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Introduction

This manual is intended to describe the operatingciple, capabilities and structure of
software"MCC-MT".

Software"MCC-MT" - is a program of simulation of three-dimensiomaideling of the
processes of transfer and registration of ioniziagdjation. This program allows you to solve the
task of calculating the response function of thiecter solely on the basis of a developed graphical
interface (without using programming in algorithmienguages). In particular, it provides an
opportunity to create a detailed complex geometaclel of the developed detection device, perform
calculations and obtain results in the requiredhfor

The programfMCC-MT" makes it possible to calculate the response fomdtr detectors
most often used in the field of radiation monitgrinradiated with photon sources, electrons
(positrons) in the energy range from 1 keV to 10vMM&he program is supplied with reference
materials and means of information protection.

The software MCC-MT " makes it possible, using modern methods of catmn of
radiation transfer through a substance, to simglifigsiderably the solution of practical problems in
the development, optimization and calibration ofvigle variety of ionizing radiation detection
systems.

"MCC-MT" provides the solution of the following tasks:

- acceleration and simplification of design andimpation of ionizing radiation detection
systems;

- improvement of technical characteristics of thegstems, widening the ranges of their
application; reduction of time and expense of budigeds for their design;

- reduction of experimental research using hazardmnizing radiation for human health;

- reception of characteristics of the registrat&ystem for radioactive sources that are
inaccessible in normal practice;

- obtaining an intuitive picture of the internabpesses of radiation transfer, which makes it
possible to optimize the design of the measuringcgeand its protection;

- implementation of the comparative demonstratidrvarious protection systems against
ionizing radiation, as well as its detection systdor advertising purposes;

- training of personnel to work with registratioysgems of ionizing radiation without the use
of expensive equipment and radioactive sources;

- training of specialists in the field of measuretn@nd protection against ionizing radiation.

The main feature of this software product is thebbmation of accuracy of results with ease
of operation and wide availability for solving pti@al problems. Its application makes it possilole t
optimize and improve the parameters of a wide tamé radiation detection devices used in the
nuclear industry and radiation monitoring systeiinhe environment.

One of the important features of the softwa®CC-MT " is a developed user interface that
allows an operator familiar with working in the Wlimws operating environment to create complex
three-dimensional geometric objects. The user caiga to these objects the properties of the
corresponding materials, identify objects that emdowed with the properties of detectors, set the
necessary exposure, connect various sources dti@adi including taking into account cascade
processes. The calculated data are formed in tme &6 energy spectra absorbed by a particular
detector and can be easily converted into a regpdumsction of the detector with its energy
resolution using a special software module.

The MCC-MT program allows the user to create geometric modkilsg a set of graphical
primitives.



The program saves complete information about themgéry of the experiment and
calculation parameters in special files with aeiinal format and has an extensfomcp.

System requirements:
Windows XP/Vista/7/8/10;
processor with a frequency of 1 GHz;
100 MB of free hard disk space;
keyboard,;
mouse.



1 Running a program

The programfMCC-MT" starts by double-clicking the left mouse buttortloeicon MCC-
MT" on the Windows desktop.

2 The structure of the program and its elements

2.1 Main window of the program

After loading the program, the main working windefvthe program appears on the screen
(Fig. 1).
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Figure 1. View of softwareMCC-MT " after startup

The program window contains four main blocks:

- a scene for displaying the geometry of the expenit - the space for displaying the user-
created geometry and the particle trajectory (b@ck

- main toolbar, containing buttons that provideesscto the main functions (Block 1);

- the work panel with elements - the area of thekig window of the program, containing
tools that allow you to add or remove elements edrgetry, as well as form the view of these
elements (block 3);

- coordinates of the cursor - the status fielddisplaying the current coordinates of the cursor
in a three-dimensional Cartesian coordinate sygbeny: Z) cm (block 5). It is also possible to
display coordinate axes either in the corner ofgitaghic area or at the origin.



2.2 Main toolbar

The toolbar of the progranMCC-MT " looks as shown in Figure 1 (block 1) and Figure 2

2 220 Sl @]8] %] 2 Sl w2 0] 510 1]c|r[s0)%] ] 5 i @]
Figure 2. Toolbar ofMCC-MT"
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The toolbar contains the following buttons:

J - is used to create a new project. By defaulthame iSNONAME.MCP . If another
project was opened in the program, the program pt®iyou to save the changes before closing it.

3
- opens a standard dialog to open a file fromlifteof existingproject files. If you have

opened another project in the window before, tleg@am prompts you to save the changes to the
project before closing it.

3

*| - allows you to attach a user-selected projedhéocurrent open project. Attach means
that the items in the appended file will be addedhanged to the project file that the user has
already opened

H - saves the current project to a file. If the us@res this file for the first time, the program
prompts you to enter the file name, or save it whitnnameéNONAME.MCP .

ﬂ - similar to the buttoﬂ allows you to save the current project to a filet with a new
name using the standard dialog box.

- displays theProject Information dialog box, where the user can enter a text corhmen
and a description of the project.

= | - opens the dialog windowalculation, which allows the user to start the simulation
process (see Section 4)

l - show/hide the right control panel for projeenits.

@ - sets the selected point in the center of thelges area. Press this button to select a
point in the center of the graphics area with thesar and press the left mouse button. The scene
view changes so that the selected space point eppethe center of the graphics area.

ﬂ - pressing this button copies the selected sudaedement, which means that in the list of
elements and surfaces will be created a new sidaelement similar to the copied.

@ - turn around the axis. The button brings upaodj box with which the user can rotate
an element or surface in accordance with the sslquarameters (see Section 3.12).

ﬂ - reflection from a plane. The button displaysi@at) box that allows the user to mirror
the selected surface with respect to a specifiadgpand the normal to that plane (see Section.3.12)

3" - displacement along the axis. The button brings wlialog box with which the user can
change the position of the selected surface oraiésee Section 3.12).

1

plane.

- front view. Changing the scene view in the greptarea from a projection to a YZ



ﬂ - top view. Change the view to the scene in ttaplgics area in the projection to the XY
plane.

i
'; - back view. Changing the scene view in the greghrea in projection to the YZ plane
from the reverse side.

5

_ 7| - bottom view. Changing the scene view in the gieg area in projection to the XY
plane from the reverse side.

1

—~1-reverse side view. Changing the view to the sdarthe graphics area in the projection
on the ZX plane from the reverse side.

L - isometry projection. A view of the scene in tiraphic area in the isometric view. As an

example, the image of the detector in the proteativamber is shown in isometric projection (Fig.
3).

- side view. Changing the scene view in the gregphrea in projection to the ZX plane.

Figure 3. Isometric projection

Q - cabinet projection. A view of the scene in tmepdic area in the ‘cabinet' projection. As
an example, the image of the detector in the ptivechamber in the 'cabinet’ projection is shown

(Fig. 4).

»
Figure 4. “Cabinet” projection



E - turn over. Changing the view to the scene ingtaphics area by 180 degrees, that is,
reversing the observation point behind the scene.

ﬂ - turn through -90°. Change the view to the sdartbe graphics area for 90 degrees, that
is, the rotation of the observation point behingl ssene. As an example, the image of the detettor i
the protective chamber is shown before and afeeptbgram executes this command.

Figure 5. Rotate the view to the scene 90 degrefesdand after

% - view properties. Opens a dialog box containiagld for customizing the color and
appearance of the elements and surfaces that npakeeugeometry of the experiment, as well as
customizing the program interface (see Section 5).

ENG

555] - putton for changing the language of the progtst@C-MT" .

ﬂ - call the program moduleMCC Viewer", which allows you to view and perform
operations on the spectra obtained in the expetisigmulation (see. Section 6).

- completion of the progratMCC-MT" .



2.3 Work with elements

The work with elements panel is used to createegitda geometric model of an experiment.
The panel has two tabs, switching between whidaiged out by pressing the butt_>> |

(Fig.6).
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Figure 6. View of the panel of work with elements




The panel contains the following component buttons

List of elements and surfacegFig.6, block 1) — contains a list of the nameshef elements
and their constituent surfaces, which togetherrdete the content of the current project. Control
access to the parameters of each surface in theertecan be obtained by double-clicking the left
mouse button on the name of the surface. In casenged to hide the surface remove the check
mark before the name of this surface.

New Element- button to add a new element to the list of elese

New Surface- button for adding a new surface to the curréament (selected in the list of
elements).

Edit — a button to open a dialog box with the paransetérthe selected element or surface.
For an element, you can change its name and gi©bpnges in geometric characteristics are
available for the surface. A similar action is dogled by double clicking on the name of an
element or surface.

Delete— button to delete the selected element or surface

All transparent, All solid — button to hide or show all surfaces. Clickingstbutton repeats
the removing the checkmark visibility for each swad in the list of elements.

Highlight with color — indicator for switching the selection mode of #etected element by
another color.

Individual group color - indicator for switching the mode of selectiongobups of elements
by individual color. The color of the correspondiggoup of elements is indicated in theage
Settingswindow.

Camera angles degree a group of coordinate parameters that allows yoghange the
angle of observation behind the scene. By predbim@rrows on the right of the value (X, Y or Z),
you can change the angle of observation behinddbae. In this case, the position of the surfaces
remains unchanged. The rotation is performed ardhedcorresponding coordinate axis. The
button will reset the camera's rotation angles.yCagplies to methods of rendering of the form
without the section.

Scale -Scene Scale Parameter. The larger the scale, #ategrvolume of space can be
observed. The unit scale corresponds approximaiehe real linear dimensions of the surfaces.

Center coordinates -coordinates (X, Y, Z) in the center of the screBg.pressing theé
button, the point with zero coordinates is returt@ethe center of the graphics area.

Draw mode —a group of radio buttons that allow you to toggte ttype of graphical
representation of elements and surfaces on the@scen

- _;}r
=

H
L

|
t |
Figure 7. Variants of renders of the constructedi@h@eft to right):Contour, Mesh, Fill
with color, Cut, Fill and mesh, Cut and fill

Cutting plane — group of parameters defining the characteristicthe section view (cut
plane, the displacement of the cut plane, stepspiatement). This group appears only for the C
andCut and fill types.
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3 Tools for constructing a geometric model

The main stage of work with the progrdMCC-MT" is the creation of geometric shapes,
from which consist the models of the detector,serce and the environment.

To create an element of modeling geometry, clickleNew elementbutton located on the
Panel of work with elementgFig. 6) on the right side of the main program vand

It should be noted that the element can be edh&ngle geometric figure or a set of them,
then these same geometric figures constitutingsthectural element will be assigned the same
parameters (chemical composition, properties).

The main rules for building a set of elements:

- surfaces should not intersect (i.e. there shbala gap between all surfaces);

- it is necessary to monitor the direction of th@mal that the substance (medium) has
always been closed to a certain extent.

After clicking on theNew elementbutton the windoviElement should appear (see Fig.8):

Name: | New element 10
Group number: |0 ﬂ
OK Close ‘
Figure 8

In the dialog box that appears, you must ententiree of the new element and the number of
the group to which the element should belong (dassary). After pressing ti@K button in the list
of elements (see Fig. 6, block 1) a line with tlegvrelement name should appear, and a new dialog
box will appear immediately, in which the user ngmect the surface type (primitive) (Fig.9).

Cylinder
Conus
Sphere
Torus

Shift figure
Parallelepiped
Triangle
Rectangle
Palygon

Disc

OK | Close ‘

Figure 9. The surface selection window for an el@me

The user needs to choose one of the following aptiBotation figure, Cylinder, Conus,
Sphere, Torus, Shift figure, Parallelepiped, Triande, Rectangle, Polygon, DiscTo do this,
double-click the selected surface type with therdabuse button or select it and clioK.
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After the user chooses a geometric primitive frdrma tist, opens a dialog box containing
parameters specific to the type.

Cylinder options

Center Rotation angles,
coordinates, cm: degrees:

X:'G— Ax:fﬁ;
v:flo Ao ﬂ
Z:lﬂi Az:]@i

Radius R, cm: ] 5

Height, cm: 1]

Azimuth, degrees: 360

HhK

Meridans count: 360

Parallels count: 60

t »

Draw settings
=

¥ Close figure by end

I Invert normal

Apply J ,Tl Close J

Figure 10. Shape options wind@ylinder

A part of the properties is common for all figurethese are the coordinates of the center of
the figure and the angles of rotation relative e torresponding coordinate axes. Pressing the
buttonE (see. Fig. 10) located near the rotation anglés=gdeads to zeroing figure rotation matrix.
The presence or absence of a check mark in the lfisert normal means the following: the
absence of a check mark means that the substaeoel@sed in the boundaries of the surface, and
there is no substance around the figure, the pceseh a check mark means that the surface
boundaries release an empty volume of space isubstance, i.e. the normal is directed to the other
side.

The presence of the fiel@lose figure by endallows you to make the figure closed. By
checking this box, the shape becomes closed.dfctieck box is cleared, the shape should be closed
by other elements (for exampl@isc).

The Apply button allows you to apply the changes made witktmsing the parameter editing
window and evaluate the result of the changedl tha parameters match your plan, click Glese
button.
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3.1 Surface Cylinder

As individual parameters of the surfaCglinder, the Radius, Height (in centimeters) and

Azimuth (in degrees) are given (see Fig.10). The azimathrpeter allows you to cut a sector from
the cylinder as shown in Figure 11.

I///'\y

Figure 11. Cylinder with Azimuth 360°, 270°, 18Q@35°

3.2 Surface Rotation figure

To add a Rotation figure, you must select the tgpéhe Rotation figure in the surface
selection window (see Fig.9).

The parameters of the rotation figure include (Sge 12) arbitrary values of the coordinates
of the rotation contour in a cylindrical coordinatgstem in a certain plane (Z cm, R cm), thattis, a
an altitude Z the radius of the rotation figurelwié R cm (greater than zero). Thus, it is posdible
describe an arbitrarily complex rotation figure.eTAzimuth is the angle of the matrix of the

rotation figure. In the edit box Coordinate cooades, enter the coordinates of the nodes of the
rotation figure separated by a "space” following ¢fiven example.

- Options

Center

Rotation angles,

Draw settings

™ Invert normal

Azimuth, degrees:

360

 cioss figure by zzimuth

coordinates, cm:  degrees:

x:[o Ax: o _

v:[o ay: [0 E | ®3) Z__ 0.8,
z[043 a0 R=2.€
Rotation contour coordinates )
Z, cm R, cm

a0 A Meridigns

0 2.6 count:

-0.8 2.6 600 =

[Jog2e | = (4) Z=-0.8,

4.25 2.5 Parzllels count: 5 C
4.25 2.2 10 _J R—Z.\,
-0.11 2.2

-0.11 0 v

Aoy | ok |

Close

(6) Z=-4.25, (7) z=-0.11,

(8) z=-0.11,

R=2.2

R=2.2

R=C

Figure 12. Forming Rotation figure



Figure 13 shows a Rotation figure constructed toetance with the example (Fig. 12) in a
section and in different isometric projections.

Figure 13. Kinds of Rotation figure

Figure 13.1. Rotation figures with the Azimuth elgwa270°

In applied spectrometry, one of the most commokstés to determine the response from a
coaxial HPGe detector. For convenient and quickstrantion of the figure of such detector, a
special tool is implemented in thRICC-MT" software.

To perform such construction it is necessary totheédotation figure "Ge crystall" (the name
of the figure as an example) (working volume ofeanganium crystal) to the list of elements, and
then the rotation figure "Ge Dead Layer" (‘deaettaof a germanium crystal) (see Fig. 13.2).

