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ABSTRACT

This paper reviews the properties of certain rare-earth compounds in which the
4f band has mixed valency, notably SmB; and the high-pressure forms of SmS,
SmSe and SmTe. The metal-insulator transitions of the last three materials under
pressure are discussed. It is suggested that the low-pressure form of SmS is an
excitonic insulator. In SmB; and high-pressure SmS a very small gap separates
oceupied from unoccupied states, this in our view being due to hybridization of 4f
and 5d bands. The electrical properties are discussed ; if £7' is greater than the gap
energy, then the gap does not affect the metallic behaviour. Finally metallic
compounds such as CeAl, are described, in which there is no magnetic ordering at
low temperatures, and it is suggested that this must always occur if the Kondo
temperature is higher than the RKKY interaction. In this case, as in compounds
with mixed valency, the Fermi energy will pass through the 4f band, and there is a
very large enhancement of the effective mass. The relationship to the side-band
model is discussed.
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Topological insulator: adiabatically disconnected to
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Topological insulator: adiabatically disconnected to
vacuum.

Gap must close
at interface between Topological “insulator”
two different vacua
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Topological Kondo Insulators, Dzero, Sun, Galitski, PC  Phys. Rev. Lett. 104, 106408 (2010)

Maxim Dzero, Kai Sun, Piers Coleman and Victor Galitski, Phys. Rev.
B 85, 045130-045140 (2012).

Victor Alexandrov, Maxim Dzero and Piers Coleman preprint (2013).

Band Theory: T. Takimoto, J. Phys. Soc. Jpn. 80, 123710 (2011).
Gutzwiller + Band Theory F. Lu, J. Zhao, H. Weng, Z. Fang and X. Dai, Phys. Rev. Lett. 110, 096401 (2013).
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 Anderson model:
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* Hybridization

o
@ D Strong spin-orbit coupling is encoded in

f 1 : the hybridization.
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Topological insulators

L. Fu & C. Kane, “Topological Insulators with
Inversion Symmetry”, PRB 76, 45302 (2007).

Response to a fictitious applied flux

S B | ° > 2D: Flux plays the role of the

z D Xy
x = —t— + 9 A,
{ i o & [™  edge crystal momentum kK,
(@) (b)

> 3D: two fluxes corresponding to
two components of the surface
crystal momentum

() (d)

/- invariants computed from the parity of the occupied bands at high SPs.
Change in time reversal polarization due to changes in bulk Hamiltonian

Zy = || s(Iy)
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Zy = || &(T,

Vaa(km) — Vaa(km T G) — _Vaa(_km) — —Vaa(km) =0

Vanishes at high symmetry points

1

—(&x,, —€7)P

Ho g (km) = (fk el g



Zy=||4(r

Vao (Kkm) = Voo (km + G) = = Voo (—km) = —Vao(km) =0

Vanishes at high symmetry points

Hpp(km) = (€k +ep)l+ 5 (Sk —¢eyf)P

» Z, invariants are characterized by the parity eigenvalues:
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3D Cubic Kondo
Insulator

_ QUARTET:
QUARTET: topologically inert
dO f6 dl f5
; THREE DIRAC CONES
v—11 v=-—1 ON SURFACE.

Alexandrov, Dzero and PC (2013)



*Non-local conductivity
*Arpes

dHVA

*\Weak Antilocalization
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Surface electronic structure of topological Kondo insulator candidate

SmB6: A view from high-resolution Laser-ARPES e K
M. Neupane,’ N. Alidoust,’ S.-Y. Xu," T. Kondo,? Dae-Jeong Kim,® Chang Liu," |. Belopolski,' T.-R. Chang,* H.-T. Jeng,* ° T. Durakiewicz,°L. / ]_:.._}_Qfép y
Balicas,” H. Lin,2 A. Bansil,8 S. Shin,2Z. Fisk,3and M. Z. Hasan' ?/ ’ _/
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Surface and Bulk Electronic Structure of the Strongly
Correlated System SmB6 and Implications for a

Topological Kondo Insulator
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Quantum oscillations in Kondo Insulator SmBg
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S. Thomas'*, D.J. Kim'#, S. B. Chung?, T. Grant', Z. Fisk' and Jing Xia'

Localization
V1, = YR
p =YL +¢¥r|® = [WLl® + [Yr]® + 2/¢L|[¢R]

Anti Localization:
spin rotates with p.

Y = —YR
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Hikami, Larkin & Nagaosa, Prof. Th. Physics, 63, 707 (1980)
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SMmBs: Summary & Questions

e \Weak localization, dHVA, surface conductance and Arpes, taken together,
indicate that this is a topological insulator - moreoever, a TKI.

e The multiplicity of Dirac cones supports the idea that this system derives from
a quartet state of SmBe.

eThe high bulk resistivity may make this the best practical candidate for 3D TlI’s
discovered to date.



SMmBs: Summary & Questions

e \Weak localization, dHVA, surface conductance and Arpes, taken together,
indicate that this is a topological insulator - moreoever, a TKI.

e The multiplicity of Dirac cones supports the idea that this system derives from
a quartet state of SmBe.

eThe high bulk resistivity may make this the best practical candidate for 3D TlI’s
discovered to date.

eBut! Why are the surface states light in dHVA and Arpes?
e Can the surface states undergo phase transitions? eg Paired surface states.

e |s topology important for other strongly correlated systems - metals, superconductors?
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Hasan and Kane (RMP 2009)
Qi and Zhang (RMP 2010)
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B-YbAIB::

Intrinsically Quantum Ciritical Heavy Fermion SC.
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Zeeman energy is the Fermi energy!
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3-YbAIB4: Vortex Metal.

B-YbAIB4: A Critical Nodal Metal
Aline Ramires, PC, Andriy H. Nevidomskyy and A. M. Tsvelik, Phys. Rev. Lett. 109, 176404 (2012).
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Thank you!
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