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Overview
What SYNTH 7 is and does

A Gamma-Ray Spectroscopy Interface to a very simple deterministic
physics engine designed to quickly model gamma-ray measurements

Uses simplified models and physics (e.g. “transport” is e, no
scattering, no buildup, etc) Because the emphasis is on spectroscopy
the focus is on peak energies, intensities, and shapes. Details of the
continuum are secondary

Organizes the problem into five logical steps

Because the process is deterministic (hard coded algorithms), as
opposed to stochastic (Monte Carlo methods), the spectrum is
generated in minutes and is independent of “count time”

Produces a spectrum that can be viewed and saved in a number of
different spectral data formats



An Over Simplified
Gamma-Ray Measurement

Optional Absorber(s)
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Detector HMCA

Computer
Calibration source, The computer is used to set up
Sample, etc all of the uPMCA parameters

(energy calibration, count time,
etc) and control the acquisition




Five Easy Pleces

(With apologies to Richard Feynman)

Sample Geometry and Bulk Composition
Source Term (%4*Am, $3’Cs, %°Co, etc)
Absorbers (composition, thickness)
Detector (type, size, resolution, etc)

Counting Parameters (energy calibration,
etc)

=> Generated Gamma-Ray Spectrum



Sample Properties

e Point
— Location (Distance from detector face)

e Disk
— Location (Distance from detector face)
— Composition
 Mass
e Size
* Density



Sample Geometry and Composition

r]:[ Sample Properties =t |_-3?-J1

File Sarnple Geometry Auto Calculate

Sample Dimensions Self Attenuation

Diameter (cm) Thickness (cm) Mass (gm) < P S B S ) O I 5 [ o
5 1 ¥i1.56
Source to Detector Distance Density

25 lem | 3.95

Bulk Matre: (Composition)

Abundance (wiSe) Element

48

I Ciygen -
| Add 52% Aluminum

48% Oxygen
| Remove

10 100 1000 10040
Energy (keV)
| Clear

| Update ] [Lugﬂ.in | [ Return ]




Source Term

-
dﬁ Source Terms

=] e |

File - Options
Element lsotope Quantity Decay Time
0 4 00e+03 dis 1 -
|I"u'1er+t:|.1r!,.r - 203 | | Bq (dis) ~ Y
4 Ll ¢ Min = 177 Max = 210 [ Daughters
1.00E+03d 900232 True 10y 232 Thorium
Add to List 3.TOE+04ad 270057 False 11-"' 57 Cobalt
3.TOE+04ad 950241 False 1y 241 Americium
3.00E+05d 270080 Fals=e iy &0 Cobalt
_ 1.50E+05d 550137 False 1w 137 Cesium
Remove from List 1.50E+06d 480108 False 1y 108 Cadmium
1.20E+05d 350088 False iy 88 Yttrium
5 .00E+04d 580132 False iy 139 Cerium
4. 00E+04d 500113 False iy 112 Tim
4. 00E+03d 800203 False 1y 203 Mercury
‘ Procesz ‘
Library =  DAC# Projects\Datalibraries\Mew _TORFSSc.db

‘ Return
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brary Server

-
% Library Server
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File Edit Options

Searching for nuclides in file: D:\C# Projects‘DataLibraries\New TORI-9S8c.db -

Nuclide RBctivity (Bg) Ti/2 (=) ibhl Brl iDh2 Br2

Th-232 1.00000E4+03 4. 434F+317 o228 1.000E4+00 6860000 1.B800E-11

Ra-228 T.00363E+02 1.815E+08 Boo228 1.000E4+00 5

Leo-228 T.00326E+02 2. 214F+04 Sop228 1.000E4+00 =

Th-228 5.64383E+02 &.033E+07 BBO224 1.000E4+00

Ra-224 5.636T0OE+02 3.162E4+05 BeD220 1.000E4+00

En-220 5.636T0OE+02 S5.560E+01 B4021& 1.000E4+00

Po-21& 5.636T0OE+02 1.450E-01 B20212 1.000E4+00

Pb-212 5.63583E+02 3.B30E+D4 B3p212 1.000E+00 —

Bi—-212 5.635T75E+02 3.633E+03 B4p212 &6.406E-01 810208 R ] W e

Po-212 3.61026E+02 2.8990E-07 B20208 1.000E+00

T1-208 2.02548E+02 1.832E+02 B20208 1.000E+00

Co-=57 3.T0000E+D4

Bm—2471 3.T0000E+D4

Co-60 3.00000E+05

Cs-137 1.50000E+05

Cd-10%8 1.50000E+06

Y—-88 1.20000E+05

Ce-139 S5.00000E+D4

Smn-113 4 . 00000E+D4

Hg—-203 4 00000E+O3 o
| — —d




Gamma-Ray Data Libraries

 Enhanced TORI-99 (based on the LBL
Table of Radioactive Isotopes compilation
revised to 1999)

« PCNuDat (based on the NNDC
compilation revised to 2004)

o User Supplied (It's an open format that
can implemented as a Microsoft Access or
SQLIite database



Absorber Geometry

e Disk
— Composition
— Thickness

| said the model was simple!
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Absorbers

