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1.   Introduction

________________________________________

SOLCOI is a software program that helps the neutron activation analyst and the gamma-ray spectrometrist in determining efficiencies and coincidence correction factors. SOLCOI calculates effective solid angles and coincidence correction factors. The efficiency computation method involves extensive calculations resulting in effective solid angles which are stored in data files. 

The SOLCOI user is expected to be familiar with the efficiency computation technique of the INW1. For a practical guideline in applying the efficiency computation method see the 'VADEMECUM FOR K0 USERS' by De Corte and Simonits 2.

In this manual information is given about the use and options of SOLCOI.

The installation and the general use of SOLCOI are explained in Chapter 2, Installation and User Interface. If KAYZERO has already been installed on your computer you can skip this chapter. 

All steps needed for the calculation of effective solid angles and coincidence correction factors are given in Chapter 3. 

In Chapter 4 the curve fitting of the reference detection efficiency εp and the peak-to-total (PTT) ratios is demonstrated and in Chapter 5 the fine-tuning of two detector dimensions is presented. 

For extra help users can consult the Appendix, where detailed information is given on all algorithms and data file formats, or use the on-line help function in the program.

The majority of improvements in version 5 can be found in the algorithms for the calculation of coincidence correction factors. New is the option for the separate calculation of  coincidence correction factors. You can now also give a wildcard for the calculation of all or specific sources. 

2.
Installation and User Interface

________________________________________

2.1
Installation 

KAYZERO and SOLCOI can be installed on a Personal Computer running under DOS or Windows and with a parallel port needed for the copy protection key. The program will probably not find the protection key on Windows XP and Windows NT.

The software is installed by copying the KAY_V5 directory from the CD, by dragging this directory using the Explorer, to a directory you can freely choose.

Subdirectories should/will be created for the library, efficiency and example data. Before running the software you should connect the hardware key to the parallel port. Make sure to turn off the computer and printer before connecting the key. Never handle the key in the presence of electrostatic discharges and avoid touching the pins.

Run the KAYZERO and SOLCOI software from the DOS-prompt in the previously specified program directory by typing:



KAYZERO or SOLCOI    <Enter>

or, after creating a shortcut and modifying the properties, by using Windows.

2.2
User Interface
SOLCOI was built using standard procedures. In this chapter the menu screens, the topic-related on-line help, the input screens, the main function keys and the print system are explained.

2.2.1  MENU Screens
Each menu has a title and submenus are numbered starting from the 

M A I N  M E N U  (see Figure 2.1).

A submenu or a menu option can be chosen by i) moving the cursor to the desired option with the aid of the arrow keys on your keyboard and pressing <Enter>, ii) typing the numbers in front of the option name or iii) typing the initial letters (the first unique combination).

When you use the <(>, <(> keys, the option to be chosen is highlighted. To go back to a higher-level menu, press the <Esc>-key or choose Option 0 (Quit menu). To leave the program press <Esc> several times or choose Option 0  (Quit program) in the M A I N  M E N U. 

════════════════════════════════════════════════════════════════════════════════

SOLCOI                                                          DSM Research BV 

Version 5                                                                       

13/11/2001         M A I N    M E N U                                  13:56:29 

                   0. Quit program                                              

                   1. Process      Data                                         

                   2. ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑                                         

                   3. Print        Data                                         

                   4. Show         Data List                                    

                   5. ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑                                     

                   6. Efficiency & PTT Fit                                      

                   7. Fine tuning                                               

                   8. ‑‑‑‑‑‑‑‑‑‑‑                                               

                   9. System                                                    

════════════════════════════════════════════════════════════════════════════════
Figure 2.1: Main Menu of SOLCOI

2.2.2  INPUT Screens
Almost all submenus and options result in a screen where input has to be given. This will often be a Make a change? y/n (n):-input screen (see Figure 2.2).   

On an input screen some text and the actual value or contents of parameters are displayed. The value or contents can be changed after pressing <y> at the Make a change? y/n (n) : prompt.

════════════════════════════════════════════════════════════════════════════════

SET THE COMPUTER'S DATE AND TIME                                                      

Date  : 31/05/1993                                                              

Time  : 19:17:17                                                                

Make a change? y/n (n) :                                                        

════════════════════════════════════════════════════════════════════════════════

Figure 2.2: Standard Make a change? y/n (n): prompt on an input screen.

The first parameter to be edited will then be highlighted. In the case of input screens which are not of the Make a change? y/n (n) : type the cursor is always waiting at the first parameter input field.