B Ge Cristal (2)
. [ Rotation figure
£ Ge Dead Layer (2)

.- [v] Rotation figure

Figure 13.2

Next, you should open the parameters window for ribtation figure (see Figure 13.3).
Initially, some default values will be shown in th& of contour coordinates. To go to the tool for

constructing a detector press the bu_le (Fig. 13.3, block 1).
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Rotation Figure Properties X

Options

Center Rotation angles,
coordinates, cm:  degrees:

X:|0 Ax: |0
Y:|0 Ay: |0 E ‘
Z:|0 Az:|0

Rotation contour coordinates
Z, cm am

7 10 Meridians
5 4 count:
30 60 _J:
Parallels count:
10 _I:i

Draw settings
F

™ Invert normal

Apply [ e

Figure 13.3

Next the dialog window of th€haracterization.Coordinates of detector maker.module
will appear on the screen (see Figure 13.4).

Characterization. Coordinates of detector maker X
Detector parameters. mm Coordinates
[o 542 Detector Dead layer
H 502 L 4 _
Q 150
Bl 4
P 8
L 33
M 5
| s1 16
| s2 21
| a1 1
| de2 1
| d3 1 __‘
a4 11
| d5 1
db 1
d7 1
dé 1

x 0o ] ' i
v Send detector Send dead layer
e G ’ ‘ coordinates ‘ ‘ coordinates

Figure 13.4 WindowCharacterization. Coordinates of detector maker

In this window in the fieldDetector parameters enter the geometric data of the detector
provided by the manufacturer. After that, press @adculate button, after which the calculated
coordinates for constructing the surfaces of thatian figures of the detector and its dead laydr w
appear in the two colummetector andDead layerlocated on the right (see Fig. 13.5).



Characterization. Coordinates of detector maker X

(Detector parameters, My Coordinates
D 665 Detector Dead layer
H o sis - L ; ~
a 60 T - (008 o 0 0
008 299 0 3
T 3 0.31 3345 0.3 3425
P 85 51 3345 518 3425
L 3 51 1.501 518 149
4689 1501 47 149
M 48 4680 0689 47 07
31 14 5.1 0.689 518 07
51 0.436 518 0425
o =8 1769 0436 178 0425
di 07 1760 0 178 0
d2 07 008 0 4779 0
4779 0426
S T <! 511 0426
o4 0o 511 0699
ds 001 4629 0699
4609 1401
6 0 511 1491
o7 om 511 3355
d8 00 0.3 3355
007 3
o 007 0
L% : L) 0 g
] [ @ Close Send detector Send dead layer
[ | coordinates 4 coordinates

‘E Figure 13.5

Further, depending on which figure is selectedciamstruction (detector or dead layer), you
need press the buttd®end detector coordinatesor Send dead layer coordinatesrespectively.
After that, in the field of coordinates of the comt of the selected rotation, the coordinates
calculated in the module will appear (see figuré&s1Block 1 and figure 13.6, block 1).

Rotation Figure Properties X
Options
Center Rotation angles,
coordinates, cm:  degrees:
x:| 0 ax: o
Y:| 0 Ay: |0 z
Z: | 0 Az : |0
(Rotation contour coordinatas )
Z, cm R, cm
-0.08 0 ~ | Meridians

-0.08 2.99 count:

-0.31 3.345 60
5.1 3.345 =

-5. 1.501 Parallels count:

5.1
-4.689 1.501 10 =l
4,689  0.689 =
5.1 0.689 v
J
Azimuth, degrees: | 360 |l
Draw settings
¥ clo
[ Invert normal
Apply ‘ 0K [ Close |
Figure 13.6

Similarly, the procedure must be repeated for igaré of the dead layer of the detector.
As a result, a ready-made set of two elements ib@sgra germanium detector will appear on the
scene (see Fig. 13.7).
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Figure 13.7 Result of construction the model oedtdr using the tool
Characterization. Coordinates of detector maker

It should be noted that th&haracterization. Coordinates of detector makemodule is just
a tool for calculating the coordinates of the detesurface. The geometrical dimensions of the
detector in the module fields (Fig. 13.5, blockagy not stored in thlemcp project file. If you need

;,M- (Fig. 13.5, block 3) to save and open a file

to save this data, you should use the but ==
with the geometric parameters of the detector.

3.3 Surface Conus

The cone parameters include 3 values in the progkndrical coordinate system of the
cone: radius of the first base Radius R1 and ragdliube second base Radius R2 (if both radii are
not equal to zero - we get a truncated cone) amthéight of the cone.

IMapamerp Azimuth allows you to draw a fraction of the cone as shawnthe Figures
14.1,14.2.

~Conus options ——————————————————

Center Rotation angles,
coordinates, cm:  degrees:

X:|0 Ax:|0

v:[o Ay:[0 3

Z:|0 Az:|0

Radius R1, cm: o

Height, cm: -20

Radius R2, cm: 10

Azimuth, degrees: | 360

Meridians count: 360 4

Parallels count: 60 =

Draw settings
W Close by azimutt
¥ Close by end
[™ Invert normal
Apply oK | Close I

Figure 14.1. Surfac€onus
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- Conus options

Center Rotation angles,
coordinates, cm: ~ degrees:

X:|0 Ax:|0
Y:|0 Ay:|0 E I
vied 0] Az:|0
Radius R1, cm: 4
Height, cm: -20
Radius R2, cm: 10

Azimuth, degrees: | 270

Meridians count: 300

Parallels count: 80 5

~ Draw settings
W Close by azimuth
¥ Close by end
™ Invert normal

Apply 0K [ Close ]

Figure 14.2. The surface of a truncawhus the azimuth is equal 270

3.4 Surface Sphere

The parameters of tt&phereincludeRadius (R, cm),Azimuth angle (0-180) andAzimuth
(see Fig.15.1). ThAzimuth angle allows you to represent the truncation efdgphere as shown on

Figure 15.2.

~Options

Center Rotation angles,
coordinates, cm:  degrees:

X:|0 Ax: |0
o afo e |
z2:|0 Az: |0
Radius, cm: |5
Azimuth, degrees: | 270
Polar angle, degrees: | 180
Meridians count: | 180 :l_J
Paralels count: | 180 __J:‘

~ Draw settings
¥ Close by azimuth
F dlose by polar angle

™ Invert normal

’WI oK l Cancel I
Figure 15.1. Surfac8phere,Azimuth 270, Azimuth angle 180

1~ Options
Center Rotation angles,
coordinates, cm:  degrees:
X:0 Ax: |0
Y:o0 Ay: |0 LI
Z:|0 Az: |0
Radius, cm: |5

Azimuth, degrees: IZ7U
Polar angle, degrees: |135
Meridians count: 1180 5'

Parallels count: | 180

[ Draw settings
[¥ Close by azimuth
[V Close by polar angle
™ Invert normal

Apply oK I Cancel I

Figure 15.2. Surfac8phere,Azimuth 270, Azimuth angle 135
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3.5 Surface Torus

The parameters of th€orus include theExternal radius and thelnternal radius, the
External azimuth (0-360 degrees), and tteternal azimuth (0-360 degrees) (see Fig. 16.1). In
this case, th&xternal azimuth is the apex angle of the torus solution, andlthernal azimuth
allows to extract the sector in the section ofrthg of the volume-forming torus (see Fig. 16.2).

There are also two additional paramet@isse by external azimuthandClose by internal
azimuth, which allow creating an open figure (if at least of the check marks is removed). In this
case, it is necessary to close the surface witthandigure, for example a polygon or a figure of
rotation.

—~Options

Center Rotation angles,
coordinates, cm:  degrees:

X:|0 Ax:|0

Y:|0 Ay:|0 £
Z:|0 Az:|0

External radius, cm: 8

Internal radius, cm: 2

Extenal azimuth, degrees: | 360

Internal azimuth, degrees: | 360

Meridians count: 180
Paraliels count: 180 _.:_l
Draw settings
p ose by extarnal azimuth
¥ Clase by internal radius
™ Invert normal

Apply | 0K | Close |

Figure 16.1. Surfac€orus, External azimuth 360, Internal azimuth 360

o e
- Options
Center Rotation angles,
coordinates, cm:  degrees:
x:[o Ax:fo
v:lo Ay:o E I
Z: | 0 Az :[ 0

External radius, cm: 8
Internal radius, cm: 2

Extemnal azimuth, degrees: | 270
Internal azimuth, degrees: | 250
Meridians count: 180 =

Parallels count: 180 =)

Draw settings
¥ Close by external azimuth

¥ Close by internal radius
™ Invert normal

Apply | 0K | Close |

Figure 16.2. Surfac€orus, External azimuth 270, Internal azimuth 250
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3.6 Surface Shift figure

SurfaceShift figure is a kind of cylinder with an arbitrary (in therfio of a polygon) base,
which can be made arbitrarily complex by definihg points of this base in the (X, Y) plane in the
Contour coordinatesfield (see Fig. 17). But th8hift figure creates the walls of such a "cylinder".
Figure 17 shows an example of how to useShape of Shift

Options
Center Rotation angles,
coordinates, cm:  degrees:
X:|0 Ax:|0
y:[o ay:[o E
z:[o Az:|0
Contour coordinates, anticlockwise:
X, cm Y, cm
7 7 A
-10 0
-7 7
0 -10
7 7
10 0
7 7
0 10
v
Height, Z 10
[™ Invert normal
Apply | 0K I Close |

Figure 17. Surfac8hift figure

The base on which the walls will be created shd@dlosed, that is, the coordinates of the
last point should coincide with the coordinateshd first point (performed automatically) and the
bypass should be counterclockwise.

TheHeight, Z is the height of the shape with an arbitrary aséhe z-axis.

3.7 Surface Parallelepiped

The Parallelepiped surface parameters include the linear dimensidrtheo parallelepiped
Length X, Width Y andHeight Z (cm)
Figure 18 shows an example of the realizatiorherstage of a figurearallelepiped.

Options
Center Rotation angles,
coordinates, om:  degrees:
x:|o Ax:[0
v:[o Ayl 0 £
z:o Az:|0
Length X, cm: |1U nK:I 1 j
Width Y, cm: |5 nY:I 1 ﬂ
Height Z, cm: |8 nZ:|1 5'
[ Invert normak
j Apply | oK | Close I

Figure 18. SurfacParallelepiped
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3.8 Surface Triangle

The triangle parameters include the Z-&tesght (H, cm), the firsBaseX1 and the second
Base X2 perpendicular to the Z axis. You can also skitrary vertices of the triangle to arbitrary
values of the coordinates by (X, Y, Z) by clickitinge Set axisedutton (see Fig.19).

~Options
Center Rotation angles,
coordinates, cm:  dearees:
X:0 Ax:|0
v:|o Ay:fo E
Zh [U Az :[ 0
Base X1, cm: 5
Base X2, cm: 5
Height H, crm: 5
Set axises |
[T Invert normal
Apply | oK | Close |

Figure 19. Surface Triangle

When creating &riangle surface, one should take into account the fadtdha side of the
triangle has one direction of the normal (exterrzadyl the other side is the inner direction of the
normal. Thus, the triangle should be used to cdwsesurfaces.

3.9 Surface Rectangle

The parameters of the rectangle include linear dgimasLength andWidth (see Figure 20)

~Options

Center

coordinates, cm:

Rotation angles,
degrees:

x:[0 ax:[o

Y:|D AV:l[l E |

z:[0 Az:|0

Length X, cm: |5 nx:l] j

Width Y, cm: |5 [T = e
[ Invert normal

ooy | [ ok | o |

Figure 20. SurfacRectangle
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When creating &ectanglesurface, one should take into account the fadtdha side of the
rectangle has one direction of the normal (outed the other side is the inner direction of the
normal. Thus, the rectangle should be used to @ogesurfaces.

3.10 Surface Polygon

Polygon parameters include arbitrary values ofcth@rdinates of the vertices in (X, Y) given
in theCoordinatesfield (see Fig. 21).

— Options

Center Rotation angles,
coordinates, cm:  degrees:

x:[o ax:lo

v:jo Ay:lo E
4 I 0 Az: [D

Axises coordinates, anticlockwise:
X, cm Y, cm

[~ Invert normal

Apply | ok | cose |
Figure 21. SurfacPolygon

When creating &olygon surface, one should take into account the fadtdhe side of the
polygon has one direction of the normal (exteraalyl the other side is the inner direction of the
normal. Thus, the polygon should be used to cloyesarfaces.

3.11 Surface Disc

The parameters of the surfdaesc includesinternal radius, External radius andAzimuth.
The Azimuth parameter is the apex angle of the figure andvallim form a certain sector (see Fig.

22).

Center Rotation angles,
coordinates, cm:  degrees:

N T

Y:o Ay:|0 E

z:|0 Az:|0

Intemnal radius, cm: Meridians count:
5 360 _,_lj

External radius, cm: Parallels count:
10 6 _‘

Azimuth, degrees:

I 270

™ Invert normal
™ Semicircle

spoty | oK | cose |

Figure 22. SurfacBisc, azimuth 270
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When creating the surfad@isc, one should take into account the fact that ode sif the
polygon has one direction of the normal (externahyl the other side is the inner direction of the
normal. Thus, the disk should be used to closesarfaces.

3.12 Working with elements

If you need to move or rotate elements, use thdaoltm@ (rotate around axis),ﬂ

(reflection from plane)fﬂ (shift along axis).
So, for example, there are two figures - a cylirgled a truncated cone (see Fig.22.1).

8,

Figure 22.1. The initial position of the figureddr® moving

To rotate the cylinder around the X axis, seleetréquired element in the toolbar or click the

left mouse button twice on the element on the stéyen press the buttg in the toolbar, which
brings up a dialog box that allows you to spedify totation parameters (see Fig.22.2).

_ Block 1

Group: |Selection =
Rotation axis pasition

Rotation center Rotation axis

coordinates, cm: direction, cm: G
X:|0 ->X| X:|1
Y:|0 ~>¥| ¥:0
2:|0 ~>Z| Z2:|0 7

.
Rotation angle, deg: -60 \‘\
Apply I Close ‘ I— — X

Figure 22.2. WindowRotate around axisand the shape of the modified position of the fgur

In this window, specify the rotation angle in tRetation anglefield and set 1 in thRotation
axis direction field for the corresponding axis. Then click #eply button

If necessary, perform a mirror image on an axishe same way, select the element in the

toolbar and press the butt(ﬂ. After that appears the dialog bdkeflect from plane (see
Fig.22.3). By selecting the corresponding rotaBais and clicking thédpply button, the shape will
be rotated.



Block 1

Group: |Selection ¥
-Normal to plane position

Center

coordinates, cm Direction ,cm:
X ‘.| 0 — xl X: | 1
¥ :I 0 =Y ¥ ;l 0
z :| 0 =zl z: | 0

[ apoy | cose |

Figure 22.3. WindowReflect from plane

The most widely used tool for moving figures is fhection of moving along the axis. To call
it, press the buttoﬂ in the toolbar, a window appears as shown on &é@.4.
Block 1

Group: | Selection b

step, cm: | 1|

In observer

Along axis:

coordiantes system
TN
Left Right

Bottom

Figure 22.4. Windowlove along axis

After selecting the step of moving the axis in 8tepfield and pressing the corresponding X
+, X-, Y +, Y-, Z +, Z- buttons, the selected shapa be moved in the corresponding directions.

It should be noted that the operations of displasg@mrotation and reflection can be
performed not only over one figure, but also ovevesal selected figures. To do this, select the
items you want to move in the list of items befoadling the appropriate tools.

Moreover, move operations are also available faugs. That is, if you select the group
number in theGroup drop-down list (see Fig.2.2.2, 22.3, 22.4, blogknlthe rotation or moving
dialog box, the operation will be applied to themeénts of the group number.

4 Calculation part

After constructing the geometric model of the ekpent you should proceed to the
calculation procedure. In this procedure the udso aeeds to create a physical model of the
experiment, i.e. set the physical properties oedlsj, the characteristics of the sources, as well a
the parameters of interaction of radiation withstahce.

To go to the calculation part, the user callsGla¢culation dialog box as shown in figure 23.

To do this, press the butt@ in the toolbar of the main application window.
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Options Operations
sasale B & G en
Source: Co-60 BM Cascad.
Extended cascade
Events:
Set 1.00E+007

Sampled: 9.1740E+003
Time left: 1.416e+004 sec

Calculation data was loaded. Performing calculations...

