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• Quantum maSer and quantum transport 
• Nonequilibrium dynamics and light-maSer couplings 
• Open quantum systems and quantum op8cs



• Topological magnon-phonon induced by magnetoelas8c coupling 

• Gernerically in collinear an8ferromagnet: monolayer/bilayer 

• Thermal Hall and Spin Nernst effects 
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Outline

J1J2

SZ, Go, Lee, Kim, Phys. Rev. Le+. 124, 147204 (2020) 

Lin and SZ, Appl. Phys. Le+. 124, 132402 (2024) 
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Spincaloritronics

• Spintronic thermal devices 

• Thermal management 

     - Waste heat recycle

Transport of spin and heat:

Input 

Output 

magnetic insulator

Spin Seebeck effect Seebeck effect

Transverse effects:
In a magnetic insulator? 
Yes! If symmetry allowed… 
Model? Size of the effect?…

Meyer, … Goennenwei 2017 
Uchida et. al. 2012, 2010, 2021 



Topological magnons
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• Band inversion

Chen, …, Dai, PRX 2018 

CrI3CrGeTi3
Zhu…, Brückel, Science 2021 
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Topological magnons

• Band inversion

Sindou, et. al. 2013, 2014 
Mook, Mertig, et. al. 2014, 2016, 2017, 2019 

Kim, Ochoa, Zarzuela, Tserkovnyak 2016 
Fiete, et. al. 2017, 2018, 2021 

Zhang, …, Xiao 2019; Park, Nagoya, Yang 2020

Noncoplanar/noncollinear ground states 
Inversion-breaking Dzyaloshinskii-Moriya interac8ons,  
Long-range dipolar interac8ons, …

• Chirality
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• Chirality

• Band inversion

• Transport 

Lu2V2O7 VI3

Thermal Hall effect
Magne8c ordering temperature ~50K 
Debye temperature ~140K 
Magnon-phonon coupling!

Topological magnons

k

Phonon 

Magnon 

Γ

Onose, …, Tokura 2010 
Zhang, …, Xiao, Ke 2021 

Kong, … Cava 2019
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Magnetoelas8c coupling

Bond direc8on Displacement

Magnetocrystalline  
anisotropy

• Symmetry!

Spin Strain

KiSel 1949, 1958
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Magnetoelas8c coupling

Generally applicable 

First order in both magnon and phonon fluctua8ons

A 2D collinear an8ferromagnet

Kittel 1949, 1958 
Thingstad, Kamra, Brataas, Sudbø PRL 2019 
Go, Kim, Lee PRL 2019 

SZ, Go, Lee, Kim PRL 2020:

Bond direc8on Displacement
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Topological magnon-phonon hybridiza8on

type of perturba8on

A 2D collinear an8ferromagnet (Heisenberg interac8on + Easy-axis anisotropy)
SZ, Go, Lee, Kim Phys. Rev. LeS. 124, 147204 (2020) 
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Topological magnon-phonon hybridiza8on
A 2D collinear an8ferromagnet (Heisenberg interac8on + Easy-axis anisotropy)

type of perturba8on

Berry curvature

SZ, Go, Lee, Kim Phys. Rev. LeS. 124, 147204 (2020) 
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SZ, Go, Lee, Kim 2020

Magnetoelas8c coupling

Lamce constant

Staggered magne8za8on

Con8nuum model 

3-component field 

Inverse of Green’s func8on 
containing the topological structure

Form of a spin-orbit coupling

Insensi8ve to lamce details

In the long-wavelength limit…



Thermal Hall effect
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Predic8ons for MnPS3

(FM) VI3

Sign change

SZ, Go, Lee, Kim 2020
Zhang, …, Xiao, Ke 2021



Tunability
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Go, Kim, Lee 2019 
Shen, Kim 2020 

Magnon band is generally tunable by magne8c field

Phonon 
Magnon 



Tunability
Ma, Fiete 2021 

Neumann, Mook, Henk, Mer8g 2022By temperature change & across mage8c phase transi8on…
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Bilayer van der Waals magnet
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FM intralayer J1  AFM interlayer J2  Magnetoelas8c coupling  

Field induced metamagne8c transi8on 

≫ ∼ κ

Siebeck and Houmann 1976
Candidate: FeCl2 with splimng at hybridiza8on ~0.32meV

Lin, SZ, Appl. Phys. LeS. 2024
J1J2

An8aligned Aligned 



Transport across metamagne8c transi8on
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J1J2
Lin, SZ, Appl. Phys. LeS. 2024

FeCl2:          Thermal Hall                             Spin Nernst

Metamagne8c transi8on

Spin current Magnon current

BdG normaliza8on

An8aligned



Experimental observa8on
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J1J2

Lin, SZ, Appl. Phys. LeS. 2024

FeCl2:          Thermal Hall                             Spin Nernst

Metamagne8c transi8on

Xu, et. al. PRB LeSer, 2023
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Magnons in (mul8ferroic) spin cycloids

Period of the cycloid superlamceH. W. Park, SZ, … S. K. Kim, arXiv:2503.11135



Se Kwon Kim
@ KAIST

Zhi-Xing Lin
@ Princeton
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Summary
• Magnetoelas8c coupling induced topological magnon-phonon hybridiza8on 

• Collinear an8ferromagnet: monolayer/bilayer 

• Thermal Hall and Spin Nernst effects 
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