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Outline

❑ Introduction:  

✓ what is Nuclear Data 

✓ historical perspective 

❑ Major Nuclear Physics Databases: 

✓  NSR, ENSDF, XUNDL, AME 

❑ Other useful resources: 

✓ Nuclear Structure and Nuclear Astrophysics 
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The first American Nobel Laureate, Albert A. 
Michelson, in an 1894 speech at University 

of Chicago stated: 
   “The most important fundamental laws and facts 

of  physical  science  have  all  been  discovered. 
These  are  now  so  firmly  established  that  the 
possibility  of  their  ever  being  supplanted  in 
consequence  of  new discoveries  is  exceedingly 
remote.  Our future  discoveries  must  be  looked 
for in the sixth place of decimals.” 

Within a few years of this speech x rays (Roentgen 1895), 
electron (J.J. Thomson 1897) and radioactivity (H. 
Becquerel 1896) were discovered!!!

Some Historical Remarks …
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~3000

~3000 nuclei the 
knowledge is very 

limited or 
nonexistent!

~6000 nuclei are 
predicted to exist

Proton Drip 
Line 



Nuclear Physics is (still) a Big Challenge 
because of complicated forces, energy scale and sizes involved 

The challenge is to understand properties of nuclei far from the line of 
stability; location and formation of new shell structures; how single-
particle motions build collective effects like pairing, vibrations and 
shapes at the extremes of N/Z, angular momentum and excitation 
energy; how the heavy elements were made in nature

Question 3 
How were the heavy elements from  
iron to uranium made?

11 physics questions  
for the new century

February 2002
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Nuclear Physics in Important  
astrophysics, medicine, energy production, security 

supernova explosionnuclear power plant

99mTc bone scan

238PuO2(87.7 y)

Cassini spacecraft - Saturn



       it is an exciting time in Nuclear Physics 

with existing and new (RIB) facilities available (some just around the 
corner) there is an opportunity to make major contributions to the 
knowledge; with advances in theory there is a chance to understand 
the new discoveries; by compiling & evaluating nuclear data we can 
support various applications, advance scientific discoveries and 
preserve the knowledge for future generations

ATLAS
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What is Nuclear Data?

 … too applied to the basic physics too academic 

                            to the applied physics … 

• Generally: any result produced 
in a NP experiment can qualify  

• Historically:  associated with 
neutron cross sections and 
fission like applications
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Nuclear Structure Data Evaluation
associated with nuclear structure databases – complex nuclear level schemes 
and tables of numerical values, which quantify fundamental nuclear structure 
information, such as level energies and quantum numbers, lifetimes, decay 
modes, and other associated properties. 

databases are not only at the core of basic nuclear structure and nuclear 
astrophysics research, but they are also relevant to many applied 
technologies, including nuclear energy production, reactor design and 
safety, medical diagnostic and radiotherapy, health physics, environmental 
research and monitoring, safeguards, material analysis, etc. 

Today, far larger and more complex databases 
are urgently needed in many fields! 

Nuclear Physics perhaps has one of the best!
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First Compilation of Nuclides ?
Giorgio Fea, Nuovo Cimento 6 (1935) 1

Evaluation History

Compilation: from Latin compilare (14th cent) 
“the action or process of producing something 
by assembling information collected from 
other sources” 
in scientific fields it serves as a convenient 
source of detailed information  

Evaluation: from French évaluation (1842) 
“the making of a judgment about the amount, 
number, or value of something; assessment” 
a good “evaluation” always involves 
“compilation”

courtesy of E. Browne (LBNL)
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Evaluation History – cont.

nuclear decay modes, half-life, decay energy, production
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Evaluation History – cont.

The  subsequent editions of Table of Isotopes 
G.T. Seaborg, ibid. 16, 1 (1944) 

G.T. Seaborg, I. Perlman, ibid. 20, 585 (1948) 

J. M. Hollander, I. Perlman, and G.T. Seaborg, ibid., 25, 469 (1953) 

D. Strominger, J.M. Hollander, G.T. Seaborg, ibid., 30, 585 (1958)
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Evaluation History – cont.

courtesy of E. Browne (LBNL)
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Evaluation History – cont.

