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Semimetals 

  Semimetal = gapless semiconductor 
  Well-known example in 2+1 dim: graphene 

 
 

  Effective description in terms of  “relativistic” massless 2-component 
Dirac fermions. 

Dirac points 



3+1 dim analog: Weyl & Dirac semimetals 
  Based on chiral 2-component fermions,  satisfying the Weyl 

equation. 

    (in the non-interacting and low-energy limit) 

  Weyl points are topologically stable: 
    no mass term for Weyl fermions. 

  Dirac semimetal contains two Weyl  
   fermions of opposite chirality 
 

Weyl point of  
+ chirality: 
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Outline 

  Charge transport in free Weyl/Dirac semimetals (QFT) 

  The strongly interacting case (holography) 



Optical conductivity of ideal Dirac SM (1) 

  Linear response 

  Fermi’s golden rule: transition rate 

 
 

  LINEAR optical conductivity at zero temperature 



Optical conductivity of ideal Dirac SM (2) 
  Diagrammatic approach (Kubo) 

 
    
   with Matsubara current-current correlation function 
 
 
 

 

    and Green’s function 
 



The strongly interacting case 

  What is the effect of strong interactions on the system’s 
transport coefficients? 

 
  Dirac semimetal (        ,        ) is scale invariant: 

holographic description? Massless Dirac = 2xWeyl. 

  …but keeping the elementary Weyl fermion picture? 
  holographic model for single-particle correlation functions 

 



Holographic model for fermions (1) 



Holographic model for fermions (2) 
  5D asymp.  Anti-de-Sitter spacetime with 5D Dirac fermions  

    

  Boundary conditions in IR: infalling 

  Boundary conditions in UV: 
  Dirichlet on 4D bdy. 
           is boundary source, a Weyl fermion  
  Make source dynamical! 

U. Gursoy, E. Plauschinn, H. Stoof, S. Vandoren, JHEP 5, 18 (2012) 



Holographic model for fermions (3) 
  Dirac eqn. in grav. background:  

  Result: effective action for 4D Weyl fermions on the 
boundary:  

  By construction effective description  
    of strong interactions between the  
    boundary Weyl fermions, via CFT. 



Holographic model for fermions (4) 



Single-particle Green’s function 

  Interacting Dirac semimetal: 



  Conductivity expressed in terms of a function                  , 
    solution of a 1st order ODE. 

  Unfortunately, Dirac equation in curved background only analytically 
solvable in simple cases: e.g. T=0. 

  Ignore vertex corrections… 

Conductivity in interacting case 



Results zero temperature 



Results zero temperature (log-plot) 



Results non-zero temperature  

Plot for M=1/4.  
For M=1/2, linear behaviour, but with extra logarithmic corrections: Coulomb interactions 



Results non-zero temperature 

Spectral-weight functions 
corresponding to the two 
spin components in the 
far IR limit. 



Conclusion and discussion 

  Transport properties of free and interacting Dirac semimetals 
  Optical conductivity vanishes as                        at zero temperature 
  Constant DC conductivity                              at non-zero temperature 

  Strongly interacting case: holographic single-particle model 



 Thanks for your attention! 



Vertex corrections 
 
  Ward identity 

  Vertex constrained up to 6 unknown scalar functions 

  Transversality of polarization tensor 



Surface states 
  Calculate surface states by solving 4x4 eigenvalue problem 
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Weyl semimetal 
 
(broken TR) 

Dirac vacuum 
 
(unbroken TR) 

Surface at x=0 
Along the lines of P. Goswami, S. Tewari, 
arXiv:1210.6352 



Surface states 

  Look for bound states at x=0 in this setup. 

  They exist! But… only between the Weyl points. 

  Linear dispersion (red: gapless part) 

  Give rise to Fermi arcs. 



Anomalous Hall conductivity 

  Momentum-space topology of Weyl points leads to non-zero Berry 
curvature 

  Magnetic (anti)monopoles in k-space 

  Result: 

Z. W. Sybesma (2012) 

Berry connection 
 
 

 


