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Table 1. Summary of topological msulator matenals that have bee expenmentally addressed. The defimt:
table, S.S.. PT., and SM stand for surface stake, phase transition, and semimetal, respectively.)

Type Material Band gap Bulk transport
2D, v=1 CdTe/HgTe/CdTe < 10 meV insulating
2D, v=1 AlSb/InAs/GaSb/AlISb ~4 meV weakly insulating
D111 Bi;-xSb, < 30 meV weakly insulating
3ID(1:111) Sb semimetal metallic
3D (1;000) Bi2Se; 0.3eV metallic
3D (1;000) Bi,Te; 0.17 eV metallic
3D (1;000) Sb,Te, 0.3eV metallic
3D (1:000) Bi;Te,Se ~0.2 eV reasonably insulating
3D (1:000) (B1,Sb);Te, <02eV moderately insulating
3D (1;000) Bi;_,Sb,Te;_,Se, <03eV reasonably insulating
3D (1;000) BixTe 6514 02eV metallic
3D (1;000) Bi; ;ShyeTe,S 0.2eV modl,:ratcly insulating
3D (1:000) Sb,Te,Se ? metallic
3D (1:000) Bi;(Te . Se)(Se.S) 0.3eV semi-metallic
3D (1;000) TIBiSe, ~0.35eV metallic
3D (1;000) TIBiTe, ~0.2 eV metallic
3D (1:000) TIBi(S,Se); <0.35eV metallic
3D (1:000) PbBi,Te, ~0.2eV metallic
3D (1:000) PbSb,Te, ? metallic
3D (1;000) GeBixTey 0.18 eV metallic
3D (1;000) PbBi,Te, 02eV metallic
3D (1;000) GeBig,Sb,Te, 0.1-0.2 eV metallic
3D (1;000) (PbSe)s(Bi3Ses)s 05eV metallic
3D (1:000) (Bi,)(Bi,Ses 6S04) semimetal metallic
3D (1;000) (Bi, X Bi1,Tea)s ? ?
3D TCI SnTe 0.3eV (4.2K) metallic
3D TCI Pb,_,Sn,Te <03eV metallic
3D TCI Pbg77Sn¢23Se invert with T metallic
2D, v=1? Bi bilayer ~0.1eV ?
3D (1:000)? Ag,Te ? metallic
3D (1:111)? SmBs 20 meV insulating
3D (0;001)? Bi,sRhsls 0.27 eV metallic
3D (1:000)?  RBiPt (R = Lu, Dy, Gd) Zero gap metallic
Weyl SM? Nd(Iry-zRh;)>07 zero gap metallic

Yoichi Ando, J. Phys. Soc.

Jpn. 82, 102001 (2013)
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“Table I Summary of topological insulator matenals that have bee experimentally addressed. The definity
table, S.S.. PT., and SM stand for surface stase, phase transition, and semimetal, respectively.)

Type Material Band gap Bulk transport
2D, v=1 CdTe/HgTe/CdTe < 10 meV insulating
2D, v=1 AlISb/InAs/GaSb/AlSb ~4 meV weakly insulating

3D (L:111) Bi;-xSby < 30 meV weakly insulating
3D (1:111) Sb semimetal metallic
3D (1;000) BixSe; 0.3eV metallic
3D (1;:000) BixTe; 0.17 eV metallic
3D (1:000) Sb,Te, 0.3eV metallic
3D (1:000) Bi;Te,Se ~0.2 eV reasonably insulating
3D (1:000) (B1,Sb),;Tes <02eV moderately insulating
3D (1:000) Bi;_,Sb,Te;_,Se, <03eV reasonably insulating
3D (1:000) BixTe 6514 02eV metallic
3D (1;000) Bi; ;ShyeTe,S 0.2eV mmil;ratcly insulating
3D (1:000) Sb,Te,Se ? metallic
3D (1:000) Bi;(Te.Se):(Se.S) 0.3eV semi-metallic
3D (1;:000) TIBiSe, ~0.35eV metallic
3D (1;000) TIBiTe, ~0).2 eV metallic
3D (1:000) TIBi(S,Se); <0.35eV metallic
3D (1:000) PbBi,Te, ~0.2eV metallic
3D (1;000) PbSb,Te, ? metallic
3D (1;000) GeBi;Tey 0.18 eV metallic
3D (1;000) PbBi,Te, 02eV metallic
3D (1:000) GeBig.,Sh, Te, 0.1-0.2 eV metallic
3D (1;000) (PbSe)s(Bi3Ses)s 05eV metallic
3D (1:000) (Bi,)(Bi,Ses 6S04) semimetal metallic
3D (1:000) (Bi;)(Bi,Teq), ? ?

3D TCI SnTe 0.3eV 4.2K) metallic

3D TCI Pb,_,Sn,Te <03eV metallic

3D TCI Pbg77Sn¢23Se invert with T metallic
2D, v=1? Bi bilayer ~0.1eV ?
3D (1:000)? Ag,Te ? metallic
3D (1:111)? SmBe 20 meV insulating
3D (0,001)? Bi,sRhsls 0.27 eV metallic
3D (1;000)?  RBiPt (R = Lu, Dy, Gd) Zero gap metallic
Weyl SM? Nd;(Ir;-zRhy)>07 zero gap metallic

Yoichi Ando, J. Phys. Soc.

