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ORGANISATION

® | ectures (Andreas Lduchli) on
i dlnicsaay 30 5-14:00 GR A 52

® Cxercises (Pratyay Ghosh and Tianyue Huang) on
hursday 08:15-10:00 iIn GR A3 32

® [here Is a Moodle page, with upcoming slides, supporting
material, and the exercise sheets.

liicre mignt be lecture notes In the end, but lecture neiiE s
others will be made available when we rely on them

B —csiment of a subset of the exercise sheets handedii

® /) Oral examination: ~20-30 minutes session on the blackboard


file://localhost/Users/aml/Downloads/QuantumHallEffectExplanationWithLandauLevels.ogv

YOUR BACKGROUND ¢

® [hisisa MAI lecture, with people from a range of
backgrounds (EPFL bachelor or incoming) or study programs.

® Solid State Physics |+l / Topological Insulators ¢
® Statistical Physics / Phase Transitions / Second Quantization?
® Quantum Information In parallel ?

® Quantum Field Theory in parallel



OUTLINE

® \What is “Solid State Physics (lI1)™?
® Planned Content:
® Band [ heory, Excitons, Interaction effects In metals
® [Metals In magnetic field, Quantum Hall effects
® Superconductivity
® Mott Insulators, Quantum Magnetism
® Focus Is on phenomena and thorough qualitative understanding.

® Exercises will consist both of analytical and numerical problems.



INTRODUCTION
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® [he 'Theory of everything Is basically known In
solid state physics / condensed matter

® Despite the known TOE 1t I1s challenging to predict all the
hossibilities and phenomena arising out of the Schrodinger
equation, with constantly new surprises

BRI ence: More is different” BV, Anderson, sclence i



BAND S TRUCTURES

® Band structure an important concept from early days of
quantum mechanics. Lets us differentiate between metals ana
insulators (semiconductors)

® Only known since about 20 vears
normale band insulators # topologic insulators
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METALS AND MAGNETIC FIELDS

® De Haas van Alphen effect, Landau Levels

® (Fractional) Quantum Hall effect,
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® Anyons (FQH) 2}

® Nonabelian 2
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SUPERCONDUCTIVITY

® Abrupt loss of resistivity
expulsion of magnetic flux from material i /
® | ong time between discovery (191 1) Zaf S

and explanation: BCS (1957) enpece

Spezifischer Widerstand [11$2cm)
3

® Phonons, electron-electron interaction
exotic pairing properties
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MOT T INSULATORS

® From “classic’ magnetism to spin liquids and effective lattice
cauge theories and magnetic monopoles




RO D ATOMS & COND-=Ms
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® Cold atoms In optical lattices or tweezers
® Many body physics with phenomena similar to Condensed Matter

® Quantum simulators / Interesting systems in their own right



FIFORITAN T CONCERES

® Universe In a 'spin chain™ /"It from Qubit”

® For condensed matter systems: guantum magnets, metals,
superconductors, fractional guantum Hall systems, ...

® For synthetic quantum systems: quantum simulators, guantum
computers, different platforms; atoms, ions, superconducting
qubrts, photons,. ..

® For high energy physics: black hole information puzzle, it from
qubrt’, lattice gauge theories

® For quantum field theory, statistical physics, quantum information

® For numerical methods: e.g. tensor network methods



