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EGAF disseminated in printed form and through the IAEA
https://www-nds.iaea.org/pgaa/egaf.html

Source ENSDF-formatted datasets @ IAEA

Aaron M. Hurst amhurst@berkeley.edu NSDD 2024

https://www-nds.iaea.org/pgaa/egaf.html
amhurst@berkeley.edu


Reactions
Structure and Decay

pyEGAF
APGAA
Baghdad Atlas

Open-source Python library pyEGAF on GitHub
https://github.com/AaronMHurst/python_egaf

Translated all 245 ENSDF-formatted EGAF datasets to a

new JSON format.

Generated RIPL-format EGAF for reaction calculations.

Developed suite of Python modules enabling interaction,

analysis, and visualization of the EGAF (n, γ) data.

Docstrings provided for all methods.

JSON schema keys documented extensively in README.

224 unit tests (multiple virtual Python3 environments).

Installation, testing scripts, and Jupyter Notebooks

provided.

ENSDF, RIPL, and JSON files bundled with software.

Over 800 downloads.

git clone https://github.com/AaronMHurst/python egaf.git
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pyEGAF on the Python Package Index (PyPI) repository
https://pypi.org/project/pyEGAF/

pip install pyegaf

pyEGAF 1.0.0: Production/stable development release.

FreeBSD License.
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What data is in EGAF?
And what else do we need?

Courtesy: E.V. Chimanski,

BNL

8,172 primary γ rays.

29,605 secondary γ rays.

12,564 levels.

Cross sections: σγ , σ0

Associated nuclear

structure properties, e.g.,

Jπ , Iγ . . .

α, δγ , λL for improved

RIPL and ENDF libraries.
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Assess completeness of capture-γ data using pyEGAF

b1

b3

b2

a

+

X C*

The cross section for fusion in entrance channel

(a) is given by the sum of cross sections for

decay to all final channels (bi ):

σF (a) =
N∑
bi

σ
C
a→bi

∴ σ0 =
N∑
i=1

σ
primary
γi

.

Compare
N∑
i=1

σprimary
γi

from pyEGAF to σ0.

28Si(n, γ)29Si

N∑
i=1
σprimary
γi

= 0.185(2) b [pyEGAF]

σ0 = 0.177(5) b [Adopted]
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Modeling the (n, γ) reaction using pyEGAF methods

Statistical-model analysis of

(n, γ) reaction, e.g.,
28Si(n, γ).

Compare modeled

population of levels to

experimental data.

Establish critical energy Ec .
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CapGam cf. pyEGAF::capgam

CapGam pyEGAF
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CapGam cf. pyEGAF::capgam

CapGam pyEGAF: ‘more’

pyEGAF also displays associated level information.
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Attenuation in Prompt Gamma Activation Analysis
https://github.com/AaronMHurst/attenuation_integration

C++ implementation for calculating attenuation

integrated over sample thickness (t):

Iγ
I0

x=t∫
x=0

dx =
x=t∫
x=0

exp

−ρ(µγ
ρ

)
Eγ

x

cos θ

 dx .

Build project out-of-source with CMake.

Finds unique solution for effective t

corresponding to observed attenuation.

Project bundled with mass-attenuation

coefficients for 100 elements (H (Z = 1) to Fm

(Z = 100)) taken from XMuDat.

Interpolated energies from 1 keV to 20 MeV.

Program can also be used to calculate simple

attenuation for elemental (e.g., Re, La. . . ) or

stoichiometric compound (e.g., ReCl3,

LaCl3 · 7H2O. . . ) samples.

[D.A. Matters el al. PRC 93, 054319 (2016)]
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The “Baghdad Atlas”: Fast-reactor (n, n′γ) database
https://nucleardata.berkeley.edu/atlas/

Energy-integrated (n, n′γ) data disseminated in

book format.

∼ 7000 γ rays (Eγ , Iγ , EL) from 105 samples: 76

natural and 29 enriched.

Ge(Li) viewing filtered fast-neutron beam line at the

IRT-M Reactor, NRI, Baghdad, Iraq.

Unique 56Fe 847-keV 2+
1 → 0+

gs γ-ray normalization.

Digitized database, open source dissemination.

Downloadable SQLite platform built with Makefile.

Enhanced mathematical functionality provided by

shared-object library compiled from C module during

build.

Interact with data using SQL scripts or Jupyter

Notebook.

