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Ordinary insulators have nothing to do 

with topology, but topological insulators do!?



2D topological insulators



2D topological insulators... 

taking off from the quantum Hall effect



2D topological insulators... taking off from

       quantum Hall effect

B



B
“skipping current”

2D topological insulators... taking off from

       quantum Hall effect



2D topological insulators... taking off from

       quantum Hall effect

B
“skipping current”

chiral edge states

quantization

Halperin, PRB (1982)



no channel for backscattering

B
“skipping current”

quantization

chiral edge states

2D topological insulators... taking off from

       quantum Hall effect



no channel for backscattering

B
“skipping current”

quantization

chiral edge states

perfect conductance along the edge

  

2D topological insulators... taking off from

       quantum Hall effect



B

perfect conductance along the edge

  von Klitzing et al., PRL (1980) 

2D topological insulators... taking off from

       quantum Hall effect
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”Chern insulator”

Haldane’s toy model: tight-binding
electrons on a honeycomb lattice 
with a staggered magnetic field



Is this kind of physics possible without a magnetic field?

a bulk insulator with perfectly 
conducting edge states

Duncan Haldane

Well..., at least one doesn’t need a
net magnetic field...   PRL, 1988

Charlie Kane Gene Mele

In fact, one can do away with the
magnetic field altogether!  PRLs, 2005



To see how this is possible, 
consider a Gedanken experiment... 
Bernevig & Zhang, PRL (2006)



uniformly charged cylinder with electric field 


spin-orbit interaction 

1

E = E(x, y, 0)

(E ⇤ k) · � = E⌃z(kyx� kxy)

A =
B

2
(y,�x, 0)

A · k ⌃ eB(kyx� kxy)

G = ⌅
e2

h

Mc ⌥ 100 meV

D. Grundler, Phys. Rev. Lett. 84, 6074 (2000)

W. Häusler, L. Kecke, and A. H. MacDonald, Phys.
Rev. B 65, 085104 (2002)
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⌃
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⌥
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To see how this is possible, 
consider a Gedanken experiment... 
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W. Häusler, L. Kecke, and A. H. MacDonald, Phys.
Rev. B 65, 085104 (2002)

��0  2⇤ 10�11 eV m
⇥  0.5 eV

vF  1⇤ 106 m/s
Kc + Ks  1.8

HR

H =
⌃

dx [Hc +Hs]

Hi =
vi

2
[(�x i)2+(�x�i)2]�

mi

⇧a
cos(

⌥
2⇧Ki i), (1)

�R = ⇥1 sin(q0a)

with vi and Ki functions of g1⇤ , g̃2⇤ and g4⇤

⇥ ⌃ bandwidth (2)

 c ⇧ ( + +  �)/
↵

2 (3)

 s ⇧ ( + �  �)/
↵

2 (4)

R†
⇤ and L†

⇤ create excitations at the Fermi points of the
right- and left-moving branches with spin projection ⌥

(5)

L+

vF = 2a
�

t2 + ⇥2
0 and �R = ⇥1 sin(q0a)

H⇤ =�ivF

�
:R†

⇤ (x)�xR⇤ (x) ::L†
⇤ (x)�xL⇤ (x) :

⇥

�2�R cos(Qx)
�
e�2ik0

F (x+a/2)R†
⇤ (x)L⇤ (x)+H.c.

⇥
,(6)

⌥ = ±

q0

HR =�i
⇧

n,µ,⇥

(⇥0 + ⇥1 cos (Qna))
⇤
c†n,µ⌃

y
µ⇥cn+1,⇥�H.c.

⌅

⇥j = �ja
�1 (j = 0, 1)

 c ⇧ ( + +  �)/
↵

2 (7)

 s ⇧ ( + �  �)/
↵

2 (8)

Hint = g1� :R†
⇤L⇤L†

�⇤R�⇤ : + g̃2⇤ :R†
+R+L†

⇤L⇤ :

+
g4⇤

2
(:R†

+R+R†
⇤R⇤ : +R � L) (9)

g̃2⇤ ⇧g2⇤ � ⇤⇤+g1⇤ (10)

with vi and K functions of g1⇤ , g2⇤ , g3⇤ (11)

To see how this is possible, 
consider a Gedanken experiment... 

compare with an integer quantum Hall system   

Lorentz force 

1

E = E(x, y, 0)

(E ⇤ k) · � = E⌃z(kyx� kxy)

A =
B

2
(y,�x, 0)

A · k ⌃ eB(kyx� kxy)

G = ⌅
e2

h

Mc ⌥ 100 meV

D. Grundler, Phys. Rev. Lett. 84, 6074 (2000)
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W. Häusler, L. Kecke, and A. H. MacDonald, Phys.
Rev. B 65, 085104 (2002)

��0  2⇤ 10�11 eV m
⇥  0.5 eV

vF  1⇤ 106 m/s
Kc + Ks  1.8

HR

H =
⌃

dx [Hc +Hs]

Hi =
vi

2
[(�x i)2+(�x�i)2]�

mi

⇧a
cos(

⌥
2⇧Ki i), (1)

