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Abstract

Progress in solving many puzzles in astrophysics hinges on the availability of crucial
nuclear datasets. Dedicated effort is required to rapidly provide usable, accurate, and
significant amounts of nuclear data for astrophysical studies. While substantial attention
has recently been paid to the need for increased evaluation activities to meet the
nuclear data needs of the nuclear astrophysics research community, it is vitally
important that data dissemination and coordination activities are also increased. This is
necessary to ensure the most effective and timely incorporation of the latest nuclear
datasets in astrophysical models. Unfortunately, current efforts in dissemination and
coordination are scattered and not sufficiently effective. The creation of a Nuclear
Astrophysics Data Coordinator position dedicated to dissemination and coordination
tasks would have a strong positive impact on nuclear astrophysics research, and would
ensure a more effective utilization of nuclear data in the frontier research field of
nuclear astrophysics.

1. Motivation for Nuclear Data for Nuclear Astrophysics

Nuclear astrophysics research addresses some of the most fundamental questions in
nature: What are the origins of the elements that make up our bodies and our world?
How did the solar system, the sun, the stars, and the galaxy form, and how do they
evolve? There is an intimate connection between nuclear physics and studies of these
fascinating astrophysical phenomena: a diverse set of nuclear data is required to model
the composition changes and energy release in astrophysical environments ranging
from the Big Bang to exploding stars to the inner workings of our own Sun.
Measurements and theoretical descriptions of microscopic nuclear physics phenomena
provide the foundation for the sophisticated models of macroscopic astrophysical
systems. These models are today challenged by detailed observations from ground- and
space-based devices that give us an unparalleled view of the Cosmos. In many
instances, the ability of astrophysical models to accurately describe these new
observations strongly depends on the input nuclear data. The result: more extensive
and precise nuclear data is required for these models than ever before. Progress in
solving many fascinating puzzles in astrophysics hinges on the availability of crucial
nuclear datasets.
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2. Nuclear Science Activities for Astrophysics

A number of nuclear science activities are needed for astrophysical studies: laboratory
measurements, nuclear modeling, nuclear data evaluations, and data dissemination.
Significant progress has been made in some of these areas in recent years. For
example, the availability of beams of radioactive ions has enabled the measurement of
reactions on unstable isotopes that drive stellar explosions [SM01b], while the
construction of an underground accelerator facility has enabled a cross section of a
solar thermonuclear reaction to be measured at the extremely low energies
characteristic of the core of our sun [AR99]. The current status of nuclear
measurements for astrophysics has been recently reviewed [KA98]. Of particular
importance is information on charged-particle induced reactions [SM01a] for quiescent
and explosive burning stages in stars, and neutron-induced reactions [KA01] for the
synthesis of heavy elements. Nuclear modeling has also made significant advances in
the past few years, with a new focus on global microscopic models that can deliver
predictions with accuracies rivaling that of phenomenological models tuned for a
specific mass range [GO01]. Nuclear models are crucial for determining the properties
of nuclei that have never been measured – which are in turn utilized for calculating the
rates of reactions currently inaccessible to experiments. There has also been some
increase in nuclear data evaluation activities directed at astrophysics, both in the U.S.
[SM99] and abroad [AN93]. While the work in this area is still subcritical, there is now a
recognition of the importance of this activity at the international level [MU01]. A
substantial dedicated evaluation effort is required to rapidly provide usable, accurate,
and significant amounts of nuclear data for astrophysical studies. For the future, further
advances in evaluation work can be accomplished by capitalizing on the overlap
between the nuclear data and nuclear astrophysics communities [SM95].

3. The Crucial Role of Data Dissemination

However, an additional step is required beyond evaluations: it is critical that nuclear
data is put into formats that astrophysics researchers can directly insert into their
models. Without this last step, the results of the latest measurements or model
calculations will not be utilized to help solve the very astrophysical puzzles that
motivated their generation. This is a terrible waste of resources – and one that is
becoming worse in time as more nuclear measurements are not being used by
astrophysics modelers.

The current situation in nuclear astrophysics parallels the situation in reactor physics in
the United States 25 years ago. Astrophysicists often have their own sets of nuclear
data produced by the individual scientist from scattered data collections of their
choosing. This makes it difficult to compare results, and also makes the uniform
updating of codes with new nuclear data evaluations difficult. Significant progress was
realized in other fields when standardized sets of data were widely available to
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researchers (e.g., the Fusion Evaluated Nuclear Data Library or FENDL), allowing the
model codes to be decoupled from the input data. While some astrophysicists will
always prefer to use proprietary data sets, a set of freely available, regularly updated,
communal datasets would lead to a standardization that would help advance the field
and would encourage the development and improvement of the input datasets
themselves in a synergistic way.

Some progress has been made in this direction. REACLIB [TH87] is a widely-used
collection of thermonuclear reaction rates includes approximately 8000 reactions -
mostly from Hauser-Feshbach calculations, but including some rates derived from
experimental measurements. In contrast to earlier rate libraries, REACLIB uses the
same format to characterize each reaction rate as a function of temperature – only the
parameters are different for each reaction. This makes REACLIB well suited for rapid
calculations, and it is becoming a standard library used by numerous research groups
around the world. However, the last public release of REACLIB was in 1995, and the
last release where all the components (e.g., weak interactions, capture reactions,
photodissociation reactions, etc.) were updated was in 1991. Currently, there are
numerous different versions of REACLIB used by individual researcher groups (e.g.,
[ST00], [SC01], [RA02], [HI02], [IL02]…), each updated from the last public release in
different ways. This makes comparisons of astrophysics model simulations using
REACLIB problematic. Furthermore, there are important collections of reaction rates
that have not yet been incorporated into REACLIB (although an update is in progress
[TH01]):

(a)  evaluations of 86 important charged-particle reactions from the NACRE
collaboration in Europe [AN99];

(b) a new large collection of neutron-induced reactions [BA00];

(c) a collection of 56 charged-particle reaction rates for stable and proton-rich
unstable isotopes in the mass 20 - 40 region [IL01];

(d) a collection of thousands of rates derived from statistical model cross section
calculations [RA00]; and

(e) reaction rates based on other experimental measurements made since 1991
that have appeared in journal articles but never collected.

