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Outline:	  
	  
1.	  Helicons	  in	  metals.	  (Abrikosov,	  Fundamentals	  of	  the	  Theory	  of	  metals.	  Chapter	  9.1)	  .	  	  
	  
2.	  Maxwell	  equaTons	  in	  Weyl	  metals.	  
	  
3.	  EvaluaTon	  of	  the	  conducTvity	  tensor	  and	  dispersion	  of	  helicons	  in	  Weyl	  metals.	  
	  
4.	  Conclusions	  



Metal	  in	  a	  staTc	  magneTc	  field.	  Hall	  conducTvity	  
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EM	  wave	  of	  this	  type	  is	  called	  “helicon”	  
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The	  conducTon	  and	  valence	  bands	  touch	  at	  discrete	  points,	  	  
with	  a	  linear	  dispersion	  relaTon	  in	  all	  three	  momentum	  space	  direcTons	  
moving	  away	  from	  the	  Weyl	  node.	  
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can	  be	  eliminated	  by	  gauge	  transformaTon:	  

Hamiltonian	  of	  the	  Weyl	  semimetal	  with	  two	  nodes:	  	  

b, b0

Gauge	  transformaTon	  generates	  addiTonal	  term	  in	  the	  Hamiltonian:	  
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We	  need	  an	  expression	  that	  relates	  current	  to	  the	  electric	  field.	  

Wave	  equaTon	  in	  a	  Weyl	  metal	  

Theta-‐term	  modifies	  two	  Maxwell	  equaTons	  

Wave	  vector	  of	  EM	  field:	  	   q ⌧ R�1
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+ ṗ ·rpfg + ṙ ·rrfg = �fg � feq
⌧
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Boltzaman	  equaTon	  and	  equaTons	  of	  moTon:	  

vg(p) = rp✏g(p) ⌘ rp[vDp(1� �e
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⌦g = �gp/2p3 is	  the	  Berry	  curvature	  

intra-‐node	  sca]ering	  Tme.	  

� Dimensionless	  control	  parameter	  which	  they	  set	  to	  1	  at	  the	  end	  
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SoluTon	  of	  the	  Boltzman	  equaTon:	  

1.	  Set	  E=0	  while	  keeping	  B=Bz
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2.	  Solve	  Boltzman	  equaTon	  up	  to	  first	  order	  in	  the	  amplitude	  of	  a	  homogeneous	  
Tme-‐dependent	  electric	  field:	  

E = Ẽ(!)e�i!t

fg(p, t) = f (0)
g (p) + �fg(p, t)

Second	  term	  here	  is	  linear	  in	  electric	  field.	  

In	  the	  collision	  integral	  take	  	   feq = f (0)
g (p)

and	  search	  for	  the	  soluTon	  in	  the	  form:	  	  



Current	  density	  carried	  by	  electrons	  at	  each	  Weyl	  node:	  
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They	  then	  evaluate	  the	  quanTty	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  and	  obtain	  the	  opTcal	  conducTvity	  	  �Jg(t) ! ⌧ !c

CorrecTon	  to	  the	  Hall	  conducTvity	   Has	  no	  effect	  
on	  the	  total	  current	  	  

fg(p, t) = f (0)
g (p) + �fg(p, t)fg(p, t) = f (0)

g (p) + �fg(p, t)
Insert	  the	  distribuTon	  funcTon	  



Det[c2(q2�`m � q`qm)� !2✏`m] = 0

q	  is	  parallel	  to	  the	  staTc	  magneTc	  field	  Gapless	  mode:	  

Dielectric	  tensor:	  

Zeroes	  of	  determinant	  
	  
	  
	  
corresponds	  to	  the	  modes	  of	  a	  Weyl	  metal	  	  	  



Main	  conclusions:	  
	  
	  
Theory	  of	  helicons	  propagaTng	  through	  a	  3D	  Weyl	  semimetal	  is	  presented.	  
	  
	  	  
The	  opTcal	  conducTvity	  tensor	  is	  calculated	  from	  Boltzmann	  transport	  theory,	  with	  the	  	  
inclusion	  of	  Berry	  curvature	  correcTons.	  	  
	  
	  
It	  is	  demonstrated	  that	  the	  axion	  term	  characterizing	  the	  electromagneTc	  response	  of	  	  
Weyl	  semimetals	  alters	  the	  helicon	  dispersion	  with	  respect	  to	  that	  in	  non-‐topological	  metals.	  	  






