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Ph223c

I. Interacting Bosons and Superfluidity

-- Basic formalism for interacting bosons at T = 0.

-- Perturbation theory and Feynman rules.

-- Weakly interacting bosons.

-- Field theory of interacting bosons at T = 0.

-- Bosonic superfluid in liquid helium.

-- Bose-Einstein condensation in cold atoms and magnetic insulators.

Il. Conventional Superconductivity

-- Phenomenology of superconductivity.

-- The Cooper instability and electron pairing.”

-- Microscopic theory of superconductivity by Bardeen, Cooper and Schrieffer (BCS).”
-- Thermodynamic properties of superconductors.

-- Theory of quasiparticle and Cooper pair tunneling.

I11. High-Temperature Superconductivity in the Cuprates & lron Pnictides

-- General properties of high-temperature superconducting cuprates.

-- Microscopic models to high-temperature superconductivity from Hubbard and t-J models.
-- Recent development in phenomenology.

-- A new class of high-temperature superconductors: the iron pnictides.

-- Outlook.

“ This section will only be handed out as notes but not covered in lectures because most of the material has been
covered in Ph223ab this year. The purpose of this set of notes is for consistency in notation for later parts of the
class notes.



IVV. Topological Field Theory & Fractional Quantum Hall (FOH) Effect

-- Topological objects: solitons, vortices, and hedgehogs — field theory beyond Feynman diagrams.”
-- Integer and fractional quantum Hall effects in two-dimensional electron gas.

-- Braid groups, permutation groups, and fractional statistics.

-- Effective theory of the FQH liquids and topological orders.

-- Edge excitations of the FQH liquids.

-- Basic properties of anyon models."

-- Candidate non-abelian anyons in FQH states & possible experimental verifications. '

-- Quantum spin Hall (QSH) effect & topological insulators."
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" Elective topic, depending on the availability of time.



