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Research Interests

Using atomic physics techniques for broader scientific impact: precision measurement,
many-body physics, quantum information science, trace radio-isotope analysis, and physics
beyond the standard model.

My thesis research centered on using ultracold, optical-lattice-trapped strontium atoms to
develop the most stable and accurate clock and study many-body physics. As an essential
prerequisite to both achievements, we first established a thorough understanding of atomic
interactions in our system. On one hand, interactions are an important systematic effect that
needs to be understood with extremely high precision to advance clock performance. On the
other hand, the clock itself can be an extremely precise probe of subtle perturbations due to
many-body interactions. Our work identified the many-body nature of interactions in our
system and established the SU(10) symmetric nature of interactions among the 10 nuclear-
spin sublevels in both ground and excited clock states. This work paved the way for future
studies of engineered quantum systems using trapped ultracold alkaline earth atoms (AEAs).

In particular, I am now working toward using similar systems to perform quantum
simulations of strongly-interacting many-body systems that are relevant to nuclear physics.
Here, I am using neutral ytterbium (Yb) atoms trapped in re-configurable optical tweezer
arrays. This system combines “bottom-up” individual atom control with the long coherence
times one can achieve using optical clock transitions in AEA-like Yb atoms. In addition, we
can initiate on-demand strong interactions via coupling to Rydberg states. This project will
establish a foundational platform for quantum simulation with an initial goal of simulating
quark-level effective theories for quantum chromodynamics. We will leverage this
experimental platform to build towards simulations of poorly understood systems that are
difficult or impossible to model using classical computation techniques.

As a member of Argonne’s Trace Radioisotope Analysis Center (TRACER), I work to
improve the atom trap trace analysis (ATTA) technique and expand its scientific impact. By
detecting rare isotopes of krypton in a magneto-optical trap we determine the residence time
of ground water and polar ice at time scales outside the range of radiocarbon dating. We
recently built a second, state-of-the-art ATTA instrument which can measure environmental
krypton samples with unprecedented speed and precision. In parallel to performing sample
measurements, we also work to develop improvements to the ATTA technique, such as our
current project investigating and implementing new methods to populate noble gas atoms
into the metastable state that is required for laser trapping. This work could dramatically
improve the sensitivity of the ATTA technique, enabling the use of ATTA for extremely
small samples and short lived isotopes.
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I also contribute to the radium EDM collaboration, a project which tests for an
asymmetrical charge distribution of the radium atom that violates the combined charge-
conjugation parity (CP) symmetry. This asymmetry manifests as a permanent electric dipole
moment (EDM), which we measure using cold, laser-trapped, radium atoms. The standard
model (SM) of physics does not contain enough CP violation to explain the prevalence of
matter over anti-matter in the universe; however, extensions of the SM naturally include
additional CP violation that both explains the matter—anti-matter asymmetry and enhances
the EDM of radium. Our measurements will limit possible extensions to the SM and the
observation of an EDM in radium would demonstrate the existence of physics beyond the
SM. We demonstrated the first proof-of-principle radium EDM measurement which placed
an upper limit of 5x1022e-cm on the EDM of radium (95% confidence level). The next year,
we improved this limit over an order of magnitude to 14x102* e-cm by dramatically
improving our atom interrogation time. An upper limit at the 10"% e-cm level would
constrain extensions of the SM and we believe our next measurement will achieve this goal
by implementing an improved atom detection scheme. Long term developments such as
more plentiful sources of radium and atom cooling and slowing based on a stronger atomic
transition at 483 nm will further push statistical sensitivity to the 108 e-cm level.
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