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e Part 1: Quantum Valley Hall
— No interactions
— Valley = “emergent” spin
— “Edge” states

Ivar Martin, Ya. M. Blanter, A. F. Morpurgo, PRL 100, 036804 (2008)

e Part 2: Spontaneous Hall effect
— Interactions — yes (weak coupling)
— Broken Continuous and Ising symmetries

Ivar Martin and C. D. Batista, PRL 101, 156402 (2008)
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Linear (Dirac) dispersion

Ve (P, —1p,) 0 0
0 0

0 Vo (~p,—ip,)
v (=p, +ip,) 0

Valley K

Valley K’

= PxOxT; + pyGy E=xv )2
O :sublattice (7' =C) =
T . valley (T'=it,C)
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= PyOyT, + PyOy + MO, =

How about quantum Hall?
2

82 a A A e
ny:47l'h dpyg[apxgxapyg]:? sgn(m)TZ

There is quantum Valley Hall effect!
BUT!

IS suspicious
2. Need sublattice imbalance, E,-Eg=2m
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= Another possibility (T-inve 2 mass term:
s.m ve(p, —ip,) 0

vie(p, +ip,) —s_.m 0 0
O O _Szm VF (px - lpy)
0 0 vie(p,—ip,) s.m

H=

= PxOx1- +pyo-y T MO ,S.T. T-Inv — spin-orbit

Still, dispersion

E=xp*+m* inevery valley

But instead of valley quantum Hall
obtain Quantum Spin Hall (Pure) spin Hall effect

) no magnetic field necessary
No Hall voltage but

Sgn(m)TZ X (TZSZ ) = % Sgn(m)SZ spin accumulation
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a 10,
Hg. .Cd, ,Te
Hg, .Cd _Te: L 9 nm

Hg..,Cd, Te, 10 nm

I

HgTe well, o,

Hg..Cd_.Te, 10 nm

Hg,.Cd, . Te : I, 9 nm
Hg. .Cd, . Te

CdTe buffer

CdZnTe (001)

substrate
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|- trivial insulator

1, 111, IV: quantum spin hall insulators
| & Il — (20 x 13) um?

I — (1 Xx1) um? & IV (1 X 0.5) um?

M. Konig et al Science 318, 766 (2007)
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What about valley Hall effect?

Possible to observe in the conventional
Bilayer graphene!

1. Can generate mass term
2. Can create a smooth “edge”
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Quadratic dispersion!

tL Interlayer coupling

Bilayer, one of the valleys (e.g. K):
_ |E <t v, =3ta/2
0 Ve (p, = 1p,) 0 L

Vp(px+ipy) N_E 0 (px_ipy)2 @ lLayer1l
t | (p,+ip,)’ 0

® Layer2

E oc+p?
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Field-induced gap In the spectrum McCann ‘06

(p,—1ip,)

=9(p,.p,)-0
-

V(x)ta
2?2

P(x) =

F
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Quantum Valley Hall effect?

e N . S
0= dp,dp,819,6%9, G]="—son(p)7,

Quantized Valley Conductance,
similar to charge and spin Hall effects
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Edge states

QH edge states, Halperin ‘82
QHE (charge) , QSHE (spin) QVHE (valley)

OK: any disorder OK: V and V,, OK: any,

vV, V.., S) - S - magnetic Unless it scatters
— K>K
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X X

Usual edge states are destroyed by disorder. Not the internal ones!
KITP Dec 2008
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O
—p(X)u+(d, +p,)°v=eu ‘ |
o(X)V+(d, — p,)u=ev

Martin, Blanter, Morpurgo ‘07
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(Rycerz, Tworzydlo, Beenakker '07, Recher et al '07)

vy

+V = =Y

Q |— top gate top gate
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— Direction of propagation of K-valley states
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e Interesting phenomena in more complicated structures?
Aharonov-Bohm, non-ocal transport,

+ Superconductivity, + Magnetism?
» Interesting physics upon inclusion of interactions? Luttinger liquid?
« Valley Hall vs. Spin Hall: Spin <—> Valley
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ant electrons

local moments (classical)

Hopping in an orbital field
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e Chiral Spin 0 / N, N M =(cos Qqr, cos Qpr, cos Q.r)

M A
] 2:(1-1,-1)
M 3:(-1,1,11)
M, Y 4 (1,1,1)

At n = 1.5 el/site

e Ordering with Q1 & Q2 & Q3 fully gaps Fermi surface
e for classical spins “tetrahedral” order iIs the best
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anergy,

Order parameter & G

0.02 0.04 0.06
Temperature, Th

L=[-r+®>=(q-0,)11S, F—ulS, I*+v[S «S, xS)]
Questions:
- role of fluctuations?
- topological defects (Z2 vortices, domain walls)?
- topological doping, superconductivity?
- connection to quantum limit (S >>1 - S—1)?
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