�R = ⇥1 sin(q0a)

with vi and Ki functions of g1⇤ , g̃2⇤ and g4⇤

⇥ ⌃ bandwidth (2)

 c ⇧ ( + +  �)/
↵

2 (3)

 s ⇧ ( + �  �)/
↵

2 (4)

R†
⇤ and L†

⇤ create excitations at the Fermi points of the
right- and left-moving branches with spin projection ⌥

(5)

L+

vF = 2a
�

t2 + ⇥2
0 and �R = ⇥1 sin(q0a)

H⇤ =�ivF

�
:R†

⇤ (x)�xR⇤ (x) ::L†
⇤ (x)�xL⇤ (x) :

⇥

�2�R cos(Qx)
�
e�2ik0

F (x+a/2)R†
⇤ (x)L⇤ (x)+H.c.

⇥
,(6)

⌥ = ±

q0

HR =�i
⇧

n,µ,⇥

(⇥0 + ⇥1 cos (Qna))
⇤
c†n,µ⌃

y
µ⇥cn+1,⇥�H.c.

⌅

⇥j = �ja
�1 (j = 0, 1)

 c ⇧ ( + +  �)/
↵

2 (7)

 s ⇧ ( + �  �)/
↵

2 (8)

Hint = g1� :R†
⇤L⇤L†

�⇤R�⇤ : + g̃2⇤ :R†
+R+L†

⇤L⇤ :

+
g4⇤

2
(:R†

+R+R†
⇤R⇤ : +R � L) (9)

g̃2⇤ ⇧g2⇤ � ⇤⇤+g1⇤ (10)

with vi and K functions of g1⇤ , g2⇤ , g3⇤ (11)

compare with an integer quantum Hall system   

Lorentz force 

1

E = E(x, y, 0)

(E ⇤ k) · � = E⌃z(kyx� kxy)

A =
B

2
(y,�x, 0)

A · k ⌃ eB(kyx� kxy)

G = ⌅
e2

h

Mc ⌥ 100 meV

D. Grundler, Phys. Rev. Lett. 84, 6074 (2000)
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First proposed by Kane and Mele for graphene (2005)

C. L. Kane and E. J. Mele, PRL 95, 226801 (2005)


Bernevig et al. proposal for HgTe quantum wells (2006)

B. A. Bernevig, T. A. Hughes, and S. C. Zhang, Science 314, 1757 (2006)


Experimental observation by König et al. (2007)

M. König et al., Science 318, 766 (2007) 

Experimental realizations...
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What if we identify time-
reversed points in the BZ?
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”Z2 topological invariant”,
counts the number of 
Kramers pairs at the edge 
of the topological insulator
(bulk-boundary correspondence)

Kane & Mele, PRL (2005)
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Some cool stuff exploiting the helical edge states:

Probing charge fractionalization
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Bad news: Experimental realizations of 2D 
topological insulators are tricky to handle! 
Since its discovery in 2006, the topological phase of the HgTe/CdTe quantum well  
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Candidate 2D topological insulators:


”Stanene” (single atomic layer of tin)

Xu et al., PRL (2013)

InAs/GaSb quantum wells

Suzuki et al., PRB (2013)


Silicene

C.-C. Liu et al., PRL (2011)
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Alternative realizations of helical electron liquids in high demand...


... but there is a catch!

”Fermion doubling” in 1D time-reversal invariant systems
single-particle backscattering in presence of disorder



The 2D topological insulator

”solves” the fermion doubling

problem in an elegant way:



Another way out: start with a

quantum wire, ...

y

x

P. Streda and P. Seba, PRL (2003)
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Spin overlap again enables disorder backscattering

Braunecker et al., PRB (2013)  

P. Streda and P. Seba, PRL (2003)



Can one do better?

Mariana Malard

University of Brasilia

Gia Japaridze

Andronikashvili Institute

Idea: Replace the magnetic field by a spatially periodic 
Rashba coupling. When the e-e interaction is weakly 
screened, a helical liquid is generated dynamically!



Another proposal for a synthetic helical liquid without a magnetic field:

Klinovaja et al., PRL (2011)  [armchair carbon nanotube in a strong electric field]

Can one do better?

Mariana Malard

University of Brasilia

Gia Japaridze

Andronikashvili Institute

Idea: Replace the magnetic field by a spatially periodic 
Rashba coupling. When the e-e interaction is weakly 
screened, a helical liquid is generated dynamically!
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electron density to a value determined 
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weak screening of the e-e interaction
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g = 0 g = 1 g = 2 g = 3
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What’s the trick?

Spontaneous breaking of 
time-reversal symmetry 
in the gapped branch!
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Will it work in the lab?

Can the screening of the e-e interaction  
be reduced sufficiently much?  
(Luttinger liquid parameter K<1/2)? 

Can the gap be made sufficiently  
large to sustain the helical liquid?

Is the synthetic helical liquid 
robust against disorder? 

Experiments will tell!



Merci pour votre attention!


