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The NuSOFT EffTrace software is intended to be used for Benefits
fast and accurate estimation of efficiency calibrations for 9

. ' . .  Easy definition of complex 3D geometry
arbitrary measured objects with gamma spectrometric sing CSG
detectors (bpth for scintillation anq semlconductgr HPGe). « Possibility to import STL 3D geometries
The calculation is based on analytical approach with c T Non of detecie B TRl e
calculation of solid angle between elementary source « Collimator’s effect is calculated by built-in
volume and the detector, corrected by attenuation effects Monte Carlo method
of the source itself and all other entities in the 3D modelled  Rapid analytical approach to efficiency
geometry. For correct absorption effect in the detector, the calculations

» Batch mode calculation allowing
automatized modification of various
parameters (with Batch calculation module)

efficiencies for various distances, angles and gamma
energies have to be entered by user. This allows to use
NuSOFT EffTrace with arbitrary detector. For collimators, S Y
the SW offers built-in Monte Carlo method, which can Y y P y
_ ) ) _ study of input parameters to the
automatlcglly estimate the effect of collimator for given simulations (with Sensitivity analysis
detector without need to measure such effect module)
experimentally.
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Project editor
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— . OB -BEES8->S418%O0
All necessary definitions for efficiency s X

calculations are tied into a project. The main
component of a project window is a 3D scene,
through which the measured geometry is
modelled. The scene is equipped with all
useful tools as various camera controls,
dimension grid or gizmo operation modes. The
editor is designed in simplistic manner in
order for the user to get comfortable with the
software as soon as possible. Entity operations
are available through a popup menu (activated
by right mouse button clicks) and they are
easily edited via Object Properties panel.
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Definition of entities

All entities in the measured geometry can
be created by methods of CSG
(constructive solid geometry) with
following basic entities:

« Cube

« Sphere

o Cylinder

« Cone

» Mesh - option to load an externally

created mesh in STL file format.

Energy [keV]

CE-BESS->S4 1000

Project: Ral(T1) ' - Barred

This allows to easily create arbitrary

koo complex shaped objects. Simple shapes
o can be directly defined as Sphere, Cube,
—— Cylinder or Cone to lower the complexity
of photon tracing during calculations.

Rt (e 12 Furthermore, entities can be grouped

X0 Yo Fa0

— — together or a reference root for an entity

s = can be defined, which gives the user
freedom for abstract object definitions.

SBG.D2.2.2

SEREEL TR L TR
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Detector definition

The workflow with defining detectors is set up in
the way of a catalogue. NuSOFT EffTrace
contains a database of defined detectors and the
user chooses a detector and adds it to a desired
project. The detectors are uniquely identified by
their name. The catalogue is composed of 3D
preview, list of detectors and various tool
buttons.

Detector definition is divided into two workflows:
Geometry and Calibration. These are executed in T
the Detector Editor. Geometry is composed of 3 g2 2 L0
entities: BB 49000
1.Detector body - the main frame of the
detector, the physical reference of the
measuring device.
2.Crystal - the scintillation crystal, which is e e, =N

5 . . . Geometry Calibration
the entity that is used in the calculations. Full 20 symrnety (90 degrees)

w 10em

3.Collimator w

30 Colemator Body (Cataicgen - Colle vi 380430 _Edga) a »
< g Subtrat
Lnver Cylincier - Simualber ke
b Subtrat
Cube
- Qg Suthract
[ inner Cylinder - Bigger Hoke
B Outir Cylinder
DObject Properties: Base
L
Cube 2 Vil (] Aoces
Traealation
xo Yo o
Scale
X Y2 Z 20
Rotation (Esber X¥7)
xo Yo zo
Appeaance

swes I 0 %
=K

70
40
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Specification
Distance: 10 m

Theta: 0°

Phi: o®

Filé:

- \IDM_EffCal_L 10cm_Alphaldeg GEF
Energy [keV] Efficency Error [%]
661 108E-003 001

OARVEML TR E-+0- 2t TRE B

Crystal
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Configuring an efficiency calculation

NuSOFT EffTrace informs the user about all necessities
to run a calculation by means of error messages. First of
all, software detector efficiencies and collimator effects
of chosen detector need to be precomputed. Then the
setup defined in Project Settings is taken to configure
the calculation and if all is performed successfully, the
user is informed about the output.

