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The Reality of Nuclear Data Evaluation

The nitty gritty details are about as exciting as watching paint dry
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The Reality of Nuclear Data Evaluation

But the end product can be a masterpiece
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NNDC-ENSDF

https://www.nndc.bnl.gov/
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Many applications, such as applied research or detector calibration, require knowledge of the atomic and nuclear data that follow radioactive decay, e.g
half-ife, decay modes and branching ratios, the energies and intensities of the various emissions, etc.

In order to provide users with carefully recommended data, an  More specifically for users of alpha and gamma spectrometry, we have
| international working group (Decay Data Evaluation Project, DDEP) was also developed Nucléide-Lara.

created in 1995. The update of the recommended data pages is

performed by the Laboratoire National Henri Becquerel.

The online application makes it possible to consult and query the decay
data for more than 400 radionuclides (half-life, decay mode, emission
Below are the tables of recommended data for more than 200 energy and intensity, decay scheme..).

radionuclides with detailed comments describing how these values were

obtained. Nucléide-Lara Application

‘ Tables of recommended data

e Laboratoire Natfional Henri
Becquerel, CEA. France

« Decay Data Evaluation
Project (DDEP)

 Adopted and supported by
the Bureau International des
Poids et Mesures (BIPM)


https://www.nndc.bnl.gov/
http://www.lnhb.fr/nuclear-data/
https://www-nds.iaea.org/

Evaluated Nuclear Structure Data File (ENSDF)

I Nuclear Data Center

Brief Exploration of ENSDF “ S

ENSDF: Evaluated Nu

Sigma
Structure Data File Search and Retrieval
Last updated 2019-11-26

ENSDF provides recommended nuclear structure and decay information

ENSDF is a database that consists of complex nuclear level T B St el s 0

0 new datasets added/modified in the last month!

schemes and tables of numerical values and quantum

numbers for structure and decay properties of nuclides
Nuclide or mass:|:| Search

(208Pb, pb-208, 144, in (neutron), etc.)

Check out the Summary of ENSDF!
A listing of when nuclides were last evaluated and recent XUNDL datasets.
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LLNL-TR-840465

« | First Report of the Nuclear Data

Subcommittee of the Nuclear Science
Advisory Committee

F. Bostelmann, M. Carpenter, M. Chadwick, M. Fratoni, A.
Hawari, L. Heilbronn, C. Howell, J. Ressler, C. Keppel, A.
Koning, K. LaBel, T. Turflinger, C. Nesaraja, S. Qaim, C.
Romano, A. Spyrou, S. Siem, C. Vermeulen, R. Vogt

September 29, 2022
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LLNL-TR-845408

- | Second Report of the Nuclear Data

Subcommittee of the Nuclear Science
Advisory Committee

L. A. Bernstein, F. Bostelmann, M. Carpenter, M. Chadwick, M.
Fratoni, A. Hawari, L. Heilbronn, C. Howell, J. Ressler, C.
Keppel, A. Koning, K. LaBel, T. Turflinger, C. Nesaraja, S.
Qaim, C. Romano, A. Spyrou, S. Siem, C. Vermeulen, R. Vogt

February 22, 2023
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Evaluated Nuclear Structure Data File (ENSDF)

Decay and Reaction Adopted Level and Gammas

» All experimental results published are compiled into
datasets

e Types of Experiments

Reaction: Transfer, Heavy lon, Coulomb Ex.
Inelastic Scattering, Capture, Resonance, Charge
Exchange, etc.

Decay: alpha, beta, electron capture, etc.

