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Low-Dimensional Magnetism

M. C. Escher, 1948.
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Low-Dimensional Magnetism

Interplay between materials growth 
and low-dimensional magnetism

M. C. Escher, 1948.
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M. C. Escher, 1948.M. C. Escher, 1948.

About my research: Spins and Materials

Interplay between materials growth 
and low-dimensional magnetism
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M. C. Escher, 1948.M. C. Escher, 1948.

About my research: Spins and Materials

From Chemistry &  Materials Science

Solid state chemistry (inorganic compounds)
Coordination chemistry (molecular magnetism)
Thin-film growth (spintronics)

Interplay between materials growth 
and low-dimensional magnetism
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M. C. Escher, 1948.M. C. Escher, 1948.

About my research: Spins and Materials

From Chemistry &  Materials Science

MnPS3

VCl3

CrSBr

Py

SiO2

van der Waals magnets
and magnetic thin-films
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SiO2

M. C. Escher, 1948.

To Low Dimensional Magnetic systems

About my research: Spins and Materials
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SiO2

M. C. Escher, 1948.

About my research: Spins and Materials

To Low Dimensional Magnetic systems

- 2D materials (Valencia, E. Coronado)
- Spin waves in thin-films (Delft, T. van der Sar)
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SiO2

M. C. Escher, 1948.

About my research: Spins and Materials

To Low Dimensional Magnetic systems

- 2D materials (Valencia, E. Coronado)
- Spin waves in thin-films (Delft, T. van der Sar)

Probing and twisting 2D 
van der Waals magnets

5 µm

   

 

 
 
   

 

    
     

        

       

           

 

 
 
  
 
 

    
     

       

       

       Advanced Materials 34, 2204940, 2022
Advanced Materials 35, 2307195, 2023
Nature Materials 23, 212, 2024
Advanced Materials 37, 2415774, 2025
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For Today

hexagonal Boron Nitride

B N



B N
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For Today

Spin defects
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All spins in-phaseFerromagnetic resonance (FMR): 𝒌 = 𝟎

Dynamic magnetization
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All spins in-phaseFerromagnetic resonance (FMR): 𝒌 = 𝟎

Dynamic magnetization

Spin waves with finite 𝒌

λ

Dephasing between spins
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Kajiwara et al., Nature 2010

Magnon spintronics
Magnons: 
Wave-like excitations of spins in magnets
The quantum ballet
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Kajiwara et al., Nature 2010

Magnon spintronics
Magnons: 
Wave-like excitations of spins in magnets
The quantum ballet

Key drive: information technology

Wang et al, Sci. Adv. 2018
Chumak et al, IEEE Trans. Magn 58, 6 2022
Pirro et al, Nat. Rev. Mater. 6 1114, 2021
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Kajiwara et al., Nature 2010

Important goal: spin-wave control

Thickness control

Stigloher et al., Phys. Rev. Lett. 2016

10 μm

Auxiliary magnetic 
materials

Qin et al., Nat. Comm. 2021

10 μm

Key drive: information technology

Wang et al, Sci. Adv. 2018
Chumak et al, IEEE Trans. Magn 58, 6 2022
Pirro et al, Nat. Rev. Mater. 6 1114, 2021

Magnon spintronics
Magnons: 
Wave-like excitations of spins in magnets
The quantum ballet
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Kajiwara et al., Nature 2010

Important goal: spin-wave control

Thickness control

Stigloher et al., Phys. Rev. Lett. 2016

10 μm

Auxiliary magnetic 
materials

Qin et al., Nat. Comm. 2021

10 μm

Magnon spintronics
Magnons: 
Wave-like excitations of spins in magnets
The quantum ballet

Key drive: information technology

Wang et al, Sci. Adv. 2018
Chumak et al, IEEE Trans. Magn 58, 6 2022
Pirro et al, Nat. Rev. Mater. 6 1114, 2021

