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Abstract

Although it is often assumed that all light-matter interactions at optical frequencies are mediated by electric dipole transitions,
strong optical frequency magnetic dipoles do exist. In fact, we see magnetic dipole emission every day from the many
lanthanide ions (such as trivalent europium and erbium) that help to illuminate everything from fluorescent lighting to
telecom fiber amplifiers. Higher-order processes such as magnetic dipole and electric quadrupole transitions also play an
important part in the light emission from transition metal ions and semiconductor quantum dots.

In this presentation, we will experimentally characterize the "forbidden" transitions in a range of solid-state emitters and
investigate their applications and implications for nanophotonics. We will examine the electric dipole approximation
commonly used to describe light-matter interactions and discuss naturally occurring systems that exhibit higher-order
magnetic dipole and electric quadrupole emission. We will illustrate how these nanoscale quantum transitions can provide
both a new way to probe magnetic light-matter interactions and a new degree of design freedom for active electronic and
photonic devices. Specifically, we will demonstrate how the different symmetries of multipolar transitions can be exploited to
identify, quantify, and control light emission, even at sub-lifetime scales. We will also show how these techniques can be
extended to study oriented excitons in layered nanomaterials such as molybdenum disulfide (MoS:) and organic
semiconductors such as PTCDA.
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Light refreshments will be served. For more information, please contact Theresa Werth at theresaw@mit.edu.