LBNL @ TOI

The 8th Edition (the last) – most of the data were 
derived from the Evaluated Nuclear Structure 
Data File (ENSDF)

TOI was discontinued after the 8th Edition – still 
heavily cited in the scientific literature
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❑ in 1945: Katherine Way (the first PhD student of John Wheeler) as 
a part of the Manhattan Project, started collected nuclear data 
at Clinton Laboratory (today Oak Ridge National Laboratory)  

❑ in 1947: KW went to the US National Bureau of Standards (today 
NIST),Washington, DC where in 1953 under the National Research 
Council, US National Academy of Sciences she created the 
Nuclear Data Project; published the first collection of data in 
loose-leaf pages called Nuclear Data Sheets

Evaluation History – cont.

❑ in 1964: under the leadership of Katherine Way, NDP moved back 
to ORNL – Nuclear Science Reference (NSR) & Evaluated Nuclear 
Structure Data File (ENSDF) formats were developed - E.B. 
Ewbank, M.J. Martin and co-workers at ORNL  

❑ in 1966: the journal Nuclear Data Sheets journal (Academic Press) 
started; currently published by Elsevier 

❑ in 1974: the International Nuclear Structure and Decay Data 
Network, under the auspices of IAEA, was created – the main 
effort was shifted from ORNL to NNDC (BNL) 

❑ since 1981 the main editorial work has been carried out at NNDC 
(J. Tuli – Editor until 2016; E. McCutchan – Editor since 2016)  

Information courtesy of J. Tuli (NNDC)
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❑ 1945 - Emilio Segre introduced the first chart, with 
Z along the x-axis, and N along the y-axis. Published 
as Los Alamos report. 

❑ 1948 - G. Friedlander and M. Perlman published the 
first General Electric (GE) chart with Z and N 

❑ 1948 – T. Lauritsen and F. Ajzenberg-Selove – U. Pennsylvania & TUNL   

❑ 1950 – B. S.  Dzhelepov, L. Peker and I. Selinov – USSR 

❑ 1954 – P. M. Endt and C. Van der Leun, U. Utrecht, Netherlands 

❑ mid 1970: C. Reich and R. Helmer, INEEL; J. Blashot, CEA, France; J. 
Cameron, M. Johns & B. Singh, McMaster U; S. Raman, ORNL; D. DeFrene, 
Gent U; T. Burrows, J. Tuli, NNDC

Evaluation History – cont.

2007 National Medal of Science



❑ collaboration of scientists from ANL, LBNL, MSU, NNDC (BNL), 
ORNL, TUNL & Texas A&M U, supported by the Office of Nuclear 
Physics, Office of Science, US DOE

✓ leveraged with effort from colleagues from several  countries 
within the NSDD Network, established in 1974 under the auspices 
of IAEA, Vienna

❑ Compile, Evaluate, Measure and Disseminate 
Nuclear Structure and Decay Data for ALL known 
nuclei (more than 3000!) that are used in basic 
science research and technology applications

What we do: 

Nuclear Structure & DecayNuclear Reactions



NSDD Network

backbone of NSDD – leadership, technical 
expertise and mentoring host & maintain 
ENSDF, NSR & network programs

Organize bi-annual meetings & 
technical workshops

Provide research grants 
($4K /y)

developing countries

relatively small contribution; 
funding still an issue

Europe (Romania, Hungary 
& Russia),  Asia (Japan, 
China, India), Australia

Dissemination



www.nndc.bnl.gov
Where - the focal point 
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Contents: Evaluated nuclear structure and decay data for all known nuclei, organized 
in over 290 mass chains

Adopted 
(best values) 

Levels: 
(E, Jπ, T1/2, µ, Q, 
configurations) 

Gammas: 
(Eγ, BR, M,δ, ICC)

Decays 
β- 
ε+β+ 
α 
β-n 
etc.

