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Minimal	  model	  of	  the	  topological	  insulator	  
3D	  crystal	  band	  structure	  
2	  bands	  of	  opposite	  parity	  +	  2	  spin	  direc0ons	  

Δ < 0Δ = 0Δ > 0

Dirac	  point	   Topological	  insulator	  Insulator	  

E± = ±
q

v2F p
2 +�2Massive	  4	  component	  Dirac	  Fermion	  

1.  Massless	  Dirac	  fermion	  occur	  at	  the	  cri0cal	  point	  between	  an	  insulator	  
and	  a	  topological	  insulator.	  

2.  Conduc0on	  and	  valence	  bands	  touch	  at	  the	  isolated	  point	  in	  3D	  BZ.	  
3.  Doubly	  degenerate	  if	  TR	  and	  Inversion	  symmetries	  are	  preserved.	  
4.  4	  component	  Dirac	  fermion	  is	  decomposed	  into	  a	  pair	  of	  2	  component	  

Weyl	  fermions	  of	  opposite	  chirality.	  
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Sign	  change	  of	  the	  mass	  of	  the	  Dirac	  fermion:	  
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Broken	  inversion	  symmetry.	  Halasz,	  Balents;	  A.Z.,	  Burkov.	  (2012)	  
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Wan,	  et	  al.;	  Yang,	  et	  al;	  Burkov	  and	  Balents.	  	  	  (2011)	  
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Breaking	  TRS	  separates	  the	  degenerate	  single	  Dirac	  point	  into	  two	  Weyl	  points.	  



Burkov	  and	  Balents,	  PRL	  2011	  
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Broken	  TR	  symmetry	  due	  to	  magne0za0on:	  
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|m| Is	  exchange	  energy	  due	  to	  magne0cally	  ordered	  impuri0es	  
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Numerics	  for	  Cd3As2:	  
	  
Wang	  et	  al.	  PRB	  85,	  195320	  (2012)	  
	  
Experimental	  signatures	  of	  Dirac	  spectrum	  in	  Cd3As2:	  	  
	  
ARPES:	  	  M.	  Neupane	  et	  al.	  Nature	  Com.	  2014	  	  
	  
Posi0ve	  and	  linear	  magneto-‐resistance:	  Feng	  et	  al.,	  1405.6611,	  Liang	  et.	  al.1404.7794	  
	  
Shubnikov-‐de	  Haas	  oscilla0ons:	  He	  et	  al.	  1404.2557	  



Propaga0on	  of	  the	  electromagne0c	  wave	  in	  the	  Weyl	  semimetal	  
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The	  gyrotropy	  parameter:	  
	  
	  
	  
	  
Weyl	   semimetal	   with	   broken	   TR	   symmetry	   is	   an	   op0cally	   gyrotropic	   media	  
with	   the	  gyrotropy	  parameter	  propor0onal	   to	   the	   sign	  of	   the	  magne0za0on.	  
Faraday	  rota0on	  is	  expected.	  
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Direc0on	  of	  the	  propaga0on	  is	  perpendicular	  to	  the	  gyra0on	  axis:	  
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Condi0on	  for	  the	  posi0ve	  real	  values	  of	  the	  dielectric	  constant:	  	  
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Magne0c	  domain	  wall	  in	  the	  Weyl	  semimetal.	  
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Difference	  from	  surface	  plasmons,	  Dyakonov	  waves…	  
Zhukov,	  Raikh:	  Op0cal	  isomers	  (2000)	  

Domain	  wall	  =	  zy	  plane	  
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Localiza0on	  length	  of	  the	  	  
EM	  field	  at	  the	  domain	  wall	  



Main	  conclusions.	  
	  
1.  Weyl	  semimetal	  with	  broken	  TR	  symmetry	  is	  an	  op0cally	  	  
gyrotropic	  media	  with	  the	  gyrotropy	  parameter	  propor0onal	  	  
to	  the	  sign	  of	  the	  magne0za0on.	  	  
	  
2.	  Chiral	  electromagne0c	  wave	  can	  propagate	  in	  a	  region	  	  
of	  space	  where	  the	  gyra0on	  vector	  flips	  its	  direc0on.	  	  
	  
	  


