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NV centers can probe...
Static B fieldMagnetic vortex in a 2D magnet
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Effect of magnetic noise on the photoluminescence
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Antiferromagnetic domain walls probed with noise
PtRuCoPtRuCoPt

W. Legrand et al. Nat. Mater. 19 (2020), 34–42
V. T. Pham et al. Science 384 (2024), 307–312
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Local variation of the relaxation time
Laser delay τ

polarization pulse reading pulse
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Origin of the noise: spin waves
Jean-Paul Adam, Joo-Von Kim
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After applying magnetic field
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NV stray field map
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• Oop field of about 150mTapplied for nucleation
• Skyrmions and big bubblespinned
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Statistics on Néel left (CCW) skyrmions
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Expected pattern on other skyrmion types
Simulated noise distribution along the contour

Simulated stray field maps
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• The pattern allows us toidentify Néel skyrmions
• Strong difference in noiseamplitude expectedbetween Néel left and Néelright skyrmions...
• ... while the stray field mapsare very similar!
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Experiment: looking at both sides of the film
Initial stack: Néel left
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Stray field from a propagating spin wave

T. Devolder. Phys. Rev. Appl. 20 (2023), 054057

Above the film, for an in-plane propagating spin wave:
BSWz (⃗k) = µ02 e−kz−iωt(1− e−kd)

(
Mz(⃗k)− i kyk My (⃗k)

) and BSWy (⃗k) = −i sign(ky)BSWz (⃗k)

: Vanishing stray field on a side of the film + polarization-momentum locking
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The role of the Dzyaloshinkii-Moriya interaction
1. DMI inducesnon-reciprocity inthe SW dispersion

2. The NV probe isfiltering SW at fNV
3. The NV probe isfiltering SW at±1/dNV

: The NV center is moresensitive to a k directionthan the other

Wavevector k

Frequency f
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In a single ferromagnetic layer
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Using the integral of the resonance
Increasing the MW power broadens and deepens the resonances : we map the integral
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Experiments on Py microstructures
Interference between the microwave field from the antennaand the microwave field from the excited spin waves

Coplanar wave guide
Permalloy (10-20 nm)

Spin waves
MW fieldfrom spinwaves

MW fieldfrom thewaveguide
NVcenter

Martin-Luther-UniversitätHalle-WittenbergChris Körner, Rouven DreyerAlexandra Schrader, Georg Woltersdorf
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Imaging propagating spin waves
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Where is the opposite k⃗?
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Have a closer look at the data
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We have access to the dispersion relation!
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Looks similar to B. G. Simon et al. Nano Lett. 22 (22 2022), 9198–920420
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How can we fit this dispersion relation?
Permalloy film, 20 nm-thick, Bext = 1.4mT

Expected spin wavedispersion
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Spin waves at 3/2 fexcPredicted in H. G. Bauer et al. Nat. Commun. 6 (2015), 8274Observed experimentally in R. Dreyer et al. Nat. Commun. 13 (2022), 4939Detected with NV in the same samples as ours in C. Koerner et al. Science 375 (2022), 1165–1169
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Applying magnetic field
At 5.4mT, fNV = 2.86GHz
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Why do we see the modes at 3/2 fNV???
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NVs can also see Floquet modes!
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