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pyEGAF

Evaluated Gamma-ray Activation File (EGAF)

@ |AEA CRP initiative led by Rick Firestone
(LBNL/UCB) and Zsolt Révay
(BRR/FRM-II).

= EGAF (n,y) targets - @ Partial thermal neutron-capture ~y-ray
EGAF (n, y) residuals

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 v rays associated with ~ 12,500
levels.
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pyEGAF

PGAA © Budapest Research Reactor

(3pcs)
CNS Hall
i I

L]
Reactor Hall \
\

Instruments in the Reactor Hall

Instruments in the CNS Hall;

TOF
Neutron Guide

mma Spectiometry
Noutron Opiics and Radiography for Materal Analysis

GINA: Polarized Neutron Reflctometry

Undor consiruction

F-SANS: Focused Beam Small Angle Neuron Scatiering

@ Direct quantities:
E, o,

@ Derived quantities:
EL, Sni 00

@ Compiled quantities:
J™, a, 64, AL

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

experimental configuration

Aaron M. Hurst


amhurst@berkeley.edu

pyEGAF

EGAF disseminated in printed form and through the IAEA

Database of Prompt Gamma Rays
from Slow Neutron Capture for
Elemental Analysis

« ° . 0w -0 nodsos

Evaluated Gamma-ray Activation File (EGAF)

ay Actvotion Fle (EGAF oondinued Rescarch  Doabese for Prompt Gamma-ay Neuton Actvotion Anlyss sponored by the Iiemational Ao
Energy Agency (IAEA). A e s povidd for NSDF dtaets o he W ey tane dt, Thse ot Totops Expore 2 ENSDE

[CR(EY AP(D) | | [0 ) Ap(iD]

HANDBOOK OF PROMPT GAMMA

Source ENSDF-formatted datasets @ IAEA
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pyEGAF

Open-source Python library pyEGAF on GitHub

@ 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, ~y) data. i e o

Docstrings provided for all methods. : —

Nuclear Inst. and Methods in Physics Research, A

JSON schema keys documented extensively in README.

224 unit tests (multiple virtual Python3 environments). AH : 2

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

pyEGAF on the Python Package Index (PyPl) repository

Register

pYEGAF 1.0.0

pip install pyEGAF

Allows for interaction, manipulation, and analysis of thermal-neutron capture gamma-ay data from the EGAF library.

Navigation

Project description

Project links

3 « EGAF (n.y)targets -
| . EGAF (n.y) residuals
statistcs "
 Stars:1 0
P Forks:

@ Openissues:

12 openaso
@ pip install pyegaf

@ pyEGAF 1.0.0: Production/stable development release.
@ FreeBSD License.
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pyEGAF

Accessing the thermal (n, ) data using pyEGAF

$ ipython

In [1]: PYEGAF egaf
In [2]: e = egaf.EGAF()

In [3]: edata = e.load_egaf() # EGAF data
load_egaf(self)

[
| Function to assign all 245 JSON-formatted EGAF thermal neutron
| capture (n,g) data sets to a list object variable.

I

@ Run through Jupyter Notebooks from GitHub:
@ Manipulation of EGAF data: grin_pyegaf . ipynb
@ Statistical-modeling methods: eval_28Si_thermal_capture.ipynb

Aaron M. Hurst
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pyEGAF

ENSDF-formatted EGAF data sets

2Si(n, v)*Si

N
PN Thernal cro
N NRST
ensity per neutron capture
STABLE
29 Fs 10

@ All v-ray information needed
is provided in EGAF:
@ NR, RI, and

abundance. )

@ Adopted oyp.

Aaron M. Hurst

G 1273.349 17 0.0289 6 P

Lots of applications source thermal-capture
data.

Different applications/users may want
different subsets of data.

7-ray energies and intensities certainly. ..