• Interaction with metals, 
 phonons, superconductors
• 2D magnets

+ many active research topics
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Goal:

replacing electric currents by spin currents

Nat. Electronics 3, 765, 2020

Magnon spintronics
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Challenge:

miniaturization

The 2024 magnonics roadmap,
J. Phys.: Condens. Matter 
36 363501, 2024

Goal:

replacing electric currents by spin currents

Magnon spintronics
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Challenge:

miniaturization

Goal:

replacing electric currents by spin currents

Mañas-Valero, van der Sar, Duine, van Wees, Newton 1, 1, 100018, 2025

van der Waals magnets for magnon spintronics
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A very simple magnonic device
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A very simple magnonic device
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1.  Generate
       f (typically, GHz regime) 

A very simple magnonic device
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1.    Generate
2.  Control

Zeeman
(1865 - 1943) 

A very simple magnonic device
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1.    Generate
2.  Control
3.  Detect: quantum sensing with solid-state spin defects

A very simple magnonic device
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Nitrogen-Vacancy 
(NV) center in diamond

Vacancy

N
C

NV spin
S=1

Quantum sensing with color centers
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Nitrogen-Vacancy 
(NV) center in diamond

Vacancy
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Quantum sensing with color centers
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Nitrogen-Vacancy 
(NV) center in diamond

Vacancy

N
C

NV spin
S=1

Optically 
Detected 
Magnetic 
Resonance
(ODMR)

ℎ𝜈 PLground state
(𝑚𝑆=0)

PLexcited state
𝑚𝑆=±1

Quantum sensing with color centers
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Nitrogen-Vacancy 
(NV) center in diamond

Vacancy

N
C

NV spin
S=1

Optically 
Detected 
Magnetic 
Resonance
(ODMR)

ℎ𝜈 PLground state
(𝑚𝑆=0)

PLexcited state
𝑚𝑆=±1

Green laser illumination continuously 
polarize the electron spins to the 
sublevel |ms=0>, which enables optical 
initialization of the spin state.

The intensity of the PL is lower for the 
|ms=±1> states due to a spin-selective,
non-radiative decay channel.

Quantum sensing with color centers
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Nitrogen-Vacancy 
(NV) center in diamond

Vacancy

N
C

NV spin
S=1

Optically 
Detected 
Magnetic 
Resonance
(ODMR)

ℎ𝜈 PLground state
(𝑚𝑆=0)

PLexcited state
𝑚𝑆=±1

We can drive the NV between ȁ ۧ𝑚𝑠 = 0
andȁ ۧ𝑚𝑠 = ±1 with microwave pulses!

ȁ ۧ𝑚𝑠 = 0

ȁ ۧ𝑚𝑠 = ±1

D MW

Quantum sensing with color centers
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Nitrogen-Vacancy 
(NV) center in diamond

Vacancy
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Optically 
Detected 
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(ODMR)
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measurements

Quantum sensing with color centers
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Nitrogen-Vacancy 
(NV) center in diamond

Vacancy

N
C

NV spin
S=1

Optically 
Detected 
Magnetic 
Resonance
(ODMR)

f, C

Zero-Field
measurements

Quantum sensing with color centers
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Magnetometry

Why 
colors?

Quantum sensing with color centers
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Boron Vacancy in hBN
(van der Waals material)

N
B VB spin

S = 1

Nitrogen-Vacancy 
(NV) center in diamond

Vacancy

N
C

NV spin
S=1

Optically 
Detected 
Magnetic 
Resonance
(ODMR)

Zero-Field
measurements

Quantum sensing with color centers
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Magnetometry

Color center magnetometry

Pieter Zeeman
(1865-1943)



10/06/2026 SPICE - YRLGW 45

Nitrogen-Vacancy 
(NV) center in diamond

Vacancy

N
C

NV spin
S=1

Color center magnetometry

B = 0
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2γB

Color center magnetometry

B ≠ 0

B = 0

10/06/2026

Nitrogen-Vacancy 
(NV) center in diamond

Vacancy

N
C

NV spin
S=1
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Resonance 
frequency 
depends on
magnetic field

Color center magnetometry

Nitrogen-Vacancy 
(NV) center in diamond

Vacancy

N
C

NV spin
S=1
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Isofrequency
measurements

