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!0. Introduction	

!
1. Electrical transport!

(N. O.  and K. Nomura, in preparation)!
!

N. Okuma1 and K. Nomura2  /  N.Okuma1, M. Ramezani Masir3, and A.H. MacDonald3!

!
2. Thermal transport!

(N.O., M.R. Masir, and A. H. MacDonald)!
!

Topological	  insulator/Ferromagnet	  
	  heterostructure	

•  Spin-‐momentum	  locking	  
(Spin	  accumula&on=electric	  field)	  
•  Linear	  dispersion	  
	

Magnon	  gas	

Dirac	  electron	  system	

•  Carrying	  y-‐component	  spin	  
•  Quadra&c	  dispersion	  
	

Electron-‐magnon	  interac&on	

•  Conversion	  between	  magnon	  and	  electron	  spin	  
•  Total	  spin	  is	  conserved	  
•  Origin	  is	  the	  s-‐d	  interac&on	  	  	

Phenomenon	  under	  electric	  field	

•  Electron	  Spin	  accumula&on	  	  
	  	  	  	  	  (Edelstein	  effect)	  
•  Conversion	  from	  electron	  spin	  to	  
	  	  	  	  	  magnon	  spin	  
•  Magnon	  spin	  current	  genera&on	  

Spin	  current	  operator@interface	

Microscopic	  calcula&on	  (Kubo	  formula)	

:	  Spin	  current	  operator	

:	  Charge	  current	  operator	

:	  Electron-‐magnon	  interac&on	

Result	

Ra&o	  does	  not	  depend	  on	  kF	  and	  τ	

Phenomenon	  under	  Temperature	  gradient	

Z.	  Jiang,	  et	  al.,	  Nat.	  Commun.	  7,	  11458	  (2016).	  	

•  Spin	  seebeck	  effect	  (spin	  injec&on)	  
•  Conversion	  from	  magnon	  spin	  to	  
	  	  	  	  	  electron	  spin	  
•  Electric	  field	  genera&on	  

Temperature	  distribu&on	
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1.  Step-‐like	  gradient	  
	  	  	  	  	  	  	  Electron	  temperature:	  Te	  
	  	  	  	  	  	  	  Magnon	  temperature:	  	  Tm	  	  

2.	  	  	  	  Uniform	  gradient	  
	  	  	  	  	  	  	  (Now	  calcula&ng)	  

This	  poster	

Microscopic	  calcula&on	  (Boltzmann	  eqn.)	

【impurity	  scaaering】	

【Electron-‐magnon	  scaaering】	+	  【impurity	  scaaering】	

cf.)	  electrical	  transport	

	  Open	  ques&on	
What	  is	  the	  

correct	  treatment	  
of	  the	  gradient?	

•  Golden	  rule	  for	  electron-‐magnon	  scaaering	

Magnon	  weight	  func&on	  
Wp,p’	

Scaaering	  probability	  ×	  sta&s&cal	  factor	  
Ap,p’	  	
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Future	  work	
•  Considering	  the	  magnon	  Boltzmann	  eqn.	  
•  Considering	  the	  proper	  Boundary	  condi&on.	  

Fermi	  momentum	
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