In the quest for the origin of the
elements, it helps to know where to look
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Los Alamos scientists are guiding experimentalists to
the right place.
At nuclear science labs around the world, new accelerators are being developed to
answer a fundamental problem in nuclear astrophysics: How did the elements on the
periodic table get produced? Experimentalists use these accelerators to mimic the
conditions in the universe where nuclear reactions create the heavier elements beyond
iron. One of these processes, the r-process, occurs in very short time periods on the
order of several seconds. It is believed to occur in violent explosions such as supernova
or the collision of two neutron stars, astrophysical events that release tremendous
amounts of energy and matter. In the r-process, the formation of the elements is so
neutron-rich that many of the participating nuclei have been impossible to reproduce in
the laboratory until now.
The r-process cannot be directly observed, so it must be simulated on a computer.
Nuclear models are critical inputs that go into theoretical simulations of the r-process.
These models have large uncertainties since there is no experimental data to help guide
them and thus prevent scientists from determining exactly how the heavy elements are
created.
Scientists at Los Alamos National Laboratory have recently developed a new method
to tame these troubling uncertainties. In addition to experimental data, they use
observations of the elemental abundances in the sun and meteorites to further
constrain nuclear models. This Bayesian inference technique reverse engineers nuclear
properties from astrophysical observation allowing for new theoretical predictions.
This procedure is repeated for different possible r-process locations (supernovae,
neutron star mergers, etc.) and unique solutions are found for each one. Those
solutions are measurable in the laboratory. With that knowledge in hand,
experimentalists can fine-tune their measurements to look for these signatures. The
combined theoretical and experimental effort will point to where the r-process is
occurring in the universe and will help to answer one of the most difficult open problems
in all of physics: what is the origin of the elements?
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