TECHNICAL SPECIFICATIONS

bGamma Software Package

® OO ® @O 00O BRIGHTSPEC

Ceor  Un | log Sat | Gids Chomnels Energy Cursors = Workregin Ful | Resduals  Collorste Nucdes —Fullanolysis Procedures,

File Detector Edit View Spectum Calibrations Analysis Report Windows Help

OXNE@E® ® @ ® ® ®

oo Gowe sove rme || Comea Dcamea | St ovaloscpe ||

— B = FPsgm 8 %
& GX1518.620030 DSATK 8K AmCoS7Cs137Co60_20190408.gxl [[= | @ [£3 | | B3 6x1518 620030 DSATK 8K AmCoS7Cs137Co60_20190408 iFiPS.umi * (Eafe g | XL519-E20030. DAL 8K AmCoS7Cs137CoE0. 20190408, IFPS. poml

Measurement

Contnuum

|
|
Fnd penks |
™ |

J

— — =

Method

1500.0 20000

5000 1000.0
Energy [keV] Non-lnear least squares ~| [oefauit

Report
® lues

O uncertintes i elatve 56

siduals
o °
&£
[}
i
d
esicusls

L ¢

Data Acquisition

Detector report 1 courtsper second

Type High resolution HPGe. Parameter Value Decimals: [3 g

Name v Device name. TopazHR v

Dofiting | [ Clear it

© GX1518 620030 DSATK 8K AmCo57Cs137Co60.gxmi = |[E [ £3] | © Nal2x3.52AB0809 Cs137.xmi o |=@[&R

Quentication

3 oo ok 5800 2080 7 = P =
Energy [keV] Energy [keV]
ERTI £ 4ita pr
< i i
Rofeencs deofime: 15 S0p 2076 120000 B ool | Ty | Fesied | Postn | Posiin | eriedveckds ~
) |y iy
Nucide | Energy ‘ Intensity Hafife Reference actity | @Measurment actiiy ‘ PM [32] [RoilManual | ROM1 24994012 | 32192102 |Cs-137 Xeray-Ka [32.19]
(=] [l e puiishied] [Bal (Bal " UB (609] | Library |ROV2 (Wiultplet) [40120 £ 0.00 | 609.32£0.98 |  Bi-214[609.32] vy
[am241] AaGa1+0000 [35ann+ndmn| 4RV A ATINF+0A + 13 RORF+A + 1 GAOF+13]
3 N
© spocumopensd @ I Elpsed LneTimes 6000 nd RalTme = 6429; Dad T = 6.67%; IR = 511 ks chm5E =130 kaV; =0, = 0.0 ps | Toal trovghout = 368 keps

The analysis of the energy spectra resulting from any radioactive sample and recorded with a nuclear
radiation detection system is still a very critical step in gamma-ray spectrometry due to its complexity, e.g.
large amount of interference between radionuclide emissions, presence of spectrum artifacts (sum and
escape peaks), complex continuum, correct radionuclide identification and quantification of its activity
independently of the measurement geometry or sample characteristics among many others.

bGamma software is a general purpose, comprehensive and extensive software package for gamma-ray
spectrum analysis and radionuclide identification and quantification.

bGamma software can analyze any recorded gamma-ray spectrum independently of the detector,
geometry or sample used. bGamma, provides all the necessary tools and functionality for performing the
detailed analysis of complex gamma-ray spectra and the corresponding radionuclide quantification from
the given sample.

In particular the software allows to:

e  Connect and control the hardware for correct data acquisition

e  Control and visualize the data acquisition

e Import spectra from other file-formats

e  Energy, shape and efficiency calibration for the gamma-ray spectra

e Automatic peak search and peak class identification (singlets, multiplets)
e  ROI analysis and calculations

e  Fitting of the experimental data to mathematical models, including background subtraction, peak
interference correction, etc.

e  Nuclide identification with separation from possible spectrum artifacts and structures

e  Radionuclide activity and MDA calculations

All of above in a very simple and yet powerful way. The modern graphical user interface (GUI) makes
spectrum visualization and analysis very intuitive and provides an important “visual” feedback of the
analysis results.

bGamma software is a multi-document software allowing you to analyzed multiple-spectra at the same
time and/or acquire data from several connected detectors.

