Laboratory Astrophysics in the U.S.

The current “Golden Era” of Astronomy and Astrophysics is due to a variety of new telescope and detector technologies and to new opportunities for spaced based observations.  These technical developments are opening new wavelength regions of the electromagnetic spectrum and enabling new classes of observations in the traditional visible and near visible wavelength regions.  Ground-based and space-based IR telescopes with detector arrays are an important example of the former.  Examples of the latter include the use of very large ground based telescopes for high redshift observations and for high resolution, high S/N observations on a variety of local Universe targets.   Metal-poor Galactic halo stars represent an interesting class of local Universe targets which can teach us profound things about the synthesis of the chemical elements and the Galactic chemical evolution.  Indeed such stars contain a “fossil record” of the chemical makeup of the Milky Way when it and the Universe were very young.

The full scientific return from new observations is realized in many cases only if high quality laboratory data is available to analyze and interpret the astrophysical data.  In earlier decades Laboratory Astrophysics was supported by the NSF Atomic, Molecular, and Optical Physics program.  This is no longer happening because funding from this part of NSF is concentrated in newer areas such as the study of Bose Einstein Condensates, Quantum Information, high field physics,….  Even the renowned Univ. of Colorado/NIST organization, once known as the Joint Institute for Laboratory Astrophysics, officially changed its name to JILA.  Studies of atomic and molecular collision processes and basic atomic and molecular spectroscopy in support of Astrophysics must now be funded more directly by the NSF Astronomy Division or by NASA. 

As the IR and X-Ray regions have opened for astrophysical observations, the need for lab data has grown rapidly.  Laboratory spectroscopy in these spectral regions is essential for even identifying a large number of features observed in astrophysical spectra.  Only a few laboratory astrophysics programs have survived in the U.S.  

Laboratory Astrophysics in the visible and near visible region is still important.  Recent studies of the above mentioned metal-poor stars have yielded an increasingly accurate and precise elemental abundance pattern for heavy n(eutron)-capture elements and isotopes produced via the r(apid)-process.   Although the r-process, which produced half of the heavy elements and isotopes, is not well understood, it is widely thought to occur in Type II supernova. This has yet to be  confirmed.   The measurements of the r-process  abundance pattern provides a powerful constraint on supernovae models.  Improved spectroscopic lab data, especially for atomic transition probabilities, played a major role shrinking both systematic and random uncertainties to yield a tightly defined r-process abundance pattern.

We urge the Committee to include a discussion of the health of Laboratory Astrophysics in its report.
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