Reactions 
(HI,xnγ) 
(p,p’) 

(n, γ), (n,xnγ) 
Coul. Exc. 

(α,α’), (α,xnγ) 
(d,p), etc.

ENSDF

www.nndc.bnl.gov/ensdf

ENSDF – the core database



ENSDF – the core database – cont.
ENSDF is the only Nuclear Structure database that is updated continuously – contains 
information for ALL nuclei and ALL nuclear level properties & radiations – currently 
contributed by members of the Nuclear Structure and Decay Data Network, under 
auspices of IAEA. It is maintained by NNDC and the NSDD  role is indispensible!

No viable alternative exists in the world! 
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What takes to do a good evaluation

it is a time consuming effort! 
❑ critical reading of all published (and sometime unpublished) work on 
a particular nuclide – working with the authors when possible 

❑ compilation of the results in appropriate formats  - prepare 
individual data sets  

❑ critical review - recommends best values for a range of nuclear 
properties (not simply averaging numbers!)  

✓a number of computer codes are applied to check the data for 
consistency or to deduce some quantities, e.g. ICC, BXL, log ft, etc.  

✓the human factor is also very important  
❑ peer-review process – completeness & quality  

❑ publication in Nuclear Data Sheets (and on the Web)
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What is the value of evaluated data? 

❑ archival of all nuclear structure and decay data 

❑ resolve differences between overlapping and 
contradictory results  

❑ beneficial consequences for nuclear theory development 

❑ beneficial to many applied areas such as nuclear 
medicine, reactor engineering, environmental impact 
assessment, nuclear waste management, activation analysis, 
etc.  

❑ identify and stimulate needs for new measurements
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J=68 (SD 152Dy)?

130Ag-22 n away from 109Ag 

169Au-28 n away from 197Au

Ex=36 MeV (149Gd)

from ~3000 known nuclei   
785 nuclei with only 1 level 
1101 nuclei with no γ known  
40Ca – 578 levels 

53Mn – 1319 γ−rays

E6 in decay of the 19/2- 
(2.5 min) isomer in 53Fe

www.nndc.bnl.gov/ensdf
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www.nndc.bnl.gov/ensdf
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www.nndc.bnl.gov/ensdf

level information

parent data
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www.nndc.bnl.gov/ensdf





ENSDF
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Chart, active area

Navigation Controls
Help

Search forms

A. Sonzogni (NNDC)
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Nuclear Levels Properties - search 

A. Sonzogni (NNDC)



32

Decay Radiation Search 

A. Sonzogni (NNDC)



33A. Sonzogni (NNDC)
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Interactive Decay Scheme 

A. Sonzogni (NNDC)



✓ friendly face of ENSDF & 
other nuclear structure  
data 

✓ data tables with 
evaluators’ comments 

✓ CSV download 

www-nds.iaea.org/livechart

M. Verpelli (IAEA)



Build your own query on ENSDF 
✓ Custom plotting 
✓ Powerful searching capabilities 
✓ CSV data downloading 

www-nds.iaea.org/queryensdf

deformed

N=50



• ENSDF & other nuclear 
structure data 

• Query tool 
• Chart with decay path

Isotope Browser – for mobile devices

M. Verpelli (IAEA)
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Contents: Compiled (unevaluated) data from current publications
❑ >3000 nuclides (from 1H to 294118) with more than 4300 datasets & papers
❑ provide rapid access to formatted data from latest publications 
❑ prompt updates (every week), as datasets arrive at NNDC 
❑ often communications with the original authors exchanged either to obtain details 
of data that do not appear in the paper or to resolve data-related inconsistencies

XUNDL Database www.nndc.bnl.gov/ensdf

E. McCutchan (NNDC)
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“Google can do it all …”

✓ access to the most relevant articles and 
evaluated data for a particular nuclide 

✓ access the recommended (best) values for a 
range of nuclear properties 

✓ search on a specific nuclear property, quantity 
     or reaction  

a lifetime of a graduate student????

