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Topological insulators

Insulating bulk states
+ Odd number of gapless surface states

C. L. Kane and E. J. Mele, PRL (2005).
B. A. Bernevig and S. C. Zhang, PRL (2006).

Spin current

<D Yy » 3D

Bi ultrathin film
Theory: S. Murakami, PRL (06). Bij oSby 1

Theory: L. Fu et al., PRL (2007).

Quantum Well: CdTe/HgTe/CdTe _
Exp.: D. Hsieh et al., Nature (2008).

Theory: B. A. Bernevig et al., Science (2006).
Exp.: L. M. Kdnig et al., Science (2007).



What are attractive points?

Massless electron Forbidden backscattering

E

Xl

Surface electron transport

Dissipationless

e Ultra-high mobility

Spin is ‘locked’ with momenta.



Angle-resolved photoelectron spectroscopy
. ARPES spectra
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Surface Dirac cones of Bi,Y,

Quintuple
layer

(non-trivial)
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Pioneering work of spin ARPES (Bi,Se;)

a Low s High
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The observed spin pol. is as small as £20% (<<100%)).

Spin polarization
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Intensity (a.u.)

D. Hsieh et al., Nature 460, 1101 (2011).
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Strong Rashba Type Spin Polarization
of Bulk Continuum States of Bi(111)

A. Kimura et al., Phys. Rev.Lett. 105, 076804 (2010).
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One-step model photoemission calculation 16BL Bi slab

A. Kimura et al., Phys. Rev.Lett. 105, 076804 (2010).
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Layer resolved charge and spin densities
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Suppression of bulk continuum signals

H. Pan et al.,, arXiv1101.5615 (2011).
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= Linear undulator
- hv=26-300eV
= VG-Scienta R4000
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Hexagonal Warped Iso-energy Surfaces of Bi,Se,
K. Kuroda et al., PRL 105, 076802 (2010).
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Predicted Fermi surface of Bi,Se,

E. E. KrasovsKkii
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General discussion on spin direction

Around T point Bloch’s theorem
Time reversal invariance

E(k,1) = E(~k.|) E(k.1)= E(k+G.1)

Around M point 37 =§ M=-M+G
/\ (i W1,1) = (- - 7.
| | =E(—E—A_4+(_},¢)
_ L B
-M r M G =E(—k+1\_4,J,)

d\\/ Time reversal invariance

No time reversal invariance for K point



T1/Si(111)-(1x1) : Spin-ARPES
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T/ Si(111)-(1x1) : Spin-ARPES
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E. E. KrasovsKkii
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New Family of 3D Topological Insulator

Ternary Chalcogenides: TI-V-VL, | X

1.0

S

E-Ep (eV)

High-quality
single crystal 05

Strong 3D character s

| A

11 %@

- 4

K r
S. Eremeev et al., JETP Lett. 91, 594 (2010).
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H. Lin et al., Phys. Rev. Lett. (2010).

M K



Discrepancy in the theoretical bands

B. Yan et al., Europhys. Lett. (2010).
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Theoretical k; projected bulk band

VASP code by S. V. Eremeev (Tomsk State Univ.)
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Binding Energy
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Binding Energy(eV)

st M (F point) Iond e K. Kuroda et al.,
AE PE PRL 105, 146801 (2010).
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- a single, ideal, faster and well-isolated Dirac cone.

#1:TIBiSe, |BJ¢§’ K. Kuroda et al., Phys. Rev. Lett. 105, 146801 (2010).
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