T
" IM o ook ey
CE-0EE8->58 000

Pesject: Nal(T1) 7' - Barel

Smalation Risuls Hatch Rty ety Resilts i Ught
2B it N [
Energy k] Efficency [] = | I Energy [kev]  Mean[] Sgma-]  Erorfw] B ol
30830 13606005 Ay Group B
08 1.0706-00% A8 Bl Sourcr

54788 BEL0E-006
3025 TASH-006
R S00TE-008

Barrel Source

' B Project Settings: MabTT) 2 - Baerel - u]
General | » SBG.D2.2.2 (Detector) O Single
Single Simulation Setup -
Batch Setup Translation e,
Sensitivity Analysis Setup Scale O Logarithmic
Rotation O List
v Materiad
Density Name
Mesh Size O Step ® Count
Shots per Element -
Air (Void material) Range From: |0.25
Group Barrel (Obstade) Range To: |1
Count: '4

=

=KX

nuviatech-instruments.com

NuSOFT EffTrace

-.P.mmg-.w.-nz-w - o =
General General Setup -
Single Simulation Setup | Soyrce: Barmel Source -
Batch Setup

Sensitivity Analysis Setup | Detector: SBG.02.2.2 E
Void Material: | Alr v
Max Mesh Division Size (em): |1
Shots Per Mesh Point (1 = Analytical): [1
Output
Cuput File (gefcal): |Result
[ Store as .csv [ Store Paths

Source Energies
O Single O Linear
Energy From: 55

® Logasithmic O List

Energy To: 3072
Energy Count: |15

Obstade Indude
Group Barrel =
Barrel Casing =]
Basrel Source a

Batch mode

In cases of parameter studies, or in general
if many situations are to be evaluated,
changing the scene and running only one
simulation at once is inefficient. For such
scenarios, when different simulation
configurations can be described by
meaningful parameters, it is possible to
run multiple simulations at once. The
supported parameters are:
 Material (from project’s database) of
any non-detector entity involved in
simulation,
» Material density of any non-detector
entity or of the void material,
» Translation and Rotation of any entity,
 Scale of any non-detector entity,
» Mesh size of the source,
« Number of Monte Carlo shots.
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Wit - =] L]
e Pt s Tl My

CE-BEE=R-»S4u1Bw O
Project: Hal(T1) ¥ - Barred

malation Rewults Rty ey Retults w2 Light
&Q ot Ei& % ] gm 2.2

Energy [kev] Effidency[-] =10 Bawel Sowce (Densty) Blements RESULTS 55 m arm 130,24 17055 Energy [keid]  Mean [-] | » oy Gooup Barrel

% 1. 3606005 1 e 243056 LGBOE-G05 FAIIE-005 1 263E-005 T6S6E-005 1EME-005 T —

411,05 1.0TO0E-00r5: Fd 05 24056 SEISE-006 1.520E-005 1 9ME-005 LNME-005 2. JN5E-005 1§ el Cming

4788 BLB10E-006 ¥ 075 246 GEIIE-006 1.0SGE-005 1. JABE-D05 1.546E-005 1.G63E-005

1025 7.I50E-006 4 1 Fales S.OME-006 BUMME-006 10306005 1.184E-005 1.27TE-005

6 O0TE-O06

Object Properties: Source
Name
Barrel Source [ [Burrel Source | 2 viible Claues
Cource
Enevgy (ke 300 [ Pt
Geometry
Cynder =
Bottom Radus 0.5 | Top Radien [0.5
Trandaticn
X0 Yo Za
Scale
X 583 ¥ 583 785
Retation (Euler X¥7)
X 00 ¥ o zlo
Agpaade

e I v 5

Haterial

3 Tobder ©:\ape AT race\ProjectyiNaliTT) X - Barrefeuat\ilatch_J024_ =

wrs finkihed Sucomisfully (Detecior = SBGUDR 2.2, Soerce = Barrel Sowrce] (baok 1.268 1), results hupve been sawed 1o C

