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Research Interest

My general area of interest has been in theoretical molecular spectroscopy and atomic
collision processes, in particular, in the application of theoretical techniques, including state of-
the-art ab initio calculations, to obtain a better understanding of basic atomic and molecular
phenomena. Most of this work has been directed to understand various experimental
observations or to make predictions that can be tested by new experiments.

Most of this work in the 1970’s involved applications to atmospheric and astrophysical
problems. This included ab initio calculations of nonadiabatic couplings in molecular hydrogen
and other molecules of astrophysical interest, predissociation of molecular oxygen, and
collisional-radiative recombination of atomic oxygen plasmas. The work on molecular oxygen
not only elucidated some complex fundamental molecular physics but also has proved to be
important to the understanding the penetration of solar radiation into the stratosphere.

From the late 1970s through the 1980s, applications centered on issues relating to the
development of high-energy lasers and collisions in light fields. This resulted in the study of
molecular excimers, and the development of general theoretical methods for calculating the
effect of light on atomic collisions. Other work in collaboration with Frederick Mies established
a generalized analytic framework known as multichannel quantum defect theory to characterize
the bound states, quasi-bound resonances, and scattering properties of atomic collisions. These
theories were applied to atomic line broadening, the collisional redistribution of light, energy
transfer collisions, molecular photodissociation, and excimer spectra.

For the last 20 years, since the development of laser cooling in the mid 1980s, I have
concentrated on phenomena associated with ultracold trapped atoms. The very first paper I
wrote concerning ultracold atoms, done in conjunction with Prof. John Weiner at the University
of Maryland and a graduate student, Helen Thorsheim, proposed high resolution
photoassociation spectroscopy as a tool for probing ground and excited state interactions of cold
atoms. This has turned out to be a very fruitful avenue of experimental investigation, pioneered
at NIST. Since this first paper in 1987, I have published over 100 articles directed towards
understanding cooled and trapped bosonic or fermionic atoms, their interactions and control,
especially for quantum degenerate gases or lattices. I have also worked on the nonlinear
dynamics of Bose-Einstein condensates, including proposing an experiment successfully carried
out by Bill Phillips’ group at NIST demonstrating four-wave mixing of matter waves.

My current research is directed in two areas. The first is to provide simplified quantitative
models for understanding and calculating the properties of magnetically tunable Feshbach
resonances, which have been very successfully used to make cold molecules and to control atom
interactions in quantum degenerate atomic gases or optical lattices. This work is being extended
to calculating the properties of optically tunable resonances. The second area involves the study
of closed shell S-state atoms such as Ca, Sr, and Yb. These species can be laser cooled, have
both bosonic and fermionic isotopes, and have good prospects for use in ultraprecise optical
clocks, as new kinds of quantum degenerate gases or lattices, or for quantum information
applications.
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