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Topological aspects of quantum matter
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Approagh — this subject is at the cutting edge of solid state physics and be taught in many ways

use an roach that goes beyond my area of research but wi Il be centred around EXpElllIIEIIS.
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1. Supriye Datta “Electronic Transport in Mesoscopic Systems”. -- quantum Hall and
mesoscopic physics Q- Ball
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2. Shun-Qing Shen “Topological insulator. tion in condensed matters ‘Ve
3¢ David Vanderbilt “Berry Phases in Electronic structure theory ‘ L P( ¢ !
4. Andrei Bernevig and Taylor Hughes “Topological insulators and topological superconductor uc: ,}/ bc -
5. Dan Ralv;;l:‘:;t;ggs; arXiv:2001.04797 https://arxiv.org/abs/2001.04797 Pi—
Other books:

1. Steve Girvin and Kun Yang “Modern Condensed Matter Physics” /a 1 o A}M
2. Harald lbach and Hans Luth "Solid-state Physics”
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Shun-Qing Shen “Topological Insulators — Dirac equation in condensed matters”
David Vanderbilt “Berry Phases in Electronic structure theory”

Andrei Bernevig and Taylor Hughes “Topological insulators and topological superconductors”

Dan Ralph notes : arXiv:2001.04797 https://arxiv.org/abs/2001.04797
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Other books:

1. Steve Girvin and Kun Yang “Modern Condensed Matter Physics”
2. Harald |bach and Hans Luth “Solid-state Physics”

Grading [% %Q;S is Wte M?
1. Roughly 60 % of the grade from 6 w Si.—l- ,l h:w

2. Exam and term paper remaining 40%; depends on interest of the participants

Key policy regarding home works: L_,md I)_/ / 3 J‘Q @-w

1. Collaboration for HW is fine / copying is NOT OK. You have to acknowledge the names of
people you have collaborated with for each question if you collaborate.

Key topics:

1. Basic mesoscopic physics
2. Quantum Hall physics
* Landauer Buttiker approach

il der butterfly physics

3. Basicidea about electronic bands in solids
4. Tightbinding method to calculate band structure
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Key policy regarding home works:

1. Collaboration for HW is fine / copying is NOT OK. You have to acknowledge the
people you have collaborated with for each question if you collaborate.

Key topics: V,
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1. Basic mesoscopic physics

2. Quantum Hall phypics / a.PP W
e LanYauer Buttiker approach rﬂ (0] ’
W 18 N6 cot’t
3. Basicidea abo M
4. Tightbinding method to calculate band structure )
a. 1D chain of atoms 4’4 lk'W

b. Graphene band structure

7. Chern bands %
8. Topological insukators

9. Weyl semimetals

10. Majorana in condensed Matter systems + Topological superconductivity

What are your expectations from the course? l

c. Inversion symmetry broken honeycomb lattice

5. ldea of Berry curvature, Berry phase, topological invariants
a. Valley Hall effect ﬁac qu / a.,{ 7] ”4 g //
b. Spin Hall effect v a
= —— 3 —

6. Interesting topological models

a. SuzSchreifer-Heeger model
b. Haldane model

& Kaneand Mele model
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