Figure 23. WindowCalculation

In the Calculation window there is a menu, a toolbar and an inforamafield in which the
progress of the simulation procedure will be digpth

The menu of th®©ptions menu contains menu items that allow you to desdfie physical
model of a geometrically formed project. For exaenghe menwOptions contains the following
items: Elements, Radiation Source geometry, Radiation typeMeasuring mode, Calculation
parameters, Materials, Radiation sources.

TheOperations menu section duplicates the toolbar buttons ofQhleulation window:

and!l - Start calculationsandFinish calculations.

andLl - Suspend calculation@andResume calculations.

= W

£8] - Send histogram.The action of this button causes thWCC Viewer" module to be
opened and the current calculated histogram ischtlléhe spectra table. The button is available
only during calculation.

4.1 Item Elements

Elements -this item opens a window where the list of useat¥d geometric elements of
the project is displayed (see Fig. 24).

Elements:
Ge Cristal:Ge:Real ~
Jacket AlAl
Ge Dead Layer:Ge
Cold Finger Cu:Cu
Internal Jacket Al:Al
Chamb Pb Housing:Pb
Chamb Fe Housing:Fe
Chamb Fe cover:Fe
Chamb Pb Cover:Pb
Chamb Orgglass
Holder:Al
Source ring:Al
Fim:Polyester
Sapfir:Al Oxide
Cryostat:Cu
Duar
LN2 v

Edit... OK

Figure 24. WindovEdit elements




Using this window, the user must set the propeffie each geometric element. To do this,
select the element and click tReit button. In theElement propertiesdialog box that appears, the
Elementfield displays the name of the design elementdedtfited (Figure 25).

Element:
[v' Active
® Substance
|Ge =
[ Real detector
" Ideal detector
Register

-
-

Cancel ‘ oK |

Figure 25. WindovElement properties

The indicatorActive shows whether or not this item will be active le tcalculation. If the
check box is not selected, then this element veldbawn, but will not be taken into account in the
calculations. If theMaterial indicator is selected, you must select the mdtpriaperties from the
list that will be assigned to this element of dasith the materials list, only materials that are
specified in théptions-> Materials section are available.

If a check mark is selected in tReal detectorfield, the element is assigned the properties of
the detector in which energy losses are recorded.

If the Ideal detector switch is selected, this item will be consideredha ideal detector.

For theldeal detector mode the following options are available:

— Transparent (detector) - the program captures the energy dfgbes trapped on the
detector and passes them without changing the yaexjangle.

— Opaque (etector) - the program captures the energy ofighesttrapped on the
detector and does not pass the particles furtlyera{¢o an absolutely black body).

You can also choose which particles the progranh egipture in thddeal detector mode:
gamma-quants, electrons, positrons, heavy particleneutrons or all. If only one kind of
particles is given, it means that only for theseiplas this element of the construction will hate
properties of arideal detector'.

Button Multidetector system is only available for cylinder elements and regtas
designated by ideal detectors.
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Cells number along Z axis: I 3
|4

Cells number by azimut

—Display
@ Al histograms

(" Selected I

—Autosave

® Do not save
" Save selected
" Save al

|

Figure 25.1. Windowultidetector system

4.2 Item Radiation source geometry

The menu itenOptions->Radiation source geometryopens the dialog box with the same
name, in which you can set the position and geametioperties of the radiation source (see

fig.26.1).

Type -

% Point-lke outside

" Point-lke inside element

" Element

Position ~Size and form of radiation source
Center Rotation angle, The source is:
coordinates, cm: degrees: @ Elipse

x;lﬂ Al ;!D " Rectangle

Y:IO AZ:‘IBU g || Seealong X, +/-cm: |G-I

z-,|6 A3 ;]0 || size along Y, +/- cm: Iﬂ-l

Spread angle, 180
Cancel | Apply | oK |

Figure 26.1. WindowRadiation source geometryfor Point-like outsidetype

The source geometry can be of three types:

- Point-like outside — The shape of the source is a plane whose geanpatrameters are
specified in the parameters gro@hape and size of the sourcéFigure 26.2, block 2). The
coordinates of the source must be outside of agyeht;

- Point-like inside element— the source form is a plane whose geometric paemare
specified in the Parameter gro8fze and form of radiation source The coordinates of the source
must be inside any element, which is specifiedhérdorresponding field (Figure 26.2, block 1);

- Element — shape of the source of any geometric elementeotdesign. In this case, the
emitted particles will be isotropically generated the volume of the selected element and,
consequently, this structural element will be awmeétric source. For the case of the tement
and Point-like inside element you must select the element from kement drop-down list, as
shown in figure 26.2, block 1.
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Type Block 1

" Point-tke outside Elements: —
& Point-ike inside element Jnal 63x63] /LJ

" Element

Paosition Size and form of radiation source
Center Rotation angle, The source is: B IOCk 2
coordinates, cm: degrees: A —_

X :]g Al :I 0 " Rectangle

v :] 0 A2 _.I 180 ﬂ Size along X, +/- cm: | 0.1
z ;} 6 A3 ;| 0 Size along Y, +/- cm: | 0.1

Spread angle, 180

Cancel | Apply J 0K ‘

Figure 26.2. WindowRadiation Source Geometryfor typePoint-like inside element

The group of parameters tiséze and form of radiation sourceare used for defining the
geometrical parameters of the source:

- Ellipse - shape of the plane ellipse with the dimensiore#ied in the fieldsSize Xand
Size Y.

- Rectangle- the plane shape is a rectangle with the dimeaspecified in fieldSize X
andSize Y.

- Spread angle, degreethe angle of separation of particles. If thisueals 0, the particles
will fly back to the normal direction of the soura€90, the particles will fly only in the forward
half-plane; if 180, the particles will fly isotragally in all directions.

The Position settings group is intended for setting the locaod orientation in the source
space:
- Center coordinates, cm- the position of the source center in the Caatesioordinate
system.
- Rotation angles, degree fields in which the angles of rotation of the s®urelative to
the corresponding axes are specified.

The Apply button allows you to apply the changes you made @eview.Close button -
closes the dialog box.

4.3 Item Radiation type

The menu itenDptions -> Radiation Typeopens thé&adiation Sourcesdialog box, which
requires you to set the source properties thatbeillised for the calculation. (see fig.27).

To set a monoenergetic radiation source, seleetSinle line item in the Available
radiation sourceslist box and click the buttof>>" . In this case, th8inle line item appears in the
Used radiation sourcesdfield. After that, the group of parameters of Meno Lines will become
active, where you can select the source partigde fgamma quantum, electrons, positrons, neutron,
heavy particle, elements of the Mendeleyev periggistem) and set the monolinear energy in keV
(see Fig.27.1). If you select elements of the picisystem, the program will treat heavy charged
particles that are the nuclei of the given elements
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Mono Lines
Particle: |gar?!rna-qa-arut _*']
Energy, keV:

1000

Availzble radiation Used radiation sources:
sources

Be 7 - Co 57 EC Cascade

C 14-Beta
stModel.MCP"
Na 22

Na-22 Beta

A
M W

K-40 EC Cascad
K40 BM Cascad

Mn-54 EC Cascade

Co 57 EC Cascade

- P N T ' ¥
Cancel | oK |

Figure 27. WindowRadiation Sources

Mono Lines FN x
Particle: -
% GATE gliant File Barchart Math Detectors Window Help
Ener eV = = - .
I—m%"— ||| Blals|s(+«o|®] [ v 6E20 a2
[=] H H T
(=2} | H |
Available radiation Used radiation sources: g : H
sources P
g ~ Single line =
Be 7 ﬁ
P e <
=

stModel.MCP"
Na 22
Na-22 Beta

C 14-Beta i]
=

K-40 EC Cascad (=]
K-40 BM Cascad 3

Energy, keV 1102

|Inlegva| =2 8E+006, <> = 722.29 keV, Sigma = 308 93 kel

Mn-54 EC Cascade Energy = 563 71 keV, Counts = 5151

| Created | Source

Co 57 EC Cascade v

o

| Events count | Irtegral | Detector | Esposition (<) | Comment |
2002181612 Single line gamma-quant, E = 1000 keV  1.000000E+007 28073ME+006 Mew element1 856

Figure 27.1. Setting the source as a Single linkthea result in the form of a spectrum

To specify a more specific source (isotope, comtirsuspectrum, etc.), by pressing the ">>"
and "<<" buttons, move from the left field teailable radiation sourcesin the right fieldUsed
radiation sources the required source. The list éfvailable radiation sources contains only
predefined items that are available for editingh@Options->Sourcessection (see Section 4.6).

The user can specify several sources, in which t¢hsecalculation will be performed
sequentially for each of them.

4.4 Item Measuring mode

The menu itenOptions->Measuring modeopens a dialog box of the same name in which
the user can specify the parameters of the fortieggalculation (see fig.28).
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Histogram

Channels number: 1024
Max energy, keV: 3000

Exposure
" Unlimited

& Using events count

Events count: 1e+006
" Using registered Daltideiiwdete; I Block 1

Autosave

v Use autosave
Events count: 40000
Additional settings

Sampling continuation... [

Registering mode... [

Calculation threads number

-_1
A s

‘ Cancel | oK I
Figure 28. Windoweasuring mode

In theHistogram group the parameters of the resulting spectrunp@agented, namely
- Channels number number of ADC channels (usually set in multip¢$12: 1024, 2048,
4096, 8192, 16384);
- Max energy — the maximum energy in keV that can be registefads, the last channel of
the spectrum will correspond to the maximum enémdicated in this field.

The Exposure group defines the number of events (decays) toabmilated by the program.
So, when you seledinlimited type the program will generate events (decays) the user stops
the calculation. If you choose the optitlsing eventscount - you must specify the number of
events (after thé&events count see Fig. 28), after calculating which, the prograill stop the
account. And the last optidgsing registered particles in detector allows the user to choose after
which number of registered events (indicated in fiell Events coun) and in which detector
(indicated in the drop-down list see Fig. 28, blagkhe program will stop the calculation.

In the Autosave group the parameters that define the proceduresdeing the spectrum in
automatic mode. So, if the indicatdse autosaves signed the program will save spectrum to the
module MCC Viewer" after the calculation of the number of eventscdpe in theEvents count.

If the use Autosavendicator is not set the program will record tlesults only after the calculation
is complete.

There isSampling continuation button in theAdditional settings group With this option,
you can continue the calculation using the prevoabtained results. By pressing this button in the
window that appears, you need to specify the pathe files that store information about previously
made calculations for this project. If you spedifye number of events in the winddveasuring
Mode more than already calculated, the program wilits&ecuting taking into account this data
and output the total result.

When you click theRegistering modebutton, the user calls thdeasuring schemedialog
box, where you can configure an additional caleoiabrder (see Figure 29).
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¥ Measure sum of spectrums Cluse
Coinddence / anticoinsidence scheme

Detectors: Th'esmld keV: Coinddence:  Anticoincd

1,2
2. New element 2 2,1

Thr:shoid kev: Culnudence Anticoincid
[12

Figure 29. WindovwMeasuring scheme

So, if you set the checkbox for tiMeasure sum of spectraindicator, the program will
measure the so-called. Total spectrum, if sevestdadors are specified in the project. As a result,
separate spectra from each detector and the peetrsm from all detectors will be calculated.

Group thecoincidence/anticoincidence schemnis a set of parameters that allow the detectors
to be included in theoincidence / anticoincidence schemwith each other. In the left field of
Detectors a list of preset detectors is displayed. THeesholds field displays the specified
threshold for registering in keV. In the field &oincidence and Anticoincidence displays
specified registration scheme. The fixation of piagticle in the detector can thus be determined not
only by the physical absorption in the detectot, d&go by the presence / absence of absorption in
the coincidence / anticoincidence detector.

In Figure 29, is given a registration scheme tH&aws to obtain the spectrum of the
anticoincidence of the signals of the first dete¢iDetector 1') with the second detector ('Detecto
1Y, i.e. the particle will be detected in the dp@m only if it is detected in the first detectbyt no
particle has occurred in the second particle deteétiso, the described scheme (Fig. 29) allows to
obtain another spectrum of coincidences for 'Detegt, i.e. the particle will be registered in the
spectrum in the event that a particle is also teggsl in the 'Detector 1' at the same time.

The result of calculation according to this schesrghown in Figure 29.1.

i, . %,
File Barchart Display Math Detectors Window Help

Dl B hlalo/s- 4-|e ® av [_f" £ |53 oo @3 BH _|

150000

Value

o

7 Energy keV
Intearal = 3.0E+005, <> = 680.43 ke, Sigma = 329.41 keV

Energy = 257.08 ke, Counts = 169

Narne ] Created | Source | Events count [ Integral ﬁ Detector | Exposition Is]] Comment |
1. coincid 21.021800:03 Single line gamma-quant. E = 1000 ke  1.000000E+006 2.548790E+005 Detector1 18 AC: Detector 2
@ 2 coincid 21.021800:03 Single line gamma-quant, E = 1000 ke  1,000000E+006 4,729500E+004 Detector2 18 CC; Detector 1
21.02.18 00:03 1.000000E+006  3.021740E +005 18

Figure 29.1. The window with the results of caltinlg the spectra by the coincidence scheme

The field of discrete value€alculation thread number is intended for specifying the
number of processors cores of computer used in gongp It should be noted that when specifying
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the number of cores more than there is in the céenpthe calculation will be performed using the
actual number of cores.

4.5 Item Calculation parameters

The menu itemOptions -> Calculation parametersopens theProcesses of interaction
dialog window, where user can define the parametitise forthcoming calculation, directly related

to the physics of the processes, i.e. peculiariteteraction of radiation with substance (see
Fig.30.1).

Gamma-quants IEIectrons] Relaxation | Heavy charged partides | N 4| ¥
Interaction processes
[+ Photo absorbtion

[v" Incoherent scattering

[ Coherent scatering

[v" Pair production

Minimal energy, eV:

1000

o

Figure 30.1. WindowProcesses of interaction, Gamma-quantsb

On theGamma-quantstab in thelnteraction processegyroup, you can specify what types of
interaction the program should take into accounembalculating: 'Photo absorption’, 'Incoherent
scattering' (Compton scattering), 'Coherent saatierPair production'.

In the Minimal energy field, you can set the minimum energy value. Ganguanta with
energies below this value will not be taken into@ant in calculating.

The Electrons tab contains parameters that determine the iriteraof electrons with matter
(Fig. 30.2).
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Gamma-gquants Electrons | Relaxation | Heavy charged particles |

Calculation models
& Secondary electrons dies
" Detailed calculation

Interaction processes

™ Efstic colision Min angle, degrees: | *”
Min energy, ev: | 10000

™ Inelastic colision Threshold of burth, ev: | 100

¥ Bremstrahlung Threshold of burth, ev: | 1000
Minimal energy, eV:
1000
Cancel I oK ]

Figure 30.2. WindowProcessesElectrons tab

In the Calculation modelsgroup, the user can select the m&deondary electron diesThis
means that when you set this mode of calculatiom etectron will be absorbed at the point of birth.
This mode reduces calculation time and is suitfdsl¢est calculations.

In the Interaction processesgroup on thelectrons tab, the user can specify which types of
interaction the program should take into accounthia calculation (‘Elastic collision’, 'Inelastic
collision’, 'Bremstrahlung’), and parameters otéhgpes:

Min. angle, degree- angle in degrees, from which the process of ielashttering is
calculated in detail. The smaller angle the lorggéculation.

Min. energy - this is the minimum electron energy for whichséia scattering is
generally played out. It is recommended to set plaisameter higher than the parameter Minimum
energy, keV (see Fig. 30.2). The fact is that fleeteon has a small run. The lower the energy, the
less important it is. In this case, the electromusth not be prematurely excluded from the
calculation, since it can give birth to a brakermuan

Birth threshold - this is the minimum value of the energy of theduced secondary
"inelastic" electrons or bremsstrahlung quantendkes sense to put this energy just above the basic
Min. energy in order to accelerate calculations.

