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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

Open-source Python library paceENSDF on GitHub
https://github.com/AaronMHurst/pace_ensdf

Python Archive of Coincident Emissions from ENSDF.

Translated 3254 ENSDF-decay datasets to JSON format.

Converted each ENSDF-decay dataset into RIPL format.

Generated 2394 JSON-formatted coincidence datasets,

i.e., only those containing γ rays.

Developed suite of Python modules enabling interaction,

analysis, and visualization of the ENSDF-decay data and

derived coincidence γ − γ and γ − X -ray data.

Docstrings provided for all methods.

JSON schema keys documented extensively in README.

283 unit tests (multiple virtual Python3 environments).

Installation, testing scripts, and Jupyter Notebooks.

JSON and RIPL files bundled with software.

Over 5000 downloads.

ENSDF decay (all)

ENSDF decay (with γ data)

git clone https://github.com/AaronMHurst/pace ensdf.git
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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

paceENSDF on the Python Package Index (PyPI) repository
https://pypi.org/project/paceENSDF

pip install paceENSDF

FreeBSD License
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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

Accessing the decay (α, β−, and ε/β+) and coincidence
(γ − γ and γ − X ) data using paceENSDF
https://github.com/AaronMHurst/pace_ensdf

$ ipython

In [1]: import paceENSDF as pe

In [2]: e = pe.ENSDF()

In [3]: edata = e.load ensdf() # decay datasets

In [4]: cdata = e.load pace() # coincidence datasets

Run through Jupyter Notebooks from GitHub:

Decay data: decay paceENSDF.ipynb

Coincidence data: coinc paceENSDF.ipynb
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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

Supporting docstrings for all methods
Example: help(e.get levels and gammas) method

$ ipython

In [1]: import paceENSDF as pe

In [2]: e = pe.ENSDF()

In [3]: help(e) # Method resolution order

In [4]: help(e.get levels and gammas)

Docstrings are provided for all paceENSDF

methods with the following general

structure:

Function description.

Any special notes and/or references.

Arguments passed to the function.

What the function returns.

Examples of function use.
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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

Manipulating the ENSDF levels
Example: Properties of levels in 155Tb following 155Dy ε decay

Find isomers in levels following 155Dy + ε→ 155Tb

Find levels in 155Tb with multiple Jπ assignments
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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

Manipulating the ENSDF gammas
Example: γ-ray transitions in 155Tb following 155Dy ε decay
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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

Querying the ENSDF data
Superallowed transitions in ε/β+ and first-forbidden transitions in β− decay

Transition log(ft) l

SA 3.5 0
A 4 − 7.5 0

1st F 6 − 9 1
2nd F 10 − 13 2
3rd F 14 − 20 3
4th F ≈ 23 4

Angular momentum

selection rules for firm Jπ

assignments.

Examine trends and

anomalies.
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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

Hindrance factors in α decay

Low-lying levels populated in α decay of 226Ra → 222Rn.

Variance and correlation between Iα and hindrance

factors.

Negative correlation.

V =

(
14.91 −80.80
−80.80 1368.72

)
C =

(
1 −0.57

−0.57 1

)
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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

Data needed for coincidence calculations

Each transition is described by 3 quantities: Γγ , Γe , and ΓT ,

ΓT = Γγ + Γe = Γγ(1 + α), (1)

where α = Γe/Γγ [T. Kibedi, BrIcc (2008)].

Individual gamma-ray (γi ), internal-conversion-electron (ēi ), and total transition

(Ti ) branching ratios (b) are normalized to the sum of all (N) total-transition

intensities deexciting a given level:

bγi =
Γγi

N∑
i=1

ΓTi

; bēi =
Γei

N∑
i=1

ΓTi

; bTi
=

ΓTi

N∑
i=1

ΓTi

. (2)

K -shell electron contribution for each transition above EK : ΓeK = ΓγαK .

X -ray intensity contribution from each Eγ > EK , e.g., Kα subshell:

IXKαi
= fKαi

ΓeK . (3)

where i = 1, 2, or 3, and fKαi
is the X -ray BR [R.B. Firestone, “Table of

Isotopes”, 8th Ed. (1996)]. Total projection IXKαi
is given by sum over all

transitions with Eγ > EK . Similar for Kβ subshell.
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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

Hypothetical decay scheme: Coincidence calculation

0

1

2

3

4

Γγ43 Γe43

Γγ32 Γe32

Γγ21 Γe21

Γγ10 Γe10

For each transition: Γγ , Γe , and ΓT .