I~ : 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 ~
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, A

EGAF (JSON)

neutronCaptureNornalization®: [

“normalizationRecord": [
{

utiplierTsotoptcCorrection
MultiplierIsotopicCo
“naturallsotopicAbundance’ 53 s2073080622955,

*dilaturalIsotopicAbunds ©.0006805059494358181,
doptedTotelThe m\cacmrecm,,sacnun

1684243,

0.177
“dAdoptedTot: aptureCrosssection”: 0.905,
uu)(AdODted(mssSet(lc .

eyNunber-: “1981MuzQ"

}
1
"levelschene": [

“levelIndex

“spins’

ﬂmn sTentative: false,
pinlsLinit": false,
ts7: null,

it
tsign’
“parityTstentativ

tive”,
false

1
“number0fGanmas” : 8,
“gammaDecay”: (]

“levelIndex" :
“levelEneroy”: 1273.379,
wdLevelenery': 0,617,

TevelIsIso
iSomerbocay

true,
[
halfLifeBest": 290.0

"dHal fLifeBest™: 10.0,
"unitHalfLifeBest™: "fs",

Aaron M. Hurst

EGAF (ENSDF)

295I  28SI(N,G)
295 ¢
295T2¢
295T ¢

=THERMAL: {~EGAF}

Evaluated Gamma-ray Activation File (EGAF)
Evaluated by R.B. Firestone (LBNL), December 2003.
BRS|5{-0}=0.177 5 (1981MuzQ)

29SI cG RISElemental |s(|g) assuming %Abundance=92.2297 7
20ST N 1.084249 8

20ST PN

c
29SI2PN Thermal cross section in barns
29SI cN NRsIsotopic |s(]g)=NR*RI

29SI2cN Divide by |s{-0} for intensity per neutron capture
2051 0 1/2+

20SI L 1273.379 17 3/2+ 290 FS 10

20ST G 1273.349 17 0.0289 6

@ Partial schema illustrated for
28Si(n,v)?®Si.

@ Representative JSON translation for
ENSDF-formatted EGAF datasets.

@ All 245 EGAF datasets have been
converted.
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pyEGAF

New JSON and RIPL format for 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,~) data in Reference Input Parameter Library (RIPL) format.
@ JSON and RIPL data sets generated for corresponding EGAF files (245 total).

29si 29 14 14 46 13 8 8.473603 12.333333
1 0.000000 0.5 1 -1.00E+00 0 0O 1/2+ 0
2 1.273379 1.5 1 2.90E-13 10 3/2+ 0
1 1.273 1.000E+00 1.000E+00 0.000E+00
3 2.028060 2.5 1 3.06E-13 20 5/2+ 0
2 0.755 6.367E-02 6.367E-02 0.000E+00
1 2.028 9.363E-01 9.363E-01 0.000E+00
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pyEGAF

Docstrings methods: help(e.get gammas) method

Help on method get gamnas in module pyEGAF.decay

get_gammas(1ist, *args, **kwargs) method of pyEGAF.pyEGAF.EGAF instance
anma-ray energies and intensities together with associated
transition properties including level energies and internal-conversion
coefficients. The returned data corresponds to the properties of the
residual compound nucleus produced in thermal neutron-capture reactions.

i hon
$ ipytho
(1) Total internal-conversion coefficients (where given) are
calculated values obtained using the Brice code: In [1]: pyEGAF egaf

[2008Ki07] - T.Kibedi et al., Nucl. Instrun. Methods Phys. Res.
Sect. A 589, 202 (2008).

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

Argunents
Uist: A List of EGAF-data JSON objects. In [3]: data = e.load-egaf()
args: Takes either 1 or 2 additional arguments:
(1) 1 ar In [4]: help(e) # Method resolution order
Feviduat: The residusl 10 must be passed as a string argument
(i1) 2 args: In [5]: help(e.get_gammas) # Method
2 Aot munber passed as an integer argument

A: Atomic mass of the residual compound nucleus passed as an
integer argunent.

largs: an addiionsl keyord arguments is required for the Docstrings are provided for all pyEGAF

gamna-ray intensity units:

intencty hematal” lemrtt prtist. gama-ray crss methods with the following general
sections.

intensity="isotopic' : Isotopic partial gamma-ray cross structure:

intensity='population’ : Populations per neutron capture

Retums

A numpy array containing the following elements associated with the
gamma decay of the residual compound nucleus:

Function description.