Color center magnetometry for spin-wave imaging
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Isofrequency
measurements

Color center magnetometry for spin-wave imaging
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Color center magnetometry for spin-wave imaging
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Color center magnetometry for spin-wave imaging
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Color center magnetometry for spin-wave imaging
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Microwave
f = 3.52 GHz

Color center magnetometry for spin-wave imaging
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Microwave
f = 3.52 GHz

     

         

Color center magnetometry for spin-wave imaging



10/06/2026 SPICE - YRLGW 55

Color center magnetometry for spin-wave imaging
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hBN

Py

Why we see an interference pattern?
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hBN

Py

Non-reciprocity
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Isofrequency spin-wave imaging
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Isofrequency spin-wave imaging
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Isofrequency spin-wave imaging



10/06/2026 SPICE - YRLGW 61

Magnons at the beach
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f = 2.87 GHz,  0H = 0.98 mT

Magnons at the beach
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f = 2.87 GHz,  0H = 0.98 mT

Field-control of spin waves
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𝝁𝟎𝑯 ∥ 𝒌

In-plane field dependence
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𝛌 ∼ 𝟑. 𝟒 𝛍𝐦

𝝁𝟎𝑯 ∥ 𝒌

In-plane field dependence
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𝛌 ∼ 𝟑. 𝟒 𝛍𝐦

𝛌 ∼ 𝟐𝟎 𝛍𝐦

𝝁𝟎𝑯 ∥ 𝒌

𝝁𝟎𝑯 ⊥ 𝒌

In-plane field dependence



10/06/2026 SPICE - YRLGW 67

  

 

 

 
  
 
 
 

                         

      

  

  

 

 
  
 
 

   

       
     

          

 

 

 
  
 
 
 

                         

      

  

  

 

 
  
 
 

   

       
     

       

𝛌𝐃𝐄 ∼ 𝟐𝟎 𝛍𝐦

  

 

 

 
  
 
 
 

                         

      

  

  

 

 
  
 
 

   

       
     

        

 

 

 
  
 
 
 

                         

      

  

  

 

 
  
 
 

   

       
     

        

𝛌𝐁𝐕 ∼ 𝟑. 𝟒 𝛍𝐦

𝝁𝟎𝑯 ∥ 𝒌

𝝁𝟎𝑯 ⊥ 𝒌

In-plane field dependence
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𝝁𝟎𝑯 ⊥ 𝒌

f = 2.87 GHz

Field strength dependence
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𝝁𝟎𝑯 ∥ 𝒌

f = 2.87 GHz

Field strength dependence
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Field strength dependence
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RF line

𝝁𝟎𝑯

Si Py RF line

𝝁𝟎𝑯

Si Py

Bistability at the edge: field-control of spin textures 
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RF line

𝝁𝟎𝑯

Si Py RF line

𝝁𝟎𝑯

Si Py

Bistability at the edge: field-control of spin textures 
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Bistability at the edge: field-control of spin textures 
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Bistability at the edge: field-control of spin textures 
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Bistability at the edge: field-control of spin textures 

Antoine de Saint-Exupéry, The Little Prince 
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Micromagnetic simulations by Artem Bondarenko and Yaroslav M. Blanter

Bistability at the edge: field-control of spin textures 



10/06/2026 SPICE - YRLGW 7716/09/2025 Theme 3 Seminar - Radboud Universiteit 77

Conclusion

• Color center magnetometry for isofrequency spin-wave imaging.

Nat. Commun. 17, 379 2026 
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Conclusion

• Color center magnetometry for isofrequency spin-wave imaging.

• Color center magnetometry as an ideal tool for detecting both 
spin-waves and local static fields, revealing the role of 
inhomogeneous magnetization.

Nat. Commun. 17, 379 2026 
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Conclusion

• Color center magnetometry for isofrequency spin-wave imaging.

• Color center magnetometry as an ideal tool for detecting both 
spin-waves and local static fields, revealing the role of 
inhomogeneous magnetization.

Thank you very much for your attention!

Nat. Commun. 17, 379 2026 
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