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Å! ƴŜǿ άȊƻƻέ ƻŦ ǉǳŀƴǘǳƳ ǇƘŀǎŜǎ ƻŦ ƛƴǎǳƭŀǘƛƴƎ ƳŀǘŜǊƛŀƭǎ ŎƭŀǎǎƛŦƛŜŘ ōȅ ǘƘŜ ǘƻǇƻƭƻƎȅ ƻŦ 
the band structure

Topological insulators

ÅWhat distinguishes these insultatorsis the topology (topological invariant)

ÅWhat is the effect of strong interactions?



Outline

Å Introduction

Å Topological insulators

Å Topological Kondo insulators

Å The Haldane chain

Å Main theoretical results using bosonization

Å Numerical (DMRG) results

Å Summary and perspectives 



Heavy-fermions and Kondo insulators

Å Heavy-fermions (SmB6, YbB12, Ce3Bi4Pt3, Ce3Pt3Sb3, CeNiSn, CeRhSb, etc.)

Å Opening of a gap due 
to strong correlations



Å M. Dzero, K. Sun, V. Galitski and P. Coleman,
PRL 104, 106408 (2010)

Topological Kondo insulators

Å SmB6: a Kondo insulator

Å Strange feature: saturation of the resistivity at low T

Å J. M. Allen, B. Batloggand P. Wachter, 
PRB 20, 4807 (1979)



Topological Kondo insulators in 1D

Å A toy model for a 1D TKI: The άp-ǿŀǾŜέ YƻƴŘƻ-Heisenberg modelin 1D 

Large-N mean-field approximation

Topological insulator 
(Topological band theory)

Topologically protected end states

Å Interplay of topology and strong correlation



Å Non-interactingtopologicalinsulatorin 1D spchains
Å Schottky-like Surface states

Topological spchains



Experimental motivation: ultra-cold gases with higher p-bands

Å Soltan-Panahiet al, Nat. Phys. (2011)Å X. Li et at, Nature Comm. (2012)

Å A. M. Rey et al, PRL 99, 146001 (2007)



Large-N mean-field 
approximation

Topological band theory

Main results of this work

Haldane insulator 1D Topological Kondo insulator

Å Main result (usingAbelianbosonizationand DMRG)

Å Mean-field is not correct in 1D
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The Haldane chain

Å Haldane conjecture for Heisenberg model:       Half-integer spin chains are gapless
Integer spin chains are gapped


