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Dilute atomic gases cooled to nanokelvin temperatures are a versatile platform for studying condensed matter 
physics in perfectly isolated quantum systems. Using the atomic physics toolkit, a large variety of many-body 
Hamiltonians can be engineered, allowing the exploration of phenomena in fields including quantum magnetism, 
topological physics and disordered quantum matter.   Model Hamiltonians are realized exactly with complete 
knowledge of their microscopic parameters, which enables ab-initio comparisons with theory and validation of 
quantum Monte Carlo simulations developed for strongly correlated systems. Beyond realizing paradigmatic 
Hamiltonians, cold atoms explore novel physics that might not have direct analogues in solid-state systems. The 
approaches used to probe these systems are quite different from traditional condensed matter techniques and 
shed light on a complementary set of problems. For example, recent advances in the field of quantum gas 
microscopy enable taking a snapshot of a strongly correlated lattice gas with single atom resolution and directly 
extracting fluctuations and correlations in the sample. I will review some recent experiments in the field of 
quantum simulations with cold atoms and present an outlook for future work. 

Dr. Waseem Bakr received his Ph.D. from Harvard University in 2011. During his doctoral thesis, he 
developed the technique of quantum gas microscopy for imaging atoms with single-atom and single-site 
resolution in optical lattices. He used this technique to study quantum phase transitions in optical lattices in 
Hubbard models and in one-dimensional spin chains. Between 2011 and 2013, Dr. Bakr was a post-doctoral 
researcher in Martin Zwierlein’s group at MIT, where he experimentally explored strongly-correlated fermions, 
including experiments on lower dimensional gases, spin-orbit coupled systems and gases with topological 
excitations. Since Sept. 2013, Dr. Bakr has been an assistant professor in the Department of Physics at 
Princeton University. His group is setting up experiments to study topological states in Fermi gases and 
Fermi gases with long-range interactions. 


