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Weyl Semimetals



Weyl Semimetals
• Named 

“Breakthrough of 
the Year” by 
Physics Today 
(2015)

• We should first 
understand Weyl 
fermions, to 
understand these 
materials



Klein-Gordon Equation

• Attempt to reconcile special 
relativity with quantum 
mechanics

• Substitution of E, p with 
quantum operators leads to an 
expression:



Klein-Gordon Equation

• Describes spin-0 particles (e.g. pion)

• Unable to describe electrons 
(spin-1/2)

• Dirac: want a first-order differential 
equation. 

• What happens if we take a square 
root?



Dirac Equation: Motivation

with

• These values A, B, C, D can’t be scalars 
• Need A2=B2=C2=D2=1, but cross-terms all zero

• Dirac’s insight: these can be matrices!



Dirac Matrices

must satisfy:

in order to get each term squared unity, cross-terms zero.

But there are multiple ways to satisfy this…what do they mean?



Dirac Representation

• Makes use of the Pauli spin matrices:



Dirac Representation: Implication

• Solutions require two functions: 𝛾 and ҧ𝛾
• Two functions have opposite charges, but other properties are alike

• Implies existence of “anti-particles” with same mass, opposite charge
• Observed positron (anti-electron) in 1932



Majorana Representation

• Another set of γ-matrices which has necessary conditions:

• Solutions are equivalent to their own conjugated solution
• Particle is its own antiparticle



Weyl Representation

• Also called “chiral representation” (helicity of solutions is preserved 
under Lorentz transformation)

• Conserved helicity requires massless particle: Weyl fermions are 
massless


