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NV centers can probe...

Microwave field Magnetic noise
Driven spin waves
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Magnetic vortex in a 2D magnet
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and also temperature, electric field, pressure, ...



Effect of magnetic noise on the photoluminescence
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Effect of magnetic noise on the photoluminescence
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Antiferromagnetic domain walls probed with noise
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Local variation of the relaxation time
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Local variation of the relaxation time
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Local variation of the relaxation time
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Origin of the noise: spin waves o e

Jean-Paul Adam, Joo-Von Kim
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In-plane magnetized region + no spin wave gap in the domain walls
- Presence of modes in the walls generating stray field at the NV frequency



Origin of the noise: spin waves o e
Jean-Paul Adam, Joo-Von Kim
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After applying magnetic field

NV stray field map Noise (PL) map

® Qop field of about 150 mT
applied for nucleation

® Skyrmions and big bubbles
pinned
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Statistics on Néel left (CCW) skyrmions

NV axis
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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

Left Bloch Left Néel Right Bloch Right Néel
§ [N § P
1\_/\/'-

BEERE

Simulated stray field maps

?0)

By (mT)

® The pattern allows us to
identify Néel skyrmions

® Strong difference in noise
amplitude expected
between Néel left and Néel
right skyrmions...

® .. while the stray field maps
are very similar!



Experiment: looking at both sides of the film
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Experiment: looking at both sides of the film

Initial stack: Néel left Inverted stack: Néel right
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INg spin wave

Stray field from a propagat
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plane propagating spin wave:
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The role of the Dzyaloshinkii-Moriya interaction
1. DMI induces Frequency f

non-reciprocity in
the SW dispersion

Wavevector k
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The role of the Dzyaloshinkii-Moriya interaction

1. DMl induces
non-reciprocity in
the SW dispersion

2. The NV probe is
filtering SW at fny

3. The NV probe is
filtering SW at £/dyy

- The NV center is more
sensitive to a k direction
than the other
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In a single ferromagnetic layer
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In a single ferromagnetic layer
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In a single ferromagnetic layer
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NV centers can probe...

Microwave field Magnetic noise
Driven spin waves

Static B field

Magnetic vortex in a 2D magnet

Thermal spin waves
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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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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 antenna

and the microwave field from the excited spin waves Martin-Luther-Universitat
Halle-Wittenberg

Chris Korner, Rouven Dreyer

// Alexandra Schrader, Georg Woltersdorf
MW field NV MW field
from the center from spin

waveguide waves

Spin waves
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Coplanar wave guide
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Imaging propagating spin waves
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Imaging propagating spin waves
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Imaging propagating spin waves

Demon-Eshbach mode
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Where is the opposite k?
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Where is the opposite k?
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Where is the opposite k?
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Have a closer look at the data
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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 B. G. Simon et al. Nano Lett. 22 (22 2022), 9198-9204
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We have access to the dispersion relation!
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How can we fit this dispersion relation?
Permalloy film, 20 nm-thick, Beyt = 1.4 mT
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Spin waves at 3/2 fey

Predicted in & H.G. Bauer et al. Nat. Commun. 6 (2015), 8274
Observed experimentally in & R. Dreyer et al. Nat. Commun. 13 (2022), 4939
Detected 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, fyy = 2.86 GHz
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Applying magnetic field

At 5.4 mT, fNV = 2.86 GHz At 9 mT, fNV = 2.72GHz
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Applying magnetic field

At 5.4mT, fyy = 2.86 GHz
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Why do we see the modes at 3/2 fyy???
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NVs can also see Floquet modes! s.pie from Hzor F=0R
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NVs can also see Floquet modes!

Normalized PL

1.0
0.9
0.8

Sample from HZDR

2.75 |

fesr (GHz)

2.5

2.25 4

maJr
HELMHOLTZ ZENTRUM
DRESDEN ROSSENDORF

90 95 100 05 110
fcore (MHZ)

= 1.0

°

2 09

©

E 08

S

z

23 25 27 29 341 23 25 27 29 31
fesr (GHz) fesr (GHz)

B C. Heins et al. Science 391 (2026), 190-194

24



Acknowledgments

LABORATOIRE

GonLOMB
Roméo Beignon
Florie Mesple
Pawan Kumar, Maxime Rollo
Vincent Jacques

©
an r agence nationale

de larecherche

. Centre
%€ Nanosciences
80¢ Nanotechnologies

Joo-Von Kim

Ospintec

Joseba Urrestarazu
Rodrigo Guedas
Olivier Boulle

A=
HELMHOLTZ ZENTRUM
DRESDEN ROSSENDORF

Zeling Xiong, Christopher Heins
Katrin and Helmut Schultheiss

Martin-Luther-Universitat
Halle-Wittenberg
Chris Kérner, Rouven Dreyer
Alexandra Schrader, Georg Woltersdorf

25