[0]: Level index corresponding to initial level (int);

{1]: Level index corresponding to final level (int);

[2]: Associated initial level energy in kev (float);

[3]: Associated final level energy in kev (float);

[4]: Deexcitation gamma-ray energy in keV (float):

[5]: Deexcitation gamma-ray energy uncertainty (float

[6]: Gamna- ray <intensity> according to keyword argument provided
oat

@ Any special notes and/or references.
o
@ What the function returns.
[7]: Gamma-ray <intensity> uncertainty (float)
(]

Arguments passed to the function.

[8]: Bricc (a\(ulated total internal-conversion coefficient

(float); .
[91: Total Hhternal-conversion coefficient uncertainty (float) Examples of function use.
Examples:

For isotopic partial gamma-ray cross sections

get_gammas(edata, "Y90", intensity="isotopic")

get_gammas(edata, 39, 90, intensity="isotopic*)

Aaron M. Hurst
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pyEGAF

pyEGAF applications: Manipulating the v data

Primary and secondary v rays easily distinguishable using pyEGAF

7-ray intensity balance: intensity_balance
§ 6000 w2 § 6000 172 : J . 1
g‘ 32 g 32 t T
g w2 § 172+
£ L see & s
% w % nt ;
2000 w2t o s . 1
3+ 32+ = . * . .
o . ® .
2°, . %
° 12+ A A 172+ -
fisi fisi L
E [keV]
w | - sappimary |10 —si28(n, ) primary + g5
‘ - Si280n, ) secondary ~ 95
s ‘ = gammas = e.get_gammas(edata, ‘Si29’,
8 g
¢ ‘ ’ intensity=<kwarg>):
\" T N l ‘l @ o,;: intensity=‘isotopic’
Ey [keV] i VEV Ikev] ” !

o . @ 0., intensity=‘elemental’
Determination of o using > o, from:

) ) @ P,: intensity=‘population’
@ Primaries

@ /,: intensity="‘relative’

@ Secondaries direct to GS (+ single primary to GS)

Aaron M. Hurst
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pyEGAF

Forensics applications using pyEGAF

There's a v ray at ~ 450 keV in my spectrum; where does it come from?

@ Find all 450 keV ~ rays in EGAF.

@ Default tolerance £0.5 keV.
@ Find 3 strongest v rays from "’ Se(n, 7).

# Provide energy and specify preferred intensity 167
e.find ganna(edata, 450, intensity='elemental’) @ Find 3 strongest ~ rays from Er(n, 'Y)-
Target (ng) Residual (CN) Energy (keV) dE (keV) Intensity i
o se7? Se78 450042 0017 00022 00007 # Find the strongest gammas produced in 77Se(n,g)78Se
1 Rug9 Ru100 44988 007 00035 0001 e.get_strongest gammas(edata, “Se78", intensity="relative")
2 sz Sbiz2 4496044 0002 00071 00023
3 sezs Sbize  4s0348 0007 00025 00003 E(keV) CE (kev) ' a
4 e Te125 4503 05 00001 4e05
s oo cos asozms 008 007 008 0 613724 0003 100.000000 2.336449
6 cam s34 as0ms 0003 099 005 1 694914 0004 20700935 0.467290
7 Futss Fuist a0 02 s4 1 2 1308632  0.005 14.813084 0.373832
8 oueo Djer  adesls  oom 00 00
5 Hoiss Hotes 45037 003 0026 0006
o e s moom oo oo oo # Find the strongest gammas produced in 167Er(n,g)168Er
i’ § e.get _strongest gammas(edata, "Erl68", intensity="isotopic")
n o W W70 4504633 00025 00033 00003
2 e A9E 4405705 00016 05 006

E (keV) dE (kev) 1 a

0 1842848 00010 244160 21.864638
o Really accurate measurement! 1 8159894 00016 185300 6.663124
2 1982439 00014 130364 7.033433

