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Nuclear landscape
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Figure 1: Chart of nuclides. Source: Mario Stoitsov (2008).

* Density functional theory < Universal functional

— Energy of a system — Nuclei parameters
— Density of the bodies — Unknown regions



Ggobi visualization tools

@ SKMS_SKP_SLV4.csv: Scatterplot (current) m E=AEEA

Eile QOptions Tour2D

Brush

— Parameter
— User defined

2D Tour
— Multiple dimensions

— Variable projections

Sub-sets
— High number of data
— Random selection

Figure 3: Automatic brushing.

Shadow « Variable manipulation
— Dimming of colors — Limits
— Hide data — Exclude data



R data manipulation

* Import data
— CSV
— Data frames

 Edit data

— Add Parameters
— Remove labels

* Export data

« Scripts
— Color schemes
— Scale values
— Parameters

File Edit View Misc Packages Windows Help

[ [el[ee]

R Rconsole

You are welcome to redistribute iT under certain conditions.,
Type 'license()' or 'licence()' for distribution details.

Natural language Support but running in an English locale

R is a collaborative project with many contributors.

Type 'contribuctors()' for more information and
'citation()' on how to cite R or R packages in publications.
Type 'demo()' for some demos, 'help()' for on-line help, or
'nelp.starc()' for an HTML browser interface to help.

Type 'q()' to quit R.

[Previcusly saved workspace restored]

> fix(ncolo:

>

v

R F\Midgan\ StuffUniv\U P\R

h Project\R D: lydnoln_betan.r - R Editor

library (rggobi)
library (DescribeDisplay)

g <- ggobi(sly¢_no_ln_magic)
d <- displays(g) [[1]]

variables (d) <- 1list (X="N",Y:

nzm)

ncoloring (sly4 no_ln magic,g,slyé no ln magic{betan)

R Dats Editor

D BL |2 N z IBLn LBLnAM |LBLnS =
B HE 4 2 2 00[00]00]00] |0 +
2 |2 5 3 2 1-[01101]00] |1 -
ElE [ 4 2 00[00]00|00] |0 +
4 (4 7 5 3-[01]00|01] |3
5 |5 B 3 2 00[00]00|00] |O +
6 |6 HE 7 2 1-[01]00]01] |1 -
7|7 HE 8 2 oo[oojoojoo]l |o +
8 |8 HE f] 2 1+[04]00/00] |1 -
ERE L1 2 3 0[00100(00] |0 -

10 [10 L1 [ 3 3 1-[o1101100] |1 -
11 [11 L1 7 4 3 00[00100]00] |0 -
1z |12 LI 8 B 3 3-[01100]01] |3 -
13 [13 LI [ 3 00[00100]00] |0 +
14 [14 L1 7 3 1-[01100101] |1 -
15 [1s L1 8 3 00[00]00]00] |0 +
16 [16 L1 2 3 3 1+[02102]00] |1 +
17 [17 BE 2 B 00[00]00[00] |0 +
18 |18 BE 7 3 B 1-[01101]00] |1 -
19 |19 BE B 4 a4 0[00]00|00] |0 +
< 1. »

Figure 4: R environment.

R ncoloring - R Editor

function (data,gdata,cdata)

{

##cdata is column of data to be colored by
require (rggobi)

colorintervals <- findInterval (cdata,c(-0.4,-0.3,-0.2,-0.1,-0.01,0.01,0.
colors <- colorintervals +1

colorscheme (gdata) <- "Spectral 11"
glyph_color(gdata[l]) <- colors



Data visualization

File Edit View Misc Packages Windows Help

* Rggobi

R R Console

IR RGraphics: Device 2 (ACTIVE) ===

Loading required package: grid
Loading required package: reshape
Loading required package: plyr 7

Neutron Deformation Sectioned by Magic Numbers

Loading required package: ggplot2
Loading required package: prote a

Attaching package: 'ggplot2’

The following object(s) are masked from packageigrid :

— |yph Size 1 o,

> 1s()

[76] "testi” "cesTiM" "test2
[79] "test3n narn nvar.tesch

(82] "var_sims" “var_sims_no_ln" "var_sikp"

