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Applications of NV center relaxometry...
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... in a scanning microscope?
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Detecting magnetic noise from the emitted PL
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Experimental investigation of the effect of magnetic noise
Collaboration C2N: Thibaut Devolder
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Acceleration of the longitudinal spin relaxation
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Effect on the emitted photoluminescence
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Sensitivity of the measurement
What it the smallest δT1 which we can detect?

• It depends on T1
• There is an optimal optical power Popt
• Assuming photon shot noise and that P = Popt:

δT1T1 ∝
√T1

• Equivalent to a single-τ measurement
0.1 1 10 100

0.8
0.9
1.0

P/P sat
=
1

P/P sat
=
0.01

T1 (µs)

nor
m.

PL

10



Sensitivity of the measurement
What it the smallest δT1 which we can detect?
• It depends on T1

• There is an optimal optical power Popt
• Assuming photon shot noise and that P = Popt:

δT1T1 ∝
√T1

• Equivalent to a single-τ measurement

0.1 1 10 100
0.8
0.9
1.0

P/P sat
=
1

P/P sat
=
0.01

T1 (µs)

nor
m.

PL
10



Sensitivity of the measurement
What it the smallest δT1 which we can detect?
• It depends on T1
• There is an optimal optical power Popt

• Assuming photon shot noise and that P = Popt:
δT1T1 ∝

√T1
• Equivalent to a single-τ measurement

0.1 1 10 100
0.8
0.9
1.0

P/P sat
=
1

P/P sat
=
0.01

T1 (µs)

nor
m.

PL
10



Sensitivity of the measurement
What it the smallest δT1 which we can detect?
• It depends on T1
• There is an optimal optical power Popt
• Assuming photon shot noise and that P = Popt:

δT1T1 ∝
√T1

• Equivalent to a single-τ measurement

0.1 1 10 100
0.8
0.9
1.0

P/P sat
=
1

P/P sat
=
0.01

T1 (µs)

nor
m.

PL
10



Sensitivity of the measurement
What it the smallest δT1 which we can detect?
• It depends on T1
• There is an optimal optical power Popt
• Assuming photon shot noise and that P = Popt:

δT1T1 ∝
√T1

• Equivalent to a single-τ measurement
0.1 1 10 100

0.8
0.9
1.0

P/P sat
=
1

P/P sat
=
0.01

T1 (µs)

nor
m.

PL
10



Outline
1. Experimental investigation of the NV center response to magnetic noise
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2. Application to the imaging of complex magnetic textures in syntheticantiferromagnets

A. Finco et al. arXiv:2006.13130 [cond-mat] (2020)
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Imaging antiferromagnets...

Alternating magnetic moments
→Weak signals

Promising materials for spintronics
→Need for efficient imaging techniques

Existing options:
• measure the magnetization direction(SHG, XMLD-PEEM, SP-STM)limited spatial resolution or demandingexperimental conditions
• measure the stray field(usual NV magnetometry)need a small uncompensated moment
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... with relaxometry!

B. Flebus et al. Phys. Rev. B 98 (2018), 180409

• Completely compensated antiferromagnets = no static stray field to probe

• But NV centers are also sensitive tomagnetic noise!
• Use the different noise properties above domains and domain walls for imaging
• Noise detection from the spin relaxation rate of the NV center

NV spinNV spin

domain wall

Thermal agitationSpin waves

13



... with relaxometry!

B. Flebus et al. Phys. Rev. B 98 (2018), 180409

• Completely compensated antiferromagnets = no static stray field to probe
• But NV centers are also sensitive tomagnetic noise!