The Relaxation tab shows the parameters that determine the meéaké into account the
relaxation process (see Figure 30.3). If therenard¢icks for the indicatoGample relaxation the
relaxation process is excluded from considerafidns means, for example, that if an electron was
knocked out from the K shell, then nothing will generated from the excited atom, neither the
characteristic quantum nor the secondary elecfftwe. energy released to such particles will be
absorbed at the point where the photoelectric effecurs. It is not recommended to remove this
sign because it does not greatly accelerate tloellesion, but it reduces the accuracy.

The indicator "Take into account the Auger electralfows you to turn on / off the process of
relaxation processing through the outer shell sd@ctRemoving the tick of this indicator allow to
absorb Auger electrons in the calculation at thatpaf birth.



Gamrna—quanu| Electrons Relaxation |Heaw charged particlesi

v Sample relaxation

[~ Sample Auger electrons

Minimal energy, eV:

IIGDG

Figure 30.3. WindowProcesses of interactiontheRelaxation tab

On the tabHeavy charged particles the parameters defining the interaction of heavy
charged particles with matter are given (Fig. 30.4)

Gamma-quants | Electrnns] Relaxation Heavy charged particles |

Energy loss share per step: 0.1
Landau / Gauss border: 0.01
Minimal energy, eV: 1000
SRIM program folder: | |
\DataBase\SR Module
Cancel | 0K I

Figure 30.4. WindowProcessesHeavy charged particlestab

To calculate the transit of heavy charged padidlee energy dissipation model is used, the
data from the SRIM program are taken for its impatation. In the frame of the modeling and
based on the known parts of the energy loss irstiie (parameteEnergy loss share per step a
step is calculated in which a certain energy i$ &mxording to the Landau or Gauss distribution.
Further, the angle of underlie is calculated frdme tost energy. Such way the calculation is
conducted, until the threshold energy is reachpddified in the parametdfinimal energy, eV).
Then the particle is absorbed. For more detailescrijgion of the calculation HCP see the
document "Heavylons Report.doc".

On each tab of the windoRRrocesses of interactiorthe Minimum Energy field is shown.
This field shows that if a quant, electron, positiar alpha particle reaches an energy below this
value, then they are absorbed.

4.6 ltem Materials
The menuOptions -> Materials opens the dialog boSubstances where lists of the

available materials are indicated. These matedats be binding to the geometric figures of the
project (see Fig. 31). User can add new or edpenttes of already created materials.
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Available substances:

Mo ~ Add
Mylar

Nal dic
Ne

Ni

P-Terfenil
PVToluene
Paper

Pb

Plastic Foam
Plastic Scintilator
Plexiglas
PolyEthelene

Pu

Si

Sio2

Stibene

Teflon

Ti

u v Close

Figure 31. WindovwMaterials

Remove

s

The Add button opens a dialog window for adding and sgtfmmoperties for the new
material (see Fig.32).

The Edit button calls up a similar window as shown in Fegg32, but only to change the
properties of the selected material from the list.

TheDeletebutton is intended to delete the selected matiadai the list.

Logarithm energy grid, eV

Min power: Max power: Points per order:
[1] 8 20

Substanse options

Mama: | New materal

Denstty, g / cm3 1 [~ Gas

« Blend
Chemical element:

W Add

Percentage in blend:

" Chemical formulze

Remove selected

Remove all
o

Figure 32. WindowCreate new material

To add new material to the database you needrforpethe following set of actions (see

Fig.32):

- in theNamefield enter the name of the created material,

- in theDensity field, enter the density of the created material,

- it takes choose the way to specify the nteBlend or Chemical Formula;

- for the case of thBlend, select the chemical elements in tbleemical elementdrop-
down list and their parts in the composition of thaterial and click buttoAdd.

- for theChemical formula, enter the chemical formula in the appropriat&fend click
Set

- the parameters of the formed material aplpear in the middle field, namely the atomic
number of the constituent elements and their s{sa® Fig.33).
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- Substanse options

Toror [ water

Density, g / cm3 ILU* [~ Gas

lementZ:1 MNi=2

Hydrogen

@ Blend
Chemical element:
o Add
Percentage in blend:

1 Edit

Figure 33. Example of materidfater

To change an element or its share select it idisthemake corrections and click butt&ulit.

The Deletebutton deletes the selected material elements DEhete All button deletes all material
elements.

In the field Logarithmic energy grid the initial and final degrees in the logarithmiceyy
scale are shown for which the cross sections wdlichlculated and how many calculated points
distributed linearly along the logarithmic scalé e one order.

After you enter all the required values in the vandCreate New Material, click OK. The
new material will be added to the database. Theenaitthe newly created material will appear in
the materials list.

4.7 Iltem Radiation Sources

The menuOptions -> Radiation Sourcesopens the dialog windovRadiation source
database which contains lists of the sources of radiatamailable to user for modeling (see Fig.
34). User can add new, delete or edit propertiedreidy created sources.

Radiation sources

Ce-141 Beta A Add
Ce-141 Beta Convers

Edit
Ce-143
Ce-143 Beta Delete
Ce-143 Beta Convers
Pr-143 Beta

s

Ce-144+Pr-144
Ce-144 Beta

Ce-144 Beta Convers
Pr-144 Beta

Nd-144 zlpha

Pm-147 Beta
Eu-152 G al
Eu-152 Beta

Eu-152 Beta Convers

v Close

i

Figure 34. WindowRadiation source database

The Add button opens a dialog for adding and setting ptogse of a new source (see
Fig.35).

The Edit button calls up a similar window as shown in Feg@5, but to change the
properties of the selected source from the list.

TheDeletebutton is used to delete the selected source tinertist.
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Name: | SPECTRUM

Source type: | Linear ~|
Particle type: | gamma-quant ~]
Source description file: Edt... |

SPECTRUM.TXT J
[ cancel | ok |

Figure 35. WindowCreate / edit radiation source

To add a new source to the database, you must nneplethe following set of actions (see

Fig.35):
- in the fieldName enter the name of created source;
- in the fieldSource typeselect the source type from the drop-down list:

« 'Linear' - the usual linear source type, where qalsticles of a strictly defined energy
are emitted with a given probability. A charactgcisype for most isotopes.

* 'Continuous' - spectrum of the emitted particleshs source will be continuous. On
the entered values of energy and the probabilityemiission, a continuous spectrum will be
generated (for example, X-ray bremsstrahlung).

* 'Full cascade’ - in a real experiment there isodability of detecting simultaneous hits
of two or more quanta (particles) in the detectarce their emission occurred simultaneously, such
events lead to the appearance in the spectrumes vith an energy equal to the sum of the quanta
(particles). The choice of the 'Full cascade' tgphews to take into account this factor and thedin
corresponding to such cascade quanta (particlesbeaobserved in the spectrum. For this type a
specially formed file is needed where the probaédiof the transition from one level of excitation
to the other and the probability of emission ofmpazof the corresponding energies are indicated.

« 'Continuous beta' - a source with a bpecsum is a particular case of a source with a
continuous spectrum. This source emits either reast or positrons, or both.

- in the Particle type field select from the drop-down list which partictypes will be
emitted by the source ('gamma quant', 'electrpoSitron’, 'neutron’, or element of the periodic
system of Mendeleev).

- the source description filefield is intended to indicate in it the generateirce file by

means of a butto;l. You can open this file (text file) iINotepad by clicking theEdit button. If
the file does not exist, then by clicking tBelit button a new file will be created with the name
specified in the field.

4.8 Formats of source files
According to the type of the source, the file fatroan be different.
For the type 'Linear’ and 'Continuous' in thig fit is necessary to introduce the particle

energies into keV and the probability of particheigsion per decay (in percents) in the following
format (see Fig.36):
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File Edit Format View Help

[1173.228 99. 85 =]
1332.492 99. 9826
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Figure 36. The view of the source file editor wimd@or ‘Linear")

For the "continuous beta" source type, the filarfar is as follows (see the example in
Figure 36.1).

In the first line there is letter "Z", then thrdughe blank the charge of the decaying core.
Then the set of lines that determine the type ofigdas, energy and probability goes. Each line
specifies the type of particle, the maximum enexfythe B-spectrum, the probability of emission of
a particle of the givefi-spectrum by 1 decay in percent. The particle tgpspecified using the
symbols "B-", "b-", "B +", "b +". The first two chacters specify th@-spectrum, the secorfil+
spectrum.

Thus, the source consists of several sourcesavitbntinuous spectrum. The continugds
spectrum is calculated using an analytic formubd ttepends on the nuclear charge, the maximum
energy of the particle and the type of the emitted particle.

The use of the analytical approximation is justfisince the analytical formula describes the
B spectrum with high accuracy. There is no needpexify the spectrum in the form of a set of
continuous spectrum lines.

-loix -l
File Edit Format View Help File Edit Format Wiew Help

[z 38 1l = 39 =
B- 546 100| "_! B- 2280.1 99,99 'J
q oz 1 L B

Figure 36.1. The view of the source file editor domws (for the 'Continuous beta’ type),
radionuclide Sr-90 - left, radionuclide Y-90 - righ

For the 'Full cascade' source type the file formaas follows (see the example in Figure
36.2). There is a whole layer of simulation probdewhen it is necessary that the radiation source
fully describe the process of radioactive decay alhdts products. The source type 'Full cascade’
allows to describe fully radioactive decay andtalbroducts. In one act of decay in the geners¢ca
several particles of different types are emittelisTs actually a decay product, gamma quanta and
conversion electrons emitted during the removakxditation by the nucleus. The emission of
conversion electrons leads to the formation of meies on atomic shells. These vacancies are filled
in the process of atomic relaxation. This, in it leads to the emission of X-ray quanta and Auge
electrons. Thus, in the process of modeling a &yutcis necessary not only to quantitatively
accurately generate events, but also to take ictoumt which particles are emitted simultaneously
and which ones are not.

To specify the source 'Full cascade', a special firmat was proposed that takes into
account all the physical processes mentioned a@ogesequences of nuclear and atomic transitions.
Below is the description of the source file aséiample of the alpha decay of the isotope Am-241
(see Fig.36.2).

The first line in the combined source file consaiaxplanatory information about the
columns.
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The second line records the atomic number of doaying nucleus (95 for americium).

The third line contains the chemical symbol of #ement, written in capital letters. This is
necessary in order for the program to load inforomaabout the source material, which is necessary
when generating events inside volumetric sources.

Then follows a set of lines describing the typeergy, decay probability and core levels.

The first column, labeled "Type", contains theeygf particle emitted. The following types
of particles are supported:

1) «A» — alpha particle.

2) «BM» — electron emitted durirfiydecay.

3) «BP» — electron emitted durifigt decay.

4) «EC» — electron captured by the nucleus due tdrel@c capture.

5) «CK», «CL», «CM», «CN» — conversion electrons egditfrom K, L, M, N shells,
respectively.

6) «G» — gamma rays.

7) «Auger K», «Auger L», «Auger M», «Auger N» — elecis of Auger.

8) «XR N» - characteristic gamma quanta

L=
File Edit Format View Help
Type I E, kev InitLev FinLev =]
a5
AM
A 0.0007 5155 - 20
A 0.0009 5182 - 18
A le-005 5217 - 15
A 0.0024 5244 - 12
A 0.0005 5279 - 10
A 0.015 5322 - i)
A 1.66 5388 - [
A 0.01 5416.5 - 5
A 13.1 5442.8 - 4
A 0.02 5469 - 3
A 84.8 5485. 56 - 2
A 0.225 5511.5 - 1
A 0.37 5544.5 - 0
CL 14 3.9178 2 1
CK 0.000188 4.37 8 4
CK 0.000951 6.62 6 1
CL 17.4 10.7692 1 0
CL 0.32 20.277 3 1
cM 3.6 20.621 2 1
CL 9.1 20.993 4 2
M 4.4 27.473 1 [}
CK 9.9e-005 27.87 12 [
CL 1.5e-005 28.58 15 11
CK 1.14e-005 31.36 8 3
CL 0.89 33.133 (5} 4
M 0.083 36. 981 3 1
CL 30.2 37.1141 2 0
||cm 2.4 37.697 4 2
CL 4,4e-005 42.403 15 9
| CL 0.01 45.02 8 3]
cm 3.7e-006 45.29 15 11
CIC 1.33e-005 46.01 14 i}
CK 6e-005 47.13 14 [
CL 0.00073 47.33 4 1 et
Kl 2y

Figure 36.2. The window of the source file editar the 'Full cascade)

In the second column, labeled "I", the probabibfyradiation of a given particle in percent
100
for one act of radioactive decay -

The third column contains the energy of the emigiedicles in keV. In the case of electron
capture, this is the energy acquired by the nudletise process of this reaction.

The fourth column records the initial level of thecleus from which the particle is emitted.
This level is relevant only for secondary decatipias. For primary particles, the initial level is
absent, so the column indicates a dash.

The last column contains the nuclear level numbaevtiich the particle passed in the process
of removal by the excitation nucleus.



To optimize the process of generating a sourcefdilghe 'Full cascade' type, an additional
program SpectrumProd’ is used (see the document Description of thenaradSpectrumProd ".

5 Draw settings

The Draw settingswindow is called up by pressing the but% in the main toolbar of the
program MCC-MT " (see Fig.37).

Light sources |Grouils' colorsi Axises| Misceﬂaneous|

Colors
Background:

Selected object inside: Selected object >

Cancel I OK |

Figure 37. Théraw settingswindow, theLight sourcestab

This window allows you to customize the appearasfdbe scene. So, tHeght sourcestab
allows you to customize the color surfaces of shape
The Groups colorstab allows you to customize the colors of the @ets according to their

group number.
[N

Light sources Groups' colors | Axises | Miscelaneous |

Detector, defence, radiation source

Detector: Defence: Source:

Other groups:

Group 4: Group 5: Group 6:

Group 7: Group 8: Group 9:

Group 10: Group 11: Group 12:

Group 13: Group 14: Group 15:

Group 16;

. | T ndvidual group color
Cancel | ok |

Figure 38. Théraw settingswindow, theGroups colorstab
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Colors according to this tab are applied to themelats only in the case of sign in the
Individual group color indicator on the right panel works with elemersisg Fig.6).

The Axisestab is used to adjust the display of the cooréiretes. You can change the color
of the axes, the color of the letters (X, Y, Zk font, the location of the axes, and their length.

Light sources | Groups' colors Axises | Miscelaneous |
Coordianates axis
@ Inleft bottom corner
" Atorigin
" Hide

Colors of axises lines Letters color
_JERy
Font
Axis length: | 30 Apply

Cancel ! oK |

Figure 39. Théraw settingswindow, theAxisestab

On theMiscellaneoustab, you can see additional and advanced disyiagrs.

6 Spectrum mapping module

In order to provide a tool for working with spectitassoftware moduleMCC Viewer" was
created. It makes it possible to obtain the catedl@pectra from the main part of tidCC-MT "
program, display them, and perform various manipana including the so-called blurring.

Marker

File Barchart Display Math Detectors Window Help

Dl niplsls» e sle @ v 55 2 6sooem 2

............................................................