. .
[85] "var_siyan rvar_siys 12 "var_siys_ne_in”
[ ] [88) "var_slyd_no_ln 12"  "var_slyi_s" "vars"
{911 "vars_ouct "vazsz® rrice.cavr

(1] "ademagic” "cnop" "eolors s .
(8] man rdisplagn rar_ploen s )
(7] "ar_plocizin "ar_plocizzn rarplocizan 8
[10] "ar_plocizsn 1ar7_siicadn rardacan s
[13] "drdata2" "drdatad" "drdata4_m" g
[16] "drdatas® "drdatasn "drdaca7n s h ’
[19] "drvectplot" "drvectplot2” "ecoloring” s

—_— O O r S C e' I I e (22] "g" "aa "aa. 5148 n0_tn_ns
(35 waremen ot e N
(26] "ing_be_der" "ing_be_qzn_der” "ing_def_bindings
[51] ~imgde bindingz=  img acE pindingoe  ~imomeliipiete i &
(53] "ing multiplot 2" "ing mulTiploc_small™ "img n betan™  §

[37] "ing n_gznn "ing_gon_detn "ing_skms_becants

[40] "img_skms_betan_magic" "img_slyZ_betan_magic" "img_sly4_deltan$ R
(43 "3m "1p15_ouch "na_skmsn s

[46] "na_skms_no_ln" "na_skp" "na_slya" s

[49] "na_sly4_12" "na_slyvé "na_sly4_no 1s L
(23] maoryeon et R

(551 "paz” "BARS" "plocr_becan®  § |2

[52] "ploticn [ nsegesloring®  §

(61] "sims" - "sims_magicr  §

[63] "skms_no_inn naipn na1yen s

[67] "sly4 12" "sly4_no_la" "sly4_no_ln_12" §

170] "s1ys_no_in m" "slysno in magict  "siyd_s" s

[73] "sly4betan" "test" S

img_be_def img_be_q2n_def img_def_binding
img_def_binding? img_def bindingb img_multiplot
img_multiplot_2 img_multiplot_small img_n_betan
img n_gen img_gen def img_skms_betan

g oms,pecan magic ing 5173 betan magic ina slyeasicen
3 gaplot ing atus betan mn
[1] "axes"

— Import GGobi plot

— Create R object Figure 5: GGobi plots through R.



High-dimensional exploration
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Figure 6: GGobi environment while exploring nuclei data colored by
neutron quadrupole deformation.




Multi-plot
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Figure 9: Parameter relationships on deformation.



Multi-plot
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Figure 10: Parameter relationships on deformation.
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Data exploration:
* Quick overview

* Neutron quadrupole
deformation



Detailed exploration
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Figure 7: Neutron quadrupole deformation exploration.
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Further exploration
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Figure 8: Neutron quadrupole deformation exploration.
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Magic number sections

Pn

H<-04 O (0.01, 0.1)
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Magic numbers:

* Arranged into
complete shells

* Neutron quadrupole
deformation by
regions

Figure 11: Neutron deformation segmented by magic numbers.



Pairing gap

‘ A, (MeV)

m (0, 6.2e°005)

@ (6.3e9%5, 0.0002)
@ (0.0002, 0.0006)
@ (0.0006, 0.0903)
o (0.0925, 0.3831)
O (0.3833, 0.4868)
O (0.4871, 0.5587)
o (0.5588, 0.6332)
@ (0.6333,0.7373)
m (0.7376, 0.8966)
m (0.8970, 3.0301)

Pairing gap energy:

« Magic number
regions

n * Phase patterns

Figure 12: Neutron pairing gap energy.



Results

 Correlation

— B, = neutron quadrupole deformation

* B, <0 oblate
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Deformation shapes:
(A) Prolate, (B) Oblate.

— A, = neutron pairing gap energy
Coupling energy for an unpaired neutron



Conclusion

* Relationship
— Neutron quadrupole deformation
— Neutron pairing gap energy

« Step closer toward universal density functional

Future work Applications
* Quantify correlation « Stock-pile stewardship
* Universal functional * Fuel-cycle research

« Medical research

 Nuclear reactions
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