@ Tune tolerance window to 0.1 keV.

e.find_ganma (edata, 450, 0.1, intensity='population

Target () Residual (CN)_Energy (V)G (kev) ntensity @
o s S8 450042 007 0000GHGY1A2857142857 0000Z2RSEA050TI6T
1 ew El6e 450051 0004 0000ISIIGEISHINENE 5IOGTITINRE05
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pyEGAF

Assess completeness of capture-y data using pyEGAF

@ The cross section for fusion in entrance channel (a) is given by the sum of cross sections for

decay to all final channels (b;):
N
_ c X o primary
UF(a) = Z Tasb; . g0 = T; .
b; i
N .
@ Compare 3 05™" from pyEGAF to Atlas-adopted total neutron-capture o values to
i

i=1

assess completeness.
g
: f E‘i

1(

Aaron M. Hurst IAEA TM Nuclear Data Portals 2024
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pyEGAF

Materials of interest for planetary spectroscopy

Isotope Z  Abundance [%] .
¢ 6 98.9 IS S S S EEE
uy 7 100 R
160 8 99.8 al e
BNa 11 100 N
Mg 12 79 0
27| 13 100 N e e 1=
Bsi 14 92.2 g ! =
®a 17 75.8 - ] .
39K 19 93.3 .
40
4553 3(1) 2%3 S A T o A
48T 22 73.7
52¢y 24 83.8 @ 1o agreement (complete!)
®Mn 25 100 @ 20 agreement
56Fe 26 91.7 .
59Co 27 100 @ Differ by > 30
58N 28 68.1
63Cu 29 69.2 EGAF contains complete primary-y
%4Zn 30 48.6 datasets for many isotopes of interest. J
07y 40 51.4
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Determination of g

pyEGAF

ng83c35283gs 88
naaggsss N
E§IASRALFIEIDS
BDUU"V}
3 6000
=3
>
2
]
]
:ADDD
o
8
kel
X
o
2000
/
o
29g;
12Si

Data from EGAF via pyEGAF

N

og = Z Ty, (1 + ap).

p=1

Aaron M. Hurst

172+

1/2*
1/2-
3/2-
1/2*

5/2+%
372+
572+
372+

172+

from primary v rays

107! Il Si28(n, y): primary
ol ‘
)
s |
1073
i !‘ ‘ ‘ | ‘ ‘
LI ! B
1000 2000 3000 4000 5000 6000 7000 8000
ke
10
2i(n,y)*si

1000 2000 3000 4000 5000 6000 7000 8000

E, lkeV]
00 = 0.185(2) b cf. 0.177(5) b (Atlas); 0.186 b (ENDF)
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pyEGAF

Determination of g from primary and secondary ~ rays

E 107! HEm Si28(n, y): primary = gs
W o 3 w Em Si28(n, y): secondary - gs
8000 S . 1072 ‘ ‘ |
g o= 3R
® 5 R
2 172+ 5 | ‘
& = 10~
_ _ S 107
o 6000 . 2 12
= b
> g9 3127 ‘ ‘
> .
: " : ‘ ‘ | ‘
]
4000
S 5 ‘ L
s © 5 512+ 1000 2000 3000 4000 5000 6000 7000 8000
g T o E, [keV]
5 &= !
2000 ¢ 5/2% 10
]
32+ 2si(n,yysi
l 10*
0 y y 172+

#si =
107]
Data from EGAF via pyEGAF
N 1000 2000 3000 4000 5000 6000 7000 8000
i—1 09 = 0.187(3) b cf. 0.177(5) b (Atlas); 0.186 b (ENDF)
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pyEGAF

Modeling the (n, ) reaction using pyEGAF methods

g BEEE WY R R

28q:
Si(n, )

sl =2 S = o e ]
016+
014

o

o0 —— Adopted g [b]

--- Adopted 10

0.08 -—- Adopted +20
006 } T Soy(1+a)ip]
0041 i oolbl

5000 5300 6000 _ 6500 7000 7500 6000
Ec [keV]

@ Statistical-model analysis of

(n, ) reaction, e.g., 8Si(n, 7).

