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Introduction

One of the goals of nuclear science Is formulating a

comprehensive description of all nuclel and their properties.
Density Functional Theory (DFT) Is an attractive approach

The Nuclear Landscape

The atomic
nucleus is
made up of
protons
and

due to its broad ranging reach of the entire mass table. DFT . Neutrons. Neutron (N) Proton (2)

provides the theoretical foundation for a self-consistent é ,

mean-field description of the nucleus in terms of one-body Figure 1. Chart of Nuclides: stable

densities and currents. The task Is to construct a universal e ] X e e e,

functional whose input is the proton and neutron densities T "‘%ff = e a\ yellow region [2]. There are ~3,000

and currents, and whose output yields the ground-state o - R ??gc%nyg?ffia:nd?s?c?vgeﬁleydﬁi’r? the
neutrons stab lements erra incognita.

energy and other properties of the nucleus.

Background

Determining the optimal density functional requires

Neutron Pairing Gap

extensive computations of properties of several thousand eston belomation Sectonseby Hegie Thmbers ;

nuclei. Discovering relationships between observables, for = 1
thousands of nuclei, over many functionals requires high- il ’ 2 (50006 0 ucs s
level data analysis techniques. , & oL

= 7000+ nuclel In the dataset
= 51 parameters/dimensions describing each nuclel

Methods of Analysis

A, (MeV)
O (0.3833, 0.4868)
O (0.4871, 0.5587)
O (0.5588, 0.6332)

B (0.6333, 0.7373)
B (0.7376, 0.8966)
B (0.8970, 3.0301)

m <-04 O (0.01,0.1)
O (-0.4,-0.3) O (0.1,0.2)
O (-0.3,-02) [ (0.2,0.3)
O (-0.2,-0.1) M@ (0.3,0.4)
O (-0.1,001) @ >0.4

» Data projected and analyzed using:
» GGobi, open source visualization program for exploring
high-dimensional data
* R, software environment for statistical computing
* Relationships between observables hidden in higher
dimensions
* Universal functional that can predict nuclear properties

Figure 4. Visualization techniques to find correlations.

Correlation between neutron pairing gap energy and neutron
guadrupole deformation

* B, = neutron quadrupole deformation

Binding Energy and Deformation
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Neutron Quadrupole Deformation
O (-02,-0.1) M@ (0.3,0.4)
O (-0.1,001) @ >0.4

140 -
120 - = ' o
r 5
& ’p e
100 - r Y :
= 3, = 0 sphere

@H
80- . » ~
e =
&
" e o T
60 - ¥ -
o ¥
25 S T
Pn

20- S, \
> m <-04 O (0.0, 0.1) v{."t'

B (-0.4,-0.3) O (0.1,02) /B\ Rk
Q‘»
| s
{ ¥
|
U
100
N

0- O (-0.3,-0.2) O (0.2,0.3)
Figure 2. Neutron Deformation colored in different visualization plots.

= 3, <0 oblate

= 3, > 0 prolate
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Figure 5. Deformation Shapes:

* A,= neutron pairing gap energy (A) Prolate, (B) Oblate

Coupling energy for an unpaired neutron

Conclusion
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Using methods for dimension reduction and visualization
tools, It Is hypothesized that the neutron quadrupole

Total Binding Energy vs Neutron Quadrupole Moment Pairing Energy and Deformation

Pn Bn

e S e deformation is related to the neutron pairing gap energy.
{ & ¥ . The relationship discovered Is a step closer to defining a
' N i universal density functional.
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Figure 3. Deformation of the nuclei patterns explored in different parameter combinations. on Bulk Nuclear Properties, MSU, November 19-22, 2008.

/\<_\ 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 ’ Office of |
LUT-BATTELLE  No.De-AC05-000R22725. This work has been authored by a contractor of the U.S. Government, accordingly, the U.S. Government retains a nonexclusive, royalty-free license to publish or reproduce the published form of this contribution, or allow others to do so, for U.S. Science ?
DEPARTMENT OF ENERGY p

OAK RIDGE NATIONAL LABORATORY Government PUrposes.



