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Financial support of this research project has lead to advances in the study of 
atomic structure through precision measurements of atomic lifetimes, energy splittings, 
and transitions energies. The interpretation of data from many areas of physics and 
chemistry requires an accurate understanding of atomic structure. For example, scientists 
in the fields of astrophysics, geophysics, and plasma fusion depend on transition strengths 
to determine the relative abundances of elements. Assessing the operation of discharges 
and atomic resonance line filters also depends on accurate knowledge of transition 
strengths. Often relative transition strengths are measured precisely, but accurate atomic 
lifetimes are needed to obtain absolute values. Precision measurements of atomic 
lifetimes and energy splittings also provide fundamentally important atomic structure 
information. Lifetimes of allowed transitions depend most strongly on the electronic 
wave function far from the nucleus. Alternatively, hyperfine splittings give important 
information about the electronic wave function in the vicinity of the nucleus as well as 
the structure of the nucleus. 

Our main focus throughout this project has been the structure of atomic cesium 
because of its connection to the study of atomic parity nonconservation (PNC). The 
interpretation of atomic PNC experiments in terms of weak interaction coupling constants 
requires accurate knowledge of the electronic wave function near the nucleus as well as 
far from the nucleus. It is possible to address some of these needs theoretically with 
sophisticated many-electron atomic structure calculations. However, this program has 
been able to address these needs experimentally with a precision that surpasses current 
theoretical accuracy. Our measurements also play the important role of providing a 
means for testing the accuracy of many-electron calculations and guiding further 
theoretical development, Atomic systems such as cesium, with a single electron outside 
of a closed shell, provide the simplest open shell systems for detailed comparisons 
between experiment and theory. 

This program initially focused on measurements of excited state atomic lifetimes 
in alkali atomic systems. Our first measurements of atomic lifetimes in cesium surpassed 
the precision and accuracy of previous measurements and sparked renewed interest in the 
need for greater precision in lifetime measurements throughout the atomic physics 
community. After enhancing the capabilities of the laser systems built for these initial 
measurements, we began a study hyperfine energy splittings in cesium using a thermal 
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atomic beam. The results surpassed previous measurements by more than an order of 
magnitude and lead to the first observation of the nuclear magnetic octupole moment in 
cesium demonstrating the inadequacy of the nuclear shell model for predicting high order 
nuclear moments. The laser system and atomic beam apparatus developed for these 
endeavors turned out to be perfectly suited for exploring the possibility of making 
absolute optical frequency measurements of atomic transitions. We initiated collaboration 
with researchers at NIST so that the desired optical frequencies could be reference with 
respect to the primary microwave frequency standard (Cs atomic fountain NIST-FI) via a 
femtosecond laser frequency comb. Our first absolute optical frequency measurement, of 
the cesium D2 line, surpassed the accuracy of a previous measurement by more than an 
order of magnitude. An absolute optical frequency measurement of the cesium D l  line, 
now near completion, also surpasses previous results and places us in a position to be 
able to report a new value for the fine structure constant which is the fundamental 
dimensionless constant that underlies all electromagnetic interactions. 

The research conducted under this grant is described in numerous publications, 
conference presentations, and invited talks that are all listed below. 
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