@ Compare modeled population of

levels to experimental data.

@ Establish critical energy E..
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pyEGAF

HypermetPC-to-ROQOT: Conversion of entire Budapest
PGAA catalogue

35(n,7)

Calibrated HYPERMET ASCII Data

@ Permits wide dissemination in accordance with

FAIR open-data principlces.

11T
@ Generate ASCII dump of 1D histos from ’ o " Energy[kev)

HypermetPC.

@ Run ReadHypermetASCII.C script in C++

cALLB coEFrs wop

- 6.90714-01;

interpreter to generate correspond ing ROOT file.

@ Reads in appropriate <calib_coeffs.H> file.

" 2000 4000 6000 8000 10000 12000

Contains calibrated and uncalibrated ROOT CramelNo

histos.

Aaron M. Hurst IAEA TM Nuclear Data Portals 2024
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pyEGAF

ROOT: Bespoke analysis framework

#include <TMath.h>
//°x* and ‘par’ are effectively passed as arrays
t fitGaus(Double t *x, D t *par)

Double t arg = 0;
if(par(2]1=0) arg = (x[6] - par[1])/par(2];

Double t fitval = par[0]*THath: :Exp(-0.5*pow(arg,2.0));
eturn fitval;

Doublle_t backGround (Doul *x, Double_t *par)
{

/cf. y=a + b(x) + c(x°2)
Double_t lineshape=par[0] + par(1]*x[0] + par(2]*pow(x[0],2.6) + par[3]*pou(x[e],3.0);

eturn lineshape;

Double t twoFuncs (Double t *x, Double t
{

return fitGaus(x,par)+backGround (x,&par(4]);

@ 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.

Aaron M. Hurst

Calibrated HYPERMET ASCII Data

histo
Evios 165
awrs
S6ow 613
Undortow o
10" Overfic 0
gl 32080404
10°
iy ‘ ' ‘
10
4750 4800 4850 4900 4950 5000
Energy [keV]

root (9] X fit.C
FCN-391.317 FROM MIGRAD
€M1,

48 CALLS 349 TOTAL

OR WATRIX UNCERTAINTY 2.4 per cent
EXT PARMETER STE FIRST
NO. NAME  VALUE
Constant 2.1
FCN=227.945 FROM NI

3
4

o
B140e-03
D STATUS-CO 298 CALL
EDN=G. 220120 1 ERROR
e

EXT PARMETER
vaLvE
7

18406e.-6:
900000400
4.53992.05
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pyEGAF

CapGam cf. pyEGAF

capgam

Target
Product: 13C
Last modified: 06/01/2023
o

Strongest Transition
£y 1945.301 £ 0003
=

67.47% 0

hormat Neutron CaptursCros Section (2006MoZY)
000333

Energy )

1Y

) e o

Type o I 00" A0IYmed
Secondary 595013 0011 03557 00136
Prmary nozes ooz 79621 9225
Prmary 1836716 0012 371 00152
Secondory 3089049 0,020 73 00309

Secondary s oo 7630

95301 0003 000000 19233

Aaron M. Hurst

pYEGAF

conpound_nucleus = 'C13:

dr=e. capa: .~ (6) Qnrmir(rﬂ'vuund nucteus)
4f.to_csv(-capgan style (0] nat (conpound_nucleus), index=False)
prin(6r-to.string(inde;

ise))

Target nucteus:

ResSoua compound mucteus)

az(n,g1c13

Totat ra

Reterence: 201z
230 0263897 10000000084 b at

a

thersal neutron-capture cross section = 0.0937 b = 36-05

€ = dois 301 kev; 1 = 100
A1

secondery sES.015 0.009 0363985 015908
brimary 1261765 0.000 47.509579 1149512
risary 1856717 0.09  0.237548 0.015326
secondary 3089.657 0609 8632184 ©.030652
Secondary 3683920 0.009 46743295 1.149509
rinary 4945301 0.093 100.060000 1.915939

plot_df_data(df['€"), df[‘AL'], *{0}".forsat(compound_nucleus))

s a
2]
10°Y wum 22¢(n, y)3C
— 101
Fal
10°4
|
1000 2000 3000 4000 5000
E, [keV]

