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Axion electrodynamics and the quantized topological magnetoelectric effect in topological 
insulators 
Topological phenomena in condensed matter physics provide some of the most precise measurements of 
fundamental physical constants. The measurement of the quantum conductance Gxy=e2/h from the 
quantum Hall effect and the flux quantum from the Josephson effect provide the most precise value for 
Planck’s constant h. More recently, the 3D topological insulators have been discovered, in which 
topological properties of the bulk wave functions give rise to a topologically protected surface metal with 
a massless Dirac spectrum. It has been proposed that 3D topological insulators are best characterized not 
as surface conductors but as bulk magnetoelectrics with a quantized magnetoelectric response whose 
size is set by the fine-structure constant.  This topological magnetoelectric effect has been called “axion 
electrodynamics” because of an analogy that can be made to the physics of the hypothetical axion particle 
that was proposed to explain charge conjugation parity symmetry violation (CP violation) in the strong 
interaction.  The quantized response differs from the situation in conventional magnetoelectrics where 
the constant of proportionality between polarization and applied magnetic field or the proportionality 
between magnetization and applied electric field is a non-universal parameter.  Here the proportionality 
is a quantized universal number.  The quantized 3D magnetoelectric effect has much in common with the 
theory of polarization in 1D and the 1/2 quantized surface charges that can be found in inversion symmetric 
1D chains.  This connection will be discussed in an extended analogy. 
In the bulk of this talk however, I will describe our time-domain THz measurements of electrodynamic 
response of topological insulators and show how their response to polarized THz light is a measure of the 
quantized magnetoelectric effect.  Among other aspects, the time structure used in these measurements 
allows a direct measure of the fine structure constant based on a topological invariant of a solid-state 
system. 
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quantum phenomena.  He is exploiting (and developing) recent technical breakthroughs using very low 
frequency microwave and THz range radiation to probe these systems at their natural frequency 
scales.   The material systems of interest require new measurement techniques as their relevant 
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also the co-chair of the 2014 Gordon Research Conference in Correlated Electron Systems. 
https://physics-astronomy.jhu.edu/directory/n-peter-armitage/ 

Hosted by Stephen Wilson. 
 


