
ENSDF: Structure via particle spectroscopy and
a few tips for evaluation

M. Shamsuzzoha Basunia, LBNL

Joint ICTP-IAEA Workshop on Nuclear Structure and Decay Data: 

Experiment, Theory and Evaluation

Trieste, Italy, Oct 15 – 26, 2018



• Objectives

• Datasets in ENSDF

• Reaction datasets (particle)

• General comments

� Examples

• A few tips for evaluation

� Workflow: Mass chain evaluation

• Uncertainty

� Examples

• List of some useful references

2

Outline:



Objectives:

Evaluation of experimental nuclear structure data:

• Completeness

• Quality and correctness

• Up-to-date

Resources:

� Guidelines, Manual, mentoring

� NSR (major), Web of Science, Google, etc.

� XUNDL

� Existing ENSDF files

� General policies - in year’s first NDS issue

� Other evaluations/compilations

� Codes
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Decays

β-, ε+β+, β- n/p, α

etc.

ENSDF Datasets

ENSDF

A

Zmin Zmax

Adopted (best values)

Q values (from AME)

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

Gammas: (E, Br, Mult, δ, CC (calculated)

Reactions

(n,γ), (d,p), (t,p), (p,d), (n,n’γ), (p,p’γ), (α,α’)

Coulomb Excitation, (HI,xnγ), etc.

Z.... ….
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Chart of Nuclides (partial):
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Types of Reactions:

Reactions – particle transfer/scattering:

� Stripping and Pickup Reactions

� Multi-particle Transfer Reactions

� Charge-Exchange Reactions

� Inelastic Scattering

� Resonance Reactions …

Reactions with inverse kinematics:

� Knock-out, breakup reaction using radioactive ion beam (RIB)

Provides information of nuclear shell structure
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Quantities of Interest :

Particle energy spectrum – no γ rays:

• E(level) from particle energy spectrum or excitation 
function.

• L – angular momentum transfer

• S, C2S - spectroscopic factors

�Different definition exists in the literature

�‘Fingerprints’ for deformed nuclei 

• β2, β4  - deformation parameters (if model independent) 

• Γ, Γi – total or partial widths for level

• B(Eλ), B(Mλ) – transition probabilities

• Jπ, T – spin, parity, isospin
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Stripping and Pickup:

Examples:

Stripping: (d,p), (pol d,p), 

(3He,d), (α,3He), etc.

Pickup: (p,d), (t,α), 

(3He,α), etc.

Provides:

1) Q-values and excitation 

energies – from measured 

spectrum

2) L-transfer – from angular 
distribution of cross sections 
and DWBA 

2013Sc06 - Phys. Rev. C87, 034306
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Stripping and Pickup:

Provides:

3) J-transfer – from analyzing power using polarized beams

4) Hole or particle character (from relative pickup and stripping    

strengths)

5) Configuration identification and purity (from absolute cross 

sections)

Quantities of interest:

• E (level)

• L (angular momentum transfer)

• S, C2S - spectroscopic factors

• Configuration

• Items to note in dataset:

�Target Jπ (unless 0+), spectrum resolution (FWHM), range of angles 
measured, in lab or c.m. system
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Multi-particle Transfer:

Examples:

(p,t), (pol d, α), (t,p), (α,p), (α,d), (6Li,d), ….

Quantities of interest:

• E(level) 

• L – if angular distribution can be fitted by a unique value

Two-nucleon transfer (p,t), (t,p), (3He,n):

• Observation of strong group (Identical nucleons transferred 

in a relative s state).
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Charge Exchange Reactions:

Examples:

(p,n), (3He,t), (d,2He), (6Li,6He) 

…

• Widely used for GT strength 

– to study the problem of GT 

strength quenching in beta 

decay 

• GT+ and GT- giant 

resonances – using (n,p) 

and (p,n)

Quantities of interest:

• E(level) 

• Isobaric analogue state

2017Wi16 - Phys. Rev. C 96, 064309
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Inelastic Scattering:

Examples:

(e,e’), (p,p’), (d,d’), (α,α’) (projectile 
energy above the Coulomb 
barrier) 

Quantities of interest:

• E(level)

• L – if angular distribution is fitted 
by unique L value

• Natural, unnatural parity – (usually 
from (α,α’))

• B(Eλ), B(Mλ) – transition 
probabilities (typically from (e,e’)).

