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Motivation / Introduction
● Topological metals and Key ingredients

How to get a T - broken phase
● Historical example
● Interactions as a route
● Interactions in an enlarged unit cell

Case study: the honeycomb lattice
● Phase diagram

● T - broken phases

● Finite AH conductivity

Conclusions



  

Topological phases ITopological phases I
Phases of matter described by topological 
invariants (rather than order parameters and broken symmetries)

● Known examples:

Quantum Hall 
insulators

Topological insulators

2D 3D

T - broken T – not broken (spin is crucial)



  

Topological phases IITopological phases II
Quantum Anomalous Hall phases
● Like QH insulators without magnetic field

Key ingredients:

● Time reversal symmetry ( T )  broken

● Non-trivial Bloch wave function topology

B=0
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Topological phases IIITopological phases III
Anomalous Hall (metallic) phases
● Classical Hall effect without magnetic field
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Topological phases IIITopological phases III
Anomalous Hall (metallic) phases
● Classical Hall effect without magnetic field

B=0

Key ingredients:

● Time reversal symmetry ( T )  broken

● Non-trivial Bloch wave function topology

E

k

Quantitatively:

Challenging to find simple models (or not so simple) 
of topologically non trivial T  – broken phases

Haldane
PRL, (2004)

Sun & Fradkin
PRB,  (2008)



  

How to break How to break T ?T ?
Historical example
● (Add imaginary hoppings in a clever way)
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How to break How to break T ?T ?
Historical example
● (Add imaginary hoppings in a clever way)

● QAH phase at half filling

● Anomalous Hall phase
 when doped



  

Realizations of Haldane modelRealizations of Haldane model
Original Haldane's proposal
● Magnetic dipole at the hexagon center

     (experimental realization ??)



  

Realizations of Haldane modelRealizations of Haldane model
Original Haldane's proposal
● Magnetic dipole at the hexagon center

     (experimental realization ??)

Spin orbit coupling
● Two copies of Haldane model

+

Kane & Mele
PRL,  (2005)

QSH effect
T  not broken



  

Realizations of Haldane modelRealizations of Haldane model
Original Haldane's proposal
● Magnetic dipole at the hexagon center

     (experimental realization ??)

Spin orbit coupling
● Two copies of Haldane model

+

Kane & Mele
PRL,  (2005)

QSH effect
T  not broken

What about correlations?



  

Alternative route: InteractionsAlternative route: Interactions
Key: self-consistent orbital currents
● Raghu et al. PRL,  (2008)
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Alternative route: InteractionsAlternative route: Interactions
Key: self-consistent orbital currents
● Raghu et al. PRL,  (2008)

● Spinless: so no Hubbard U (& no T – broken temptations)

+ =



  

Alternative route: InteractionsAlternative route: Interactions
Key: self-consistent orbital currents
● Raghu et al. PRL,  (2008)

● Mean field
● Half filling

V2  >  V1  



  

Interactions and Interactions and 
”sofisticated” lattices”sofisticated” lattices

Key: self-consistent orbital currents
● Take lattices that naturally allow for intracell,

self-consistent currents

Liu et al. PRB,  (2010) Wen et al. PRB,  (2010)



  

Interactions and Interactions and 
enlarged unit cellsenlarged unit cells

Key: self-consistent orbital currents
● Just enlarge the unit cell to allow for intracell,

self-consistent currents

arXiv:1105.3937
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Case study: Case study: 
the honeycomb latticethe honeycomb lattice

Simplest (spinless) Hamiltonian
● (For fermions on a lattice with Coulomb interaction)
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(not dynamical) Mean field(not dynamical) Mean field
Variational mean field method
● Bogoliubov – Feynmann – Gibbs  inequality

● nine complexed valued order parameters:



  

Phase diagramPhase diagram
Mean field equation  + Luttinger's theorem



  

Phase diagramPhase diagram
Mean field equation  + Luttinger's theorem

n vs V phase diagram:



  

Phase diagramPhase diagram
Mean field equation  + Luttinger's theorem

n vs V phase diagram:

T  – broken 
phases



  

The The TT – – broken phases broken phases
Different flux (orbital current) patterns

T – I T  – II



  

The The TT – – broken phases broken phases
Different flux (orbital current) patterns

T – I T  – II

T  I  TI  T  I  TI  



  

The The TT – – broken phases broken phases
Different flux (orbital current) patterns

T – I T  – II

T  I  TI  T  I  TI  



  

The The TT – – broken phases broken phases
Different flux (orbital current) patterns

T – I T  – II

T  I  TI  T  I  TI  



  

The The TT – – broken phases broken phases
Different flux (orbital current) patterns

T – I T  – II

T  I  TI  T  I  TI  



  

The Anomalous Hall phaseThe Anomalous Hall phase
Finite AH conductivity in T – II

arXiv:1105.3937



  

ConclusionsConclusions
Topologically non-trivial phases via electronic 
(Coulomb) correlations are possible

Relaxing translational symmetry by enlarging the 
unit cell enables for T – broken states
● Intracell, self-consistent orbital currents possible even in 

simple lattices
● Anomalous Hall phases allowed

Case study: honeycomb lattice, 6–atom unit cell
● Rich phase diagram with T –  broken phases
● Topological Fermi liquid is dominant T –  broken state

arXiv:1105.3937


	Diapositivo 1
	Diapositivo 2
	Diapositivo 3
	Diapositivo 4
	Diapositivo 5
	Diapositivo 6
	Diapositivo 7
	Diapositivo 8
	Diapositivo 9
	Diapositivo 10
	Diapositivo 11
	Diapositivo 12
	Diapositivo 13
	Diapositivo 14
	Diapositivo 15
	Diapositivo 16
	Diapositivo 17
	Diapositivo 18
	Diapositivo 19
	Diapositivo 20
	Diapositivo 21
	Diapositivo 22
	Diapositivo 23
	Diapositivo 24
	Diapositivo 25
	Diapositivo 26
	Diapositivo 27
	Diapositivo 28
	Diapositivo 29
	Diapositivo 30
	Diapositivo 31
	Diapositivo 32
	Diapositivo 33
	Diapositivo 34
	Diapositivo 35
	Diapositivo 36
	Diapositivo 37
	Diapositivo 38