* Properties: Level energy, spin, parity, half-life, decay
modes, branching ratio, radiation energy, intensities
etc.
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“Best Value” derived from critical analysis of
individual decay and reaction datasets

As data continue to expand and improve as
experimental techniques grow and become more
sophisticated, the Adopted Data too is updated to
reflect the latest measurements

19118 datasets
3349 nuclides

3349 Adopted
4348 Decay
14770 Reactions

N, number of newtrons
_—

courtesy of E.A. McCutchan at NNDC, BNL



Evaluated Nuclear Structure Data File (ENSDF)

Decay and Reaction Adopted

Adgeml Levels, Gammas Legend
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Evaluation Process

1. Retrieve all references in journals, proceedings, reports, theses etc. using
the Nuclear Science Reference (NSR) and other resources

&« C & nndcbnlgov/nsr/

£ Apps Imported From IE @ Fortran Lesson

e NSR key number
B nuclear_data_needs.. @ CAplus Core Journa... @ http--indicoictpit-.. @ http--ocw

vmitedu-.. @ http--www.eurosch..,

ational Nuclear Data Center

Reference
; e e

<« rd

Appl.Radiat.Isot. 118, 215 (2016)

NNDC Database:

20163JU05
Nuclear Science References (NSR)
NSR Reference Paper NIM A 640, 213 (2011)
Database version of December 13, 2019
The NSR data b bbl g D’” of n \ ph articles, indexed according ta ontent and spanning more th IOD s of research. Over 80 journals are chec
articles t be \uded informatios tP' }“ \pp e. The NSRd tal b P'ema nd Web ppl ations have ergone some recent changes is i i
Interfac:

g s a revise erjorn F.Juget, Y.Medjadi, T.Buchillier, FBochud, C.Bailat KeyWO_rd S descrl b I n g
the article
| QuickSearchl( I( I( I( I(

Determination of 137Cs half-life with an ionization chamber /
i
\ g or (n.g) or (160,160)
Publication Year from |1896 fo 2020

RADIOACTIVITY 137Cs(p); measured decay products, ER, If; deducad Tyz and uncertainties. Comparison with available data
Reference Type ® Al © Experiment ) Theory
Output Format ® HTML O BibTex ) Text
Search | [ fhset doi: 10.1016/j.apradise.2016.09.002 _
Liata [rom s aricie nave peen erierea in e XUNDL dafsbase. For more infarmation, cliclk here
Boris Frity T o National Laboratary
Web ing- Boris Prity . NN, Brooih: National Laborator
Data Source: NNDC, #ggl

www.nndc.bnl.gov/nsr
Link to article (requires subscription)
Search parameters

NSR contains references to publications from over 80 major journals, as
well as internal reports from labs throughout the world
%, 0AK RIDGE
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2. Compile & critically analyze all published results

Joumnal of Physics G

PHYSICAL REVIEW | G : nature . e

NUCLEAR PHYSICS

P—

_____ : . :::;"
rRHEC [
Chi ' PHYSICAL

Phyﬁc PHYSICS LETTERS B - Revew y — N

HiGH EARRITY S M M LEAR 5 av 4 LETTP RSW (

& Applied Radiation and

B NUCLEAR DATA EVALUATOR
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3. Prepare datasets for each type of reaction and decay

ENSDF Standard 80-character Formated Records
3 4

Record 6]7]s o]0 5 6]7]8 9\0

Compiled data has to be prepared into datasets L R W

T T [ [ [ [ I [ TT T
REFERENCE

using specific ENSDF procedures and guidelines. .-

j— T
SN Ipsy sp [pse| QA DQA OREF
— j— T

GCOMM 1N DR &) bl CTEXT

PARENT

NORM

NSDD is the governing body that determines

BETA

the rules for the evaluation process

ALPHA

€

PART

GAMMA

HEIEISISIEIE

S6ir(ng) FUICHK intslens X
Taca  ssar@a,ne) T580L110, 15771107, 1976L117

1CA H TYP=FULSAUT-E.A. MCCUTCHAN and C. D. NESARAJASCUT=30-March-2015

41CA ¢ Al references are from the same group with E(|2)=7.5-13 MeV. Deduced
a1cA2c levels, Elg, I3, Id, It

