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Evaluated Nuclear Structure Data File

ENSDF contains recommended
nuclear structure and decay data
for all the known nuclides
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Evaluated Nuclear Structure Data File

ENSDF contains recommended
nuclear structure and decay data
for all the known nuclides

Includes: (
* Nuclear level properties aEE O W
. . ; fe of {+2000C dacRy NN
« Gamma ray information /é/{ 5 SUE Y B AN \
* Nuclear radiation and decay /e | |
data ‘

AN

I k?" Brookhaven
National Laboratory 3



Evaluated Nuclear Structure Data File

ENSDF contains recommended
nuclear structure and decay data
for all the known nuclides

Highly referenced database

Over 4 million annual retrievals
through the NNDC web apps and
rising
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NNDC Web Retrievals 1996-2021




Current ENSDF Format

Archaic 80-column ASCII format

Limitations:
« Sharing data with non-experts
Not human readable
Challenging to parse
> 100-page manual
Impractical to apply machine learning _
No room to add new data e —
Non-standardized comments
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ENSDF Modernization

JavaScript Object Notation (JSON) " ™isuse s,

"a": EBg,
"elementName™: "Molybdenum”,

 Web-friendly format to share -

E.A. McCutchan and A.a. Son

Human readable : D vt s i w5 e o
Simple to parse al 2 D

"isobserved™: true,

Machine learning friend| st o,
. 9 y e e i C OucC h D B
Extensible B e Tovactonm relax

“value™: -1.181E+4,

- Self-contained data objects

"""" ertainty™: {
"uncertaintyType™: "symmetric”,
"evaluatorInferred”: false,
"unc ertaintyvalue": 158

}

32 Is
33 "unit": "kev",
4 34 "isFromsystematics™: false,
¢ Brookhaven
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CouchDB Views

Server AP|
Database View
Documents |
| y -, ) : [Key, Value}
| (l {Key, Value)
J , :>_" F“mn —> {Key, value} L > Output
U * U {Keay, valua)
All Nuclides Level with halflives
G‘Brnukhaven' All levels and N requested range

National Laboratory their halflives




Migrating 80-column to JSON

88MO ADOPTED LEVELS, GAMMAS 14NDS 201401 {
88MO H TYP=FUL$AUT=E.A. McCutchan and A.A. Sonzogni$CIT=NDS 115, 135 (2014)$% "header™: {
88M0O2 H CUT=1-Nov-2013% "schemaversion™: "1.8",

88M0 Q -1.181E+4 15 13873 5 6102 8 -3691 7 2012WA38

88MO cQ $5(2n)=24719 {i5}; S(2p)=9296 {i5} (2012Wa38)

88MO cG E$From {+58}Ni({+36}Ar,|a2p|g)

88MO cG RI$Relative branching ratios from {+58}Ni({+36}Ar,|a2p|g), except

"documentType™: "nuclide”,

88M02¢G where noted. i85,

88MO ¢G RI(X)$For SD bands, values are relative intensities within each band, "elementhame”: “Molybdenum”,

88MO2¢G normalized to |?1 for the strongest transition in the band. “elementsymbol®: "M

88MO c¢G M$From |g|g(]|q)(DCO), |glg(lin pol) in {+58}Ni({+36}Ar,|a2p|g) "history™: [{

88M02cG (2087An21), except where noted. "evaluationType”: "full",

88MO c¢G E(d)$Doublet transition “cutoffpate”: "2e13-11-e1",

88MO ¢G M(a)$Stretched Q from R(DCO) in {+58}Ni({+36}Ar,|a2p|g), E2 from "authors®s [{

88M0O2cG assumed band structure (1992We@2). "name”: "E.A. McCutchan and A.A. Sonzogni®
88MO cG M(g)$Stretched Q from R(DCO) {+58}Ni({+36}Ar,|a2p|g), M2 excluded by 1,

88MO2cG comparison to RUL. "publication™: "NDS 115, 135 (2814)"
88MO c¢G M(b)$From R(DCO) measurements in {+58}Ni({+36}Ar, |a2p|g) : b g
88M02¢cG (1992WeB2,1994Kaz2e@) . > 1

88MO cG M(s)$From R(DCO) in {+58}Ni({+4@}Ca,2|a2p|g):SD I

88MO cG MR$From |g(|q)(DCO) in {+58}Ni({+36}Ar, |a2p|g) (1994Ka2e). "isObserved”: true,