ΓT = Γγ + Γe = Γγ(1 + α).

γ21 − γij coincidence intensities:

γ21 − γ10 = bγ10 Γγ21 ;

γ21 − γ32 = bγ21 Γγ32 ;

γ21 − γ43 = bγ21bT32
Γγ43 .

Similar considerations for γ/eK coincidences.
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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

Hypothetical decay scheme: Coincidence calculation

0

1

2

3

4

Γγ43 Γe43

T32

T21

Γγ10 Γe10

T31

Two parallel cascade paths between levels 3

and 1:

1 Path 1: T31.

2 Path 2: T32T21.

Need to combine parallel paths to correctly

determine γ10/γ43 coincidence intensity:

γ10 − γ43 = bγ10bT31
Γγ43 + bγ10bT32

bT21
Γγ43

= bγ10 Γγ43 (bT31
+ bT32

bT21
).
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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

Hypothetical decay scheme: Coincidence calculation

0

1

2 [T1/2]

3

4

Γγ43 Γe43

T32

T21

Γγ10 Γe10

T31

Impose timecut T1/2 [s].

Transitions through isomer removed from

cascade:

γ10 − γ43 = bγ10bT31
Γγ43 .
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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

The first database with γ − γ and γ − X -ray coincidence
energies and intensities

γ − γ data
γ − X data

. . . for every coincidence pair in every decay scheme.
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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

Parallel paths in γ-ray cascades

Allows for γ-ray cascade reconstruction and re-calculation of coincidence

intensities if required.
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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

Impose timecut on γ ray cascade following 99Mo β− decay
get gg timecut method cf. get gg method

Remove transitions through the

E = 142.7-keV (Jπ = 1/2−) 6-h isomer:

t = −21, 600 s

Include only those transitions through the,

e.g., 6-h isomer:

t = 21, 600 s

Re-build project using transient-equilibrium data

sh installation.sh --transient

cf. regular build (see README)

sh installation.sh
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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

Decay γ-ray emission from radioactive nuclides
Example: 60Co → 60Ni + β− [T1/2 = 1925.28(14) d]

Delayed γ rays observed in 60Ni some time after n-interrogation of 59Co: Activation

signatures from paceENSDF (Python Archive of Coincident Emissions from ENSDF ).

Total projection
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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

Decay γ-ray emission from radioactive nuclides
Example: 60Co → 60Ni + β− [T1/2 = 1925.28(14) d]

Delayed γ rays observed in 60Ni some time after n-interrogation of 59Co: Activation

signatures from paceENSDF (Python Archive of Coincident Emissions from ENSDF ).

Gate on 3→ 2 transition (347 keV)
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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

Decay γ-ray emission from radioactive nuclides
Example: 60Co → 60Ni + β− [T1/2 = 1925.28(14) d]

Delayed γ rays observed in 60Ni some time after n-interrogation of 59Co: Activation

signatures from paceENSDF (Python Archive of Coincident Emissions from ENSDF ).

“Before” and “after”
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Decay data from ENSDF
Coincidence γ − γ and γ − X -ray data

Forensics applications: Search for γ−γ and γ−X -ray pairs

X -ray singles search:

find xray

γ − X -ray coincidence search:

find xray coinc

γ-ray singles search:

find gamma

γ − γ coincidence search

find gamma coinc

Search methods for single γ rays and X rays also implemented in
addition to γ − γ and γ − X -ray pairs.
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BEApR: BErkeley Alpha and proton Radioactivity
https://nucleardata.berkeley.edu/research/betap.html

Led by J.C. Batchelder.

Work in progress: Downloadable PDFs

−4 ≤ TZ ≤ +49/2.

Arranged by Tz and Z/A.

JSON format developed.

Python project development underway.

Built up from many source datasets, e.g.,

39Ca ε decay
[2021Wa16]: M. Wang, W.J. Huang, F.G. Kondev, G. Audi, S. Naimi, “The AME

2020 atomic mass evaluation”, Chin. Phys. C 45, 030003 (2021).
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Isospin projection Tz = −3

All data can be retrieved/downloaded from website in PDF format.

Disseminate new format in due course.

Includes Q values and S energies for all known direct and delayed charged-particle emissions

with complete listing of refernces.

Generally different to AME (fine structure to excited states) and ENSDF (update currency).
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