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... in various hosting materials

van der Waals heterostructures

Antiferromagnets
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Metallic multilayers

Well-controlled sputter growth
High tunability

Multiferroics
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The need for advanced magnetic microscopy tools
To study these magnetic objects and materials, we need imaging techniques.
Challenges:
® Nanoscale objects

® |ow net magnetic moment

® |ack of stability under ambient conditions
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Scanning NV center microscopy

Principle: Combine a scanning probe microscope with a tiny quantum sensor

detector ® Atomic force microcope for
spatial resolution

permanent magnchc field

excitation 11ght

® High sensitivity to perturbations of the

RF field "*'°‘°'“’“'“"’"““ quantum system
’@ fiber S— ® Sensor: point defect in a semiconductor

nano-probe
4t gspins
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Quantum sensing of static magnetic fields
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Non invasive technique

Sensibility: a few uT/v/Hz



Detection of magnetic noise via relaxometry
Collaboration: C2N, Palaiseau (T. Devolder)
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The scanning NV microscope setup
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Measurement of the magnetization in flakes of a 2D ferromagnet
Collaboration: Institut Néel, Grenoble (A. Purbawati, J. Coraux, N. Rougemaille)
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Detection of spin waves confined in domain walls
Collaborations: UMR CNRS/Thales, Palaiseau (W. Legrand, K.Bouzehouane, N. Reyren, V. Cros)
C2N, Palaiseau (J.-P. Adam, J.-V. Kim)
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Bismuth ferrite, a room-temperature multiferroic

Electric polarization

Paraelectric phase (T>1100 K)

B G. Catalan et al. Adv. Mater. 21 (2009), 2463-2485
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Bismuth ferrite, a room-temperature multiferroic

Electric polarization Magnetism

Ferroelectric phase (T<1100 K) G-type antiferromagnetic
phase (Ty = 643K)

B G. Catalan et al. Adv. Mater. 21 (2009), 2463-2485
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The effects of magnetoelectric coupling in BiFeO3;

P[111]
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Imaging the cycloidal modulation in a bulk BiFeO; crystal

Collaborations: UMR CNRS/Thales, Palaiseau (V. Garcia, S. Fusil)
CEA SPEC, Gif-sur-Yvette (J.-Y. Chauleau, M. Viret)
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Rotation of the cycloid propagation direction measured in real space...

NV signal
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... and in reciprocal space

Resonant X-ray scattering

specular beam
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... and in reciprocal space

Resonant X-ray scattering

specular beam

0.05 nm*

SYNCHROTRON

N. Jaouen
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Surface effect? Only k; seen by neutrons
B D. Lebeugle et al. Phys. Rev. Lett. 100 (2008), 227602
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Topological defects in lamellar systems

General ordered medium

Order parameter

non-uniform, smoothly
varying in space

& N. D. Mermin. Rev. Mod. Phys. 51 (1979), 591
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Topological defects in lamellar systems

General ordered medium

Wavevector k of

Order parameter _— o )
the periodic modulation

non-uniform, smoothly

.. —— with arotating direction
varying in space

except at singular regions of lower dimensionality = topological defects

2|\
Sl

disclination disclination disclination
winding number =1 winding number = -1 winding number = 2

& N. D. Mermin. Rev. Mod. Phys. 51 (1979), 591
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Universal patterns in lamellar systems

Block copolymer BiFeO; magnetic cycloid FeGe magnetic helix
Period 64 nm Period 70 nm

[T A. Witten. Phys. Today 43 (1990), 21 B A. Finco et al. Phys. Rev. Lett. 128 (2022), 187201 [3 P. schénherr et al. Nat. Phys. 14 (2018), 465

Liquid crystals Ferrimagnetic garnet Fluid diffusion

Period 800 nm Period 8 um Period 250 um
. ) I 1117 ST

ERZ Bouligand. Dislocations in solids (1983), Chap. 23 [3 M. Seul et al. Phys. Rev. A 46 (1992), 7519 Ba Ouyang et al. Chaos 1(1991), 411
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Identification of these topological defects in BiFeO;




Identification of these topological defects in BiFeO3;

—m-disclination Edge dislocation
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Perspective: electrical control?
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