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Nuclear Landscape and DFT

A promising approach to understanding nuclear reactions and
obtaining a predictive model lies in density functional theory (DFT).
This theory provides the foundation for developing an energy
functional which describes and predicts nuclear structure properties
across the complete table of nuclides. Developing an optimal nuclear
energy density functional (EDF) can render a better understanding of
nuclel and how they react.
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Figure 1. Chart of Nuclides: stable nuclei represented by the black squares and known
nuclei in the yellow region. There are ~3,000 known nuclei and approximately 6,000-8,000
yet to be discovered in the terra incognita.

The nuclear energy functionals currently in use have parameters that
are fit to a subset of nuclei and their properties. EDFs rely on
parameters that are fitted to experimental data and the use of
different experimental data leads to different EDF parameterizations
called forces. In a systematic effort to find an optimal EDF, the
analysis explores the characteristics and correlations of the different
force parameterizations. Specifically, the research investigates how
these forces relate to infinite nuclear matter (INM) properties.

Neutron Star

INM constitutes a huge number of

proton and neutrons interacting by only
nuclear forces where the volume and
particle number are infinite but the ratio
Is finite. INM properties are necessary
for describing systems such as neutron e
stars and are considered a useful with othr partices
system because it avoids the
complications that arise from having to
take into account the properties of a
nuclear surface. However, since the
surface parameters of finite nuclei are

used in the optimization of the forces, it
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A neutron star is a type of
remnant that can result from
the gravitational collapse of
a massive star during a
supernova event. Such
stars are composed almost
entirely of neutrons, which

is of interest to see how these ar_:‘h :"U?atff"icl hparticleg
. . witnout electrical cnarge an
parameters indirectly affect the INM with slightly larder mass

properties. than protons.

UT-BATTELLE The Research Alliance in Math and Science program is sponsored by the Office of Advanced Scientific Computing Research, U.S. Department of Energy. The work was performed at the Oak Ridge National Laboratory, which is managed by UT-Battelle, LLC under Contract No. De-AC05-000R22725. This work has been authored by a contractor of the U.S. Government, accordingly, the U.S. Government

OAKRIDGE NATIONALLABORATORY

Exploration and Analysis

Nuclei data are highly correlated and contain a large number of pairs
to analyze. Visualizing their high-dimensional attributes Iin an
ordinary display is difficult and segmentation occurs. The
visualization display EVEREST overcomes this through its massive
high resolution display capabilities. EVEREST, Exploratory
Visualization Environment for REsearch in Science and Technology,
Is capable of displaying 35 million pixels (11,520 by 3,072 ).

R, a software environment for statistical computing, was used to
process the data and create the visualization images.
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Figure 2. Infinite nuclear matter properties Figure 3. Volume parameter C{ vs.
vS. volume parameters. Some correlation is isovector effective mass. This plot
expected. LOESS modeling method is used fto presents an expected correlation
generate the regression curve in blue. The between the infinite nuclear matter
shaded regions show the standard error of the properties and volume parameters.
LOESS smoothing spline.

The fitted Skyrme EDF was used to calculate the infinite nuclear
matter properties. Theoretically, these properties depend only on
volume parameters. The relationships between both the infinite
nuclear matter properties and the volume and surface parameters
are analyzed through the exploration of nuclei data.

Each point represents a force, that is, a particular set of data fitted to
the Skyrme functional. Many different combinations were used, each
attempting to model the nuclear landscape. Included in the analysis
were a total of 189 forces.
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Figure 4. Infinite nuclear matter properties vs.  Surface parameters: ¢}*, ¢}, C)
surface parameters. The properties are not

explicitly dependent on the parameters. Volume parameters: ¢}, Y, C?
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Results and Conclusions

Figure 5 shows an unexpected
high correlation coefficient of
0.86 and a near-linear plot
behavior in the relationship
between the Skyrme surface =
parameter C,” and the isoscalar
effective mass. The correlation
from the plot reveals that infinite ..
nuclear matter properties,
calculated wusing the volume S ———
parameters d_erlved from Fhe Figure 5. Skyrme :eraceparameter Co° vs.
Skyrme functional, are being jsoscalar effective mass.

indirectly influenced by finite

nuclei surface parameters. The reason for this behavior lies in the
fitting process used to determine the Skyrme EDF parameters. In
order to establish the Skyrme force, finite nuclei surface and
volume parameters are fitted into the EDF. Although infinite
nuclear matter is not theoretically expected to be influenced by
nuclei surface parameters, the current methods for deriving these
properties cause hidden correlations.

o Correlation coefficient: -0.89 conce
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This relationship was discovered due to the clear and high
resolution display of the EVEREST visualization facility. The
management of high-dimensional data through the R software
environment and programming language allowed the interactive
processing of plots and the export of images for large-display
visualization. The combination of these tools enables a novel
perspective for analyzing and exploring nuclei data through a new
information layer.

An undetermined property of the force data is responsible for the
relationship depicted in Figure 5. Careful consideration of the data
properties relative to the near-linear LOESS curve is expected to
result in a new correction to the EDF. As a result of this analysis,
an extensive literature review will be conducted to extract relevant
data attributes. These attributes will then be used to develop an
EDF correction, and remove the relationship described above.
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