• Isospin – (p,p’) vs. (d,d’), (α,α’)
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Resonance Reactions:

Charged-particle Resonances:

Examples:

(p,p), (p,X), (p,p’γ) …

Quantities of interest:

� Level excitation energy - deduced from center-of-mass resonances 
energy and Sn, Sp

� Isobaric analogue states

� Giant resonances

� Level spins and parities, and L-values (when available). 

� Total level widths or partial widths
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Resonance Reactions: Cont.

Quantities of interest: Cont.

� Resonance strength 

� Cross sections and reaction Q values

� Gamma-ray energies (often measured but not given by 
authors) 

� Gamma-ray intensities - generally branching ratios (often 
missing branches) 

� Gamma-ray multipolarities and mixing ratios.

Recommendation:

Adopt charged-particle resonance data
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Reactions with Inverse Kinematics

Using Radioactive ion beam (RIB)

• Knock-out, breakup reactions

Example:
2H(25Al,n), (96Sr,p),1H(21Na,p), 
12C(23O,22Ox), C(36S,X), etc.

Quantities of interest:

• E (level)

• L transfer – from width of longitudinal 
momentum distribution and model 
analysis

• Particle removal cross section

• Absolute transition intensities give 
reliable spectroscopic factors

2004Co11 - PRL 93, 062501

With future FRIB – more data expected from these reactions
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General Comments:

Particle transfer datasets:

• Often - level energy with higher uncertainty

• Challenge – overlapping levels with different centroid values 

• Jπ is helpful to distinguish if available

• For Jπ argument – L value, natural or unnatural parity, vector 
analyzing power, etc.

�For L value - list how it was obtained, i.e. σ(θ)exp compared with 
DWBA  calculations or with shape of level with known Jπ

�Caution for higher L values!

• Options in Adopted Levels

� Lowercase letters in ‘XREF’

�‘XREF’ energy as comments

Communicate what is measured/listed by authors
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Example: Overlapping levels

1400 ± 200
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Example: Overlapping levels
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Example: Spin-parity arguments

Particle transfer (j=l+s) and target Jπ(25Mg)=5/2+ yield spin 0 to 5; Parity from (-1)L
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Example: Centroid, uncertainty

5th resonance above Sp in 26Si
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Tips for evaluation: Workflow - mass chain evaluation
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Challenges:

Knowledge:

� Often a beginner has experience with a particular field

� However – needs to deal with data sources from many different experiments.

� Conflicting or discrepant data (Physics, experiment type, facility, statistics, 

etc.)

� Dealing with uncertainties

� Develops slowly with reading and evaluation work

Data management skill:

� Many components – data, source ref., data sets, use of codes, organization, 

txt to pdf, ENSDF policies, etc.  

� Efficiency

• Keep the latest mass chain txt and pdf files

• Codes - know which one and when to use for a data set

• Work on a dataset at a time within a nuclide – name to differentiate from 

one to another (may be as Nucl_datatype/projectile.txt)

• Avoid repetitive work on the same dataset

• Find mistakes/typos 
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Workflow: Tips for evaluation

Literature search (completeness): For current and missing references

Good practice: Search Web of Science (if available) and Google

Documentation:

Save the output in a file, print and work on it.
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Workflow: Tips for evaluation

XUNDL search

Note: 

1. XUNDL datasets are in ENSDF format (mainly reflects the paper) – not 

necessarily following the ENSDF policies.

2. For ENSDF – check the paper and XUNDL dataset for mistake, omission, or 

extra data

Important: XUNDL dataset will need slight modification

to include in the ENSDF evaluation.

� Save in a file

� Check all retrieved literature (New or already in XUNDL)

� Check with exiting nuclide XREF, if new data or to be combined  
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Workflow: Tips for evaluation

Decay and reaction datasets

Decay data sets:

Very important one and perhaps the most interesting one too

Presentations: by Kondev (1st week) later this week by McCutchan

� After sorting new datasets from literature -

create new or combine with existing dataset 

� Remember to check if anything taken/needed from Adopted Levels, 

Gammas dataset
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Workflow: Adopted levels, Gammas

1. Adopt γ-ray energy from measurement - (helpful GAMUT outputs and 

"pandora.gle")

2. Level energy from γ-ray least squares fit (use GTOL features (‘unc’ or 

‘?’ for a proper fit).