41CA c 1S80L310:E(ja)= 5.6-13.0 MeV. Gammas detected with Ge(Li) detector
41CA2c ana [o-ray linear polsrization measized with hres Ge(Li) Compron ]
41CA3c polarimeter. Measured Elg, Ilg, Ig(lq), Ig(lin pol), |d for most —

NS IEIS 9 R

41CA ¢ 1977Li09: Ig(l@) and |g(lin pol) data for J|p assignments for
41CA2c 3369, 3830, 3914, 3976, 4519 and 5219 levels

41CA ¢ 1976Li17:E(la)= 7.5-14.5 MeV. Measured |g|g coin. and level lifetimes
41CA2c by Doppler-shift attenuation method (DSAM)

41CA cL T$From DSAM (1976Lil7),c

1978EGO1, 19750L01, |  41CA cL T(R)$From DSAM (1980L110) gal
A. MCCUICHAN and C. D. NESARAJASCU| 41CA cL J$From Adopted Levels. Most of these assignments Y (2963 15 To80WIL3, 1573ALLL
41CA2cL agree with those from 1980Lil0 which were based on 1g(1q) T-£.A. MCCUTCHAN and C. D. NESARAJASCUT=30-March-2015 Pracedurss Manual
41CA c 1978EgOL: (+261Mg({+18}0,3nlg), E({+18}0)=34 MeV| 41CA3cL and |g(lin pol) daca (+41)5c produced by (+40}Ca(d,n) reaction with E(d)= € MeV

41CA2c  accelerator. Detected gammas with Ge(Li) detecto| 41CA cL ESFrom least-squares fit to Elg's
41CA3c spectrometer and Ge(Li) compton polarimeter. Mel

Evaluated Nuclear Structure
Data File

IT ctandem accelerator. Gammas decected with Ge (Li)detectors
41CA cG ESFrom 1976117, unless otherwise stated o (e BI0) o) R St

jsated Wutlear Birucior s Oata Filn

41catc Ig(la), 19(lin pol) 41CA cG E(B)$From 19801410 (+41)5c produced by (+40)Ca (p, Ig) reaction with E(p)= 3 MeV. Octeber 1687 " .
41CA ¢ 19750101 (also 1973G031): {+26}Mg({+18}0,3n|g), ]| 41CA cG RISFrom 1980Lil0, unless otherwise stated haven National Laboratory Van de Graaff. Measured |blg coin uldellnes 01" E‘."aluat{}rs
41CA2c (also 36 MeV) from Brookhaven National Laborator| 41CA cG M,MRSFrom |g(1q) and |g(1in pol) data (1880Li10,1877L109), Plastic acintillator for |b zays and NAI(T1) for |g-rava.
41CASc Ge(Li) detectors and polarimeter. Measured E|g, | 4iCA2cG combined with RUL T(o1/2) of (+4115c. A Manusl foe Preparaiis
4lCasc |g(lin pol) 41CA G RI(A)SFzom (d,plg) (1974Mc0l) since 444 |g and 445|g form an unzesolved ¥ Diata Sets
41CA C 1974Li07: {+27)A1({+16}0,pnlg), E({+16)0)=32.5-4( 41CAZCG doublet in (Ia,nlg) asurement fzom |e decay of {+41}Sc: v by . :
41CA2C with Ge(Li) detectors. Measuzed Elg, lifecimes by 41CA cG RI(C)$From (d,plg) (1875Tald) lsesvon2, 1seaczos, Pt with .'.p|:|~r||||u,\
41CAsc actenuation method. a1ca 7 1560Wa0s, 1952Mass, 1941E103
41CA C Oth 41ca 7/2- m: 1962Cz04, 1941E103 R e dagdish K.
41CA o 2011CHSS: (27)A1((+1610,X|g). E((+16)0)= 34 Mev| M1 L 1943.0 33/2- . 0.42 85 10 surements: i Lissrtey ML J, Martin
a1case , 1in pol) and anistostropy ratio . sise 1ss0usi, 1ssousis, 1ssusis) s . .
e 2009se0s A;ﬂgkzuuegaazr: (+24)H§K(+24‘))ry1§ylazpn|“ 41CA CG SA2=-0.04 1, A$=+0.01 1, POL=20.14 2 agnetic-dipole ng |b-MMR technique Chak Ridzr Nathanal Labaragery, Oab Riddgx, Teanenee
41CAZC E((+24)Mg)=45.7 MeV. Seven |g rays from the deca| H1CA L 2010.2 33/2¢ 3185 T oo 1ssanier, 15eamie0)
41Casc resonance into the n-evaporation ch MHE3 40.16 2 uadrupole moment using |b-NNOR technigue [re———
41CA ¢ 1992Pa0l: {+12}C({+32}5,2pnlg), E({+32}5)= et tp E==0ed0 8 from absolute |e+|b+ feedings given by 1980Wi
$E2C 1eved s2ed 22 o seferenie i the msasmrenens of | 2485 & 20RA13, Dpper Limits uo ouhes lovels are given (1580H118) Oetober. 2019
41CAsc state in (+39)K. Three |g-zays reported at 46 MIEZ 40.03 1 : <0.0034 (to 3676 level), <0.0010 [ — clober, 2
S o SETRERE e R Ay Bt SOE T 1, POL=+0.30 2 evel), <0.0011 (o 4878 level), <0.00079 (to 5355 level), UNITED STATHS SEPARTM
41CA2c lifetime by recoil-distance method 2 © 5646 level), <0.0012 (to 5796 level)
MisE2 dopted Levels