-
i Absorbers

File
Absorber
IMaterial Thickness [cm)
lhluminum - 2

L2 cm, Aluminum

Add

Clear |

Transmission

100

- '1':1-:1:1
Energy (kel)

10000

|Hf:turr1|
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Detectors

e Built-in High Purity Ge (Coaxial and Planar)

e Loadable Detector definitions (pseudo XML)
Nal, CZT, BGO, Csl, LaX;, PVT, Other

* Detector definitions can be generated with
MCNP, and / or from experimental data
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<Efficiency @ 25cm>

40, 4.53E-03
50, 4.78E-03
60, 5.01E-03
70, 5.12E-03
80, 5.22E-03
90, 5.28E-03
100, 5.30E-03
120, 5.30E-03
150, 5.24E-03
200, 5.02E-03
300, 4.32E-03
400, 3.61E-03
500, 3.06E-03
600, 2.61E-03
800, 2.05E-03
1000, 1.70E-03
1500, 1.22E-03
2000, 9.50E-04
3000, 6.71E-04
4000, 5.12E-04
5000, 4.20E-04
6000, 3.49E-04
8000, 2.63E-04

10000, 2.09E-04
</Efficiency @ 25cm>

<Peak-to-Total>
-5.129502308
2.381025409
-0.325915678
0.010552866
</Peak-to-Total>

<Single-Escape-Peak>
-7.2

9.14

-3.965

0.634
</Single-Escape-Peak>

<Double-Escape-Peak>
-7.88

8.78

-3.78

0.6

</Double-Escape-Peak>

<FWHM>
8.478
0.0
7.0
0.65
</FWHM>

<diameter_cm>
7.62
</diameter_cm>

<length_cm>
7.62
</length_cm>

<relative_efficiency>

100
</relative_efficiency>
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Detector Definition Equations

 Peak/ Total = Exp( A, + A,Ln(E/1000)
+ A,Ln(E/1000)? + A,Ln(E/1000) )

« SE / Peak = Exp( A, + A,Ln(E/1000)
+ A,Ln(E/1000)? + A,Ln(E/1000)3 )

« DE / Peak = Exp( A, + A,Ln(E/1000)
+ A,Ln(E/1000)? + A,Ln(E/1000) )
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Detector Definition Sample

e

ol Detctor Calibration MCTAL Parser

| = | B i)

File

Efficiency

8.1 ¢

0.001 F

0.0001 |

Efficiency

Total

Full Eneigy Peak
Singla Ezcape Pesk
Double Ezcepe Pesk
Pesgk / Total
Rin-.]L'hF;nnnn Ratin
Diouble Escape Haiin

Peak  Total Fit

Single Escape Ratio Fit
Double Escape Ratio Fit

Energy (Me\)




Detectors

A number of adjustable parameters in addition to
the crystal dimensions and resolution

e Standard EndCap materials
— Beryllium
— Carbon Fiber
— Magnesium
— Aluminum
— Stainless Steel
— Copper
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Detector Parameters

r© 5
-% Detector Parameters => Ge-Coax | =0 |-Eh]
File  Detector Material FWHM
Detector Characteristics Ge-Coax @ 25 cm
End Cap i3 iR B T e S
Thickness = 0.3 mm
Material = Iﬁduminum
i o R
Spacing = ] mim ]
Rezolution = ®
L] L }
1.9 kel @ 1332 keV E 0ot e e E
[ 2
SENsor ' E
Diameter= 6 90 ik 0001 — 0.001
Length= {20 cm
Width = cm
Depth = Cm G-0001 | ~ 0.0001
. ol i MR E | s I
Efficiency  50.00 L 100 1000 10000
Energy (keV
Dead Layer= 0.70 mrm AkEN)
Retum |
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Tool to make life a bit easier

« FWHM coefficient calculator to fit the
Full Width at Half Maximum function
FWHM = k( a + b(E / 1000)¢)
to experimental data
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FWHM Coefflc:lent Calculator

Calculate PWHM Coefﬁuenis me file: Nal. cal

File

Energy (keV') E Energy - FWHM Pairs

BluE, Iandd

| 250 | .
Delete 1 [
FWHM I:k&"l.l"} | 113.|:|,- J.-5.2'E
159.0, 18.29 i
208.0, 22.67 B ]
Function Coefficients 279.0, 28.23 =
320.0, 31.65 e
ko |1a7784 411.0, :37.85 = [
i = e 478.0, 41 20 = I
661.0, 50.90 SOt
b [s428125 835.0, G0.62
SRR 106T7.0, T0O.00 50 [
o 0.71937 L
1114.0, T0.07
Select Default P t i e G ! ! L |
e efault Parameters i
1550.0, 100.83 1000 2000 3000 4000
x 4438.0, 18%9.485 Energy (keV)
Details
———————————————————————— FWHM Calibration ——————————————————————— -
|
Calibration Peaks POLYNOMIAT. E{a + b(E/S1000)~c) |=|
Energy FWHM Fit Dew Fit Dew =
81.00 13.110 16.374 3.2630 13.121 0.021
113.00 15.260 i1g8.14980 2.89380 15.967 0. 707
159.00 18.290 20.808 2.5181 19.675 1.385
208.00 22.6T0 23.569 0.898 23.305 0.635 -
Cancel l | Return l ﬂ
— — _ -
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Counting Parameters