88MO cL E$From least-squares fit to E|g by evaluators. "isstable™: false,

88MO cL J$For levels populated in {+58}Ni({+36}Ar,|a2p|g) all E2 transitions "ispublic”: true,

88M02cL are of stretched character and spin assignments are made under the "gvalues": [{

88MO3cL assumption of increasing spin with increasing excitation energy, “type”: "onsBetaMinus”,

88M0O4cL except where noted. "energy™: {

88MO cL T$From Recoil distance Doppler-shift measurements in
88Mo2cL {+58}Ni({+36}Ar, |a2p|g).

88MO CL BAND(F)$Yrast band.

88MO CL BAND(G)$Negative parity cascade.

ralue™: -1.181E+43,
"isRelative™: false,
"uncertainty™: {

88MO CL BAND(A)$SD-1 band (19998b13,20@3La24,2004La21). TuncertaintyType™: "symmetrict,
88M02cL Q(intrinsic)=5.2 {I3} (20@3La24), 6.0 {I+20-14} (1999Bb13). svalustorInfer false,
88MO3cL Configuration=|p1/2[431]{+-1}5{+1}; |p=-, |a=1 (19998b13); “uncertaintyy : 158
88Mo4cL |n5{+2}|p5{+1} or |n5{+2}|p5{+@} (20@3La24). Percent population |?1% }
88M0O5cL of the reaction channel Is

unit™; -

National Laboratory
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JSONSchema (https://json-schema.org/)

Schema validation:
» Defines schema and rules for a JSON document
» Can be used to validate documents prior to database changes
» Powerful conditional rules
- Automatically find errors in migration

Document
I (¢) Brookhaverr Schema

Definition



Tree Viewer (www.nndc.bnl.gov/ensdfschema)

Tree View § JSON View [ Table View

+ File:

Current File: 42,88,nuclide.json v £ Collapse All

42 88 ,nuclide.json

Expand Al
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NuDat Overview

NNDC Databases: NuDat | N: UNDL | ENSDF | MIRD | ENDF |

NuDat IS the maln app“Catlon NuDat 3.0 o el il oo Wl Cr TEEE

Search and plot nuclear structure and decay

. . Haif e | Decay Mode | G5 | Qic | Q. | Qs | Sin | S sz.lQ:rrlerg‘Q&r Qp.ar | BE/A | {BE-LOM Fl/A N-plot Export
used to query al id visualize e [Geme [0 ]o ] S o T ] i T e [ e || [ -
= 1.00eas
c
o
nuclear data from ENSDF o ..
)
-5.00e+3
T 1 00esd
g 1.502e4
8
E 200ss2
1
-2.508 44 =
n a0 &0 a0 100 120 140 160
Maatren (N)
Z-Plot Y-scale Export
3200m || D Aeser e - Ay | @ene
1.00e24 g
. . Eidesd 6
o F] 40 & an 100 20 140 180 f.n" L
Neutrons (N} LS il b
o J i a2
5 i 7
Ground and isomeric state information for "5,y £ Ay 4 rd mE6
Mass Excess (keV) | Tiz | Decay Modes| Qp (keV) T -1.00esa LN It ; [_EE0]
0.0 T/2l-) -68752 3 17.9m 3| £=94.40% | 41803 Besd | | |12z
0="5.60% e o [SEE"S
- 200644 Bi%
The following are available . : :?ﬁ
l‘\ « List of levels = | vs. Ely) plat « Decay radiation 250esd
« Level scheme « Efy)f) plot information I EEEEEEEEREED
« Jvs. E* plot « Band parameters Pratcn: (2}

%’ www.nndc.bnl.gov/nudat
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https://www.nndc.bnl.gov/nudat

NuDat Overview

NNDC Databases:

Levels & Gammas
Search

L NuDat 3.0

NuDat is the main application
used to query and visualize
nuclear data from ENSDF

ics | Q3 | Qpan | BE/A | (BE-LOM Fa
nr) | 25Uy | zswearr | zsacrer

Menu &

Qa fkav)

Search and visualize:
* Nuclear structure
* Nuclear decay

* Neutron-induced nuclear 7
reactions Y 0 i =

Protons {Z)
g

)| m2

Ground and isomeric state information for "5,y

Qu (kav]

