
Martin Zwierlein
Professor of Physics at MIT

PHYSICS COLLOQUIUM
Thursday, Sep. 26, 2019

4:25PM in LL. 316
REFRESHMENTS AT 4:00PM

The Sound of Fermions

Fermions run our world: All massive elementary particles are fermions, electrons zip through wires
and iphones, and neutrons bombard nuclei to power society. However, understanding transport of
fermions is an exceedingly difficult challenge for many-body physics. Strong interactions, strong
correlations and the fermion sign problem hamper our understanding. Using a strongly interacting gas
of ultracold fermionic atoms, a million times thinner than air, we learn about the transport of fermions
in the controlled setting of atomic physics experiments. In particular, I will present recent experiments
on sound propagation performed with a gas of fermions trapped in a box of light. Below the superfluid
critical temperature, these gases display two forms of sound, a density wave – first sound – and a
heat wave – second sound. Using a novel local thermometry technique, we are able to track heat
currents locally, and extract viscosity, thermal conductivity, and the superfluid density of strongly
interacting Fermi gases.

Martin Zwierlein is the Thomas A. Frank Professor of Physics at MIT and Principal Investigator in the Research Laboratory of Electronics
and the NSF Center for Ultracold Atoms. Zwierlein studied physics at the University of Bonn and at the Ecole Normale Supérieure in Paris, and
received his Ph.D. in experimental atomic physics from MIT in 2007, with a thesis supervised by W. Ketterle on the observation of superfluidity in
atomic Fermi gases. After a postdoctoral stay at the University of Mainz in the group of Immanuel Bloch, he joined the MIT physics department in
2007 (tenure 2012, Full Professor 2013, Thomas A. Frank Chair 2018).

Martin Zwierlein studies strongly interacting Fermi gases of atoms and molecules. These gases host novel states of matter and serve as pristine
model systems for other Fermi systems, such as neutron stars or high-temperature superconductors. The group has provided precision
measurements of the thermodynamics and transport of Fermi gases across the superfluid transition. Using a Fermi gas microscope with single-
atom resolution, the team recently studied spin and charge correlations as well as spin transport in the Fermi-Hubbard model. In other recent
work with ultracold molecules, coherence times on the order of seconds were observed, spurring hopes for the future use of ultracold molecules
in quantum information applications. A current focus is on mass, spin and heat transport properties of strongly interacting Fermi gases, which
despite their importance in modern materials are currently out of theoretical reach at low temperatures.

Zwierlein’s awards include the Klung-Wilhelmy-Weberbank Prize (2007), Young Investigator Awards from the Air Force Office of Scientific
Research, the Office of Naval Research and DARPA (2010), a David and Lucile Packard Fellowship (2010), the Presidential Early Career Award
for Scientists and Engineers (2010), the I.I. Rabi Prize of the American Physical Society (APS) (2017) and the Vannevar Bush Faculty Fellowship
(2019). He is a Fellow of the APS (2016).

His research group’s website is http://www.rle.mit.edu/quantumgas/.


