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Simplified 2D model of a smooth
Interface (topological heterojunction)

— Hamiltonian of massive Dirac fermions in a
magnetic field
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Surface (edge) states
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Surface states in 3D materials
»e.q. PbTe/SnTe and HgTe/CdTe interfaces : gap switches sign

Complication in 3D: 4x4 Hamiltonian ,9 ﬁfUF
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Special relativity in surface states
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Weyl semimetals with smooth surfaces

Possible identification of surface states beyond
the chiral ones in (magneto-)optical spectroscopy
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energy

Weyl semimetals — “3D graphene”
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Weyl semimetals — “3D graphene”

energy

2D Berry curvature: ‘
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Weyl semimetals — “3D graphene”
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Fermi arc as a collection of 1D edge

channels
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Fermi arc as a collection of 1D edge
channels
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Fermi arc in a smooth interface — TI

Effective interface model for Weyl node merging:
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Fermi arc in a smooth interface — TI

Effective interface model for Weyl node merging:

X change of “guantization axis” (unitary trafo)
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Fermi arc in a smooth interface — TI

Effective interface model for Weyl node merging:

X change of “guantization axis” (unitary trafo)
A—=Alr)=A—-A"- 0, — —0y, oy — 0,

/
o ( hwk, | V2hita )
“Landau levels”: ﬁhEa fwky
En—o(ky) = huk, = Fermi arc
E)\,n#o(ky) — )\fw\/kg + Qn/ég < massive VP states
ky A Fermi arc
e—o

Tchoumakov, Civelli & MOG, PRB (2017)



Dispersing Fermi arcs
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Surface states of tilted Weyl nodes
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Magneto-optics In the study of
materials (— graphene)

relativistic
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Magneto-optics In the study of
relativistic materials

Optical conductivity (in a magnetic field): Pauli principle
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matrix elements encode (joint) density of states

selection rules for ~ shape of absorption lines
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Magneto-optics In the study of
relativistic materials

Optical conductivity (in a magnetic field):
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Magneto-optics In the study of
relativistic materials

jDOS
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Magneto-optical signatures of
surface states in 3D (no magnetic

fl@ld) [X. Lu, MOG, arXiv (2019)]
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Magneto-optical signatures of
surface states in 3D (no magnetic

fl@ld) [X. Lu, MOG, arXiv (2019)]
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Magneto-optical signatures of
surface states in 3D (no magnetic

fl@ld) [X. Lu, MOG, arXiv (2019)]
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Magneto-optical signatures of
surface states in 3D (no magnetic

fl@ld) [X. Lu, MOG, arXiv (2019)]
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Magneto-optical signatures of
surface states in 3D (magnetic field
in Surface) [X. Lu, MOG, arXiv (2019)]
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Magneto-optical signatures of
surface states in 3D (magnetic field
IN surface) (x. su, mos, arxiv (2019)]
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Magneto-optical signatures of
surface states in 3D (magnetic field
IN surface) ix. wu, moe, arxiv (2019);
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Magneto-optical signatures of
surface states in 3D (magnetic field
IN surface) ix. wu, moe, arxiv (2019);

\v/ selection rules:
) /

/
An— AN, nandn=+1 for Ty
(polarisation in surface)
TK n=0
: - Bulk

topological surface 4y : ; ‘o

state massive surface : |

states -
-2—2 120 g
.-.I i8 & 0 5 & § 4 0 § & M- | D
0.5 1.0 1.5 2.0 2.5

3.0



Magneto-optical signatures of
surface states in 3D (magnetic field
perpendicular to surface)

[X. Lu, MOG, arXiv (2019)]
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Magneto-optical signatures of

surface states in 3D (magnetic field
perpendicular to surface)

[X. Lu, MOG, arXiv (2019)]
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Magneto-optical signatures of
surface states in 3D (magnetic field
perpendicular to surface)

[X. Lu, MOG, arXiv (2019)]
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Conclusions

 Surface states of topological materials with
smooth interfaces ~ Landau bands of Dirac

fermions (generic ! - TI, WSM, topo. SC,...)

» Topologically protected surface state ~ chiral n=0
Landau band

« Additional massive Landau bands (n # 0)
— Volkov-Pankratov states
* Intriguing relativistic effects
* First experimental evidence in HgTe samples

 Clear signature expected in magneto-optical
SPEcCIroscopy- for Tlinterfaces  [X. Lu & MOG, arXiv (2019)]

- for WSM interfaces [D.K. Mukherjee & MOG, in prep.]
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