H
am
3

| E(level) (MeV)| Jn | Mas ess [keV)| Ty | Decay Modes V) 1.00es4 4 § ] w10
| f
00 (7/2()| 687523  [17.9m3| £=94.40% | 41803 1.500s4 y min
0="5.60% o [SEE"S
- 2004 | Bi%
The following are available . ::?ﬁ
‘ « List of levels = | vs. Ely) plat « Decay radiation 250esd
l \ « Level scheme = Ely)/] plot information W 20 3 40 S0 60 M 80 80 104 1D

%’ www.nndc.bnl.gov/nudat

L?' Brookhaven

National Laboratory 12



https://www.nndc.bnl.gov/nudat

NuDat 3.0

Je:ayn.fudel Q. | Qe | Qp. | 5 I 3 I Q | AQ, | San | Y | Qag- | Qaec I Q.::-_,I Qpn |Qﬁ-2||| BE..fAl[EIE-LDI"} -‘lt]..fAlFair. gaplim o

- Ep. I Ey I Ey. I W% | B | B{E2),5/B(EZ) ;g | afn.y) aln.F) 235U FY | 235PU FY | 25ICFFY

_ P— ®
NuDat 3.0 supports exploring M #
nuclear data using responsive | _ |IEES -
visualizations

=
Fully interactive nuclide chart |3 s
and 1-D plots : g
Smooth pan and zoom using L
intuitive gestures
[+] 0 40 &0 :Dem:ron [N] ;:C' 120 140 160

¢ Brookhaven
K 13
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NuDat 3.0

NuDat 3.0 supports exploring
nuclear data using responsive
visualizations

Features:
* Interactive chart of nuclides

* 1-D neutron and proton plots
 Data Filtering

» Export Data (CSV, PNG, Link)
« Additional Resources

k? Brookhaven
National Laboratory

DecayMade | Q5 | Qec [ Qe | So | 5o | Qa [2Qa| Son [ S2p [ Qap [ Quec

Qecp | Qo | Q@2 | BEJA | (BELDM Fir)/a | Pair. gap

B [ B | Efie [ B [ BlE2wBEn | oy

Erstex st Ez.

o{n,F) | 235U FY

| 239Pu FY | 252CFFY

Nucleus
148Nd
STABLE

1485m

TE+15y

11.24%
a=100.00%

1475m

145Nd
STABLE
8.293%

146Nd
STABLE
17.189%

143Nd
STABLE
12.174%

144Nd
229E+15y
23.798%
a=100.00%

Proton (Z) #

151Eu

217E+18y

47.81%
a

148Pr
229m

147Pr
134 m

149Pr
226m

B =100.00% B =100.00% B =100.00%

145Ce
3.01m

142Ce
>5E+16y
1M1.114%
B

147Ce
56.4s

14aCe
1349 m

148Ce
56.8s

B=100.00% B-=100.00% p-=100.00% [~ =100.00%

I
&6 a7

Neutron (N) #
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&8 a9

I
90

Menu (3@
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NuDat 3.0

NuDat 3.0 supports exploring
nuclear data using responsive
visualizations

Features:

* Interactive chart of nuclides
1-D neutron and proton plots
Data Filtering
Export Data (CSV, PNG, Link)
Additional Resources

L?" Brookhaven

National Laboratory

N-Plot Y-Scale Export
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Synchronized 1-D Plots

Optionally sync plots: AQ,=0.5 X ( Qq(£+2, N+2) - Q,4(Z, N) ), in

atr-ife[ Dacay mooe] Qg [ @ec [ Q- | Sa | Sp | Qe San | Sz | Q- | Qere | Qeco | Qpn | Qpezn | BE/A [(E-Lom )y Pair. aap [ Ersy e N-Plot Y-Scale Export
£ [ & [ aie | & [ eedumey [ aoy | ann | zsusw | sseur [ asceer [Dreser | m| [(mev |[@ems |
Nuctens | @@ ,oner _ N#: CEven 0Odd _ 7#: (Even DOdd 22 ] gz
1325n = =5}
2975 < 300e-3 =)
- = 40022 |_F)
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. S.T1E+3 @ = E;é
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S 300003 ma:
o mss
4008-2 o4
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. . . a ’ N N
Visualization of