The large quantity and variety of calculation algorithms implemented into bGamma allows you to analyze
a broad range of gamma-ray spectra independently of the detector used, e.g. from high-resolution Ge
spectra to medium resolution scintillator spectra from LaBr; or the vastly-used NaI(Tl).

bGamma software runs seamlessly on MS Windows® , Linux™or macOS® .

FEATURES

Controls data acquisition and setup
detector-MCA

Implements different automatic peak
search methods

Provides several methods for peaks”
continuum evaluation and
subtraction

Automatic and/or manual ROI
insertion. Region of interest (ROI)
calculations.

Energy and shape calibrations using
comprehensive data input with
visual interaction and feedback

Easy to perform and yet powerful
efficiency calibration, with single or
dual polynomial fit and user-defined
cross-over point.

Implements several spectrum
analysis fitting methods, including
Bayesian fitting. This wide choice
of analysis methods warranties the
success and/or suitability of
spectrum analysis for any kind of
gamma-ray spectrum and analysis
needs

Fitting and mathematical model
parameters are at hand for their
quick changes and optimization

Superb graphical user interface
(GUI) that can be set to user’s
preferences. Multiple and interactive
peaks coloring and labels

Advanced spectrum cursors
(multiple-cursors) showing satellite
or spectrum artifacts

Multi-document design with full data
synchronization

Great traceability, saving all
information into XML-formatted files
(*.gxml)

Import spectrum from other
formats. E.g. Ortec (*.chn) and
Canberra (*.cnf) files

Customizable analysis reports,
including fully colored and HTML-
formatted tables

Quantification via different methods

Includes True Coincidence Summing
(TCS) corrections on activity
calculations.

MDA calculations via three methods:
ISO 11929, KTA and Currie
(standard) methods, with
meaningful and flagged data table
reports

Embedded full radionuclide library
based on internationally well-know
and maintained “NuDat” nuclear
data files

The software is multi-platform and
runs seamlessly under MS .
Windows®, macOS® or Linux

(OPTIONAL) bGamEff software for
mathematical calculations of full-
photo counting efficiencies using
Monte Carlo methods. Includes a
powerful 3D object editor.
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HARDWARE CONTROL

e Connect to any
BrightSpec device

e Setup and control data
acquisition via device
control widget

e Incorporates a two-
channel digital
oscilloscope for signal
inspection and device’s
troubleshooting

FILES

e bGamma uses ASCII XML
-structured files as data
storage format into files.

e Nearly all spectral data,
acquisition parameters,
spectrum analysis
settings and results are
stored into files, providing
great data review
capabilities.

e Still you can import
spectral data stored into
different file formats,
such as: IAEA *.spe,
Canberra *.cnf, Ortec
*.chn and ANSI N42.42

CALIBRATIONS

e Provision of multiple
methods for energy and
peak shape calibrations.

e Calibrations are perform
using interactive and
visual displays which
shows fitted calibration
functions, residual plots,
experimental points with
their uncertainties, etc.

e Input data covariances
are taken into
consideration when
calculating any calibration
function.

DATA ACQUISITION AND HARDWARE CONTROL
Using bGamma software you can connect to any BrightSpec device, set it up and perform data acquisition.
The connection dialog will automatically search for available devices on your PC or network for connection.

The parameters of each individual device are properly shown
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FILES

bGamma stores nearly all spectrum information and analysis results into files. This way provides an outstanding
method for data traceability and review. bGamma application uses XML-based ASCII formatted files; which
warranties fast data parsing and fast individual data component location while still preserves the human
readability and can be easily imported into other data concentration systems, such as large databases.

In bGamma you can easily import spectral files stored into other file formats, such as:

woeeoecocscc0c0c0000000000000000000s0

. IAEA ASCII-formatted, *.SPE files . p
. s Import Canberra binary files (*.cnf) E
* TXT, generic text files 4 directly into bGamma with no need of 9
° Canberra binary, *.CNF files with no need of VDM or |: the VDM nor the Canberra’s run-time 9
runtime libraries to be present on local PC. . libraries to be installed on your PC .
. ORTEC binary, *.CHN files
] And N42.42 xml-based files (including latest 2012 revision)
CALIBRATIONS Y 0
bGamma provides the necessary tools and e T

functionalities to perform spectrum energy calibration,
shape calibration and photon efficiency calibration.