41CA ¢ 1976Ra05: {+27)A1({+16}0,pnlg), E({+16}0)=32.5 M| £
a1Ca2c |g(lq,t) and deduced lifetime and hyperfine percurbacions
41CA c 1876Ke02: (+27)AL({+16)0,pnlg), E({+16}0)=30 MeV. Measured Elg,

i 41CA G EgFrom level-energy differences

41CA CG M,MRSFrom Adopted Gammas NATIONAL NUCLEAR DATA CEMTER

§1Ch2c literines by recoil disrence Doppler-site actensation g eo v mesws 1 etss.a8 16 BEOOKHAVEN NATIONAL LABORATORY Nthast Ness Dt €2
41CA3c method 41Ca BN : : . A ASSOCIATED WHIVERRITIES. INC
41CA c 1576Me03: (+27)A1({+16)0,pnlg), E({+16}0)=34 MeV. Measured Elg, G B o e PR, NP VO §REPS
$16h25 Jiterines by recsil iseence Doppler-anits mechod
ha ¢ ss.36 3 o

41CA ¢ 1975Ki05: {+28}SI({+16}0,2pn|g) E({+16}0)=40 MeV.
41CA2c Measured lifetime for 3830 level by lg(lq)

41CA CE LOGFT$3.736 {Il4) (Gamow-Teller part only,1980Wil3) EY DERARTRENT
%

41cA L 2574.9

41CA c 1975Un02: (+27)AL({+16}0,pnlg), E({+16}0)=32.5 MeV. Measured g-factor v o025 3
41CA2c of 3830 level by IMPAC (time Dependent Percurbed Angular Distribution) 41CA cE TISOther: < 0.2 (1ST3AIIL) :

4lcasc metnod 41CA G 2574.8 0.023 3 MIsE2

41CA c 1975Y005: (+27)AL({+16}0,pnlg), E({+16}0)=48 MeV. Measured g-factor 41CA cG MRS-0.36 8 or -1.48 11

41CA2c of 3830 level by TDPAD (Perturbed Angular Correlation after Ton 41CA L 2989.4 4 72

