
        Interfacial Spin and Heat Transfer  
 between Metals and Magnetic Insulators 

Scott A. Bender & Yaroslav Tserkovnyak 

arXiv:1409.7128 

Journal Club on 06 January 2015  

Kouki Nakata 



 BACKGROUND 



                Spin Current 



Classical  
 variable 

Spin battery 

                Spin Pumping  
 A standard (experimentally established) way to generate spin current 

 The exchange interaction 
       The key to spin pumping. 

 Ferromagnet (resonance, i.e. FMR) 
  Spin battery. 

Brataas et al., Phys. Rev. B, 66 (2002) 060404 (R). 

 Interface;  
      Spin-flip 

 Microwaves (quantum fluctuations);  
      
     Driving force and resonance  
 Out of equilibrium. 

 Points  

 M(t): LLG Eq. 

K. Ando et al., Nat. Mater., 10 (2011) 655 
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Spin current  charge current 
                        Voltage drop: V 

Charge current  spin current 



E. Saitoh et al., Appl. Phys. Lett., 88,182509, (2006). 
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Fig cited from [Žutić et al., Nat. Mater. (2011).] 

                       SYSTEM:  
    Metal/Ferromagnetic Insulator   
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    Metal/Ferromagnetic Insulator   

Pic. in Phys. Rev. Lett. 108 (2012) 246601 

Magnetic field~Effective magnon chemical potential 

𝐬 
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 Classical but non-perturbative theory  
Scattering matrix formalism  

Y. Tserkovnyak et al. Rev. Mod. Phys. 77, 1375 (2005). 

D: density of state per spin and unit volume 

𝝆: spin density (spin accumulation) 

𝜇′: Electrochemical potential difference 

𝒈↑↓ ≡ 𝒈↑↓
𝒓
+ 𝒊𝒈↑↓

𝒊
: T=0 spin-mixing conductance 

𝑑𝑁:normal metal-film of thickness 

𝐢 

: Single-magnon energy 

 n: magnetization 

𝐬 

𝝆 



 Quantum but perturbative theory  
Kubo formula (Linear response theory) 
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      Magnon ≈ Spin-Wave 
 Magnons; the bosonic quanta of magnetic excitations in a magnetically ordered spins 
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Spin-wave (collective mode) 

 Spin-wave spin (i.e. magnon) current  
      is also measurable by ISHE.  

[Y. Kajiwara et al., Nature 464 (2010) 262] 



𝐬 

             Spin Hamiltonian  

  Holstein-Primakoff Tr. 
        (Spin S Magnon picture) 

  Spin density 

Pic. in Phys. Rev. Lett. 108 (2012) 246601 

 (n~magnetization) 

𝝆 𝒔 



 Spin-flip mediated by magnon 

Elastic scattering 

   Spin-flip Mediated by Magnons  

Inelastic scattering 

𝑱𝒔/𝟐 
𝑱 𝒔/𝟐 
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Quantum but perturbative theory  
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𝒊 =  𝒊 𝒒𝒒   

𝑉0
2𝐷2 

“Temperature”  

           Correspondence II  

Quantum but perturbative theory  
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(ℏΩ: magnon gap) 

Spin current  
     density 

 Inelastic scattering 

Thermally-activated 
          magnons 

 Elastic scattering  (n~ magnetization of FI) 



          CONCLUSIONS  

 The spin-mixing conductance 𝑔↑↓ governs interfacial spin transport. 

 Inelastic scattering, which describes the spin-flip processes mediated by magnons, 
characterizes the temperature dependence of spin currents and gives the quantum-
mechanical contribution.  

 The classical non-perturbative theory based on scattering matrix formalism is valid.  

 The correspondence between the “classical non-perturbative theory” and the “quantum-
mechanical perturbative one” on the interfacial spin transport between a metal/FI 
junction has been clarified.  
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