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Synthetic gauge fields and Dirac physics in ultracold atoms1

CHARLES W. CLARK, Joint Quantum Institute, National Institute of Standards
and Technology and University of Maryland, JAY Y. VAISHNAV, Bucknell Uni-
versity, INDUBALA I. SATIJA, George Mason University, NEXT-GENERATION
ATOMTRONICS TEAM — Optical lattices provide defect-free substrates for ul-
tracold atoms, which move within the lattice much like electrons in an ideal crystal.
Beyond emulating condensed matter systems, ultracold atoms can be used to imple-
ment variants of the Dirac equation and quite general gauge potentials, Abelian and
non- Abelian. We present several recent examples of work along these lines, such as
the realization of Zitterbewegung [1], field-effect spin transistors [2] and topological
insulators [3], and discuss possibilities for realizing relativistic wave equations for
particles with intrinsic angular momentum greater than h̄/2.
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