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Motivation: Graphene

The hallmark ‘relativistic material’

Graphene * Discoveredin 2004 (2010 Nobel
prize in physics)

* Incredible propertiesand high
potential for technology

e Exhibitsremarkable behaviourfrom

Grapinte a fundamental perspective

Can we find other relativistic materials similar to graphene?
What would their properties be? Experimental signatures?
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Relativistic Condensed Matter

* At lowenergy, the quasiparticlesin graphene are described by the two-
dimensional massless Dirac-Weyl (DW) Hamiltonian, with an emergent SU(2)
spin-1/2 called pseudospin

* This motivatesthe supposition of condensed matter systems with pseudospin
higher than 1/2:

H(k) = hve -k -» hvs - k

* The a/2 (spin-1/2 matrices) are replaced with the general spin-s matrices, S.
This leadsto an energy spectrum depending on spin projections, 4,

g,(k) = Ahvk, A={-s,—s+1,..s}




Dirac-Weyl Dispersions

* Linear band dispersionsthat touch at
a single point (the Dirac point).

* Integer pseudospin systems containa
completelyflat band, placing a large
density of states at exactly zero
energy.

e Systems with psuedospin > 1 are host
to nested Dirac cones.
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Dirac-Weyl Magneto-Optics
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Phys. Rev. B 90, 035405 (2014).

* Snowshoe diagrams show allowed optical
transitions between Landau levels
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* These diagrams help to explain features of
magneto-optical conductivity

* Signaturesin spectra
allow for the potential
identification of different
pseudospin materials
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Kane Fermion Magneto Optlcs

Phys. Rev. B 92, 035118 (2015)
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Phys. Rev. B 94. 224305 (2016) 2\\: y
* Kane model appliesto narrow- “ 32
gap zinc-blende materials. P £
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* Massless Kane fermions argued / n \J
to be hybrid pseudospin-1/2 v vt

and 1. .

e Used model to accurately
match experimental optical
conductivity of HgCdTe, which
exhibits pseudospin-1
characteristics.
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Experimental data from Orlita et al. Nat. Phys. 10, 233 (2014)




Pseudospin-1 Polarlzablhty

Phys. Rev. B 93, 165433 (2016)

Analytical derivation of polarizability, describing dielectric
properties of pseudospin-1 materials.

Along with many other phenomena, polarizability details
plasmonic behaviour(collective charge oscillations).

Flat band provides large screening effects. 1.2
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Thank You!
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The Dice Lattice

An example of a toy lattice which gives rise to pseudospin-1 DW fermions.

(a) (b) Tight-binding Hamiltonian:

ﬁzt Z Ci-I-Cj

<ij>
Diagonalize for energy dispersion:

Graphene




The a-T; Model

* 2D lattice with variable hopping parameter
a € [0,1], allowing continuoustuning
between graphene (@ = 0) and the dice
lattice (a = 1).




Kane Fermions

3D model for zinc-blende
semiconductors like Hg,_,.Cd, Te

Large (A) and small (E,) tunable
gap parameters
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Imaginary Part

Imaginary part of the polarizability traces
out the particle-hole continuum (PHC)

The PHC traces out

The PHC is greatly extended compared to
graphene because of the flat band




Real Part

e Large screening by flat band evident from the
logarithmicdivergence in the real part
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* Plasmon dispersionis calculated from the real
part, showing a pinch pointinvariantto a

change in the dielectric background (substrate) q/p
1.2 T -
Im [1/e(qw)] ol
[ ae— |

—1.0 —.75 —0.5 —.25 0.0

=11

= =1

— =0

— =2

1l 2 0.4 0.6 & 1.0 1.2
i/ ( 14 J