[ e

N#: DEven DOdd  Z=: Ceven Dodd M= [Q]0

mz
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2
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mez
m
maz
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Doz
miiz
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: H1az
soes] 11 s
“4‘ @iez
403 17z
© 1 2 3 40 % e T B % 100 10
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Neutron (N) #

. . ‘ . 3
Ground and isomeric state information for ';fSn

Aa(kev)

The following are available

List of levels | Leve! scne-nel Jvs.E plot |J-: E(y) plot | Decay radiation information
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Presenter Notes
Presentation Notes
132Sn is a doubly magic nucleus - that's why it's red / has the peak in the 1D plot.


Synchronized 1-D Plots

Optionally sync plots:

1-D plots update to the
current view of the chart
of nuclides

Visualize patterns in
regions of chart, such as
peaks

¢ Brookhaven

National Laboratory

AQ,=0.5 x ( Qy(Z+2, N+2) - Q (Z, N) ), in
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NuDat 3.0

] e ] 5o [ 52 [ @or [ Qe[ ey [ Qo] Qe 8] GE DU /A P 5o
NUDat 3 0 < . :‘:’::;:‘Z()h:# " °" BENa/BE)n | obny) | ol 230PuFY | Zizc-fF‘f@
- pports exploring e
nuclear data using responsive Data Condions At E
visualizations |
Features:
* |Interactive chart of nuclides

1-D neutron and proton plots
Data Filtering

Export Data (CSV, PNG, Link)
Additional Resources

30 40 50 60 70 80 a0 100 110
Neutron (N) #
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Presenter Notes
Presentation Notes

This is particularly useful for using isotopes in society.
Each application usually has a constrained set of properties an isotope must fulfill to be used.


N u D at 3 0 Half-life | Decay Model Qe | Qec | Qe+ | 5n 5p AQy | S2n | S0 | Qzp- | Qaec | Qecp | Qgn | Qg-2n | BE/A | {BE-LDM Fit]fAl Pair. gap
L | Es | Es | Eq | Es./Ez | g, B(E2)52/B(E2) 50 | olny) oln,F) 235U FY 239Pu FY | 252CFFY

SET
N ®  Menu
210Rn 211Rn 212Rn R 218R 21¢
86 — Dataset
NuDat 3.0 supports exploring . =
sync Plots &

5.75E+3 5.63E+3 | 5.98E+3

nuclear data using responsive
visualizations

Uncertainty
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* 1-D neutron and proton plots I | Dsores W1
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E t Data C SV P N G Li n k -3.05E+2 9.71E+2 | -6.78E+2 PE- ] _5_5%33 P
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A
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http://www.nndc.bnl.gov/nudat3/?x=-9.29&y=-3.88&k=13.92&z=82&n=126&mode=7
http://www.nndc.bnl.gov/nudat3/?x=-9.29&y=-3.88&k=13.92&z=82&n=126&mode=7

Advanced Cross-Variable Plot

4

Plot observable nuclear properties as ] ]
functions of each other with |
customizable settings :

Options:

» Grouping data by Z, N, or A
Setting axis scales
Displaying lines/uncertainty bars
Data filtering
Highlighting selections

°
Half-life (s)

A
':EE www.nndc.bnl.gov/nudat3/advancedplot

k?" Brookhaven

National Laboratory
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http://www.nndc.bnl.gov/nudat3/advancedplot

Advanced Cross-Variable Plot

Plot observable nuclear properties as
functions of each other with
customizable settings

Options:

» Grouping data by Z, N, or A
Setting axis scales
Displaying lines/uncertainty bars
Data filtering
Highlighting selections

° ° °
Half-life (s)

CT LTI T el ] o T T T I Tl TeT T LT TeTs

A
':EE www.nndc.bnl.gov/nudat3/advancedplot

I k?" Brookhaven
National Laboratory
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Future Work

