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Synthetic condensed matter systems with ultracold atoms 

 
 Recent advances in preparing, probing and manipulating ultracold atomic gases enable studying 

condensed matter physics in a very controlled setting. In the first part of my talk, I will describe quantum 
gas microscopy, a powerful tool for imaging and manipulating strongly interacting quantum gases 
containing thousands of atoms at the single atom level. I will describe its application to studying the 
superfluid to Mott insulator transition in bosonic systems of atoms. 

 In the second part of the talk, I will shift focus to topological physics in fermionic systems. I will explain 
how spin-orbit coupling, a crucial ingredient of time-reversal invariant topological insulators, can be 
engineered in a Fermi gas by dressing it with laser light. In addition, I will present results on strongly 
interacting fermions in two dimensions. These two ingredients can be combined to create topological 
superfluids analogous to topological superconductors that have been possibly realized in the solid 
state. 

 

    

Waseem Bakr is an Assistant Professor at Princeton University. Dr. Bakr obtained dual Bachelor degrees in 
Physics and EECS from MIT in 2005. In 2006, he received his M.Eng. degree in EECS, also from MIT, after 
completing thesis work in the field of ion trap quantum computation. He later moved to Harvard University where he 
obtained his Ph.D. under the direction of Prof. Markus Greiner. Dr. Bakr’s doctoral dissertation introduced 
“quantum gas microscopy”, a technique for imaging and manipulating strongly-correlated systems of ultracold 
atoms in optical lattices at the single atom level. The work was selected by Science magazine as one of the top ten 
breakthroughs of the 2010 and was recognized by the 2011 AAAS Newcomb Cleveland Prize. Between 2011 and 
2013, Dr. Bakr was a postdoctoral researcher in the group of Prof. Martin Zwierlein at MIT, where he conducted 
research on ultracold Fermi gases. The current focus of Dr. Bakr’s experimental group at Princeton is the 
investigation of interacting topological quantum systems realized with cold atoms. 

 

 