The input field can be changed by pressing <Enter> (accepting the value), <Esc> (rejecting the given value and replacing it with the old value) and the <(>, <(>, <PgDn>, <PgUp>, <Home>, <End> keys. The parameter value can be changed using <Del>, <Ins> etc..

In some cases where several input screens which are not of the Make a change? y/n (n) : type follow one another in succession, <PgDn> and <PgUp> can be used to change these screens.

2.2.3  ON-LINE context-sensitive Help function <F1>
The on-line context-sensitive help function can be used in almost all situations. It will give you a help screen as demonstrated in figure 2.3. To obtain information on a particular option in a menu screen or an input screen, type the number of the option in that screen. The help file is in fact the text file of this manual. 

════════════════════════════════════════════════════════════════════════════════

SOLCOI Help Facility                                            

Contents:                                                                       

1.   Introduction

2.   Installation and user interface

3.   Effective Solid Angle and Coincidence Correction Factor Calculation


4.   Fine tuning




5.   Reference efficiency and Peak-to-total Ratio Curve Fitting
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Appendix:

1. System defaults

2. File locations and explanation of program, system and data files

3. Data file formats

4. Efficiency computation

5. Mass attenuation coefficients

6. Matrix interpolation

Use <PgDn>,<PgUp>,<Home>,<End>,<^>,<v>, <F>(ind Topic), <G>(oto Page #)or <Esc>
════════════════════════════════════════════════════════════════════════════════

Figure 2.3: SOLCOI on-line context-sensitive help feature based on the option numbers. If no option was found the utility will show the contents of the help file.

If the screen does not display the right information, more information can be found by scanning the help file using the <(>, <(>, <PgDn>, <PgUp> keys or by jumping to the beginning or the end of the help text file using <Home> and <End>. If you want more specific information on a topic, you can search for a word or a string using <F> (Find topic) or move to a particular page number by pressing <G> (Goto page). After an initial successful search you can repeat the search command. To quit the help facility press <Esc>.

2.2.4  Special Function Keys

Special function keys on a menu screen

On all menu screens the following function keys can be used:

<F1> 


: for on-line context-sensitive help,

<CTRL>+<F9>
: set date and time (see Figure 2.3)

<ALT>+<F10> 
: for screen colours (see Appendix 1A)

<CTRL>+<F10> 
: for printer defaults (see Appendix 1B) 

Special function keys on a input screen

In most cases it is possible to use the following function keys:

<F1>
: for on-line context-sensitive help

<F2> 
: for more information about the value of the selected parameter

<F3> 
: for an input list. This list gives possible values for a parameter. You


  can select an item by moving the cursor to it with the aid of the arrow


  keys and pressing <Enter> 

<F4>
: for other useful options.

2.2.5 Printing/plotting
Output can be sent to screen, printer or disk. Before printing a text or plotting a graph the program will show a screen like figure 2.4. Using function key <F6> the destination of the output can be selected. To confirm the choice press <Enter>. 

════════════════════════════════════════════════════════════════════════════════

PRINT SOLANG RESULT DATA file                                       Option: 32  

Filename  : DSM4                                                                

Make a change? y/n (n) :                                                        

                   ╔═════════CHOOSE OUTPUT DESTINATION═════════╗
                   ║ Use <F6> to change the output destination,║
                   ║ or use <F7> to change the printer port    ║
                   ║ and press <ENTER> to confirm choice.      ║
                   ║                                           ║
                   ║ PRINT on monitor                          ║
                   ╚═══════════════════════════════════════════╝
════════════════════════════════════════════════════════════════════════════════

Figure 2.4: Printing screen. Possible destinations: monitor, printer/plotter and disk. 

If you  PRINT to printer   or  PLOT to printer, you can select the printer port by using <F7>. 

After selecting  PRINT to file you must enter a filename. 

When printing to the monitor you can use <PgUp>, <PgDn>, <Home> and <End>. The screen is being filled while the computer is calculating new data, which means you may need to press <End> more than once to go to the actual end of the print. 

3.
Effective Solid Angle and Coincidence Correction Factor Calculation

________________________________________

3.1
Preparations

Before effective solid angles and coincidence correction factors can be calculated the reference detection efficiency εp and the peak-to-total (PTT) ratios have to be measured accurately. The reference efficiency has to be measured with calibrated point sources at the reference position at a minimum distance of 15 cm from the detector in order to avoid true coincidence effects. The PTT ratios have to be measured for every position using point sources. It is essential that all the efficiency calibration sources have the same 'calibration' geometry. If this is not the case, the efficiencies measured using the different geometries have to be converted using calculated effective solid angles.