Energy and shape calibration
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Efficiency calibration Py ———r— x
Uses a polynomial fit to the Ln(E). — e
polyn (E) -

Provision of graphical plots containing experimental
points and their uncertainties and fitted polynomial
curve. The plot includes a cursor with explicit
calibration point (nuclide emission) label for better
guidance.
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Experimental points’ uncertainties
and their covariance are taken into
consideration for efficiency curve
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The algorithm checks for correctness and
applicability of the efficiency calculation conditions
(e.g. same detector, geometry, etc.). An evaluation toolbox is provided for evaluating an efficiency value at
currently obtained polynomial fit. A command button for automatically “suggesting” the best matching efficiency
curve is available.

Efficiency calibrations can be complemented using an extra software, bGamEff, which would calculate
the full photon-efficiency using fast Monte Carlo algorithms. The calculations can be done for any
kind of sample, geometry and/or detector. bGamEff software contains a powerful 3d object editor
for conveniently creating any type of measurement setup and objects.

bGamma, can import experimental points from Canberra LabSOCS/ISOCS™ as well as from
generic Monte Carlo calculation codes.

OUTSTANDING GRAPHICAL USER INTERFACE

The program has been designed with a very rich, complete and powerful graphical user interface.

Seeeeeeee

Nearly any action on the spectrum analysis can be reviewed through a “visual

I[] Work egion »r\ [ 1 feedback”.
8 e g Every graphical T
|8 e ot perscond 9 component is | s g8 g i e
© sowmipecncs Ml con automatically ;f gé % g _
i, updated to show the | .. &% gg £ /R .g
Log specifics ~ of  the gfv Lk g% 3
currently selected ‘\4’” / ; S F
spectrum. All the computational results (ROI E"m' 3’/ § Ty o 5
computations, peaks’ fitting, activity results) can be & / N M \s\
; \ .

displayed into dynamically updated tables. The table’s = -
contents can be easily selected.

;

All the graphical components can be shown/hidden or 0
set to the user’s preferences; creating a convenient,
attractive and yet powerful spectrum analysis

dashboard. Among many, the following GUI features are 7 : e
highlighted : 7 I
© Define the new limits for ROI-9
L] Display of spectrum analysis fitting residuals f | st fozd
.. P . . . . 2 § e[ =
(] Individual and distinctly display of each peak fitting component (multi-peaks in : o[ ne
ROI, continuum, total peak fit, etc.) J ’7] Work région L e —
E Spectrum scale »
o Color distinction in dependence of ROI/peaks categories and/or method of @ Spectum attrbutes  +
their creation e
_B© showmuiple cursors
. Use of context menu commands for most commonly used spectrum analysis | S d
operations or dynamically changed context menu in dependence of the ROVP e " ';' ;a‘..h:;.:; ROLS
- < elete ROI-

0

Guess nuclide

spectrum plot or spectrum analysis situation

PM[136.28] nuclide candidates ~ *

. All graphical components and spectrum plot can be set to the user’s preferences x & peleteatiROls
(] Spectrum zoom in and out with easy sliding commands and auto-scales
(] Spectrum plot scales on different units. X-axis (energy and channels) and for Y-axis (counts or cps) in Linear,

Logarithmic or Square-root scales

3

BRIGHTSPEC

EFFICIENCY
CALIBRATION

*" bGamma provides a powerful GUI for
immediate and visual spectrum analysis
feedback, easy analysis operations and
yet visually attractive

.
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Can fit experimental
points to a single
polynomial function of
logarithmic of the energy

(Ln[ED)

Or to two polynomial
functions with a user-
defined cross over point.

Provision of plots,
individual colors and data
points for better
visualization and data
feedback.

Exclusion of data points
via a context menu and
provision of descriptive
data labels.

Automatic data fitting and
display of statistical tests
results such as 32, R? and
Rzred-

Can be complemented by
using bGamEff software
for mathematical
calculations of full photon
efficiencies of any object
or geometry. bGamEgff
incorporates a powerful
visual 3D object editor.
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GRAPHICAL USER
INTERFACE

Provision of all modern
tools and docking widgets
for creation of a visually
comprehensive, effective
and yet attractive user
interface

Powerful multi-document
GUL

Compelling graphical user
interface with elements
that provide immediate
visual feedback on the
spectrum analysis results

Advance spectrum plot
with “multiple-cursors”

Provision of spectrum
fitting residuals plot

Visualization of all peak’s
fitting components (e.g.
continuum, individual
peak fitting, total fitting,
etc.
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GUI (CONT.)