Jpn. 82, 102001 (2013)
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® Transport measurements
* Bulk sensitive measurements
® Spintronics applications
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Table I Summary of topological insulator matenals that have bee expertmentally addressed. The definits
table, S.S.. PT., and SM stand for surface stake, phase transition, and semimetal, respectively.)

Type Material Band gap Bulk transport
2D, v=1 CdTe/HgTe/CdTe < 10 meV insulating
2D, v=1 AlSb/InAs/GaSb/AlISb ~4 meV weakly insulating

3D (L:111) Bi;-xSby < 30 meV weakly insulating
3D (1:111) Sb semimetal metallic
3D (1;000) BixSes 0.3eV metallic
3D (1:000) Bi,Te; 0.17 eV metallic
3D (1;000) Sb,Te, 0.3eV metallic
3D (1:000) Bi;Te,Se ~0.2 eV reasonably insulating
3D (1:000) (B1,Sb),;Tes <02eV moderately insulating
3D (1;000) Bi;_,Sb,Te;_,Se, <03eV reasonably insulating
3D (1;000) BixTe 6514 02eV metallic
3D (1;000) Bi, ;ShysTe,S 0.2eV modl;mtcly insulating
3D (1:000) Sb,Te,Se ? metallic
3D (1:000) Bix(Te Se)(Se.S) 0.3eV semi-metallic
3D (1;:000) TIBiSe, ~0.35eV metallic
3D (1;000) TIBiTe, ~0).2 eV metallic
3D (1;000) TIBi(S,Se): <0.35eV metallic
3D (1:000) PbBi,Te, ~0.2eV metallic
3D (1:000) PbSb,Te, ? metallic
3D (1;000) GeBixTey 0.18 eV metallic
3D (1;000) PbBi;Te,; 02eV metallic
3D (1;000) GeBig.,Sh, Te, 0.1-0.2 eV metallic
3D (1;000) (PbSe)s(Bi3Ses)s 05eV metallic
3D (1:000) (Bi,)(Bi,Ses 6S04) semimetal metallic
3D (1:000) (Biz)(BigTé;)z ? ?

3D TCI SnTe 0.3eV (4.2K) metallic

3D TCI Pb,_,Sn,Te <03eV metallic

3D TCI Pbg77Sng23Se invert with T metallic
2D, v=1? Bi bilayer ~0.1eV ?
3D (1:000)? Ag,Te ? metallic
3D (1:111)? SmBe 20 meV insulating
3D (0,001)? BisRhsls 0.27 eV metallic
3D (1:000)?  RBiPt (R = Lu, Dy, Gd) Zero gap metallic
Weyl SM? Nd;(Ir;-zRhy)>07 zero gap metallic

Yoichi Ando, J. Phys. Soc.

Jpn. 82, 102001 (2013)
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H. Zhang, et al., Nature Physics, 5, 438. (2009)
X.-L. Qi, S.-C. Zhang, Rev. Mod. Phys. 83, 1057 (2011).
M.Z. Hasan, C.L. Kane, Rev. Mod. Phys.82, 3045(2010).
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Transport evidence of Robust SS
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(optimized @ 20 — 200 eV)
Flux on sample: 2x10™ ph/s
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Resolution: <5 meV @ 20 eV
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ARPES @ SLS

Sur et Al 1.2 1970 UV (HR)ARPES @ SIS beamline

Energy range: 10 — 800 eV
(optimized @ 20 — 200 eV)
Flux on sample: 2x10™ ph/s
0.1%BW @ 20 eV

Foot print: 50 x 100 ym?
Resolution: <5 meV @ 20 eV
Analyzer: VG-SCIENTA R4000
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Soft-X-ray ARPES @ ADRESS beamline

Energy range: 300 — 1600 eV

Flux on sample: 10"ph/s/0.01%BW @ 1keV

Spot size: 30 x 70 m?

Resolution: 60 meV @ 1 keV (25~30 meV below 600 eV)
Analyzer: PHOIBIOS-130




Previous ARPES result on SmBe¢




Previous ARPES result on SmBe¢
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Photon Energy dependence
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Temperature Dependence

N. Xu et al., Phy. Rev. B 88, 121102(R) (2013)

J. D. Denlinger, J. W. Allen et al.,
arXiv. 1312.6637 (2013).
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3()K (c) 45K|(d) 70K|/(e) 110K (f) 280K

1 4 1 ¢
. . ' . .

(h) 30K! (i) 45|<" (k) 110K () 150K

—03003-0300? (350 D3 05 D03 03003 030 03
Momentum (A™)

N. Xu et al., Phy. Rev. B 88, 121102(R) (2013)

J. D. Denlinger, J. W. Allen et al.,
arXiv. 1312.6637 (2013).




Temperature Dependence
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Protected SS

Robust from thermo-cycle
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Protected SS
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Comparison of electronic structure with theory
—' 3

2 _ F. Lu, J. Zhao, H. Weng, X. Dai and Z. Fang,
Three SS pockets centered at '/ X point Phys. Rev. Lett. 110, 096401 (2013).

al., Phy. Rev. B 88, 121102(R) (2013)




Comparison of electronic structure with theory

Theoretical prediction of TKI

N. Xu et al., Phy. Rev. B 88, 121102(R) (2013) Pier Paolo Baruselli and Matthias Vojta, PRB 90, 201106(R) (2014)
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Spin polarization
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Spin signal from Photoemission effect
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Spin signal from Photoemission effect

core levels of non- bulk valence bands of
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Polarization dependence
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Polarization dependence
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