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Y. Hatsugai, Phys. Rev. Lett. 71, 3697 (1993)

量子ホール効果
トポロジカル相の物理の基本関係式

�j,bulk
xy = �e2

h
[I(Cj)� I(Cj�1)] = �j,edge

xy

<latexit sha1_base64="/M+FSWbrlyNEdE46LdnbMQPbQyg="></latexit>=バルクのトポロジカル数 
（見えない：直接観測できない）

エッジ状態の個数（の差） 
（見える：直接観測できる）

「端を見て中身を考える」
「切らずに切った後を予言する」

見えないものと見えるものとの関係

バルクエッジ対応

Phys. Rev. B48, 11851 (1993)

バルクエッジ対応

「エッジ状態をもつものがトポロジカル相」
発想を逆にして 見える化

(8-th Informal meeting, Online,March 26,29,30 (2021)



BEC of IQHE
physically simple

�xy �xy
Hall conductance of the bulk Hall conductance of the cylinder 

  (with edges)

edgebulk

=
Chern number Number of  

  edge states=

YH ’93

Kubo formula
Linear response 

Response for infinitesimal perturbation

Twisted boundary condition

Niu-Thouless-Wu ‘85

TKNN ’82

Laughlin argument
Response for Aharonov-Bohm flux

Laughlin ‘81

Winding number of edge states
Halperin ‘82# of edge states

YH ‘93



BEC of IQHE
physically simple

�xy �xy
Hall conductance of the bulk Hall conductance of the cylinder 

  (with edges)

edgebulk

=

YH ’93

C1 + C2 + · · ·+ Cj�1 + Cj = Ij

C1 + C2 + · · ·+ Cj�1 = Ij�1

Sum of TKNN integers Number of edge states

Chern number of the band  Number of the edge states

Cj = Ij � Ij�1

Chern number Number of  
  edge states=

 winding number  
of edge states



�xy
Hall conductance of the bulk

bulk

Kubo formula
Linear response 

Response for infinitesimal perturbation
TKNN ’82

�xy
bulk Physical observable ?

Experimental observable ?

for a gapped system



Topology

�xy
bulk �xy

edge
ExperimentsChern #

bulk edge
ExperimentsBerry phase Polarization

+ - + - + - + - + - + - + - + - + - + -

“surface charge”

Bulk-edge correspondence

Bulk is hidden!   Edge states exist due to topology

photonic crystals topological mechanics topological circuits
topological phononics Equatorial waves Active matter



Bulk is hidden!   Edge states exist due to topology

photonic crystals topological mechanics topological circuits
topological phononics Equatorial waves Active matter

Diffusion phenomena (heat conduction)
T. Yoshida Talk at 7-th meeting Oct.20 (2020)

Talk in this meeting

Bulk-edge correspondenceMore & more



（1周期での変化はゼロ）

Hatsugai-Fukui,  
     Phys. Rev. B 94, 041102(R) (2016)

(Temporal gauge)
<latexit sha1_base64="JAc8rLry6tvEiNvIZpGMf1OB1LY="></latexit>

At = h |@t i = 0

　　　トポロジカルポンプの実現 30年来の理論の夢を冷却原子系で世界で最初に実現
 S. Nakajima, et al, Nature Physics, 12, 296(2016)
S. Nakajima, N. Takei et al., arXiv 2007.06817 (2020)

Nature Physics, accepted

ポンプ=時間に関して周期的すべての物理量は時間の周期関数
無限に大きいが端のある系

バルク
<latexit sha1_base64="pUWmzISRUD+TlLczikCV6SeUTq8="></latexit>

+ エッジ
<latexit sha1_base64="NEgVgf7PCfsnVHcj1z0vYRTcDI8="></latexit>) バルク<latexit sha1_base64="LsQvvL9oO6DBsNtBxKmKKwhXGus="></latexit>� <latexit sha1_base64="d68j5JkAb0ua6fiL3skIL23CBZ4="></latexit>=<latexit sha1_base64="d68j5JkAb0ua6fiL3skIL23CBZ4="></latexit>=

<latexit sha1_base64="rbIaIEkJS+4MhnWu2ZR8E8/TIdc="></latexit>

0 エッジ

30年後に同じ論理！

高橋G（京都）

bulk-edge correspondence

バルク

エッジ

Thouless Pump

不連続

不連続

不連続

(8-th Informal meeting, Online,March 26,29,30 (2021)
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Reconfigurable topological nanophotonics and topological singular points
Masaya Notomi（NTT/Tokyo Inst. Tech）

Geometrical nonlinear phenomena
Takahiro Morimoto（Univ. Tokyo）

Non-Hermitian geometry in synthetic metamaterials
Tomoki Ozawa（Tohoku Univ.）

March 26, 10:50-11:30

March 29, 10:00-10:40

March 30, 10:50-11:30

Distinguished invited speakers

(8-th Informal meeting, Online,March 26,29,30 (2021)
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It’s Informal, 
enjoy !

(8-th Informal meeting, Online,March 26,29,30 (2021)



Enjoy this meeting !

Thank you !
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