3. Level energy for others (no γ-ray connection) (helpful "pandora.lev" 

output file) 

4. Calculated γ-ray energies, if needed (recoil correction?)

5. Adopt γ-ray branching - (helpful GAMUT outputs and "pandora.gle")

6. Adopt γ-ray multipolarity and mixing ratios (helpful 'pandora.gle')

7. Adopt level T1/2 

8. Adopt Jπ for adopted levels

Helpful for nuclides, lets say ≥ 10 source datasets
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Workflow: Adopted levels, Gammas (con’t)

9.  Run Bricc

10. Run RULER (check for unexpected outputs (bug in the code))

11. Physics checks using pandora.err output

12. Check for format (fmtchk)

13. Produce pdf file (JAVA-NDS)

14. Check for BANDs, if present (looking through pdf figures)

15. Check data back flow from Adopted Levels to source datasets for 

consistency.

Some variation in the order is ok – but adopt relevant qualities 
before running a code
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Uncertainty: Example

Uncertainty: An important issue 

1998To14
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Uncertainty (Con’t): Example

2004Ba89

20(9)/[20(9)+80(20)]=1/[1+80(20)/20(9)]=1/[1+4(2)]*100=20(8)

80(20)/[80(20)+20(9)]=1/[1+20(9)/80(20)]=1/[1+0.25(13)]*100=80(8)

175Au
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Code: PABS
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Uncertainty: Excited state ββββ feeding in 23Ne ββββ- decay (example)

1957Pe12 - ββββ measurements

g.s. feeding: 67 ± 3

1st excit. state:  32 ± 3

2nd excit. state:  1.00 ± 0.15  

1974Al04 - γγγγ measurements

Iγγγγ (relative)
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Uncertainty (con’t): 440-keV γγγγ ray absolute intensity (23Ne ββββ- decay )

Often – in γγγγ measurements

Iγγγγ (relative): strongest 100 (no 

uncertainty) and if not stated,  

we can assume propagated to    

other reported Iγ values.

Imposing γγγγ measurements 

uncertainty in normalization:

We can report 440-keV 
absolute intensity as

32.9 ±±±± 1.3 instead of 

32.9 ± 30 (if beta feeding unc.)
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Uncertainty:

In weighted average, if yields more precise value than the input 
uncertainties, consider the lowest input in final result 

GTOL: Default ∆E=1-keV for Eγ without uncertainty. For other 
values see “Read Me” file to apply.

GABS: Recently modified to yield %Iγ (if normalized from decay 
scheme) - to avoid double consideration of ∆Iγ.

LOGFT: Sometime yields uncertainty up to three decimal places 
– may be reduced to one or two

RULER: Check outputs – for overlapping zero values (bug in the 
code) – need fixing manually

33



In brief:

• Inter connected data

�Any changes in one dataset may prompt changes in other 
datasets

• Many different experiments, experimental setup, analytical 
approaches

�Sometimes documentation is poor

• Identify mistakes or inconsistent data

• Many special cases: In decay datasets, mass region related 
issues

• Remember to use latest version of the analysis programs

• Keep notes of important observations to list those in the abstract
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List of some useful references:

• 2017Wa10 – Atomic mass evaluation

• 2017Au03 – The NUBASE evaluation of nuclear properties

• 2013Ma15 – Ground state spin (compilation)

• 2014StZZ, 2016St16 – Nuclear and quadrupole moments 
(compilation)

• 1998Ak04 – r0 radius parameter – for alpha hindrance factor     
calculation (revision ongoing)

• 2015Bi05 – β-delayed neutron emission prob. and half-life (Z=2   
to 28) (evaluation)

• 2016Ba?? - β-delayed proton and alpha emission – In press
• 2016Pr01 – B(E2) values from 1st 2+ states (compilation and 

evaluation)
• 2006MuZX – Atlas of neutron resonances

• 2015Ja04 – Atlas of Nuclear Isomers

• 1997Mo25 – Nuclear properties (calculation)

• Also many reports, documents, presentations, etc. 
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Nuclear Data Sheets: (User’s info)

Useful to have handy (available at Nuclear Data Sheet publication web site –

https://www.sciencedirect.com/journal/nuclear-data-sheets/issues)
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Thank you

Questions/Comments