This program can fit the detector calibration measurement data (log εp or log PTT vs log Eγ) and store the fit data in standard files for the fitted reference efficiency and the PTT ratios (Chapter 4). For file locations see Appendix 2 and for file formats Appendix 3. The data directory of SOLCOI can be checked/changed with Option 51, System/Change Directory. Make sure this directory is the same as the efficiency data directory of KAYZERO or any other program that uses the data. Before starting the calculations explained in this chapter two dimensions of the detector have to be determined using measurements and a fine-tuning procedure, see Chapter 5.

════════════════════════════════════════════════════════════════════════════════

SOLCOI                                                          DSM Research BV 

Version 5                                                                       

13/11/2001         M A I N    M E N U                                  13:56:29 

                   0. Quit program                                              

                   1. Process      Data                                         

                   2. ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑                                         

                   3. Print        Data                                         

                   4. Show         Data List                                    

                   5. ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑                                     

                   6. Efficiency & PTT Fit                                      

                   7. Fine tuning                                               

                   8. ‑‑‑‑‑‑‑‑‑‑‑                                               

                   9. System                                                    

════════════════════════════════════════════════════════════════════════════════

Figure 3.1: Main Menu of SOLCOI

3.2
Data input and calculations

Data input and calculation options are grouped in the Process Data Option; this is Option 1 of the Main Menu (see Figure 3.1). 

You can compute the detection efficiency for a source using the reference efficiency curve and the effective solid angles for the calibration source geometry at the reference position and for the source (see Appendix 4).

After entering the detector/source-holder data (Option 11; Main Menu Option 1, Process Data Menu Option 1) and the reference source geometry data (Option 12) you can calculate the reference effective solid angle data using Option 15 (see Figure 3.2). 

For computing all the other effective solid angles you have to use Option 17.

════════════════════════════════════════════════════════════════════════════════

SOLCOI (Option: 1)                                              DSM Research BV 

Version 5                                                                       

13/11/2001         P R O C E S S   D A T A                             13:56:32 

                   0. Quit menu                                                 

                   1. Input detector data                                       

                   2. Input source   data                                       

                   3. Material       data                                       

                   4. ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑                           

                   5. Calculate reference solang data                           

                   6. ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑                           

                   7. Calculate solang/coincidence data                                            8. Calculate coincidence data                         

════════════════════════════════════════════════════════════════════════════════

Figure 3.2: The Process Data menu.

The coincidence correction factors are calculated using the full-energy peak efficiency εp; the total efficiency (=εp / PTT) is calculated according to [3].

3.3
Data input for a detector/source-holder combination (Option 11).

Using Option 11 (see Figure 3.2) you can enter all relevant detector and source-holder data. You can select detector data by using function key <F3>(see Figure 3.3) or by typing the name of the detector (max. 4 characters). 

════════════════════════════════════════════════════════════════════════════════

SOLANG/COINCIDENCE DETECTOR DATA                                    Option: 11  

Detector : DSM2                                                                 

Make a change? y/n (n) :                                                        

           ╔═════════════════════════DETECTOR═════════════════════════╗         

           ║DEMO : demonstration data                                 ║         

           ║DSM2 : PG&T 42.7%                                         ║         

           ╚══════════════════════════════════════════════════════════╝         

════════════════════════════════════════════════════════════════════════════════

Figure 3.3: Detector data input, choosing a detector by pressing function key <F3>.
When you choose a new detector name the program will show a screen like the one in Figure 3.4. If you press <R> all detector data will be reset and if you press <L> the data of the detector last used (since the start of the program) will be used. Pressing <Esc> will cancel Option 11.

════════════════════════════════════════════════════════════════════════════════

SOLANG/COINCIDENCE DETECTOR DATA                                    Option: 11  

Detector : DSM5                                                                 

DATA NOT FOUND : RESET OR TAKE LAST DATA (r/l) :                                

════════════════════════════════════════════════════════════════════════════════

Figure 3.4: Selecting a new detector. 

You can then enter the detector geometry, detector material and the source holder geometry (see figure 3.5) using the screens given in figures 3.6 and 3.7. All units are SI units. 
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Figure 3.5: Detector and source holder dimensions. Cavity/Inert core: the single open-ended detector (type 1) has a core and the hyperpure detector (type 3) has a cavity with a contact layer. The distances marked with [6*] have to be added. 

════════════════════════════════════════════════════════════════════════════════

SOLANG/COINCIDENCE DETECTOR PARAMETERS   (SI‑units !; mm, kg/m3)    Option: 11  

Comment...........: PG&T 42.7%                                                  

User..............: Robbert van Sluijs                                          

Last modification : 29/09/2001 17:40:27                                         

Detector type.....: 3 (0:purely cylind. e.g. NaI‑TL; 1/2:single/double open     

                     ended coaxial; 3:hyper pure with coaxial cavity.)          