2500076 251,534

# € >+ 0B
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pyEGAF

CapGam cf. pyEGAF: : capgam

CapGam

12C(N,G) E=TH o
Target: 12C
: 13 151 oct in et
Product: 13C Copon Toraat (compoun naciev).
CovCcapaam syt {8 Cove- Torma compound.nacteus). 1ndex-ratse)
Last modifed: 060172023 BNt o string (index-Faise))
Torget nucteus
PoE ResTaun (compound nucteus): €13
ciain.o)a3

mgest Trasaition: Total radiative thernal neutron-capture cross section = 600387 b = Je-05
Eiy 945300 £ 5003
1= 67.47 £ 092 4345301 kev; RI - 100

o 1 w
015 0.009  0.363085 0.015326

1 Newtron Capture Cross Section (2006MuZX). 765 0009 47.509579 1243512

frctie s TS i R
w Sie demm ek
120(N.G) E<TH S50 Sloas 100 cae 1915559
e T
- ——
Ey a
10! 22¢(n, 50
. — 10}
X
=
Energy (kev) E h
|
P £y BEY) UM i) 1000 2000 3000 4000 5000
W@ e e E, (kev]
‘Secondary 595.013 o011 03557 0.0156 v
Pmay iz 001 ivsen  oems .
Py eris ooz omm oo
Secondary 3089.049 0.020 0.6373 0.0309 #lelr[+]O]|B
= D o wew e
P ool oo oo 18

PyYEGAF also displays associated level information.
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APGAA

Attenuation in Prompt Gamma Activation Analysis

@ C++ implementation for calculating attenuation

Nuclear Instruments and Methods in Physics Research B

integrated over sample thickness (t):

1, =t x=t *P(MT’Y)E x
T L= Jen| —p | dx
=0

M. Basunia

@ 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)) o) pavma o —
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., ReCls,
LaCl3 - 7H,0. . .) samples.

Aaron M. Hurst


https://github.com/AaronMHurst/attenuation_integration
amhurst@berkeley.edu

APGAA

Effective thickness determination in La and Re samples

Prompt Response [A-M. Hurst el al. PRC 99, 024310 (2019)]
Calculate attenuation assuming coefficients for:
1- gamma-ray attenuation only 1
2- gamma-ray and neutron attenuation combined

sample in (mm] or [cm] ?

1-[mm] 2
2-[cm]
Give sample thickness [cm: 2.5 1o o1
Temperature of neutron beam [K] ? 203 _
1ol @y R T
Natural Element (1) or Compound Sample (2) 2 2 T t
osl §
Density of compound [g/cmA{3}1? 1.6 <ol il
Number of Elements in compound? 2 o4 I [ . wach w0 = 0842 04 "‘ 0, .00 = 0.078
| Uncertainty (+ 10 Uncertainty (&
Chenmical symbol for Absorber No. 1?2 " O2f | e U by standarcs ”/ o (L) e 7 S dords
o) ot 05 1)
Number of atoms belonging to H (i.e. stoichiometry) ? 2 O ey 0 e S -V
Use adopted elemental absorption cross section from Mughabg [D-A. Matters el al. PRC 93, 054319 (2016)]
Atlas of Neutron Resonances (Ed. 2006)? X T
1-Yes 5 N ) L0
B, X K ol
4 0.8]
Chenmical symbol for Absorber No. 2? o wsl 06
Number of atoms belonging to O (i.e. stoichiometry) ? 1 9 . . | 04
Use adopted elemental ption cross section from Mughabg U e " Re | ~*oz
Atlas of Neutron Resonances (Ed. 2006)? .
1-Yes N 007 005 000 000 { LT TR
2-No # (mm)

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

Aaron M. Hurst


amhurst@berkeley.edu

	pyEGAF
	APGAA

