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Topology in condensed matter physics

Math => real space

genus
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Phys => momentum space
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Topology in condensed matter physics
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Topology in condensed matter physics

Math => real space | Phys => momentum space
Gauss-Bonnet Theorem:
TKNN theory: Topological invariant number
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Calculating invariant number

A .y Or8x 0y Oy 870y 676r = (—1)% L. Fu, PRB 76, 045302 (2007)
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Topology in condensed matter physics
(bulk-edge correspondence)
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(gapless point)

The gapless surface state is the hallmark of topological phase.

M. Z. Hasan and C. L. Kane, Rev. Mod. Phys. 82, 3045 (2010)
X.-L. Qi and S.-C. Zhang, Rev. Mod. Phys. 83, 1057 (2011)



Topological insulator: Bi,Se,

Theory
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Y. Xia et al. Nature Physics 5, 398 (2009)
D. Hsieh et al. Nature 460, 1101 (2009)




Topological crystalline insulator
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Topological crystalline insulator
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SnTe: mirror symmetry

SnTe k. T. H. Hsieh et al., Nature Commun. 3, 1192 (2012)
. Xu et al., Nature Commun. 3, 982 (2012)
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TCl: mirror and glide mirror
e

T. H. Hsieh et al., Nature Commun. 3, 1192 (2012) Z. Wang et al., Nature 532, 189 (2016)
S.-Y. Xu et al., Nature Commun. 3, 982 (2012) J. Ma et al., Science Advances 3, e1602415 (2017)
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TCl: rotational symmetry

New TCI: protected by the N-fold rotational symmetries
Chen Fang and Liang Fu, arXiv:1709.01929 (2017).

C, = n Dirac points on one surface

Topological invariant number is not convenient to calculate from DFT.

Real material ?7?7?



TCl: symmetry indicator

ARTICLE

Symmetry-based indicators of band topology in the
230 space groups (symmetry indicator)

Hoi Chun Po'?, Ashvin Vishwanath'? & Haruki Watanabe3

How to Implement on first-principle?



TCl: symmetry indicator

Systematic method (Fu-Kane-like formula) for searching TCI based on symmetry indicator
Zhida Song, Tiantian Zhang, Zhong Fang, Chen Fang:
Nature Communications 9, 3530 (2018)

when certain additional symmetry Y is present, topological invariants of TCls protected
by symmetry X can be inferred by the Y -symmetry eigenvalues of energy band.
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TCl: candidate material Ca,As

Ca,As: body-centered tetragonal lattice
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Ca,As: symmetry indicator
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CazAs and CazSb (04)
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TCl: rotational symmetry protected
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Conclusion (TClI)

(1) Searching TCl by using symmetry indicator for the first time
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(2) Topological surface states are protected by multi topological invariant numbers
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(3) It is first time that the Topologlqu suwr[che states are protected by rotational symmetry
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Nodal-line semimetal

PbTaSe, TITaSe,
AV

A YN/

-0.4 /

GGA4+SOC \
-0 .8} —
NN

A € H > |

G. Bian et al., Nature Commun. 7, 10556 (2016)
G. Bian et al., Phys. Rev. B 93, 12113(R) (2016)



Type-l vs Type-ll
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Type-11 Weyl: A. A. Soluyanov et al.,Nature volume 527, 495 (2016)
Type-Il Dirac: T.-R. Chang et al., Phys. Rev. Lett. 119, 026404 (2017)



Type-ll Nodal-line semimetal
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To see aworld in agrain of sand ...  —wiliam slake
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