Use of dynamically
created context menus

Implement toolbars and
floating docking windows
for displaying numerical
and graphical data

SPECTRUM ANALYSIS

Powerful spectrum
analysis methods

Seven peak search
methods

Four spectrum/peak
continuum models

Three peak’s spectrum
fitting methods,
including “"Bayesian
fitting”

All peak fitting data
results can be visualized
and updated dynamically

ACTIVITIES AND MDA

Activity calculations per
peaks or per nuclides

Reporting of “Weighted
activity”

Report radionuclide
activity in different units
and normalized to sample
weight or volume

New algorithms for True
Coincidence Summing
corrections

Provision of multiple
methods for minimum
detectable activity (MDA),
such as:

1. According to ISO-
11929 standard
(including 2010
revision)

1. KTA

Currie or traditional
method

11

MDA report results with
clear flag indications

GRAPHICAL INTERFACE (CONT.)

(308, 6650)

not ID - PA [662.13]

Peak data (from ROI calculations)
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SE (3347, 980) Comp (4557, 860) (8

XescK (5291, 74)

Soa 177329
80,55, @
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° Peak’s pop-up balloon label with peaks computation
results
o Display of “multiple-cursors”. This feature shows the
different possible spectrum artifacts (like single or double
escape peaks, sum peaks, X-ray escape peaks, Compton
edges, etc.). from the current spectrum plot position. The
spectrum artifacts to be displayed can be selected from the
program's preferences.
° View of computational results into dynamically updated
data tables
o Use of dOCkiI‘lg and ﬂoating & HPGe_TopazHR_Co57Co60_Analyzed.gxml
windows, which provide easy access .
to spectrum analysis model =5 g oo
parameters. 8
Among many others. §
o
: T St 5
3 bGamma implements three peak’s . _ = 5
. fitting methods, including g H g
s “Bayesian fitting” a peak’s fitting o o )
P model that does not depends much .
3. of the peak’s shape calibration :
SPECTRUM ANALYSIS =

bGamma software offers a large
amount of methods and calculation
engines for the spectrum analysis;
allowing to practically analyze any

Peaklabel ROl label

ROI-4

S

PA[3692]

recorded spectral data § E
independently of its detector type, = ‘j m
sample characteristics and used s pamzan  rous

<

Pecks doto: Am241_Co57.Cd103_C5137_Cob0_CalibLib.grml
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There are:

600

o seven peak search methods

o four mathematical models for spectrum /peaks continuum

[ ]
requires of input of peak shape calibrations.

ACTIVITY AND MDA CALCULATIONS

800
Channel

Three peak fitting algorithm which includes “Bayesian fitting”, a novel peak’s data fitting that does not