........................................................................

i | i
o H H il

3 Enerdy, keV 3113
Energy = 1559.54 keV, Counts = 94 Integral = 1.9E+005, ¢4> = 774.65 keV. Sigma = 557.06 keV’ 7
Name | Created | Source | Events count | Intagral ] Detector | Exposition [s] ] Comment S

{©] 9 nai_100_80_wal3_zash_steeld 0201.1801:38 Co-60 BM Cascad 1.471670E+005 1.088330E+005 Kpucrann 101

10, nai_100_80_wal3_zash_steeld 80x80 0201.1801:40 Co-60BM Cascad 1471670E+005 1.088270E+005 Kpucrann 101 ANALOG SIMULATION,
@] 11. nai_80_100_wall4_zash_steel1l 0201181410 Co-60BM Cascad 28359330E+005 1.864140E+005 Kpucrann 197

EiZ, na_B80_100_wall4_zash_steell1: 80480 0201181414 Co-B60BM Cascad 2893330E+005 1.864070E+005 Kpwucrann 197 ANALOG SIMULATION.
[] 13. nal_100_80_wall5_zash_steell 1 0201181431 Co60BM Cascad 3731840E+005 2830010E+005 Kpucrann 254

14. nal_100_80_wall5_zash_steel11: 80x80 02.01.1814:36 Co60BM Cascad 3.731840E+005 2829970E+005 Kpucrann 254 ANALOG SIMULATION v

Figure 40. Appearance of the modUl&CC Viewer"
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The appearance of the moduMCC Viewer" consists of a main menu, a toolbar, a panel
with histograms of spectra and a table with the emf the spectra and some of their data (see
Fig.40).

The data of the modul8ICC Viewer " is stored in a file with the extensidrhst. It can
contain any number of spectra in one file.

6.1 Items of the main merkile

New —allows you to clear the current contents of the a@ditem duplicated as a

buttong in the toolbar.
Open —allows you to open a previously saved filast using the standard file open

dialog. Iltem duplicated as a butlE‘ in the toolbar.

Append —allows you to add spectrum histograms to the ctilisnvia the standard
file open dialog.

Save, Save as allows you to save the current list of spectrahie file *.hst. Item

Saveduplicated by buttoE in the toolbar.

Export / import file — allows you to save or load a spectrum from tbeifi several
formats €.txt,* .asw).

Save configuration file, Open configuration file —allows you to save and restore
(i.e. load) the configuration of the spectra digm@ad other settings of the modulMCC Viewer".

6.2 ltems of the main merar chart

Set name and comment <€alls theHistogram properties window with the parameters of
the currently selected spectrum and allows you htange them (see Fig.41). Théistogram
properties window can also be invoked by double-clicking te# mouse button on the desired
spectrum in the table of spectra.

Name:
] 12, nai_80_100_walld_zash_steel11: 80480
Source:
]Ca-SU BM Cascad
Detector:
1N al
Events count: Exposure, sec:
283933 197
Comment
|Calculation 1]
oK | Cancel |

Figure 41 Histogram properties window

In this window the name of the spectrum is spediiin theName field. The Source field
shows the type of the calculated source. Dbtector field indicates the name of the element in the
role of the detector, in which the particles amgistered. In th&€€omment field, the user can enter a
comment for this spectrum.

The Events countfield indicates the number of events calculated tire Exposure field
indicates the time of the calculation of this spatt was performed. It should pay attention that the
value of Exposure in this case has different meaning than in theinarg sense, it's just an
astronomical time that was spent for calculatioen¢s, and it cannot be used to determine the
intensity of registration in the channels. The ha&sg spectra are referenced to 1Bq. Therefore the
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Events countis identical to the live time of measurement ie trdinary spectrometric sense.

Precisely the value thEvents countshould be used in order to obtain the spectrumnits Lof
intensity cps (count per second).

Add copy - for current selected spectrum in the tableteea copy of it and adds it
to the end of the table. This item is duplicatethim by buttorﬂ in the toolbar.

Delete— delete the current selected spectrum in thestalilis item is duplicated in
by buttonﬂ in the toolbar.

Delete all checked- procedure for deleting all the spectra of thedeld by tick in
the table.

Set channel value calls a dialog box where user is able to speaifyalue for a
certain channel in the spectrum (see Fig.42).

Name: I‘EZ niai_80_100_walld_zash_steelll: 80x80

Channel (512
Value: |34

| o | Carcel |

Figure 42. Window/alue correction

6.3 Items of the main merisplay

Display configuration —calls up theChart settings dialog box (see Figure 43)where
user can change the appearance of the spectrufaydspthe graph.

Display mode
* Selected " Checked Faont l
X - Scale

" Chamnels  From: [} —|  Tofl 02e—]

& Energy (keV) From: f3.04 To [3113.0[]
Y - Scale

(¢ Absolute IV Logarithmic

" Intensity ¥ Zero based

" Probability ¥ Round

OK I Cancel I

Figure 43 Chart settings

GroupDisplay mode (Selected / Checked)duplicates the butto@ in the toolbar of the
module.

The parameter groug-Scaleessentially defines the scale boundaries for sgalurposes.
The Logarithmic indicator change the scale along the Y axis tddbarithmic mode. This

indicator is duplicated by the butt! in the toolbar.
The Zero-basedindicator links the scale of the spectrum to teeozvalue. This indicator is

duplicated in the form of the buttc=

in the toolbar.



Set left border / Set right border— menu items designed to scale graphics. Before
clicking on this item, you need to move the marfsere Fig. 40) to the channel that should become
the left border of the graph, and then cli@#t left border. To change position of the marker move
the mouse cursor over the marker area and clitkrefise button and by pressing it move it to the
desired position. To set the right border repeat fgfocedure and clicket right border. These

items are duplicated as the buttcﬁ‘ andﬂ in the toolbar.

Defaults borders — Performs the cancellation of scaling to the oadiview.
Duplicated as a buttoﬁ‘ in the toolbar.

Check all charts- sets the checkboxes for each spectrum in the.tabl
Uncheck all charts— removes tick marks for all spectra in the table.
Invert checks— changes the status of the checkmark to the ajgpfosiall spectra in

the table. Duplicated as a buttﬂ in the toolbar.
6.4 Main menu itemblath

Energy calibration - calls up theEnergy Calibration dialog box (see Figure 44),
which allows you to change the energy calibrationeicessary by setting new points or adjusting
existing ones. You can also change the degreeeoptiiynomial describing the channel's energy

dependence on energy.

Channel: |433
Eneray [ke¥): |1 332

438.00 : 133200 ﬁ

102400 . 311300

Remove I
Power |2 5:
[ Calibrate I Copy i Close I

Figure 44. WindowEnergy calibration

After making corrections click th€alibrate button. The table defining the point for energy
calibration can be copied to the clipboard by chgktheCopy button.
Composition - calls the dialog box of the same name (see Figwhich allows to
combine two spectra with each other in order t@iobé common specrum.

1k lSpechum‘l Gel I
Multiply by:  [1.0000

t
I Add Substract I
2 iSper:huma Get I

Multiply by:  [1.0000
Corcel_ |

Figure 45. WindowComposition
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To perform the operation after calling this windselect the first spectrum in the table and
click the Get button to the right of thé-st field. This field displays the names of the fispectrum
for the operation. Next, you need to repeat theaimn with the second spectrum using Get
button to the right of thnd field. To select the type of operation (addition or sutiiom), click the
correspondingddd or Subtract button. If necessary the spectrum can be multdig constant, for
that it is necessary to specify this value in theresponding field$ultiply by . After clicking on
the OK button, the composition spectrum appears at tleéthe table (see Fig.46)

Sum all checked performs a similar task, lik€omposition, but only for all spectra
marked with a tick in the table (see Fig.46).

Energy Scale— allows you to set the maximum energy value fbispéctra of the
table.

Set channels count- allows you to set for all spectra of the table trumber of

channels in the spectrum.
m
File Barchart Display Math Detectors Window Help

DiZa nassseool s me umeH 2
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4000
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2 l l Energy, keV l ‘ 5

Energy = 3.43 keV, Counts = 285 Integral = 4 BE +005, <> = 2,66 keV, Sigma =0.83 kel
Mame: I Created | Source | Events count ] Inteqral J Detector | Exposition [s] J Comment
@ Spectium 1 0201.1800:18 Co-B0EM Cascad 5511150E+005 3.092B40E+005 Mal 382
[@) 5pectium 2 0201180111 CoB0BM Cascad 2.224950E+005 1.523060E+005 Mal 150
W] <15 Spectum 1 1 Spectum 2 2002181757 Co-B0BM Cascad 7.736100E+005 4.615700E+005 Nal 532 Composition

Figure 46. The result of summation of two spectra

6.5 Items of the main meretectors(see fig. 46.1)

Detectors Window Help
Simulate > Monte-Carlo
Detectors database Anzlog

Detector's parameters calculation...

Efficiency calibration...

Figure 46.1 Menu iterbetectors

Item Simulate contains two sub-items Monte-Carlo and Analog. These menu
items are designed to perform the so-called blgrahthe ideal spectrum, which is a function of the
detector response, to the real spectrum emuldtmgpectrum obtained on the real spectrometer.

Item Simulate->Analog - in this case the program uses the analyticahfiba.. In it
the argument of the function are the detection mpatars of the detector and the energy of the
particle. As result the function outputs a set afrp of numbers (energy-coefficient). This is a
certain distribution with a center equal to theegivenergy.

Simulate->Monte-Carlo - in this case the program for each event in edannel
starts the random number generator and calculatesegistration energy in this detector for this
event. Also in this case, the detector parametaiseaergy are used. This is a more accurate option,
but a slower one.
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The Detectors databaseitem opens theéDetectors Databasedialog box, which
displays an existing list of types of real detest@ee Figure 47).

Detectors:
Scintillation Mal Add
Edit
Remove
Close

Figure 47. WindowDetectors Database

To add a new type of detector click thdd button to the right of the list, after that anathe
window will appear on the screen where the usedsi¢ée enter the parameters of this detector and
click OK (see Fig.48). To edit the parameters of the typaetector selected in the list, click the
Edit button. As a result the window will reappear asvamin Figure 48.

Detector name: Mew detectar

Energy per electran, e 2.96

Fano Factor: 0.05

Detectars Inhomogeneity: ’00057
Elactronics Noise, & ’07
Detector gain: ’17
Gain dispersion: ’07

Ok ‘ Cancel

Figure 48. WindowDetectors Parameters

Within the parameters of the detector are th@talig values.

Detector name - the name of a particular detector. It shouldniséed that the detector
parameters can be changed even for the same type.

Energy per electron, eV- the average energyspent on the formation of a single charge in
eV. For gas detectors,= 25 to 30 eV, for germanium semiconductor detscto= 2.96 eV, for
scintillation detectors this value efis determined by the light output 6fl, the light-gathering
coefficient for the photocathode of photomultipl@2 and the photocathode conversion coefficient
C3. For example, for Nal (Tl) C1 =38 F/ keV, C®5 - 0.9, C3 = 0.15 - 0.25. Therefotesan be:

for Nal(TI) : 350-117 eV

for CsI(Tl) : 370 - 137 eV

Fano Factor — a parameter that determines deviations from theragee ionization
efficiency, which is caused in the medium by radimtFor scintillation detectors, its value is ar f
gas detectors from 0.2 to 0.5, for germanium senaaotor detectors from 0.05 to 0.1.
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Detectors inhomogeneity parameter that determines the nonuniform digiobuof the
impurity of the activator in the scintillation deter, the incompleteness of charge collection & th
semiconductor detector and the imperfection of fileenent in the gas proportional counter. For
scintillation detectors its value is from 121 1-10°, for gas detectors its value is from 1?16 1.
10°, for germanium semiconductor detectors its vaduieam 1-10 to 1-10'.

Electronics Noise, e- the number of noise charges fluctuating at thputinof the
preamplifier. This value depends on the time ofhfation in the main amplifier and the noise
characteristics of the preamplifier, and can vaxymf 2000 for poor amplifiers to 30 for high-
qualitative.

Detector gain —factor of gain in the detector. For scintillatioptectors its value is from
1-10% to 11, for gas detectors from1I0® to 1:10°, for germanium semiconductor detectors - 1.

Gain dispersion —parameter that determines the root-mean-squargveelscatter of the
gain of the detector. For scintillation detectdssvialue is equal t6 (G) 2 = 1/6-1), whereo is the
secondary emission coefficient of dynodes. For etanfor a 10-diode PMT:

with G =10000,0= 2.5,5(G)*= 0.67

with G = 1000005= 3.2,6(G)? = 0.45

with G = 1000000¢= 4.0,5(G)* = 0.33

For gas detectors (proportional countérs) 100010 10000,a 6(G)? = 0.67. For germanium
semiconducto6 = 1,a 6(G)? = 0.

When calculating the energy resolution of the cletethe following formula is used:

N-£ 2
R=236-J(F+5(G)2)-efE+B+( )

G-E
where R — full width of peak at half maximum (FWHMob;

F- Fano factor;

E- absorbed energy, eV,

B- coefficient determining the imperfection of ttietector;

e— average energy spent on formation of a singlegeh&V,

N — number of noise charges.

Starting from formula 6.1 it follows that the cohution of the various terms of the radicand
to the energy resolution of the detector dependtherenergy E absorbed in the detector. At very
low energies the contribution of the last term e tsubcortical expression is great, at medium
energies the first term is decisive, at high erergihe energy resolution of the detector is
determined mainly by its imperfection - the coeffid B.

(6.1)

Obviously, the selection of correct values forleaetector is a very laborious task. To
simplify and automate this process the tool is gled that automatically creates the entire block of
required parameters. This tool is called by selgctthe menu itemDetectors-> Detectors
parameters calculation.

In the dialog boBlur parameterscalculation (see Fig. 49) it should enter the aprior data in
block 1 (Fig.49).
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Block 1

Aprior data Blur parameters Fesult
Energy, keV eal resolution, | Calculated resolution,
Yy % From Tao Step
6617 ) 6.47 6.449 Energy/charge. g% 100 |40 [1 |280
896 266 3.394 Fano factor F |1 |1 |D |1
1332.5 4.71 4.666
1833 3.89 4.054 Detectors imperfection B |1E-5 |D.DD1 |1E—5 |4E—5
2] 3.57 3492 Noise N [0 [2000 I [1999
Gain G [10000 |10000 [ [10000
RMSD (G)"2 |0.67 |0.67 [ |0.67
Detectar type ‘ Calculate | Save ‘
Scintillation A

Figure 49. Window Rir parameters calculation

Aprior data are the resolution values in % fortaer energy values. These data can be
obtained on a real detector using standard poimblametric sources and with their known energy
single lines (for example, Cs-137, Y-88, C0-60,)efthe energy values must be entered in the first
column 'Energy, keV' and the resolution valuesiangecond column ‘Real resolution'.

The next step is to select the category of theatet under consideration in tietector
type drop-down list ('scintillation’, HPGe', 'gas’).|&#ing a detector category allows you to set the
correct preliminary ranges to find the optimal paeters specified in box 2 (see Fig. 49). For
different types of detectors some parameters cablteked because their values are known in
advance (for example, the Fano factor for the glaon detector is 1). If you need to calculate f
another not listed type of detector you can ledeDetector type field empty and then all the
parameters will be available for modification.

Next, you need to set the step of changing eacmpeter in block 2, as well as the range in
which the parameter values can change (Fig. 49pufspecify a large step then the fit will be made
faster but with less accuracy and vice versa.

After specifying the ranges and steps in blockié&dahe Calculation button. At the end of
the calculations the optimal values for this deteappear in box 3 (Fig.49). In the table in bldck
(Fig. 49) in the column 'Calculated resolution,#@ calculated resolution values for the energies
indicated in the first column. The user should eated the discrepancy between real and calculated
values (the second and third columns) and decidetheh the accurately selected detector
parameters describe the dependence of the resoli@nergy. In the case the result is satisfactory
then you can save the parameters inDhtabaseby clicking theSavebutton in box 3 (Fig. 49). In
the appeared window (Fig. 50) it will be necesdargnter the name of the detector type which is
similar in essence to the fieldketector nameas in Fig.48.

[Nal new

oK I Cancel |

Figure 50. WindowDetector name
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After clicking the OK button the windowBlur parameters calculation window can be
closed.

When you call up a database types of detectoesistectors-> Detectors databagen the
list can be seen just entered name.