Nuclear Science References 
 (NSR)

B. Pritychenko (NNDC)



NSR Database  www.nndc.bnl.gov/nsr

B. Pritychenko (NNDC)
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NSR key number Reference Authors

Link to article (PDF), 
requires subscritption

Keywords, which describe 
article’s content 

Link to data 
in article

www.nndc.bnl.gov/nsrNSR Database – cont.
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❑ Log ft values in β-/(e+b+) decay

❑ Alpha-decay HF from even-even nuclei

❑ Nuclear Moments (µ and Q0)

❑ Proton Radioactivity Decay Data

             many other applications oriented …

Nuclear Data Sheets v. 97 (2002) 241

Horizontal Evaluations & Topical Reviews



❑Previous evaluation by S.  
Raman, C.W. Nestor, P. 
Tikkanen, At. Data and Nucl. 
Data Tables 78, 1-126 (2001) 

❑The new tables provide evaluated 
values; shell-model calculations 
for selected nuclei

www.nndc.bnl.gov/be2



τ

J
i
  K

i

J
f
  K

f

✓ reduced hindrance per degree of K-forbiddenness fν = Fw
1/ν 

rule of thumb -> Fw increase by 100 per a unit of ν 

✓ Fw = F0xf0
ν : intrinsic and K-forbidden parts 

   ADNDT2015 -> Fw increase by ~10 per a unit of ν 

Rep. Prog. Phys. 79 07630

❑ examined 373 isomers 
❑ evaluated 1050 K-forbidden decays 

✓ compared to 250 by Lobner 
✓ compared to 22  by Rusinov 

Previous work:  
K.E.G. Lobner,  Phys. Lett. B26 (1968) 
L.I. Russinov, Sov. Phys. Uspekhi 2 (1961) 



Nuclear Moments

https://www-nds.iaea.org/publications/



Nuclear Moments Database
Online access to printed compilations (Stone etc) 

Access to references (DOI, NSR links)

Future improvements: search criteria, plotting capabilities
wwww-nds.iaea.org/nuclearmoments/



Atomic Mass Evaluation & NuBase

Application

❑ combines the experimental results from mass and energy measurements 
produced in many nuclear physics laboratories using a procedure 
established by A.H. Wapstra in the early 1950’s 
✓ recommended (best) values for the atomic masses and their 

uncertainties 
✓ extrapolation to the extremes using the smoothness of the mass 

surface

❑ Binding energies 
✓ mass models 
✓ shell structure

❑ Correlations 
✓ pairing 
✓ p-n

❑ Reaction & decay phase space 
✓ Q values 
✓ decay & reaction probabilities

❑ The limits of existence 
✓ drip lines 
✓ specific configurations and 

topologies



❑  Indirect methods: 
✓ Reaction Energies – A(a,b)B: Qr = MA + Ma – Mb - MB 

•  (n,γ) and (p,γ) are the backbone  
• self-calibrated - A(a,b)B vs. C(a,b)D 
• close to stability  

✓  Decay Energies in β−, α and p decays 
• far from stability – α and p (proton-rich) & Qβ− neutron-rich   

❑  Direct methods:  
✓ various mass spectrometry techniques using TOF, 

Penning Traps, Storage Rings spectrometers, etc. 
• far from stability  
• high precision

Experimental Data



AME & NuBase - historical perspective
❑ long & rich history 

Ame1955, Ame1961,  Ame1964,  Ame1971,  Ame1977 
Ame1983,  Ame1993,  Ame2003 -> A.H. Wapstra & G. Audi

Orsay, Ame2012

collaborative effort led by G. Audi
citations: >1750



AME2016

✓  led by M. Wang (AME) and G. Audi (NuBase)

❑ AME2016: continuing impact of direct mass spectrometry techniques 
using Penning Traps & Storage Rings spectrometers - high precision & 
far from stability … also new data in the region of heavy elements …



m/M=1 g / 5x108 g = 5x10-9

M ~ 500 t = 5x108 g 
     (Dreamliner)

m ~ 1 g (bean seed)

Experimental Data – cont.