Indude MDA
Radionuclide activity calculations can be performed per peaks, but also  method: O curie Oxma ® 150 11929
per nuclide. They can be normalized to sample weight or sample  Pedsonemor istiind: |50 % 2
volume 2ndkind: |5,0 % * [ same as 1st
o i ISO-11929:2010 standard characteristic limits ~ Condenceprobabity: [50% 2]
Activities can be reported using [ inciude lllbrary lines
several radioactivity units Settings for 1S0-11929:2010 standard: |:| Indude external kbrary: O\
° MDA decision errors @ = 5.0% (1t kind, deciding that the sugme o preacns sioe s 1o 1y
. . = 3.0% (2nd kind, failing to decide that the signal is present when it is)
MDA calculations can be done via | sayesian confience probaiiy: = 5.0% (Risk of excesding quoted confidence limits)
All uncertainties are reported at 1.0 sigma.
three selectable method: Nuclide|  Line labels Reference Reference Decision | Detection limit (MDA) |  Confidence Best estimate Report as
energy intensity threshold [Bq] intenval [Bal [Bq
[keV]) %] [Bq]
3 Co-60 PA[1173.34] 1173228 + 0.003| 99.850 + 0.030 9.27T1E+02 1.866 + 0.006)E+03 8.1B4E+05 - (8.225 + 0.021)E+05 |(8.225 + 0.039)E+05 A
L4 ACCOI‘dIHg to I1SO-11929 ’ PA [lmz 3a|] 1332492+ | 99.983 £0.001 ‘ ) b0 | s )
. . . o0t
(lnCIudlng revision 20 10) K40 PA [1460.55] 1460822 + 10.660 +0.180 5829E+03  |(1.179 £ 0.022)E+04 9498E+04 - |(1.014 £ 0.033)E+05 |(1.014 £ 0.062)E+05 &
0.008 1.078E405
° Library nuclides which were not associated with any identified peak
KTA and Am-241 | \a 59.541+0.000 | 35900 £0.400 | 1.014E+02 |(2.047 £ 0.024)E+02 = < 1.014E+02 ¥
Cs-137 Y 661.657 +0.003 | 85.100 +0.200 1757E+03  |(3.521 £ 0.011)E+03 =* < 1.757E+03 ¥
° Currie or standard [ ~ Nuclides from extemal library
Ba-133 ¥ 80.998 £ 0.001 | 32900 + 0.300 2191E+02  |(4.401 £ 0.043)E+02 == <2191E+02 ¥
method ¥ 302.851 £ 0.001 | 18.340 £ 0.130
¥ 356.013 £ 0.001 | 62.050 + 0.000
Y 383849 + 0.001 | 8940 + 0.060
In the case Of ISO_11929’ Pb-214 ¥ 241995+ 0002 | 7.251+0.016 1.738E+03 (3484 + 0.018)E+03 =+ <1.738E+03 ¥
. ¥ 295.223 £ 0.002 | 18.420 £ 0.040
comprehenswe data table are ¥ 351932 +0.002 | 35.600 +0.070
. . . . Bi-214 609.320 + 0.005 | 45.430 +0.160 3.478E+03  |(6.969 + 0.040)E+03 =+ 3.478E+03 ¥
reported with clear indications of | ’ * LA £OR0E :
.. £+ WARNING: MDA value is significantly different (at 95% confidence level) from Currie MDA
decision levels. A Unambiguously identiied and quantified: calculated activty reported
¥ Not been detected: decision threshold reported

Additionally, MDA calculations

on the current spectrum can be done against a different (secondary) set of nuclear radiations or nuclear library.
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NUCLEAR LIBRARY
NUCLIDE LIBRARY TR e Fast data handling
In bGamma the traditional concept of “nuclear library” is ryr— . techniques allows the
All the radiations from nuclear decays are inclusion of the entire
unnecessary: . y Radiations for Cobalt-57 @ decay data radiations into
embedded into the program and easily and very fast D CorS7: (En= 12206 keV - [T1/2= 27074 - (k= 8560%] the software. Providing
ible: 0 fast access to any nuclear
.. CICICIC NN AN NI NN I I A ) o acgestSIble, htha.driks tot ahn'()vel ‘: radiation from anyy part Of
o . ata andale echnique 0 Co-57: [En 1u1kv1 [11/2 1717“1 [In 916%]
bGamma embeds the entire implemented into ?he O x:-y-KBICV-sn:lz:m7,osk=v1~m/z=zﬂ.;4 dl- lint = 3.91%] the program or step of
. . . - [ X-ray-KB [Co-57): [En = 7.06 keV] - [T1/2 = 271.74 d] - [I 2 i
nuclear decay radiations library P 3 e T e ) the spectrum analysis
program. 4 [ Co-57: [En = 69241 keV] - [T1/2 = 271.74 d] - [Int = 0.15%]
| |5 G on estran- 1= 70 06 O LI TECS NUIEIE ]
“ececsssssssssssssssssssssss This data handling method 0 Cost: “[T1/2= 2717461 - nt = 0.00%) data files as provider of
- o g . O co-57: - [T1/2= 271.74 d] - [Int = 0.00%] decay radiation librar
allows access to any library nuclear radiation with no 0 cos7: - [T/2= 27174 - i = 0.0% decay rac y
! 0 Co-57 - [T1/2= 27174 d] - [int = 0.00%] information
noticeable delay and from any part or step of the spectrum
analysis. . I I 'u u e Provides advance
techniques as generic
Enerty fkev] “CTRL+F” for radiation

