
2024/5/14

1

Gerrit Bauer, バウアー ゲリット, 包格瑞

Tutorial on
Interactions in magnonics

Institutes
1974 2021-2022-

With thanks to:
Ping 
Tang

Mehrdad 
Elyasi 

Zao 2024

Tao Yu c.s.
Haiming Yu c.s.
Eiji Saitoh c.s.
Kenichi Uchida c.s.
Bart van Wees c.s.
Joseph Heremans c.s.
Toeno van der Sar c.s.
Olivier Klein c.s.
Yaroslav Blanter c.s.
Kei Yamamoto/Hide Kurebayashi c.s.
Guoqiang Yu/Peng Yan c.s.
Shunsuke Fukami c.s.
Zhicheng Zhong c.s.
…

Contents

• Magnon spin
 from micromagnetics
 from spin models

• Magnon dipolar chirality
• Gated spin communities

?

Phenomenology of spin waves

 
;

Landau-Lifshitz (LL) 
 

equation of motion:

Plane wave ansatz:

E



    

M
M M B B

M


          0

2

0

,, , ,  and D
F t tt Mt d

M

 
       





M M r r rr B M r M

 0 ˆ ki t iM e e   k r
k kM z m 

ˆ

ˆk

B z

m z



B

kM

Exchange spin waves in thin films
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Spin wave packet
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Magnon quantization and spin
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Magnetic film (Kittel formula, k=0)
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Magnon quantization and spin (Kittel mode)
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Mapping the spin problem on a Boson problem: 
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Charles Kittel, 
Quantum Theory of Solids, 
1963

higher-order terms in 
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Magnon magnetic moment

 
ˆ

ˆ ˆ     i
i i i i i

    
 

 
  

 
H

H H HFor and then

Zeeman interaction:

0

ˆ
ˆ ˆ ˆ i

i i imB m
B B

  
     

 
 

H
H H

Example: exchange magnons  

2
BB Ak m g

B

  
      


k

k k

Band edges of anisotropic ferromagnets
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Band-edge magnon spin (GB et al., 2023)
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- Diverging magnon spins 
cause enhanced magnon 
conductivities. 

- However, magnon 
approximations breaks 
down
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Magnetodipolar interactions
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monopoles (Wikipedia)

   
0

'
'

4 '

m

m
mB d

  

 


M

r
r r

r r





magnetic charges 

Coulomb’s Law“Dirac 
string”

magnetic wire, spin ice

H

H

H H

H

13 14

15 16

17 18



2024/5/14

4

Magnon dispersion of a d = 5 m YIG film
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Magnetostatic surface waves (Damon & Eshbach, 1959)
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Magnetostatic surface waves
+ Topological protection of half-space DE modes: Yamamoto et al. (2019)

- Small group velocity
- Dephasing by weak disorder
- Efficient backscattering to opposite surface in films

Yu et al. (2019)

Magnetic conveyor belt

Thermography:
by An et al. (2013)

Theory:
T. Yu et al. (2019)

Kittel mode Damon-Eshbach mode

Thick vs. thin magnetic films
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2-terminal magnon transport
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2-terminal magnon transport
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2-terminal magnon transport
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Non-local magnon Transport
Contact 1: microwave stripline at frequency 
Contact 2: inductive detection at frequency   12 ,S  

Contact 1: electric injection by SHE
Contact 2: electric detection by ISHE
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Contact 1: microwave stripline at frequency 
Contact 2: electric detection by ISHE
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Three terminal devices (“magnon 
transistors”)

V. Vlaminck and M. Bailleul (2008)
H. Wang et al. (2020), De Wal et al. 2023)

L. Cornelissen et al. (2015)
X. Wei et al. (2022)

L. Sheng et al. (2023)

A.V. Chumak et al. (2014)
Baumgaertl & Grundler (2022)
T. Yu et al. (2023)



Spin wave spectroscopy in thin films
w =100 nm
d = 1.5 m
s = 10 nm

H. Wang et al. (2020)

 

Wang et al. (2020)

T. Yu et al. (2021) 

Chirality by classical electrodynamics

Tao Yu et al., Chirality as generalized spin–orbit interaction in spintronics,
Physics Reports, 2023.
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Spin transistors

Chumak et al., 2014

Cornelissen et al., 2018

Datta & Das (1990)

Brataas et al. (2000)

Bauer et al. (2003)
Chiba et al. (2013)

2-terminal magnon transport
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Metal gate on magnetic film
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Eddy-current Chiral damping (Bertelli et al., 2021)
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Meissner effect [Yu et al. (2022)]
x

Hk(x）

k-k


M

H-k (x） y

stray fields are screened by 
diamagnetic eddy currents
without extra damping

London penetration 
depth ~ 100 nm.

Superconducting gate [Yu and GB (2022)]

M,H
ϕ = 0

 k

Superconducting gate [Borst et al. (2023)]

normal super

MoRe

Thermal magnon transistor (Tao Yu et al., 2023)
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T0

2nd Law (Tao Yu et al., 2023)
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2nd Law (Tao Yu et al., 2023)
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Non-local Peltier effect (Tao Yu et al., 2023)
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3-terminal quantum Hall effect at high fields 
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1D edge channels
(skipping orbits)
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chiral damping):
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