<
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ANALYSIS CO

« ALPHAD
 Brlcc

« GABS

« GTOL

« BETASHAPE
« JAVA RULER

UTILITY CODES

« FMTCHK
« JAVA-NDS
 V.AVELIB
« XLS2ENS

OAK RIDGE

National Laboratory

« CONSISTENCY CHECK

4. Nuclear Physics computer codes used to analyze datasets

TAEA.org | NDS Mission | Mirrors: India | China | Russi

14E8

Source: https://www-nds.iaea.org/public/ensdf_pgm/index.htm

ENSDF Analysis and Utility Programs

The Brookhaven National Nuclear Data Center maintains and distributes various programs in support of the International Atomic Energy Agency sponsored Nuclear

Structure and Decay Data Network. These programs generally use as input files in the Evaluated Nuclear Structure Data File (ENSDF) format.[1]

The tab 'Test and Validation' contains new codes which are in beta versions or still under development and require further testing by the users. Bugs or other problems

should be sent to the code developers at the email address indicated.

¥ List of modifications:

Please address any issue regarding this page to nds.contact-point@iaea.org Last updating: 23 October 2019.

_[ Analysis | [Utility ][ Testing/Validation | [ PNPT Codes | [ NSDFLIB | [ SETMDC |

ENSDF Analysis Programs
When present, documentation is included in the compressed files

# | Program Version/Last | Notes ANSI Linux Windows MacOS.
1 | ALPHAD compr file c file compi file
Calculates alpha HF's and theoretical half- @ with makefile with executable with makefile
s.
2 | Brlcc 2015-01-20 Compressed file Self-extracting Compressed file
Calculates the conversion electron, ] New Windows archive
electron-positron pair conversion executables
coeffcients and the EO electronic factors correcting
runtime
problems
3 | BrlccMixing New 64-bit | 2019-09 Compressed file | Self-extracting Compressed file
Calculates the multipole mixing ratio - @ executables archive
Requires Brlcc
4 | DELTA Source code Source code Source code
Analyzes gamma-gamma angular correlations
from unaligned states. Compressed file Executable Executable
Compressed file Compressed file
5 | GABS new version 2019-09 sample files
Gamma-ray absolute intensity and @
normalization calculation.
6 | GTOL 2013-5-24 Source code Source code Saurce code Saurce code
performs a least-squares fit to the gamma- @
energies to obtain level energies and 64-bit executable | Executable Compressed file
calculates the net feedings to levels with readme
Samples Compressed file
7 | HSICC Source code for Source code for Saurce code for
Interpolates Hager-Seltzer and Dragoun internal building 1CC building 1CC building 1CC
conversion coefficients. tables tables tables
Source code for Source code for Source code for
ICC calculations ICC calculations ICC calculations
Source code for Source code for Source code for
merging data merging data merging data
Source code for Source code for Source code for
recreating ASCII | recreating ASCII | recreating ASCII
ial file ial file ial file
Compressed file Executable for Executable for
building 1CC building ICC
tables tables



https://www-nds.iaea.org/public/ensdf_pgm/index.htm

5. Adopted Dataset - the HEART of the evaluation

Nuclear data evaluators are frequently confronted with the
problem of deriving a recommended value, or “best value”

i
v
||
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5. Adopted Dataset - the HEART of the evaluation

Nuclear data evaluators are frequently confronted with the
problem of deriving a recommended value, or “best value”

-

d Consider the measurement technigue used

O Check inconsistencies or disagreements between
different experiments

“ A Note any systematic deviation
d Distinguish between actual measured value and
assumed or calculated value

O Note unreadlistic uncertainties

Q Identify possible outliers

%OAK RIDGE

National Laboratory



249No: 2°3Rf o decay

FLNR-JINR-Dubna

(2022L003, 2022Te01,2021Sv02)

* (ER)-a—a correlated decays using SHELS fragment

separator and implanted into the GABRIELA setup
at FLNR-JINR-Dubna.