Merely incorporating these new components into REACLIB is not the final solution,
however: there is unfortunately no clear strategy for future uniform updates or public
releases of this library. If continued, this lack of planning could possibly prevent
REACLIB from becoming a standard, unified nuclear physics dataset for use in
astrophysics simulations. Other improvements to REACLIB - for example, rate
uncertainty information, a graphical user interface, search capabilities, improved



4

bibliographic information, and error checking - would be a very welcome addition to an
aggressive update and release strategy. The importance of error checking is
dramatically illustrated by the recent discovery that an important reaction rate in the
library was incorrect by a factor of 1023 (Avogadro’s number) !

4. A Nuclear Astrophysics Data Coordinator

Currently, the existing effort in nuclear astrophysics data dissemination is scattered,
uncoordinated, and simply not enough to meet the data needs of the astrophysics
community. A modest investment in manpower dedicated to nuclear astrophysics data
dissemination, via the creation of a Nuclear Astrophysics Data Coordinator position,
would have a significant positive impact on the research field. This coordinator would
focus on collecting new data sets, putting them in the proper formats (e.g., the one
used in REACLIB), folding them into existing libraries, and distributing them on the
WWW in a freely-accessible, centralized data archive. The Coordinator and archive
would also serve as a clearinghouse for new nuclear data relevant for astrophysics on
an international level – one that nuclear physicists would use to get the widest
utilization of their results, and one that astrophysicists would use to get the best
nuclear data for their codes.  In this role, the Coordinator would provide increased
communication and coordination between the disparate evaluation activities in nuclear
astrophysics. For example, by publicizing data activities performed by researchers
around the world, the Coordinator would help prevent duplication of efforts, especially
important in a field that is extremely limited by manpower. The Coordinator would keep
abreast of data activities worldwide and interface with existing data organizations (U.S.
Nuclear Data Program, NACRE Collaboration, etc.) and astrophysics research groups.

The modest investment in a Nuclear Astrophysics Data Coordinator would have an
impact on nuclear astrophysics research efforts worldwide. It would result in a wider
utilization of nuclear physics information on frontier research projects that help us
understand the Universe. This in turn would increase the exposure of nuclear physics
work, perhaps leading to additional future funding. The Coordinator would also give
some cohesiveness to an activity that is currently in disarray. For all of these reasons,
we strongly urge the creation of a Nuclear Astrophysics Data Coordinator position and
centralized data archive. This conclusion was also voiced in 1996 in a Nuclear
Astrophysics Data Project White Paper [PA96], written by an ad-hoc Nuclear
Astrophysics Data Steering Committee. In the intervening six years, the need for such a
Coordinator and central archive has only increased as the gap between the data
measured and the data in the library has widened.

5. Roles of a Nuclear Astrophysics Data Coordinator

Listed below are some possible tasks that the new Nuclear Astrophysics Data
Coordinator would perform.
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(a) Establish and maintain a central World Wide Web archive for all nuclear data
that has direct astrophysical application;

(b) Collect new and existing nuclear datasets useful for astrophysical studies and
add to the archive;

(c) Put these datasets, when possible, in the formats (e.g., the one used in
REACLIB) needed for astrophysical models;

(d) Fold the modified datasets into existing libraries and distribute the datasets
via the WWW archive;

(e) Optimize the dissemination of these datasets, via the creation of indices,
search capabilities, graphical user interfaces, bibliographies, error checking,
online plotting tools, and other enhancements;

(f) Establish and maintain a nuclear astrophysics email distribution list, and use it
to regularly inform international nuclear data centers and nuclear astrophysics
research groups of new additions to the archive, as well as to solicit new
high-priority datasets;

(g) Encourage the submission of proposals for additional nuclear data evaluation
work for nuclear astrophysics, and facilitate this process by centralizing
information on this topic;

(h) Publicize new nuclear astrophysics meetings, experimental results, and
publications, as well as international nuclear data activities;

(i) Work to establish the archive as both a repository of important nuclear data
for nuclear astrophysics as well as a dynamic work environment for nuclear
astrophysicists, with online tools to facilitate their research (reaction rate
plotting routines, utility codes for the conversion of cross sections to reaction
rates, etc.); and

(j) Establish and maintain a priority list of nuclear reactions and properties that
require measurements, calculations, or evaluations – culled from previously
published “request” lists and from user contributions.

These are only some of the tasks that the Coordinator could perform to enhance the
utilization of nuclear physics information in nuclear astrophysics studies.
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 6. Summary

The creation of a Nuclear Astrophysics Data Coordinator position dedicated to data
dissemination and coordination activities would have a strong positive impact on
nuclear astrophysics research, and would ensure a more effective utilization of nuclear
data in the frontier research field of nuclear astrophysics. This Coordinator would focus
on collecting new data sets, putting them in the proper formats, folding them into
existing libraries, and distributing them on the WWW in a freely-accessible, centralized
data archive. The Coordinator and archive would also serve as a clearinghouse for new
nuclear data relevant for astrophysics on an international level, thereby providing
increased communication and coordination between the disparate nuclear data
evaluation activities in nuclear astrophysics. For these reasons, we strongly urge the
creation of a Nuclear Astrophysics Data Coordinator position and centralized data
archive.
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