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The nitty gritty details are about as exciting as watching paint dry

The Reality of Nuclear Data Evaluation



3

But the end product can be a masterpiece

The Reality of Nuclear Data Evaluation
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Nuclear Data Evaluators
Compile & Evaluate 

Nuclear Science Community
Applications and Basic Science

Nuclear Science Researchers
Experimenters & Theorists
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NNDC-ENSDF LNHB-DDEPIAEA-Nuclear Data Services 

Examples of some relevant Nuclear Databases and Libraries

National Nuclear Data Center at 
Brookhaven National Laboratory, 
USA

Evaluated Nuclear Structure Data File 
(ENSDF)

United States Nuclear Data Program 
(USNDP)

• Laboratoire National Henri 
Becquerel, CEA. France

• Decay Data Evaluation 
Project (DDEP)

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

• International Atomic Energy 
Agency, Austria

• International Nuclear 
Structure and Decay Data 
Network (NSDD)

• Coordinated Research 
Projects (CRPs) – IAEA 
Scientific & Technical Report

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

https://www.nndc.bnl.gov/
http://www.lnhb.fr/nuclear-data/
https://www-nds.iaea.org/
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Evaluated Nuclear Structure Data File (ENSDF)
Brief Exploration of ENSDF

www.nndc.bnl.gov

ENSDF is a database that consists of complex nuclear level 
schemes and tables of numerical values and quantum 
numbers for structure and decay properties of nuclides
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Structure and Decay  Data  Evaluators

Nuclear Structure and Decay Data network (NSDD)

International group coordinated by IAEA 

United States Nuclear Data Program (USNDP)

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=-TvWgN7T1CUkTM&tbnid=BPTUjgQteKmt_M:&ved=0CAUQjRw&url=http://www.freelogovectors.net/iaea-international-atomic-energy-agency-logo-pdf/&ei=tPMUUta3OMKVygHhzYDACQ&bvm=bv.50952593,d.aWc&psig=AFQjCNGgn9ujJS6MbPcp3M2o2Yljv7Triw&ust=1377191192914279
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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

• Types of Experiments

   Reaction:  Transfer, Heavy Ion, 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.

• “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

courtesy of  E.A. McCutchan at NNDC, BNL
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Evaluated Nuclear Structure Data File (ENSDF)

Decay and Reaction Adopted

Reconcile multiple dataset types 
and derive a recommended set 
of Adopted Values
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1. Retrieve all references in journals, proceedings, reports, theses etc.  using 
the Nuclear Science Reference (NSR) and other resources.

NSR contains references to publications from over 80 major journals, as 
well as internal reports from labs throughout the world

Evaluation Process

Keywords describing 
the article

Search parameters
Link to article (requires subscription)

NSR key number Reference

www.nndc.bnl.gov/nsr
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2. Compile & critically analyze all published results  

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

Compiled data has to be prepared into datasets 
using specific ENSDF procedures and guidelines.

NSDD is the governing body that determines 
the rules for the evaluation process
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4. Nuclear Physics computer codes used to analyze datasets

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

ANALYSIS CODES

• ALPHAD
• BrIcc
• GABS
• GTOL
• BETASHAPE
• JAVA RULER

UTILITY CODES

• CONSISTENCY CHECK
• FMTCHK
• JAVA-NDS
• V.AVELIB
• XLS2ENS

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

 Consider the measurement technique used

 Check inconsistencies or disagreements between 
different  experiments

 Note any systematic deviation

 Distinguish between actual measured value and 
assumed or calculated value

 Note unrealistic uncertainties

 Identify possible outliers
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249No: 253Rf α decay

FLNR-JINR-Dubna

 (2022Lo03, 2022Te01,2021Sv02)

• (ER)-α−α 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 Eα=9210 keV (20) and 9310 keV (20)

GSI 

(2021Kh07)

• (ER)-α−α correlated decays using  TASCA separator

• DSSD:  FWHM ~40 keV for 5.8 MeV alpha particles

• measured Eα=9170 keV (20)
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2022Lo03
•  measured Eα=9210 keV (20) 
and 9310 keV (20)

2022Te01
• Ex~125 keV using simulation Geant4.

No other experimental information was 
given in the paper.

Ex= Q value – KE(α)

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

Comments were provided that  ≈95% of α decays proceed to the 125-keV level, but no experimental 
evidence is provided. 

Adopted (Published in Nuclear Data Sheets in June 2024) 

Poor statistics !
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from co-author 2022Te01 on 9 April 2025… 

“evaluation has missed important information”

In  α-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

• subsequent internal conversion electrons and auger electrons
• Xrays that accompany the internal conversion process. 

….We simulated these effects and deduced a level excitation 
energy of 125 keV

NONE OF THE INFORMATION WAS AVAIBLE IN ANY OF THE PAPERS !!!



Decays
β-

β+ + ε
α
…

Reactions
(HI,xn)

(d,p), (p,t)
Coulomb Ex.

(p,p’)
(n,γ)
….

Best Recommended Values
(Adopted Levels, Gammas)

Critically analyze all published results 
(watching paint dry) 

Recommend best values
(producing the Mona Lisa)

WATCHING PAINT DRY TO PRODUCING A MASTERPIECE
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