F N
! Counting Parameters ﬁ

Eile

Energy Calibration

Zero= | (keV)
Gain= 075 (ke Jch)
Quad= ¢ (keV [/ ch*2)

[ Nal Irtrinsic Non-Linearity

ADC

Channels = |apgs -

Live Time = 1000 Sec.
Full Scale Enengy

3072 (keV) Return




View the Generated Spectrum

i r\. Spectrum:

lcuiIEII.-?:HJi

File  Plot Options
Scale: [Spi_'m’_—]._ng ] [ Linear |

Girid: [NOJ';IE.] | Coarse | | Fine | Drag: [Hl.bbecEandmeJ [ Vertical and Honzontal l

Energy (keV)

500 1000 1500 20040 2500
le+05 | [ ! ! ! I ; ; ; : [ : ! ! ; [ ; ; ! ! | ! ! ; ; [ —
10000 ¢ -

1000 | -
2 i E
E C ]
o 100 E T
L E 3
10 E
1F]
. l . l . l . l . l . l . l . l
2000 4000 6000 B000 100040 12000 14000 16000
Channel
Options [] Background
[none]
= Stat. [ Reference
----- MNoize
[none]

| Return
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Add Statistical Noise to the
Generated Spectrum

My, Spectrum:

= E] I-f&--l.;

File

500 1000 1500 2000 2500
1e+05 I I I : ; I 5 5 H H I
10000
e |
1000
]
5
2 100
(&)
10
1
. l . l l l . l
2000 4000 6000 8000 10000 12000 14000 16000
Channel
Dptions [7| Background
[none]
= Stat. [ Reference
= Noize
[none]

Plot Options

Scale: [Sgenﬂ_—Lng ] | Unear|

Girid: [NOJ';IE.] | Coarse | | Fine |

Energy (keV)

Drag: [ Rubber EE_i_ndmeJ [ Vertical and Honzontal |

| Return
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Compare the Generated Spectrum
to a Measured Spectrum

= E] I-zs-'l.;

My, Spectrum:
File  Plot Options
Scale: [Sﬁnﬂ-]._ng ] | Linear | Girid: [NOJ';IE.] | Coarse | | Fine | Drag: [Hubba’EandmeJ [ Vertical and Honzontal |

Energy (keV)
500 1000 1500 20040 2500
le=05 SR = | = B S B | B O R R G
10000
1000 les
]
5
3 100
0
10
1
. l L l . l L l . l L
2000 4000 6000 B000 100040 12000 14000 16000
Channel
Options [] Background
[none]
7l Stat. [¥] Reference
= MNoize
DACH Projects\SYNTH.METSY NTH NET\Bin\DebugiProjects\GvDemo2.Chn
| Return
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Compare the Generated Spectrum
to a Measured Spectrum

My Spectrum: l =l |ﬁ]
File Plot Options '
Scale: [ng'_-Lng ] | Linear | Grid: [Mur_je.] | Coarse | | Fine | Drag: [Hubbg’ﬂqndZﬂpmJ [ Vertical and Horzantal |

Energy (keV)
1150 1200 1250 1300 1350 1400
> s E " OEIOwE OE B0 OR OEHF OEONO®E EBEZ R ONIZE OEE ¥ OIS
10000 -
= 3
'E -
=3
5 1000 Bt s s E
100 |- MMWMM
1 | 1 | 1 I 1 | 1 I 1 | 1 | 1 | 1 | :
7000 7200 7400 7600 7800 8000 2200 B400 2600
Channel
Options [| Background
[none]
) Stat [¥] Reference
~— Moise
DACH Projects\SYNTH.MNETSY NTH NET\bin\DebugiProjects\Gvlemoz.Chn
" | Return
L o
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Save the Generated Spectrum
to a Flle

A, Spectrum: E@.&J
File | Plot Opticns
Save Spectrum Ctrl+5 ; [Nune ] I Coarse ] I Fine | Drag: [ Rubber Band Zoom ] I Verical and Horzontal ]
Exit Form Energy (keV)
150 1200 1250 1300 1350 1400
I A T TR T (R P A T D T2 PR B R TR SR (R TR T O
10000 |- —
= ]
"E .
=
S 1000 Brermcrmasesninar =
100 |- MMWMM
1 I 1 | 1 | 1 | 1 | 1 | 1 | 1 I 1 | ;
7000 7200 7400 7600 7200 B000 8200 5400 8500
Channel
Options [] Background
[none]
7l ﬁtf}t- [¥] Reference
----- nise
D:ACH Projects\SY NTH . NETVSY NTH.NETbin\Debug\Projects\GvlemoZ. Chn
| | Return
|5 A
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Break / Questions
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Practical

Source
— Point, Volume

Source Term
— No decay, Decay

Absorbers

Detectors
— Ge, Nal, ...

E
S

ectronics

pectrum Options...
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