are unstable
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➢ > 6 eV bandgap ➢ Compatible with nanofabrication
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