Interactive Level Schemes
Modernizing Web Applications for Nuclear Reaction Data

Wallet Cards Mobile Applications

A
prpr— oo a1 [T 7T
Band 1 Band 2 Band3
ary x 1 5 F
257.4 7751 Garn Ene
s a5 aen 1003 9915 THrRet, BlEment e (hev)
3.5 670.8 Calciun v . M " o
as) 3 19 ®19.00 (15 3519.00 - @ : 10
j | 983
) a0 aan ’ 2072
%0 oo’ Mobil
i B @i s obile wea | oo
18O 263.60 130 e 2063.60 133 Toor 31
120 “! - w6000 120 2667.07 e s
1008 4 11539773, 1459
ron an TN 0 B TER ]
) 362 «
2033 3715 892.0 10078 WmT (06| 8 (43| Yo |1WA0 B0 61A
4 21000 100 iy 21907 e 334 673" 1008 2% 219.01 Saaast [oea| 1000 [os| B
an Search by target —
El fer B— s e 2159.26 ¢ wis4 [6tos| 9 [e28] 9g
3 X = _— 199146
35 100 © o e ¢ = w124t Joonz] VAN A2
_“,mn app 1m0 [
waE |00 [TETIIRCT]
w180 | ood | 2130458 1924
50y 2.9 90y 172,95 =19 | oz 1867,1984,1912
3021 a7
o e T 147084 o 61%. 147084 1470.84 L ALLSCUL) IN5 N2, 28
70 - 1003 pss.20 70y = 1355.24 ) 1355.24 e | ooz 1845630, 4909
£: g T
Toor mzs |amal 38122278
o | mas
563 R l T 1030.03 50 103063 latit: w212 ooz s12.33,1007
i 100% 04433 | 000t | .8,77.5,324
Dnte Gt
- — wm i se1.53 “ o153 e Toar T
0¥ 21 638,99 [ ey w0 [oeo3| zan [sas| 19y
1) a8 =
FTooe meee | 2058 5
.“ 530.19 “ T 1064 550,19
330.88 S 35S
2 199,26 20 195.326
15533 i 7%
o o 0.0
< . >

S 93, 599 (2001) Date: 1-Dec-2000 B




NNDC Databases: NuDat | NSR | XUNDL | ENSDF | MIRD | ENDF | cSISRS

S a ot ni ure ar lecay
L NuDat 3.0 y Levels & Gammas

. Search | .
Half.ife Dm,wa|qn]l;l Il;l,|\.Js -w]‘- |s un|q Iq ‘q, ‘Q;V Esalugwm;ua
Poir.gop | Evsecs | Eiv | B | Eor | Eaelfr BIE2)BEZe | olny) | oinf) ] 2surr | seeurr [ 2scre

Contact Us

Menu ®

NuDat 3 is available here:
www.nndc.bnl.gov/nudat3/

Protons [7)

Z-Plot Y-Scale Export

22Zcom || D Resar m Log acv || oens

o] |,
Improvements based on >, » g7 =

community feedback sl P i

Ground and isomeric state information for 21Dy 3 soweq AFaT =fi
R R L N g L 1 g |
E(level} (Mev)| Jn | Mass Excess (kev) ;2 |Dec. es| Qp (kev) & vavesa Sl ﬂ 4 miio
0.0 7f2l)| 687523 [17.9m3| £=94.40% | 41803 PP Bl Y i
0=5.60% 4 |13
. 200es4 W15
The following are available [ Rt

We encourage you to send us BRI s ocomm — eI E
your feedback and suggestions

« Jvs.E* plot « Band parameters Protens (2]

NV Follow us on Twitter!
M Donnie Mason - dmason@bnl.gov @NNDC_BNL
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L NuDat 3.0

Search and plot nuclear structure and decay data interactively

Learn more

NuDat 2.8 is available

NNDC Databases: NuDat | NSR | XUNDL | ENSDF | MIRD | ENDF | EXFOR | Sigma

Levels & Gammas Search | Nuclear Wallet Cards Search | Decay Radiation Search | Advanced Cross-Variable Plot
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http://drive.google.com/file/d/1s3UmLSnbAEKIq-6rzdSN4KEzaPU4hYkS/view

NNDC Databases: NuDat | NSR | XUNDL | ENSDF | MIRD | ENDF | EXFOR | Sigma

Learn more

Search and plot nuclear structure and decay data interactivel
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Levels & Gammas Search | Nuclear Wallet Cards Search | Decay Radiation Search | Advanced Cross-Variable Plot
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http://drive.google.com/file/d/1ajM6tmxU_hmI1omS4PFXTPnPxQnkZy-s/view
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