To perform the blurring procedure select the spectto be blurred then select the menu
item Simulate -> Monte-Carlo or Simulate->Analog and then select the type of detector in the

appeared window (Fig.51) and click tS8anulate button.
X

Before simulation calibrate energy

Detector: Scintillation Nal -
Simulate | Cancel ‘

Figure 51 WindowSimulation

As a result a new blurred spectrum appears inahke at the end of the spectrum list (see
Fig. 52).

i 23

File Barchart Math Detectors Window Help
D|c|E| Biln|s|x|=|« o) v 5 5 26| o) 2
[=] i T - T

2000

Value

o i : i
3 Energy, keV 3000
Erergy = 269238 ke, Counts =0 Integral = 1.2E+008, <> = 785,60 keV, Sigma = 45285 ke
Marme | Created | Source | Events count | Integral | Detector | E xposition [s]‘ Cornment ‘
. 1. primer_user_rmanual 08.02181711 Co-B0BM Cascad 1.000000E+006 1.27G620E+005 Mal 63«63 1468
WO e AR 08.021817:45  CoB0BM Cascad 1.000000E+006  1.27GB40E+005 Mal 63x63 1468 ANALOG SIMULATION.

Figure 52. The result of spectrum blurring

The menu itenDetectors-> Efficiency calibration opens the module of the same name for
creating the efficiency curve. The purpose of fhniscedure (efficiency calibration) is to determine
the energy dependence of the detection efficieriay@ detector by full-energy peaks of gamma
guanta emitted by the simulated sources in a givengy range.

The calibration process is conventionally dividet five stages:

- obtaining the model spectra by calculation wvismg 'MCC-MT";

- processing of spectra in order to search, ifieatid determine peak areas;

- calculation of the registration efficiency ofrgma quanta based on the acquired spectra
and approximation of energy dependences of thetragon efficiency of gamma quanta;

- creating and saving a calibration file of thefp or * .efr type;

- repeating the first four steps for other measa®t geometries and combining the obtained
data into a single efficiency file if necessary.



The Efficiency calibration module allows you to automate the sequence destcrdbove
and obtain registration efficiency curves for aegivgeometry. Section 8 of this document describes
an example of obtaining an efficiency curve basethe project built in section 7.

6.6 Radionuclides libraries editor

For some cases of efficiency curve creation (faneple, when using cascade sources, see
example in section 8), it may be necessary to ad®muclide library files. The library file contain
a list of radionuclides, with the correspondingrgydines and their quantum yields. The program
operates with two types of library files.lfib and*.lbr). The first ¢.bib) is a text file and it has the
structure of the so-called ini-file; the secoridly) is also a text file, but it has a different, more
outdated structure. Both files can be generatededitdd manually (in any text editor), but you can
also use th&adionuclide Library Editor module.

To open the editor, select tBetectors->Efficiency calibration menu item, after which the

Efficiency calibration module will open. In this module it is necessarytess the buttoI':" in the
toolbar (see fig. 52.1).

# Efficiency calibration

- o X
Efficiency calibration onuedioa Calibration manager
+ L X o B ]
Add Delete Clear  Update = -~ m
* : | - m R;Jnge,ke;/ﬂw 2 Geomelry & f;ti:?:: H Ca s H R ‘ci’:{m ‘
r’j ‘2 E::;:;::E::’}:Em: :gg:::‘z nai 63 = Pt Eneigy [ Nucide Specium [ Calo.efficiency | Standuncertcal.. | _App. efficiency_| Stand uncetapp...| Dev. %
[V 3 C\ProgramData\MCC MT v05.13\3,
[V 4 C\ProgamData\MCC MT v05.19\, 2
[V 5§  C\ProgramData\MCC MT v05.19\5. 1145_5.asw
[V 6  C:\ProgramData\MCC MT v05.19\6. 5_6.asw
RIS S e e Lo Block 1
T ! = ’ =
£ 100 !
|on !
04 2000 4000 6000 8000 10000 12000 14000 16000
Channet 9537 Energy. 1393
Figure 52.1 View of the modulgfficiency calibration
A window will appear on the screen, as shown guFe 52.2.
& Radionuclides library editor X
S H w E M KX S H M E W EX
Nuclide Half-life time I Quantu... [ Ermor | Daughter ]A} Nuclide | Halflfe time I Quantu ] Emor ] Daughter I
[+] v 4.03148443E76 J ~|[¥ CoBOBM Cas.. 158415040
[+][¥ cog0 166415040 ¥ 1173237 99.97 01
[-][¥ CoB0BM Cascad 166415040 [V 13325M 99.99 01
v 1173237 93.97 01 [-1[¥ Ba133cascad 332610000.8832
v 1332501 93.93 01 [v 27633353 7.32 1
1V cs137 949501440 v 30285001 1271 1
[V 661.66 85.21 0.1 | v 35601001 6258 1
1V Mn54 26967168 l J [V 38385001 8.89 1
[+][¥ Ra228 50512032000 -}V Ce137 949501440
¥ Th232 4.43558592617 [V 66166 85.21 01
[-][¥ Eu152 4206538246464 [+][¥ Co57EC Casc...| 23480928
v 121.782 284 1
fv 24459301 7.506 1
vV 3a4.291m 26,667 1
[v 778.90997 12,96 1
[¥ 96413098 1462 1
v 1112075 13.561 1
[V 1408.01099 2085 1
[+][¥ Eu152Gal 4206538246464
[ am241 13638903767.3453
[<][¥ Ba133 3326100008832 Li
Sort Parameters Sart Parameters
(&) By energy Tysz | sec - =) By energy Tyz | sec »

O Quantum yield

Figure 52.2 View of the windoRadionuclide library editor

() Quantum yield
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It consists of two symmetrically located blockattbontain a table (block 1 and 2, Fig. 52.2),
a toolbar and a block of display parameters (b®and 4). The blocks are absolutely identical in
functionality, which makes it possible to form Bbies using each other's elements. To transfer
radionuclides from one library to another, useatrew buttons (block 5, Fig. 52.2).

The installation package of tAMMCC-MT" program may contain one or several libraries,
from which you can easily compose individual lileear for specific tasks. To do this, load an

existing library into the left block of the windowsing the buttol ~ from the editor toolbar. Then

select the required radionuclides and press thmmtE (Copy selected radionuclides). The
selected elements will appear in the right tabiierdhat it can be supplemented, edited and saved.
Similarly, you can copy elements from the righti¢stio the left.

To edit the names of radionuclides, energies, dauble-click the left mouse button on the
current value, after that the field will switch tiee edit mode. To complete editing, press the Enter
button.

To add a radionuclide to the table, press®¥2(Add radionuclide) button. A new element
line appears with the radionuclide nailN@' with one energy line. The new line will appear \abo
the currently selected line. To add a radionuctilghe end of the table, you must deselect the
current row selection. This is done by left-cliokion the field under the table, to the right of the
Parametersgroup (Block 6, Fig. 60). The new line must betedliaccording to the characteristics
of the added element.

To add a radionuclide energy line select this etdrbg cursor and press t E (Add energy)
button in the toolbar. In the new line replace tefault values with the required ones (energy,
guantum vyield, error in determining the quantunidjie

To remove a radionuclide and its energy lines, tlee buttons (5 (Delete selected
radionuclides) and Bc (Delete selected energy lingsrespectively. To clear the entire table, use
the # (Clear Library ) button.

After finishing editing the table you can savenitaither of two formats. Saving is performed

by clicking on the & (Save library file) button in the corresponding toolbar. Please tiwethe*
Jbr library format does not support saving the soechfiOn/off” elements and their lines.
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7 Example of the project creation

In this section, we will describe an example ofating a simple project simulating the
interaction of radiation from a volumetric sourcéthwa detector substance. The measurement
configuration should be presented as a set of tietegnit with a Nal crystal, a volumetric source -

a container with water and a radionuclif€o, and a protective lead chamber. The sequence of

actions will be accompanied by references to sestiwhere this procedure is described in more
detail.

The following describes the sequence of operationsnplementing the given example.

7.1 Launch theMCC-MT" software. [Section 1].

7.2 Add the 'detector crystal' element. To do thighe right pane click the buttddew
Element and enter the name 'Nal 63x63". Next choose flalist the type of surfadggylinder. In
the dialog windowEdit Cylinder enter the crystal dimensions: Height 6.3cm; Radiu8.15 cm.
The coordinate Z = -7.16 cm (see Fig.53.1). [SecBd]

Cylinder options

Center Rotation angles,
coordinates, cm: degrees:

X:|0 Ax:|0
vile e e |
z:[716  az:fJo

Radius R, cm: 3.15

Height, cm:
Azimuth, degrees: 360

kK

Meridians count: 360

Parallels count: 60

||

Draw settings
12

¥ Close figure by end

I™ Invert normal

Apply | OK I Close

Figure 53.1

7.3 Add the element 'reflector’. To do this in tight pane click the buttoNew Element
and enter the name 'Reflector'. Next, choose flolist the type of surfadeotation figure. In the
dialog windowRotation figure parameters enter the data for the construction as shown gureéi
53.2 [Section 3.2].

Options

Center Rotation angles,
coordinates, cm:  degrees:

X:[0 Ax: |0 —
v:[0 ay:[o e |
z:[-0.625 Az:[270
Rotation contour coordinates
Z, am R, cm
0 Meridians
0 3.345 count:
-6.53 3.345 859 =
653 3.51 =
0.2
0.2

3

.23 3.151 Paralels count:
3
0

o 2 =
Azimuth, degrees: | 360

Draw settings
3

[ Invert normal

Apply J . OK Close

Figure 53.2
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7.3 Add the element ‘crystal housing'. To do thighe right pane click the buttddew
Element and enter the name ' Crystal housing '. Next, sdoom the list the type of surface
Rotation figure. In the dialog windowRotation figure parameters enter the data for the
construction as shown in Figure 53.3 [Section 3.2].

| Rowienfoueropatis 0 | 0 O
~Options O 36
b SR e -0.8 3.6
x:0 ax: |0 -0.8 3.55
"N . -6.4  3.55
z:[-0.51 Az: [0 6.4 3.45
g?tg:an contour coordinates » _6.6 3.45
o 36 = cceL:nt?nf " 6.6 3.55 - :
s 355 o -6.8 3.55
54 243 -6.91 3.35
55 35 5 -0.11 3.35
-0.11 O
Azimuth, degrees: | 360
Draw settings
F Close fic
[~ Invert normal
Apply I | oK | Close
Figure 53.3

7.4 Add the element 'glass crystal '. To do thishe right pane click the buttddew
Element and enter the name 'Glass crystal'. Next, chaose the list the type of surfacgylinder.
In the dialog windowEdit Cylinder enter the data for the construction as shown gurei 53.4
[Section 3.1].

Cylinder options -

Center Rotation angles,
coordinates, cm: degrees:

X:[0 Ax:|0

Y:|0 Ay:|0 E
Z:|-7.45 Az:|0

Radius R, cm: 'T

Height, cm: [Tza—

Azimuth, degrees: 360

Meridians count: 980

]

Paraliels count:

Draw settings

¥ Close figure by end

™ Invert normal

Apply | oK Close

Figure 53.4

7.5 Add the element 'PMT'. To do this in the righne click the buttohew Elementand
enter the name 'PMT'. Next, choose from the listtiipe of surfac®otation figure. In the dialog
window Rotation figure parameters enter the data for the construction as shown guré 53.5
[Section 3.2].



Options 0 O
e 0 3.7
xfo mcfo ‘ a4 37
Y:|o Av:|o E :
z[-7.46 A§:|D -4.5 2.8
;::tcan:nn cuntgtﬂc:nrdlnates -10 2.8
-10 O
-98 0
-9.8 26
-4.45 2.6
Azimuth, degrees: | 360 -395 35
Draw settings -O 2 3 5
2 s i -02 0
™ Invert normal
Apply l m Close
Figure 53.5

7.6 Add the element 'detector housing'. To do ithighe right pane click the buttddew
Element and enter the name ' Detector housing '. Nextpsfidrom the list the type of surface
Rotation figure. In the dialog windowRotation figure parameters enter the data for the
construction as shown in Figure 53.6 [Section 3.2].

Options -6.4 4.2
E:Ert;rnates, cm: Zg;gggzanqles, -1.4 4.2
%o ax: [0 -7.4 4
v:jo Ay: |0 E -12.3 4
z[o Az [0 -12.8 3.1
g?tcantqmn cunt;é}rc:numdmates -24.4 3.1

64 42 ~ Meridians -24.4 0

74 43 count:

74 4 600 = -24.2 0

58 3 -1 | -24.2 2.9

24 31 -12.7 2.9

242 0 -12.2 3.8
Azimuth, degrees: | 360 -66 38

-6.6 3.61

Draw settings -6.4 3.61
P -6.4 4.2
™ Invert normal

Apply 1 [Tl Close

Figure 53.6

7.7 Add the element 'chamber housing'. To do ithihe right pane click the buttddew
Element and enter the name 'Pb housing '. Next, choose fhe list the type of surfadeotation
figure. In the dialog windowRotation figure parameters enter the data for the construction as
shown in Figure 53.7. Then for this element, clibk buttonNew Surfaceand again select the
Rotation figure and now enter the dimensions as shown in Figur@ 3us, two surfaces will be
used for this element (see Figure 53.9). [Se@i@h
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~ Options
Center Rotation angles,
coordinates, cm:  degrees:
x:|o Ax: o
v:lo Ay: |0 E
z[105 Az: o
Rotation contour coordinates
Z, am R, om
0 956 . Meridians
0 15 count:
22 15 IBOO 3
22 96 -
0 96 Parallels count:
G
Close

Figure 53.7

—Options
Center Rotation angles,
coordinates, cm:  degrees:
x:|0 ax: |0
y:[o Ay: o E
z:|-7.75 az: |0
Rotation contour coordinates
Z, cm R, cm
0 5.1 .. Meridians
0 9.2 count:
273 9.2 600 -
273 0
2395 0 Parallels count: |
-23.95 5.1 IZ =]
0 5.1 =)
Azimuth, degrees: | 360
Draw settings
F Close figute by azimuth
™ Invert normal

Apply I 0K I Close

Figure 53.8

= Pb Housing (6)
[ Rotation figure

----- [v] Rotation figure

-- Reflector (1)
Figure 53.9




7.8 Add the element 'chamber cover '. To do thishe right pane click the buttddew
Element and enter the name 'Pb cover' . Next, choose fhentist the type of surfad@ylinder. In
the dialog windowEdit Cylinder enter the data for the construction as shown guréi 53.10.
[Section 3.1].

[~ Cylinder options
Center Rotation angles,
coordinates, cm: degrees:
x:[0 ax:[o
Y:fo Ay:fo E |
Z:[10.72 az:[o
Radius R, cm: 15
Height, cm: 6.15
Azimuth, degrees: 360

Meridians count: =i |
Paraliels count: 60 =
i~ Draw settings

W Close figure by azimuth
[¥ Close figure by end

™ Invert normeal

Aoy | ok | s |

Figure 53.10

7.9 Add the element 'volumetric source'. To da ihithe right pane click the buttdhew
Element and enter the name ' Volume Source '. Next, chdase the list the type of surface
Rotation figure. In the dialog windowRotation figure parameters enter the data for the
construction as shown in Figure 53.11. In this geja volumetric source is placed on the end
surface of the detector. [Section 3.2].