YT < search or “guess nuclide”
ucide seare

[| Work region

@ specmsese
@ Spectrum attributes
® Spectrum plot export

Nuclide radiations can be
“tagged” and quickly
recalled at any time or
step

Candidates within [136.28 + 1.45] keV @

[ Sm-140: [En = 136.40 keV] - [T1/2 = 14,82 min] - [Int = 0.36%] -
[ Mo-257: [En = 136.40 keV] - [T1/2 = 2450 5] - [int = 0.34%)
3640 keV] - (T1/2 = 1.17 5] - [int = 0.05%]

= 13644 keV] - [T1/2 = 33.05 min] - (Int = 0.42%]

bGamma embeds data from the  °
well-known, maintained and
evaluated nuclear data library
NuDat [1]

@ Showmultplecusors

This approach improves the

- [T1/2 = 54.205] -

196.50 keV] - [T1/2 = 2698 d] - [In < 0.00%) recognition of any radiation
[ Rou228 - [En = 12606 kall) . (T1/2 = 4 6 min « liot = 0 2681 . - .
CYmr—— %] | present into the spectrum as  [1] e et ciaon and decosure
[ amer o + 0 only ] selctal radatons well as any step of the spectrum
Enery seach | touis U I nocige vahe  Oecaymode 1, D6 Raditon anz.ilysis. (e.g. energy
Energy value [keV] 3 10 6616570 85.1 Cs-137 3008Y9 B- 10000 v r cahbratlon, efﬁc1ency
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BGAMMA OPTIONAL PACKAGES OR ADDITIONS

In addition to the standardly distributed bGamma software package the following modules or software
extensions are available for purchase, as well:

Procedures Performs guided spectrum analysis, including data acquisition.

Advance tools Includes:
Procedures, as above

File Batch Analysis: Performs spectrum analysis on a large
amount of data files, following a pre-defined models or
templates .

Files Browser: Extracts and plots data and spectrum analysis
results from multiple bGamma files.

Quality Assurance / Quality Control Performs scheduled or predefined spectrum acquisition and
analysis for assuring the normal functionality of the gamma-ray
spectrometer or sample analysis methodology.

User Management Control Limits the operational capabilities of bGamma software in
accordance of user’s privileges. Keeps user’s actions trailing
records. Provides “administration” review for logbook records.

REQUIREMENTS
bGamma is a multiplatform software and runs seamlessly on the following OS:
®  Microsoft Windows 7™ ;Windows 8™ , Windows 10™ and Windows 11™
=> 32-bit or 64-bit processors
e macOS®™
e  Linux® OS
= Both ARM and x86 processors

ORDERING INFORMATION

1.  bGAMMA/1 application software. Single input license. Standard option. Allows to establish connection to a
single detector/spectrometer.

2.  bGAMMA/2 application software: Double input license. Allows to establish concurrently connection to two
(2) spectrometers at the same time.

3.  bGAMMA/M(4) application software: Multi-input license

Optional
1.  bGAMMA/PRO. Includes “Procedures” option

2.  bGAMMA/ADV. Includes Advanced tools options
3.  bGAMMA/QA. Includes “QA/QC”, “Procedures” and “Files Browser” options.
4. bGAMMA/UM. Includes “User Management” option

Please check your representative or BrightSpec office for updates on this product and/or new options.

ADDITIONAL INFORMATION

The bGamma software is copyright protected using a dedicated USB key (dongle). The key contains all the
information of your purchased license, including the options added to standard bGamma package. bGamma
license keys can be updated remotely, upon request.

BRIGHTSPEC

Sciencepark
Galileilaan 15 (Darwin)
B-2845, Niel
BELGIUM

Phone: +32-(0)3-844 95 86
E-mail:

sales@brightspec.be
support@brightspec.be

Microsoft and Windows are registered trademarks
of Microsoft Corporation in the United States and/
or other countries

MAC OS are registered trade mark of Apple Inc.
Linux uses the GNU General Public License
Nudat data file. National Nuclear Data Center,

information extracted from the NuDat 2 database,
http://www.nndc.bnl.gov/nudat2,

BNL disclaimer on NuDat: For the specific disclaim-
er notes please refer to
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