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Harvard University Physics 284 Fall 2010

Strongly correlated systems in atomic and condensed matter physics

Instructor Eugene Demler

Office: Lyman 341

Email: demler@physics.harvard.edu

Teaching Fellow Takuya Kitagawa

Office: Lyman 332

Email: takuya.kitagawa@gmail.com

Course Meetings TTh, 10:00 - 11:30 in Lyman 425

Course Grade Grading will be based on homeworks (70%) and final projects (30%).

Office hours to be arranged

This course will focus on recent progress in realizing strongly correlated many-body sys-

tems with ultracold atoms. Both theoretical ideas and experiments will be reviewed. Con-

nection between many-body systems of ultracold atoms and strongly correlated electron

systems will be emphasized throughout the class. We will also discuss unique features of

ultracold atomic systems such as the possibility to study nonequilibrium many-body dy-

namics.
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Tentative Outline of Lectures

I. Atoms in external field. Magnetic and optical trapping of atoms.

II. Bose-Einstein condensation of weakly interacting atomic gases. Bogoli-

ubov theory. Gross-Pitaevskii equation.

III. Spinor condensates. Miscible and immiscible mixtures. Magnetic dipolar

interactions in alkali atoms

IV. Quantum mechanics in a periodic potential. Band structure. State de-

pendent lattices. The semiclassical model of dynamics in a periodic poten-

tial.

V. Bosonic Hubbard model. Quantum phase transition between the super-

fluid and insulating Mott phases. Extended Hubbard model. CDW and

supersolid phases.

VI. Multicomponent bosonic systems in optical lattices. Magnetism with

cold bosonic atoms.

VII. Hanburry-Brown-Twiss effect with atoms. Quantum noise studies of

systems of ultracold atoms as a probe of many-body phases.

VIII. Fermionic Hubbard model and the problem of high temperature super-

conductivity. Antiferromagnetism. Stripe phases, d-wave pairing.

IX. Low energy elastic collisions. From microscopic interaction to scattering

length. Feshbach resonances.

X. Feshbach resonance in fermionic systems. Pairing of fermions and BCS-

BEC crossover. Stoner instability.

XI. Pairing with spin imbalance. FFLO phases.

XII. Realizing and probing topological states with ultracold atoms. Quan-
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tum Hall states and beyond.

XIII. Quasi-condensates in low dimensions. Kosterlitz-Thouless transition in

two dimensional systems.

XIV. Non-perturbative effects of interactions in one dimensional systems.

Luttinger liquids. Bosonization and Bethe ansatz solution.

XV. Systems with dipolar interactions. Wigner crystals.

XVI. Many-body physics with Alkaline-Earth atoms. .