. r
—Options E
Center Rotation angles,
coordinates, cm:  degrees:
x:[0 Ax: |0
v:[o ay: o E
z:[47 az: [0
Rotation contour coordinates
Z, cm R, cm
0 0 Meridians
0 43 count:
5 4 60 <
5 0 =l
00 Parallels count:
10 =

Azimuth, degrees: | 360

Draw settings
¥ Clase figure by azimuth

™ Invert normal

Apply l OK I Close |

Figure 53.11
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7.10 Click the butto@ in the main toolbar and in the window that appeaiect menu
item Options-> Elements In the windowEdit Elements that appears (see Figure 53.12), you have

to set physical properties for each element oftiogect. [Section 4.1].
Elements:
Nal 63x63:Nal:Real
Crystal housing:Al
Glass crystal:Glass(BS)
Reflector:MgO
PMT:Glass(BS)
Detector housing :Al
Pb Cover:Pb
Pb Housing:Pb
[ e ] x| Figure 53.12

In the parameters window for the element ‘Na 63x6i3 necessary to set a sign that this
element will be a detector (see Fig.53.13)

Element: | TEENGE]

¥ Active

Detector sign
* Substance

[Na1 -

¥ Real detector

" Ideal detector
Register

€ Tra
-

Cancel | | 0K

Figure 53.13

As materials for the elements 'Crystal housiriggtéctor housing' the aluminum (Al) is
chosen; Glass (Glass (BS)) is selected for thes&taystal' and 'PMT' elements; Magnesium oxide
(MgO) is selected for the 'Reflector' element; @ housing' and 'Pb cover' lead (Pb) is chosen;
water is selected for the element 'Volume Source'.

After you have linked the materials to the progeiments, cliclOK.

7.11 In the menu of the windo@alculation selectOptions->Radiation Source Geometry

In the appeared windo®adiation Source Geometry(see Figure 53.14) set the tyjgeement and
then select item 'Volume Source' from the drop-déstnClick OK. [Section 4.2].
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~Type
" Point-ike outside Elements:

" Point-ike inside element

' Element
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Figure 53.14
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Cancel I 0K ‘

7.12 In the menu of the windo@alculation select Options->Radiation type In the
appeared windoviRadiation sources(see Figure 53.15) in the left field find the sal€0-60 BM

Cascad' and press the butfﬂ, after that the selected source will move to figatrfield Used
radiation sources Click OK. [Section 4.3].

Figure 53.15

7.13 In the menu of the windo®alculation selectOptions-> Measuring mode In the
appeared windovieasuring modespecify the values in the fields as shown in tigeire 53.16.
Click OK. [Section 4.4].

Figure 53.16
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7.13 In the toolbar of the windo@alculation click the buttorg or select the menu item
Operations->Start/Stop Calculations The calculation process will begin indicatiortle working
field of the windowCalculation (see Figure 53.17)

Options  Operations

vases B & G e

Source: Co-60 BM Cascad.
Extended cascade
Events:
Set: 1.00E+006
Sampled: 8.3920E+003
Time left: 1085 sec

Calculation data was loaded. Performing calculations. .

Figure 53.17

For purposes of clarity and control of the caltota performed the user can turn on the
displaying of the contours of the particle trajegtby clicking on the button,ﬁl (draw gamma-

guant) and ﬁ (outline contours) in the toolbar of the windowCalculation.
As a result the calculation process will be accanngpd by drawing the particle trajectories, and

look as shown in Figure 53.18.

Figure 53.18

After calculation of the specified number of ewserst completed, the program will open the
module 'MCC Viewer" in which the result will appear in the form o§pectrum (see Fig. 53.19).
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Figure 53.19

7.14 The spectrum obtained as a result of theulzdion is the response of the detector. To
obtain a spectrum emulating the real spectrum foument detection system, it is necessary to
perform a blurring procedure. To do this, seleet thenu itenDetectors->Simulatee->Analogn
the window of the moduldMCC Viewer" and in the appeared window select the type ofctiate
from the drop-down list and then press the buSomulate.

At the end of the list, the new sought spectrurth agpear (see Fig. 53.20) with the given
activity of 1 Bg. [Section 6].

li =
File Barchart Math Detectors Window Help
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Mame Created Source | Events count | Intedral Detector | Exposition [s]l Comrment |
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E 2. primer_user_manual_engd: Nal 63263 2202181545 Co-60BM Cazcad 1.000000E+006 9.463700E+004 Mal 63x63 1224 AMNALOG SIMULATION.

Figure 53.20
7.15 To further use the spectrum for calibratiamppses of the spectrometer it can be
exported to the formdttxt or *.asw. To do this, select the spectrum and choose timeimtemFile-
>Export file, and then save it in the standard dialog windothérequired format. [Section 6].
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8 Example of the efficiency curve creation

The calibration of spectrometer by registratioicefncy is made using simulated spectra of
activity reference samples that reproduce the gagmand absorption properties of gamma
radiation of the measuring samples.

As a result of calibration the energy dependencéhefregistration efficiency in the full
energy peaks of gamma quanta emitted by referemplss is determined.

In this section will describe examples of createffjciency curves for the project from
Section 7.

8.1 Efficiency curve creation based on artificial mnoenergetic lines

Below is a sequence of steps to implement thengixample.

8.1.1 Build a model of the detecting system inoadance with Section 7.

In the window Calculation in "MCC-MT" software, select the menu ite@ptions->
Radiation type. In the windowRadiation sourcesthat appears (see Fig. 54.1), in the left field,
select a series of artificial sources '50', '1003000', etc. depending on the required energgea

which must be described by the efficiency curve #meh press the buttc”~l, after that the
selected sources will move to the right fielded radiation sources

Radiation Sources X
Mono Lines
Particle: ]:J;ﬁf!“-:a-L“.._zrr_n"' _]
Energy, keV:
1000

Available radiation Used radiation sources:
sources

U OR t=240day A S0keV A
100keV
S0keV 150keV
100keV o2 |200keV
150keV 300keV

200keV 400keV

300keV 500keV

400keV 600keV

500key B800keV

600keV 1000keV

800keV 1200keV

1000keV 1400keV

1200keV 1600keV

1400keV 1800keV v

Figure 54.1

8.1.2 In the menu of the windo@alculation select the menu iteif®@ptions-> Measuring
mode In the appeared windoMeasuring mode specify values in the fields, as shown in figure
54.2. The number of events in tleposure group can be set more or less depending on the
required statistical accuracy. Also, ti@hannels number in the groupHistogram should be
specified depending on the spectrum channels afeidlespectrometer. ClidRK. [Section 4.4].
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Measuring mode X

Histogram

Channels number: W
3000

Max energy, keV:

Exposure
" Unlimited

@+ Using aevents count

Events count: 1le+007

(" Using registered particles in detector

Autosave

¥ Use autosave

] 7booo

Events count:

Additional settings-

Sampling continuation... |

Registering mode... |

Calculation threads number:

L

el

Stand. uncert, (B-type),(k=2),%:

5
Cancel | 0K

Figure 54.2

8.1.3 In the menu of the windo@alculation, press the buttogl or select the menu item
Operations->Start/End Measurements In the working field of the windowalculation will show

the process of calculation (see Fig. 54.3).

¢ Calculation

Options Operations

“oss 8 E G e
Source: 50keV.
Linear.
Radiation type: gamma-quantum
Events:
Set: 1.00E+006
Sampled: 4.4779E+005
Time left: 4.933 sec

|Calculation data was loaded. Performing calculations.

Figure 54.3

At the end of the calculation of each spectrunmfieseries of specified sources, the program
will add it to the "MCC Viewer" module as separatsvs. Each spectrum or all of them will be

drawn as shown in Figure 54.4.
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54.5).

.L MCC Viewer. eff_cib_50_3000kev.HST

File Barchart Display Math Detectors Window Help

D=\ nias iz« oo av B esomaE 2
< T 1

s

Stand. uncert % | Dose, mkGr | Comment

50
50
0.0
50
50
50
50
50
50
50

(K Energy, keV
Energy = 1502.18 ke¥, Counts = 11 Integial = 4. 5E+005, <X> = 2098.07 ke, Sigma = 826,99 keV/
Nare | Created ] Source | Ewents count | Integtal | Detector | Exposition s
[©] 1.eft_cb 19031800:29 50keV  1.000000E+007 1.170308E+006 New element1 37
(@) 2 efi_cb 1803182341 100ke¥  1.000000E+007 1.077230E+006 New element1 51
#[0) 3. efi_clb 1803182341 150ke¥  1.000000E+007 9.619580E+005 Mew element1 59
E@ 4. eff_chb 1803182342 200keY 1.000000E+D07 8813250E+005 New element1 65
5 eff_ch 1803182344 300keV  1.000000E+007 7.891170E+005 Mew element1 72
| 1803182345 400ke¥  1.000000E+007 7411B10E+005 Mew element1 81
1803182346 S500ke¥  1.000000E+007 7.067660E+005 New element1 68
1803182348 600keY 1.000000E+007 6.804310E+005 MNew element1 96
1603182349 800ke¥  1.000000E+007 6.353410E+005 Mew element1 111
1803182351 1000ke¥ 1.000000E+007 6002400E+005 Mew element1 125
1803182353 1200ke¥ 1.000000E+007 5.637580E+005 New element1 133
18.0318 2356 5.465920E +005 152

1400key  1.000000E +007

New element 1

50

8.1.4

# Efficiency calibration

Figure 54.4

In the main menu of théMCC Viewer"

module, select the iterDetectors-
>Efficiency calibration, after which a new module Efficiency calibrationllvappear (see Fig.

Block 1

Efficiency calibration

Converting

y’/

+ - X L o = <
Add Delete Clear Update <« ¢ ~~
+ 3 (7 Pobromial degree  Range, keV Geomets
2 il Gacdas ‘ !Is‘ Save tabl e
m e | { 5 | 50 Enllz | | calination Create fi ave table calibration
P11 G\ roganDotaiCC MT VN, of, cby:Tioore Parameter / Energy [ Nucide [ Spectum [ Calo eficiency | Standuncercal.. |_Aper. eficiency | Standuncertaps.. |||
[V 2 CAProgramData\MCC MT v05.19\2. eff_clb_2 asw
[V 3 C\ProgiamData\MCC MT vO5.19\3. eff_clb_3.asw
[V 4  CAPogiamData\MCC MT w0519\, eff_clb_d. asw
[V 5 C\ProgramData\MCC MT v05.1945. eff_clb_5.asw
¥ 6 C\ProgramData\MCC MT v05.19\6. eff_clb_B.asw
v C:\ProgramData\MCC MT vO5.19\7. eff_clb_7.asw
[V 8 CA\ProgramData\MCC MT v05.1948. eff_clb_8.asw
2 CA\ProgramDals\MCC MT v05.19:9. eff_clb_9.asw
[V 10 C\ProgiamData\MCC MT v05.18410. eff_clb_10.asw
7 11 CAPamamNa st MT GR 10017 aff alh 11 2eu %
oGl
1000 000 P K R R,
200 000 :
= 600 000 l..i i
E |
15| 400000 i ioee
200000 41 } | B --
| O O !
2000 4000 6000 8000 10000 12000 14000 16000
Charnel; 8192 Energy: 1502
File name [c\programpata\mcc ] B peak
Sample ID MCC: 3000keV L imt, |R.imt, 1 102 -
Spectrum type *asw Level 3
Live time 1E7 Min. area 1]
Real time 187 Background b:@<\ O~ | |
Comment Type search Search al é
show v n
Weight Unit 1 a i
Volume Unit i ml .
Ditonce, i 1 Polynomial degre: 5
Iteration 0
Geometry = = Energy

Figure 54.5

8.1.5 In the moduleEfficiency calibration indicate the energy range for making the
efficiency curve and the degree of the polynomiiani 1 to 6) describing the required curve (see

. Calculate ) ) )
block 1, Fig. 54.5). Then press the but[ calbration | after that the required dependence will be built,
and the results will be displayed in the table (See 54.6).



# Efficiency calibration - [m] X

Efficiency calibration ] Converting Calibration manager
+ - 2 L X %
Add Delete Clear Update « -y
+ 3 Polynorial degree  Range, keV/ Geomels
4 _— 1y Calculate ‘ ‘ Clear
[ = EIET 250ml < [ colbration || Crestefie || Savetsble || jpraiion ‘
N | Spectium I !{ e —
z ; E:Emgvamgata:zgg m Vg:::; e:;,:::,lz asw Parameter / Eneigy Nucide | Spectum [ Cale. efficiency [ Stand.uncertcal... | Appr. efficiency | Standuncertapp... | Dev., %
f rogramD ata o eff_clb 2 asw BICA o-1. 0=1. eff=i{-31.35 2023
[V 3 CiAProgramData\MCC MT v05.1943. eff_clb_3.asw 1 PR o SOkev T 01153 25 0141 304 1
E ; g:zmg-amgaramgg ::; *g:;gtg ::;J::*; e v 10011 100keY | 2 eff_chh_2asw 01035 25 01083 0538 46
; 2 \ng’émnaiaw Sl “Dsw\s u’Em’s s ¥ 15016 150ke¥ | 3.eff_clb_3asw 0.08543 25 008538 0.284 064
= E\P“’g’a'“nalawm R e"-cnj—;*‘“ ¥ 20003 200ke¥ | 4. eff_clb_4.asw 0.06972 [iRF] 0.06345 0.442 04
;7 ] bl L " : Ef-c - Lo [V 30014 300keY 5, eff_clb_5.asw 0.04891 25 0.04345 035 11
= E\g"‘g'a"’gé:a:mg :ﬂ Vg: 1:\3 2:(5::72 =] v 40007 400keV 6. ef_ch_.asw 003777 251 003848 14 19
I . \Frogramb ata’ U2 _clb_3 asw v 2
Tl e e i T ST [V 43339 500keV 7. eff_clb_7.asw 003116 251 003168 17 17
o e T oo et v v 8001 B00keV B eff_clb_B.asw 0.02673 251 002708 204 13
ey ; = T [V 73335 800keV 9. eff_clh_9asw 002122 251 002128 241 027
Log} [V 33939 1000ke¥  10.eff cb_108sw 001781 251 001774 282 NiXE]
1000 000 ¥ 1200 1200keV | T.effcb_llasw 001593 251 001533 273 064
800 000 v 14001 1400keY 12 eff_clb_12asw | 0.01368 250 001356 278 082
[ERp— [v 15333 1600ksY 13 ff cb_13asw 001226 252 00122 278 051
& v 173339 1800ksV | 14.eff_cb_l4asw 001111 252 0ot 27 0058
18 400000 fHHH | ¥ 2000 2000k 15.eff_ch_15asw 001021 282 00102 269 014
200000} — b . v 2200 2200keV | 16.eff_ch_l6asw 0003451 252 0,009429 282 024
Ll oy | v 23999 2400keV  17.eficlh 172w 0.008762 282 0.006766 254 004
" v 25333 2600key 18 eff clb_18asw 0008163 252 0,008184 245 02
2000 000 6000 8000 0000 12000 000 16 000 =
3 ! s ke B ¥ 27933 2800kev 19 eff ch_13asw 000764 253 0007663 2% 032
Channef. 8132 Energy: 1502 [ 3000 000keV | 20.eff_ch_20asw  0.007188 253 0007207 228 0.26
5] CETY = = — =
File name C:\ProgramData\MCC A .~ 0114 - -
SampleD  MCC: 3000keV L imt, | R.bmt, 1 1024 ort-% - o
Spectrum type *.asw Level 3 ol { . he ) ) o
Live time 157 Min. area 0 guw S, " A, - —
Real time 1E7 Background base @<\ O\, Soost- “-;\—* - —-e-
Type search Search and ident 0051 % s
Comment hﬂ - 0044- R T == Seave
Weight| Unit 1 g Show ooz }- - > A - -
Volume| Unit 1 ml k. gzi - - o i L L -
Detante, i | 1 Polynomial degres 5 e —— VUL ST
Tteration 0 500 1000 1500 2000 2500 300
Geometry o - Enenil

Figure 54.6

8.1.6 The obtained results of efficiency calityatare saved by pressing the bu{l
The resulting file of efficiencies can be savedigual format fof' MCC-MT" program*.efp or in
the format of a third-party progratefr.

The *.efp file will store the functional dependences of tgistration efficiency of the
energy of gamma quanta. Dependencies are stoamkHicientsA; of a polynomial of the form:

£, =op( A+ AINE, +A(NE,)* + A(NE,)* + A(nE,) + A(InE,)* + A(nE,)°)

The efficiency file also stores information abailit points involved in the calculation, that
allows spectrometric analysis software to use the efficiency values for the radionuclide lines
that were directly involved in the calibration pedlcire.