* DSSD; 15-20 keV energy resolution for ranging from
6-10 MeV

« measured Ea=9210 keV (20) and 9310 keV (20)

<15 keV 52.8 ps 7,2+

SF, 100%
1/2+

9.9 ms
SE, 83%  253Rf

o |e1e ij ~125 keV 172+

E2

9.31 MeV

-

SF, <0.2% 249 No

38 ms

5/2+4

o
9.1 MeV |

%OAK RIDGE

National Laboratory

GSI

(2021Kh07)

* (ER)-a—a. correlated decays using TASCA separator
e DSSD: FWHM ~40 keV for 5.8 MeV alpha particles
e measured Ea=9170 keV (20)

44 us .
12.8ms¢ &
253Rf

1/2%[631]

7/2" [624]

1/27[631] mm mm e
15ms ka9

249N e

7/2% [624]




2022L0o03

« measured Ea=9210 keV (20)
and 9310 keV (20)

2022Te01 SE, 1009 =13 keV_52.8 ps 72+

« Ex~125 keV using simulation Geant4. .‘é 9.9
SF, 83% 253

No other experimental information was
given in the paper.

Adopted (Published in Nuclear Data Sheets in June 2024)
Ex= Q value — KE(a)

Ex= 102 (30) keV using Ea=9210 (20) keV

a 1519 MfV ~125 keV

y ! il |8
i |
0,5 H
i g4 F B

. a i ! '3 N .
:'I'I'iﬂ oS0 Gchil W50 000 6050 B
Dretected alpha-particle energy (ke'')

1/2+

Coouants'S ke'V

- . . I
o3 mey  E2 38ms Poor statistics !
. 5/2+
sk,<02% Y No
a
9.1 MeV
— -

Comments were provided that =95% of o decays proceed to the 125-keV level, but no experimental

evidence is provided.
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EN\ P\“’ from co-author 2022Te01 on 9 April 2025...

“evaluation has missed important information”

m OF THE INFORMATION WAS AVAIBLE IN ANY OF THE PAPERS !!!

In a-decay experiments where the heavy nuclei of interest are implanted into a

Si detector, there can be partial or total summing of the alpha particle
energy with the

* subsequentinternal conversion electrons and auger electrons
* Xrays that accompany the internal conversion process. :

....\We simulated these effects and deduced a level excitation T

energy of 125 keV g‘ g‘

En detected E detected
energy energy
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WATCHING PAINT DRY TO PRODUCING A MASTERPIECE

Critically analyze all published results Recommend best values
(watching paint dry) (producing the Mona Lisa)

Best Recommended Values
(Adopted Levels, Gammas)

Journal of Physics G
PHYSICAL REVIEW ¥ m Nuclear and Particl Physics

NUCLEAR PHYSICS

Reactions
(HI,xn)

TEHEC

Chi A : PHYSICAL
Physics ¢ PHYSICS LETTERS B | F 7 REVIEW ( d p ) ( p t)
LETTERS
gé%l\ocmmcp\ MRS V4 7 7 R pdopt vt
. [ 137Te - decay
- Coulomb Ex.
i solones [ 248Cm SF decay

[ 252Cf SF decay
~ [ 137 54Xe83

(p,p’)
(ny)

23
{

[1 Adopted Levels,
Gammas

[ 1371 - decay
R 1381-n decay
[ 248Cm SF decay
[ 252Cf SF decay

[ 2H(136Xe,p)
[ 9Be(136Xe8Be)




	Fundamental Insights to the Evaluated Nuclear Structure Data File (ENSDF)
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Examples of some relevant Nuclear Databases and Libraries
	Slide Number 6
	Slide Number 7
	Evaluated Nuclear Structure Data File (ENSDF)
	Evaluated Nuclear Structure Data File (ENSDF)
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	249No: 253Rf a decay
	Slide Number 17
	Slide Number 18
	Slide Number 19

