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Imaging magnetic skyrmions

Measure directlythe magnetization rotation

Measure the magneticstray field produced

Measure directlythe magnetization rotation

Measure the magneticstray field produced

Magnetic stray field sensor requirements
• Nanometric spatial resolution
• Non-perturbative
• High sensibility
• Working under ambient conditions

Use NV centers in diamond
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NV centers as quantum sensors for magnetic field
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Our scanning NV microscope
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Confocalmicroscopeobjective
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Use exchange bias as an effective field
Goal: stable zero-field skyrmions at room temperature without confinement

AFM
FM

Blocking T below RT

Blocking T above RT

~Beff

IrMn/CoFeB stackµm-sized skyrmions

G. Yu et al. Nano Letters 18 (2018), 980–986

Strategy to reducethe skyrmion size

Pt
Co
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lowMs

exchangebias

O. Boulle, G. RanaL. Buda-Prejbeanu
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Optimization of the sample parameters

PtCo
NiFe

IrMn wedge

1 µm

tIrMn = 4.02 nm tIrMn = 4.11 nm tIrMn = 4.15 nm tIrMn = 4.19 nm

MFMimages
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Magnetic skyrmions in qualitative high field mode
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Comparison with simulations
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Antiferromagnets

• No parasitic fields
• Robust textures
• Fast dynamics (THz range)
• Energy efficient switching

T. Jungwirth et al. Nat. Nano. 11 (2016), 231
V. Baltz et al. Rev. Mod. Phys. 90 (2018)

No deflectionby skyrmionHall effect
X. Zhang et al. Sci. Rep. 6 (2016), 24795

→ There is no stray field to probe!
Solution: Detectmagnetic noise fromthermal fluctuations

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

magnetic texture

Thermal agitationSpin waves
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Effect of magnetic noise on the emitted PL
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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

Perfect test system for noise imaging!

A. Finco et al. Nat. Commun. 12 (2021), 767
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Detection of domain walls by relaxometry
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Acceleration of the NV spin relaxation on the walls
Laser delay τ
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Origin of the noise: spin waves
Collaboration C2N: Jean-Paul Adam, Joo-Von Kim
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• NV frequency below the gap: we are not sensitive to the spin waves 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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Collaboration C2N: Jean-Paul Adam, Joo-Von Kim
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Imaging a spin spiral
thickerCo layers↓vanishinganisotropy

W. Legrand et al. Nat. Mat. 19 (2020), 34
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and antiferromagnetic skyrmions!
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Summary

Non-perturbative measurementsof skyrmions in a ferromagnet
K. G. Rana et al. Phys. Rev. Appl. 13 (2020), 044079

Noise detection of skyrmionsin a synthetic antiferromagnet
M. Rollo et al. arXiv:2101.00860 (2021)

A. Finco et al. Nat. Commun. 12 (2021), 767
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