8.1.7 For possibility of further work with the cent set of spectra it is possible to create an

efficiency file project. To do this, press the blnltév in the toolbar (see Fig. 54.6) and enter the
name of the current project and the path to thectbry to save it.

Ay

If you need to continue work with the project, yoan open it using the buttc=". In this case, the
program will load all spectra involved in the cadibon, as well as restore the parameters of the
plotting curves and the calculated tables.

8.1.8 It should be noted that for plotting a cub&sed on monoenergetic lines (with a 100%
yield probability) without taking into account casle radionuclides, the preliminary blurring of the
used theoretical spectra (p.7.14), as well as tbsepce of a link to the radionuclide library fiies
not required .

8.1.9 As part of the demonstration materials,ghera video demonstrating the procedure of
creating the efficiency curve described in clau&ésl-8.1.8.
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8.2 Efficiency curve creation based on sources withultiple energy lines

If it is necessary to construct a curve of theistegtion efficiency based on the energy of
gamma quanta from sources with real energy linesl (aith the addition of data on cascade
radionuclides), it takes to construct a model & dtetection system in accordance with Section 7
firstly.

8.2.1 In the menu of the windo@alculation select itenOptions-> Radiation type In the
window Radiation sourcesthat appears (see Fig. 53.15) in the left fiel®étethe source 'Co-60
BM Cascad' and/or a list of any other types of sesif(including non-cascading ones) and press the

buttonﬂ, after which they will be moved to the right fidlided radiation sourceq see fig. 54.7).
Click OK. [Section 4.3].

Radiation Sources X

Mono Lines

Partide: |gamma-quantum

Energy, keV:
00
Avaiiable radiation Used radiation sources:
sources
a Co-60 BM Cascad

K-40 EC Cascad Ba-133 cascad
K40 BM Cascad e |Cs-137

L>_>_| Co-57 EC Cascade
=

Mn- ascade

Co-57 EC Cascade
Co-60
Co-60 BM Cascad

Zn-65 EC Cascade

Y-88 v

i Can‘ce\ 0K
Figure 54.7
8.2.2 Set the parameters in tieasuring modewindow in the same way as described in

paragraph 8.1.2.

8.2.3 In the menu of the windo@alculation, press the butto@ or select the menu item
Operations->Start/End Measurements In the working field of the windowalculation will show
the process of calculation (see Fig. 54.3).

At the end of the calculation of each spectrunmfiepseries of specified sources, the program
will add it to the"MCC Viewer" module as separate rows. Each spectrum or alerhtwill be
drawn as shown in Figure 54.8.

m‘ MCC Viewer: demo_co_cs.hst
File Barchart Display Math Detectors Window Help

'Eicﬁlnl s« v e 26xaEH 2

5092

o 1 uX"mW‘i‘a wk"Wh Mﬂﬂﬂlﬂﬁﬂﬂ”ﬂﬂﬂﬂlﬂlﬂ\lmmm

0 Energy, keV 3000
Energy = 1500.18 keV, Counts = 2 Integral = 1.1E+005, <X> = 674.69 ke, Sigma = 460.42 ke
Name: I Created y Source t Events count I Integral 1 Detector ‘ Exposition (3] | Stand uncert % | Dose. mkGr | Comment ‘
53 1. nai_63_53_osgi b__mvi_full 06.11.2017:35 | Co-60 BM Cascad |B.871420E+005 1.071430E+005 Nal B3x63 317 50 0.018860
{©) 2 nal_63_63_osai_6__mvi_full 06.11.2017:40 | Ba133 cascad 8.971420E+005 1.394970E+005 Nal 63x63 80 5.0 0.02491
3 nai_B3 63 osgi B__mwi_full 06.11.2017:42 | Cs-137 9.999330E+005 7.367700E+004 Mal B3:63 81 5.0 0.030743
@ 4. nai_63_B3 osgi_6__mvi_full 06.11.2017:48 \ Co-57 EC Cascade ) 9.999990E+005  1,147650E+005 Mal 63s63 28 5.0 0.002751

Figure 54.8



8.2.4 The spectra obtained as a result of theopedd calculation performed are the
theoretical response of the detector. It takesbtaio spectra that simulate real spectra for argive
detection system, therefore it is necessary tooparthe blurring procedure. To do this check
the boxes for each of the spectra (as shown inr&igd.8), and then in the module windtMCC
Viewer" select the menu iterDetectors->Simulate->Analogand in the window that appears,
select the detector type from the drop-down list tren click the buttoSimulate. At the end of the
list new required spectra (see Fig. 54.9) withfaremce activity of 1 Bq will appear.

! mMCC Viewer: demo_co_cs.hst - O X
=File Barchart Display Math Detectors Window Help

DE nlnlszeo o | v EE ok 2

o™
@
1 T S R B L T L e B L T
w
T O O N ) O B
3
& .
‘ !J‘ \ V I |
I - " le}t, . MI“ l T T
o I“ II‘ \‘.I‘ 1] 11} Hh ! | ] 1 I 4
| © Energdy, keV 3000
Energy = 1500.18 ke¥, Counts =0 Integral = 1.1E+005, <X> = 663 .81 ke\/, Sigma = 445 44 ke\/
Mame | Created | Source | Events count | Integral | Detector | Exposition [s] | Stand. uncert.% | Dose, mkGr | Comment |
1. nai_B3_63_osgi_6__mvi_ful 06.11.2017:35 CoB0BM Cascad 8.871420E+005 1.071430E+005 Mal E3x63 317 50 0018860
M@} 2 nai 63 63_osgi_6__mvi_full 0611.2017:40  Ba-133 cascad 8.971420E+005 1.334970E+005 Nal 63x63 80 50 0.024311
MO) 3 nai_63_63_osgi 6__mwvi_ful 06.11.2017:42 Cs137 9.999990E+005 7.367700E+004 Mal 63:63 81 50 0.030749
@ 4. nai_B3_B3_osgi_6__mvi_full 06.11.2017:48 Co&7EC Cascade 9.993930E+005 1.147650E+005 Nal B3x63 28 5.0 0.002751
O R I LSl 07.11.202248 Co-60BM Cascad 8.871420E+005 1.062610E+005 Nal 63x63 317 50 0.018860 ANALOG..
E. nai_B3_63_osgi 6__mvi_full 20145 07.11.202248 Ba-133 cascad 8.971420E+005 1.393930E+005 Nal 63:63 80 5.0 0024311 ANALOG..
| 7. nai_B3_63_osgi B__mvi_full 20145 07.11,202248 Cs137 9.999930E+005 7.367300E+004 MNal 63:63 81 5.0 0030749  ANALOG..
8. nal_B3_63_osgl 6__mvi_full 20145 07.11.20 2248 Co57 ECCascade 9.993990E+005 1.148950E+005 Nal 63:63 28 5.0 0.002751 ANALOG...

Figure 54.9

8.2.5 In the main menu of the modul®ICC Viewer" select the itemDetectors->
Efficiency calibration, after which a new modulEfficiency calibration will appear (see Fig.
54.10).

& Effidency calibration - O X
Efficiency calibration Convetting Calbration manager
> ” X o 2 2 e |
Add Delete Clear Update = - [~
t 3 Polynomial degiee  Range, keVt Gareuts
¥ Y Calculate Clear
| = Jillifs = 50 |30 | = ‘ calibration_| | Createfie || Savetable || sion
| o 2.5 Parameler / Energy [ Nucide | Spectum [ Cae. effiiency | Stand uncettcal.. | Appr. efficency | Stand uncettapp...[ D... |
C:\Pr a W
PRI \FrogramD s a\MCC M T v05.19+4, nai 63 63_osgl_6_mvi_ful_d.asw ), >
— 75— EProramD At e M T8t T B3B3 E—mVifrit 2 S
| ¥ 6 C\ProgramData\MCC MT v05.19%6. nai_63_63_osgi_6_mvi_full 20145 B.asw
2 C:\ProgramD ata\MCL MT v05.197. nai_63_63_osgi_ 6_mvi_full 20145_7.asw
[V 8 C:\ProgramData\MCC MT v05. 1948, nai_63_63_osgi 6_mvi_full 20145_8.asw
50000
40000 ==
L, 30000
‘g: 20 000 i -
10000 l | i :
& b 11 1
2000 4000 ©000 8000 10000 12000 14000 16000
Channel. 7668 Energy. 1441
a
File name C:\Programbata\Mce |~ | [EETE T ) il -
Sample ID MCC: Co-60 BM Casc L. i, |R. limt, 1 102
Spectrum type *asw Level 3
Live time 8.8714E5 Min. area 0
Real time 8.8714E5 Background b:@<\ O~ | |&
§
CoMfrnent Type search Search a1 g
Sh v *
Weight | Unit 1 q I .
volume | Unit 1 ml SeooL gL L
DRt 1 Polynomial degre: 5
6 e Tteration 0
eometry | e = Energy

Figure 54.10
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8.2.6 Because the first four spectra in the tabéenot blurred spectra (Fig. 54.10, block 1),

they should not participate in further calculatiamsl can be deleted using the bui Delete |

8.2.7 Further, for each blurred spectrum that paliticipate in the creation of the efficiency
curve it is necessary to load the library file @ning the energy lines that the program should use
to construct the curve. The procedure for credtwegibrary files is described in section 6.6.

For this example the library file looks as showrFigure 54.10a, block 1.

,0' Radionuclides library editor X
- | Ne E M B X S - | e E MNE B X
Nuclide ] Halife time: ]ﬂuan(u‘.] Emor iDaughla]A\ Nuclide | Haltfetime | Quantumyield | Ewor | Dau@\l
[+][¥ K-40 4.03148448E16 [=][¥ Co-50BM Cascad 166415040
[+][¥ Cof0 166415040 [V 1173237 93,97 01
[+][¥ CoG0BM Cas.. 166415040 [V 133250 99.99 0.1
[+][¥ Cs137 349501440 [-]¥ Ba133cascad  332610000.8832
[+][¢ Mn54 26967163 [v 276.33939 7.32 1
[+][¥ Ra228 50512032000 [v' 30285001 18.71 1
[+][¥ Th232 443558532617 ] [v 356.010M £2.58 1
[+[¥ Eu152 420653824 6464 { "‘ [¥ 38385001 8.69 1
[+][¥ EuwlS2Gall 420653824 6464 — | | B 7 e 343501 440
[+][¥ Am-241 13638903767.3453 ‘ - ‘ [v 661.65 25.21 01
¥ Ba133 332610000.8332 L—|[E]¥ CoS7ECCascade 23480328
[¥ 276.39399 7.32 i ¥ 1441 954 1
[¥ 30285001 18.71 [ [V 122063 8559 1
[v 3s6010m 6258 1 [¥ 136478 1061 1
[v 383.850M 889 1
[+][¥ S0kev 10000000000 \ /
[+][¥ 100keY 10000000000
[+][¥ 150kev 10000000000
[+][¥ 200kev 10000000000
[+1[¥ 200kev 10000000000
[+][¥ 400keY 10000000000 j
Sort Parameters Sort Parameters
(*) Byenergy Tz | sec - (=) By eneigy Ty sec -
© Quantum yield O Quantum yield

Figure 54.10a

To indicate the spectra of its library file itnecessary to sequentially select each spectrum
(Fig. 54.11, block 1), and load it into the fidldbrary (Fig. 54.11, block 2) using the standard file

selection dialog which is invoked by pressing thédn ™.
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)’ Efficiency calibration

ArTograml ata’ v nai [ [

. A5W

El-ficienr.y cal?bration Converting
* - x o e B
Add Delete Clear Update . <~y I""Z"'"
L 2
N | Spectium |
v 1 C:\ProgramData\MCC MT v05.19\5. nai_B3_63_osgl 6__mwvi_full 20145_5.asw

[ [C\ProgramData\MCC MT v05.19V7, nai_63_63_osgi 6_rwi_full 20145 7.asw
vV a C:A\ProgramD ata\MCC MT +05.19\8, nai_B3_63_osgi_&__mvi_full 20145_8.asw
8000 LO0
70004
6000
5000
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S 4000
5
3000
2000+ lJ -----------------------------------------------------
; :
1000 w ‘ 1 4 l
- !'l : I
0 - - - -
2000 4000 6000 8000 10 000 12 000 14 000 16 000
Channel: 15514 Energy: 2841
a)
W File name C:\ProgramData\MC ~ P i ~
Sample ID MCC: Co-60 BM Cas L. limit, + R. limit, 1 1024
Spectrum type *.asw Level 3
Live time 8.8714E5 Min. area 0
Real time 8.8714E5 Background base [OFAN O‘[\,&
Comment Type search Search and identification
Weigh| Unit 1 q F I SHOWE ¥
Volum| Unit 1 mi EE— ¥
Distance; mm: 1 __ Polynomial degree 5 )
;| Iteration 0
Geometry . =
Material —
: IT\DEN‘IO\IiD_fDr_mcc.biD{
Calibration e
Eff. fie
Zone file e
ource da
Background el v

Figure 54.11

After selecting the library file it takes necedggoress the butto & for saving the spectrum

(Fig. 54.11, block 3).

8.2.8 After the library files are specified forchaspectrum, then the energy range for plotting

the efficiency curve and the degree of the polyr@dbififom 1 to 6) des
indicated (see block 1, Fig. 54.5). Then it shouiéss the butto

cribi
Calculate
calibration

ng the required curve are

, after that the desired

dependence will be built (see Fig. 54.12, blocknlhe form of a graph (see Fig. 54.12, block 1),
and the results will be displayed in the table abibv
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A Efficiency calibration

Efficiency calibration

o= | X | o B
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N Speciium |
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Parameter / Energy Nucide | Spectum | Calc sfficiency | Stand uncett.cal.. | Appr. efficiency | Standuncertapp... | Dev. %
[BCA =1, 01 =if=ii-
v 12208 Co57 ECCas.. 8 nai_63 63 osgl € mvi_ful 20145, 005323 273 008027 278 17
v 1342 Co57 EC Cas... 8. nai_6363_osgi 6_mvi fll 20145, 0.05345 297 005757 293 22
[V 2764 Ba133 cascad 6. nai_63_63_osgi 6__mvi_ful 20145, 003534 33 003973 318 1
v 30285 Ba133 cascad B. nai_63_63 osgi_6__mvi_ful 20145 003773 297 003758 314 055
v 35601 Ba133 cascad 6. na_63_63_osgi 6__mvi_full 20145 003433 273 003382 304 15
[V 38385 Ba-133 cascad B. nai_63_63_osgi_6_mvi_full 20145, 003543 328 003213 299 93
[V 6168 Co137 7,163 63 osgi 6_mvi_ful 20145, 002062 261 002143 263 39
¥ 11732 Co60BM Cas.. 5. nal_63 63 osgl_6_mvi_ful 20145 001331 267 00322 262 07
¥ 13325 Co-B0BM Cas... 5 nai_63_63_osgi_ 6_mvi_full 20145 00118 269 001173 272 0088
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Figure 54.12 B
Block 1

8.2.9 The results obtained in the form of an adficy file and a project file should be saved

in the same way as described in paragraphs 8.1.8.4rv.

8.2.10 It should be noted that the creation ofetfieiency curve according to paragraphs 8.1
and 8.2 can be carried out together. It is onlydrtgmt that if the spectrum contains only one
artificial line (a source with a monoline and aelgl probability of 100%), then there is no need to
blur the spectrum and the library file is not reqdi and vice versa, if the spectrum contains séver

real energy lines, then it takes an additional tierspectrum and specify the library file for it.

For joint processing and plotting the efficienaye according to clauses 8.1 and 8.2, all
calculated spectra must be loaded into the spéghla (see Fig. 54.12, block 2), after that it is

Calculate
calibration

necessary to press the but‘

and the desired dependence will be obtained.