• Use the different noise properties above domains and domain walls for imaging
• Noise detection from the spin relaxation rate of the NV center

NV spinNV spin

domain wall

Thermal agitationSpin waves

13



... with relaxometry! B. Flebus et al. Phys. Rev. B 98 (2018), 180409
• Completely compensated antiferromagnets = no static stray field to probe
• But NV centers are also sensitive tomagnetic noise!
• Use the different noise properties above domains and domain walls for imaging

• Noise detection from the spin relaxation rate of the NV center
NV spinNV spin

domain wall

Thermal agitationSpin waves

13



... with relaxometry! B. Flebus et al. Phys. Rev. B 98 (2018), 180409
• Completely compensated antiferromagnets = no static stray field to probe
• But NV centers are also sensitive tomagnetic noise!
• Use the different noise properties above domains and domain walls for imaging
• Noise detection from the spin relaxation rate of the NV center

NV spinNV spin

domain wall

Thermal agitationSpin waves

13



... with relaxometry! B. Flebus et al. Phys. Rev. B 98 (2018), 180409
• Completely compensated antiferromagnets = no static stray field to probe
• But NV centers are also sensitive tomagnetic noise!
• Use the different noise properties above domains and domain walls for imaging
• Noise detection from the spin relaxation rate of the NV center

NV spinNV spin

domain wall

Thermal agitationSpin waves

13



... with relaxometry! B. Flebus et al. Phys. Rev. B 98 (2018), 180409
• Completely compensated antiferromagnets = no static stray field to probe
• But NV centers are also sensitive tomagnetic noise!
• Use the different noise properties above domains and domain walls for imaging
• Noise detection from the spin relaxation rate of the NV center

NV spin

NV spin

domain wall

Thermal agitationSpin waves

13



... with relaxometry! B. Flebus et al. Phys. Rev. B 98 (2018), 180409
• Completely compensated antiferromagnets = no static stray field to probe
• But NV centers are also sensitive tomagnetic noise!
• Use the different noise properties above domains and domain walls for imaging
• Noise detection from the spin relaxation rate of the NV center

NV spin

NV spin

domain wall

Thermal agitationSpin waves

13



Our scanning NV microscope

Implanted singleNV center

Confocalmicroscopeobjective

DiamondAFM tip

NV
d ∼ 50 nm
Spatialresolution

P. Maletinsky et al. Nat. Nano. 7 (2012), 320

objective

sampletip
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Synthetic antiferromagnets
Collaboration UMR CNRS/Thales: William Legrand, Fernando Ajejas, Karim Bouzehouane,

Nicolas Reyren, Vincent Cros

Two ferromagnetic layers coupled antiferromagnetically

RKK
Y

PtRuCoPtRuCoPt
W. Legrand et al. Nat. Mat. 19 (2020), 34

• No net magnetic moment
• Small stray field (vertical shift)
• Highly tunable properties
First observation of"antiferromagnetic" skyrmions
Perfect test system for noise imaging!
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Domain wall imaging by relaxometry

250 nm

0.85 0.9 0.95 1.0norm. PL

Stray field map

−500 0 500BNV(µT)

1 µm

0.9 0.95 1.0norm. PL

Not an off-axis field induced PL quenching!
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Local variation of the relaxation time
Laser delay τ

polarization pulse reading pulse

signal ref.
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Dependence on the optical power
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Origin of the noise: spin waves
Collaboration C2N: Jean-Paul Adam, Joo-Von Kim
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• NV frequency in the tail of the dispersion relation, almost below the gap: we are onlysensitive to a few modes in the domains
• No gap in the domain walls, presence of modes at the NV frequency: we are much moresensitive to the noise from the walls!
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Map of the detectable noise

Simulation of the expected noise mapabove a domain wall
(at 2.87 GHz and at 80 nm from the surface)

• Disorder in the static magneticconfiguration (anisotropy variations)
• Driving field at 2.87 GHz with randomspatial variations
• Map obtained by averaging the resultingstray field for 500 realizations 300 nm

Calc.

0 0.5 µT2〈
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200 nm
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0.85 0.95norm. PL
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Going to spin spirals and skyrmions
thickerCo layers↓vanishinganisotropy
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Summary
→ All optical detection of magnetic noise with NV centers
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