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Evaluated Gamma-ray Activation File (EGAF)

IAEA CRP initiative led by Rick Firestone

(LBNL/UCB) and Zsolt Révay

(BRR/FRM-II).

Partial thermal neutron-capture γ-ray

cross-section data measured at BRR.

Natural targets Z = 1 − 83, 90, 92 except for

Tc (Z = 43) and Pm Z = 61 (245 data sets).

∼ 38, 000 γ rays associated with ∼ 12, 500

levels.
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PGAA @ Budapest Research Reactor

Direct quantities:

Eγ , σγ

Derived quantities:

EL, Sn, σ0

Compiled quantities:

Jπ , α, δγ , λL

All (n, γ) measurements performed in a consistent manner using the same

experimental configuration
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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
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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 900 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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Accessing the thermal (n, γ) data using pyEGAF
https://github.com/AaronMHurst/python_egaf

$ ipython

In [1]: import pyEGAF as egaf

In [2]: e = egaf.EGAF()

In [3]: edata = e.load egaf() # EGAF data

Run through Jupyter Notebooks from GitHub:

Manipulation of EGAF data: grin pyegaf.ipynb

Statistical-modeling methods: eval 28Si thermal capture.ipynb
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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.

Aaron M. Hurst amhurst@berkeley.edu IAEA TM Nuclear Data Portals 2024

amhurst@berkeley.edu


pyEGAF
APGAA

ENSDF-formatted EGAF data sets

28Si(n, γ)29Si

All γ-ray information needed

is provided in EGAF:

NR, RI, and

abundance.

Adopted σ0.

Lots of applications source thermal-capture

data.

Different applications/users may want

different subsets of data.

γ-ray energies and intensities certainly. . .

Iγ : Partial elemental or isotopic cross

sections; populations per neutron capture;

relative intensities.

Associated decay-scheme properties, e.g.,

initial and final levels (floats and/or indices);

identification of primary and secondary γ

rays. . .

Difficult to capture all this information in

Evaluated Nuclear Structure Data File

(ENSDF).

ENSDF is inconvenient to work with for the

uninitiated and requires a parser.
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Conversion of EGAF to JSON: 28Si(n, γ)29Si
https://github.com/AaronMHurst/python_egaf

EGAF (JSON)

EGAF (ENSDF)

Partial schema illustrated for
28Si(n, γ)29Si.

Representative JSON translation for

ENSDF-formatted EGAF datasets.

All 245 EGAF datasets have been

converted.
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New JSON and RIPL format for EGAF
https://github.com/AaronMHurst/python_egaf

New JSON format overcomes space-limited cryptic ENSDF format.

Include more complete information in an intuitive manner.

For example, separation energies in the 29Si residual:

"energyNeutronSeparationAME2020": 8473.6025,

"energyNeutronSeparationEGAF": 8473.537,

"energyProtonSeparationAME2020": 12333.3331,

Developed software package pyEGAF for interacting with and manipulating the

EGAF JSON data sets.

Reaction and statistical-model codes (e.g., DICEBOX, CoH, TALYS) often require

(n, γ) data in Reference Input Parameter Library (RIPL) format.

JSON and RIPL data sets generated for corresponding EGAF files (245 total).
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Docstrings methods: help(e.get gammas) method

$ ipython

In [1]: import pyEGAF as egaf

In [2]: e = egaf.EGAF()

In [3]: data = e.load egaf()

In [4]: help(e) # Method resolution order

In [5]: help(e.get gammas) # Method

Docstrings are provided for all pyEGAF

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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pyEGAF applications: Manipulating the γ data
Primary and secondary γ rays easily distinguishable using pyEGAF

Determination of σ0 using
∑
σγi

from:

Primaries

Secondaries direct to GS (+ single primary to GS)

γ-ray intensity balance: intensity balance

gammas = e.get gammas(edata, ‘Si29’,

intensity=<kwarg>):

σγi
: intensity=‘isotopic’

σγe : intensity=‘elemental’

Pγ : intensity=‘population’

Iγ : intensity=‘relative’
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Forensics applications using pyEGAF

There’s a γ ray at ∼ 450 keV in my spectrum; where does it come from?

Find all 450 keV γ rays in EGAF.

Default tolerance ±0.5 keV.

Really accurate measurement!

Tune tolerance window to ±0.1 keV.

Find 3 strongest γ rays from 77Se(n, γ).

Find 3 strongest γ rays from 167Er(n, γ).
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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 Atlas-adopted total neutron-capture σ0 values to

assess completeness.
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Materials of interest for planetary spectroscopy

Isotope Z Abundance [%]
12C 6 98.9
14N 7 100
16O 8 99.8

23Na 11 100
24Mg 12 79
27Al 13 100
28Si 14 92.2
35Cl 17 75.8
39K 19 93.3

40Ca 20 96.9
45Sc 21 100
48Ti 22 73.7
52Cr 24 83.8

55Mn 25 100
56Fe 26 91.7
59Co 27 100
58Ni 28 68.1
63Cu 29 69.2
64Zn 30 48.6
90Zr 40 51.4

1σ agreement (complete!)

2σ agreement

Differ by ≥ 3σ

EGAF contains complete primary-γ

datasets for many isotopes of interest.
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Determination of σ0 from primary γ rays
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Data from EGAF via pyEGAF

σ0 =
N∑

p=1

σγp (1 + αp).
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σ0 = 0.185(2) b cf. 0.177(5) b (Atlas); 0.186 b (ENDF)
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Determination of σ0 from primary and secondary γ rays

29
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Data from EGAF via pyEGAF

σ0 =
N∑
i=1

σγi→gs (1 + αi→gs).
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σ0 = 0.187(3) b cf. 0.177(5) b (Atlas); 0.186 b (ENDF)
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Modeling the (n, γ) reaction using pyEGAF methods

28Si(n, γ)

5000 5500 6000 6500 7000 7500 8000
Ec [keV]
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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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HypermetPC-to-ROOT: Conversion of entire Budapest
PGAA catalogue

Permits wide dissemination in accordance with

FAIR open-data principlces.

Generate ASCII dump of 1D histos from

HypermetPC.

Run ReadHypermetASCII.C script in C++

interpreter to generate correspond ing ROOT file.

Reads in appropriate <calib coeffs.H> file.

Contains calibrated and uncalibrated ROOT

histos.

32S(n, γ)
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ROOT: Bespoke analysis framework

Simple Gaussian on a nonlinear

background (twoFuncs).

More suitable or more complicated

functions can be programmed by the user.

Results can be compared to original

Hypermet-PC results contained in

PeakList.
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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.
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Effective thickness determination in La and Re samples

[A.M. Hurst el al. PRC 99, 024310 (2019)]

[D.A. Matters el al. PRC 93, 054319 (2016)]

Iterate calculation over sample thickness t values to find unique solution.
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