Prpetfryiers =

W plomaonty,

Sensitivity analysis

Similar to Batch mode, it is possible to evaluate the effect of uncertainty of input parameters such as material
density. The parameters can be defined as uniform distribution with a specified range or as normal distribution
with provided mean and standard deviation. The user also chooses the number of random samples (i.e, the
number of independent simulations). The output of sensitivity analysis contains the mean efficiency, its standard
deviation (sigma) and the error (sigma divided by mean) in percentage.

B Project Settings: Nal(Tl) 2' - Barrel - a x
General » SBG.D2.2.2 (Detector) O None
Single Simulation Setup O Unif
niform
Batch Setup . Translation :
Sensitivity Analysis Setup , Scale @® Normal

. Rotation Mean: E
v Materal
Density Deviation: 0.075

» Air (Void material)
» Group Barrel (Obstacle)

=K
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Fle Pogert Rus Tosls Moy
DB-BEE R SA RO
Project: Hal(T1) ¥ - Barrel

1 ;
Simulation Resuits ihﬂh Batch Bty Eﬁﬂh Semitvity Resudts Hﬁ ;:?mJ:

Emergy (ket] Effidency[-] *|ID  Bavel Source (Demsiy) Elements RESULTS 55 7331 Erergry k]  Mean [-) Sigma [] Error [%] 2| ~ @ Group Barrel

8.9 1.2606-005 1 o 243056 1.6B0E-005 2611E-005| 55 600E-006  6.S0IE-G0T  9.70% A% Barrel Sowrce

411.05 1.070E-005 : 05 243056 6156006 1.53E-005 7131 1LOSTE-005  LOMIE-006  9.58% 1§ Barrel Casing

4758 BLBI0E-006 3 07 243056 GAZIE006 1OSGE-005| 67.71 13636005 12696006 9.46%

730.25 7.253E-006 4 1 40056 S.OME-006 BOAIE-006| 13024 15636005 1ASOE-006  9.34%

973,33 BOOTE00E .|« 2| [17298 1680E-005  1.SME-006  9.20%

Object Properties: Source
Harme
[ Borrel Source | Evisble Cams
SR
Erergy (ko) 300 [ Pk
Geometry
Chylimder
Bottemn Racies 0.5 | Top Radius 0.5
Tranalason
X0 Yo z/o
Scale
X 583 Y|583 T475
Retation (Fuler XYT)
X% Yo /o
1 Appearance
oo [N 0= 05
Material
Polyettylens v| W

Barrel Source

cred into (older C\app\ENT race\Pro

tirme of 4,135 5. Risults are stored Into folder CLappENTrace\Projects\Nal(TT) 7

NuSOFT EffTrace software package modules:

Main module
» Detector and collimator definition
» 3D geometry creation
» Material definition
« Source characterization
« Efficiency calculation
o Export to CSV or GAMWIN

Batch calculation module
 Automatized calculation of efficiencies with modifications of various parameters (e.g, various
materials, densities, and positions of source)
» Wide range of parametrization possibilities
» Bulk export of efficiencies to CSV or multiple individual efficiency files
» Multithreaded support for estimating effect of collimator in independent geometry
configurations

Sensitivity analysis module
« Uncertainty study of input parameters such as material density or filling ratio of a barrel

Monte Carlo module
« Allows to calculate efficiencies for source using simple Monte Carlo method (semi-analytical
approach)
» Can be used for Marinelli beakers or samples at close geometries
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