Future: Deploy to GitHub and develop PyPI project.
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Flux at the Baghdad Research Reactor
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En [MeV]

102
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104

parametrized fit
optimized fit
IRT data

Flux described by compound function:

φ(En) = Maxwellian(En � 1.5)+Exponential(En � 1.5).

Adjust kT in χ2 minimization using 56Fe data to

optimize flux:

χ
2 = (BFe − BkT )V−1(B̃Fe − B̃kT ).

56Fe data well reproduced for the three strongest

transitions: Eγ = 846.8, 1238.3, 1810.8 keV.
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Flux satisfies normalization condition:

+∞∫
−∞

φ
∗(En)φ(En)dEn = 1

Watt 〈En〉 = 2.00 MeV.

Modified Watt 〈En〉 = 1.98 MeV.

Maxwellian 〈En〉 = 1.94 MeV.

Parameterized IRT-M 〈En〉 = 0.88 MeV.

Optimized IRT-M 〈En〉 = 0.63 MeV.
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Convolution of flux with 56Fe(n, n′γ) reaction calculations
and data libraries
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Deduce flux-weighted averages for all graphed quantities for 56Fe.

Results indicate:
〈σCoH

lev 〉

〈σCoH
tot 〉

≈ 〈σ
ENDF
lev 〉

〈σENDF
tot 〉

.

Find 〈σENDF
γ 〉 ≈ 〈σENDF

tot 〉
〈σCoH

γ 〉

〈σCoH
tot 〉

.

CoH calculation and ENDF are consistent for 56Fe(n, n′γ).
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Validation using the flux: 28Si(n, n′γ); Eγ = 1779 keV
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Source 〈σγ〉 [mb] 〈σtot〉 [mb] 〈σlev〉 [mb]
〈σlev〉
〈σtot〉

CoH 55.69 55.84 53.45 0.957

ENDF 48.17 48.30 46.59 0.965

Baghdad Atlas 47.1(94) − − −
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Validation using the flux: 32S(n, n′γ); Eγ = 2231 keV
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ENDF/B-VIII.0 MF=3 MT=4

Source 〈σγ〉 [mb] 〈σtot〉 [mb] 〈σlev〉 [mb]
〈σlev〉
〈σtot〉

CoH 26.57 27.91 23.95 0.858

ENDF 21.67 22.76 19.98 0.878

Baghdad Atlas 26.3(53) − − −
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Reproduction of known data in 56Fe, 32S, and 28Si using
the flux

Absolute flux-weighted quantities from CoH and ENDF reproduce known absolute Iγ data

in the Baghdad Atlas.

Explore additional isotopes covering broader energy range.

Neutron flux at the Baghdad Research IRT-M Reactor is well characterized in

region 0.862 ≤ En ≤ 5.0 MeV.
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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 ≤ +19.

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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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 2500 downloads.

ENSDF decay (all)

ENSDF decay (with γ data)

git clone https://github.com/AaronMHurst/pace ensdf.git
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paceENSDF on the Python Package Index (PyPI) repository
https://pypi.org/project/paceENSDF

pip install paceENSDF

FreeBSD License
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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.

Aaron M. Hurst amhurst@berkeley.edu NSDD 2024

amhurst@berkeley.edu


Reactions
Structure and Decay

BEApR
paceENSDF

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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Delayed γ-ray emission from radioactive compounds
Example: 59Co(n, γ)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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Delayed γ-ray emission from radioactive compounds
Example: 59Co(n, γ)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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Delayed γ-ray emission from radioactive compounds
Example: 59Co(n, γ)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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Parallel paths in γ-ray cascades

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

intensities if required.
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Forensics applications: Search for γ−γ and γ−X -ray pairs

γ − X -ray search
γ − γ search

Search methods for single γ rays and X rays also implemented in
addition to γ − γ and γ − X -ray pairs.

Aaron M. Hurst amhurst@berkeley.edu NSDD 2024

amhurst@berkeley.edu


Acknowledgments

Brookhaven National Laboratory

Lawrence Berkeley National Laboratory

Los Alamos National Laboratory

Pacific Northwest National Laboratory

University of California, Berkeley

This material is based upon work supported by the Department of Energy National Nuclear

Security Administration through the Nuclear Science and Security Consortium under Award

Number DE-NA0003996.

Aaron M. Hurst amhurst@berkeley.edu NSDD 2024

amhurst@berkeley.edu

	Reactions
	pyEGAF
	APGAA
	Baghdad Atlas

	Structure and Decay
	BEApR
	paceENSDF