Beware of … Isomers 
Do we have the right relation? 
✓ Excitation energy 
✓ Lifetime 
✓ Decay mode

132Sb and 132mSb

J. Van Schelt et al., PRL111 (2013) 061102 

F.G. Kondev et al., EPJ 
(2013)

AME & NuBASE – cont.



NuBASE2016

❑  basic nuclear level properties 
of relevance to AME: Ex, Jπ, 
T1/2, decay modes: β−n, β−2n, 
ECp, EC2p,… 

❑  independently evaluated; 
based on ENSDF, but includes 
new data from the most 
recent references

ground state isomer (T1/2>100 ns)
NUBASE12 NUBASE16 NUBASE12 NUBASE16

# of cases 3379 3436 1769 1839

stable 286 286 1 1

with Jπ 3043 (92%) 3138 (93%) 1647 (93%) 1724 (94%)

with firm Jπ 1816 (55%) 1866 (55%) 724 (41%) 747 (41%)

with T1/2 3288 (99%) 3371 (100%)

with T1/2 (exp) 2892 (87%) 3027 (90%) 1664 (94%) 1734 (94%)

β- 1343 1376 205 220

β+ 1236 1259 334 343

α 852 872 194 205

p 63 74 26 27

SF 192 203 40 45

β-n 583 609 20 27

β+p 243 265 28 29



Dissemination

http://www.nndc.bnl.gov/qcalc/

https://www-nds.iaea.org/amdc/

http://amdc.impcas.ac.cn

❑ the end users are recommended to use the data in the rct1-16.txt 
and rct2-16.txt files 
✓ take into account correlations (explained in the 2nd AME paper) 
✓ uncertainties for the most precise values are listed as ‘0.00’ - 

the end users need to calculate them using the correlation 
matrix (2nd AME paper) and non-rounded mass data (mass16.txt)
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Transition probability 
λT = λγ + λK + λL + λM…… + λπ

Conversion Coefficient 
αce,π = λce,π / λγ

α ~ Eγ

      Z – atomic number 
      electron shell or 
      electron-positron pair
     XL - transition multipolarity

Ex

0Jπ,K

Jπ,K τ

γ
ce

Internal Electron Conversion

very useful spectroscopy tool

Γ = Γγ + ΓCE = ℏ /τ



Manipulating lifetimes – undressing the isomer

C. Chandler et al. 
Phys. Rev. C 56, R2924 (1997)

0+

2+

0+

456 keV  
gamma E0, 0+->0+ 

e- conversion 
decay

Ex=509 keV, T1/2~30 ns 

Result is that the bare nuclear isomeric lifetime is 
increased compared to ‘atomic’ value. (important 
in explosive stellar scenarios).

74Kr

production

detections

TOF~500 ns

Γ = Γγ + ΓCE + ΓE0 = ℏ /τ
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http://www.rsphysse.anu.edu.au/nuclear/bricc/
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http://www-nds.iaea.org/



62

http://nrv.jinr.ru/nrv/
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NRV – an example



nucastrodata.org @ORNL

Nuclear Astrophysics
groups.nscl.msu.edu/ 
jina/reaclib/db/@ MSU

starlib.physics.unc.edu 
@UNC
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Opportunities

Overseas: RIKEN, TRIUMF, GANIL, 
                  CERN, GSI (planned)

a surge of new data can be foreseen in the 
near future – nuclear structure & 
reactions involving radioactive nuclei far 
from the line of stability – all new data 
need to be promptly compiled, evaluated 
& disseminated to enhance scientific 
discoveries and to assist technology 
applications - development of new 
evaluation methodologies, strategies & 
dissemination tools that are tailored to 
the specific needs of variety of users – 
archive for future generationsThe NP community would require even more sophisticated databases that couple 

Experiments, Theory & Data Evaluation with the modern computer technology 

U.S. facilities: ANL, ORNL & MSU
FRIB – the future in U.S.

GRETINA-AGATA γ−ray tracking arrays

~3000 nuclei yet 
to be discovered

~3000 nuclei known  


