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Abstract

Strongly interacting Fermi gases provide a paradigm system to explore intriguing many-body physics in a wide
range of exotic systems, including high-temperature superconductors, neutron stars, the quark-gluon plasma, and
black holes in string theory. All those systems have universal thermodynamics and hydrodynamics governed by
the nature of unitary strong interactions. In such sense, a table-top experiment with laser-cooled and trapped
Fermionic atoms is an ideal ultracold quantum simulator for the condensed matter and nuclear physics. In this talk,
| will review my experimental work including all-optical method for producing degenerate and strongly interacting
Fermi gases, probing the universal thermodynamics by implementing the first model-independent thermodynamic
measurement, obtaining the thermometry of strongly interacting Fermi gases experimentally and thus determining
the critical temperature of Fermi condensation, and the first study of the quantum viscosity behavior in the unitary
regime. My focus is in search of a so-called perfect fluid that has exceedingly low shear viscosity and possible
existed in strongly interacting systems. Unlike a superfluid, such perfect fluid is not in a single quantum state but a
many-body quantum phenomenon which could connect to string theory. Our results from both thermodynamic
and hydrodynamic measurements confirm that a strongly interacting Fermi gas enters into the perfect fluidity
regime and is very close to the estimation data from the quark-gluon plasma. Also, in this talk | will present my
vision of using trapped atoms, ions and photons for the potential applications in quantum simulation, control and
information.
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