Crystal material..: Germanium              Density.........:    5350.00         

(1)Crystal radius....:           30.8100   (2)Height..........:    62.0600     

(3)Cavity/core radius:            4.0000   (4)Height..........:    40.0000     

Contact layer mat.: ‑                      (5)Thickness.......:     0.0000     

Density...........:     0.0000             (only for type 3 detectors)          

Pulse Shaping [us]:       4.00                                                  

ABSORBERS            material          density     thickness                    

Source support..: PMMA                     1180.00        2.3000   (6)          

Detector can....: Copper                   8920.00        0.5000   (7)          

Top dead layer..: Germanium                5350.00        0.7600   (8)          

Other...........: Delrin                   1410.00        1.0000   (9)          

Number of energ.: 17   Number of pos.:  5  (1 ‑ 10 positions)                   

Make a change? y/n (n) :                                                        

════════════════════════════════════════════════════════════════════════════════

Figure 3.6: Detector parameter input screen 1; the numbers between brackets relate to the distances in figure 3.5. 

════════════════════════════════════════════════════════════════════════════════

ENERGIES AND SOURCE HOLDER POSITIONS                                Option: 11  

Energy (keV):                                                                   

    40.0    50.0    60.0    80.0   100.0   150.0   200.0   300.0   400.0   500.0

   600.0   800.0  1000.0  1500.0  2000.0  3000.0  3500.0                        

Position  :                                                                     

       1       2       3       4       5                                        

Distance A:                                                                     

    0.00   51.50  142.25  259.00  349.00                                        

A  : Is always zero for position 1 !                                            

Air layer between can and top of source platform :       2.80    (A2)           

Vacuum gap                                       :       5.28    (A1)           

The unit for distance is mm.                                                    

Make a change? y/n (n) :                                                        

════════════════════════════════════════════════════════════════════════════════

Figure 3.7: Detector parameter input screen 2; source holder distances and energies.
════════════════════════════════════════════════════════════════════════════════

SOLA╔════MASS ABSORPTION DATA INPUT════╗ (SI‑units !; mm, kg/m3)    Option: 11  

    ║ Pick a material from this list or║                                        

Comm║ give chemical formula e.g. #H2O. ║                                        

User║  Chem. form: enter # and use F3. ║                                        

Last╚══════════════════════════════════╝                   MATERIALS+ELEMENTS╗  

                                                           ║DMF              ║  

Detector type.....: 3 (0:purely cylind. e.g. NaI‑TL; 1/2:si║Delrin           ║  

                     ended coaxial; 3:hyper pure with coaxi║Dysprosium       ║  

Crystal material..: Germanium              Density.........║Erbium           ║  

Crystal radius....:              30.8100   Height..........║Europium         ║  

Cavity/core radius:               4.0000   Height..........║Fluorine         ║  

Contact layer mat.: ‑                      Thickness.......║Gadolinium       ║  

Density...........:     0.0000             (only for type 3║Gallium          ║  

Pulse Shaping [us]:       4.00                             ║Germanium        ║  

                                                           ║Gold             ║  

ABSORBERS            material          density     thicknes║Hafnium          ║  

Source support..: PMMA                     1180.00        2║Holmium          ║  

Detector can....: Copper                   8920.00        0║Hydrogen         ║  

Top dead layer..: Germanium                5350.00        0║Indium           ║  

Other...........: Delrin                   1410.00        1║Iodine           ║  

                                                           ╚═════════════════╝  

Number of energ.: 17   Number of pos.:  5  (1 ‑ 10 positions) 

Make a change? y/n (n) :                                                        

════════════════════════════════════════════════════════════════════════════════

Figure 3.8: Detector parameter input screen-1: showing the use of function key <F3> for the material input.

You have to enter the composition and density of the materials of which the detector, dead layer, detector can, etc. are made for the determination of the linear absorption coefficients. Mass-absorption coefficients of all elements are stored in data files4. Materials can be composed using Option 13. A list of possible inputs is given if you press function key <F3> (see Figure 3.8). 

The crystal radius and height is including the dead-layer thickness (see Figure 3.4).

The detector parameters include also the source holder parameters and the energy range. On the previous input screen (Figure 3.8) you can enter the number of energies and the number of source holder positions. Typical values for these parameters are 17 and 5 respectively. The maximum number of energies is 20 and the maximum number of positions is 10.

Distance A is the distance between the top of the source holder foot to the bottom of the platform. 

Position 1 is considered to be the lowest position (closest to the detector). In this position the platform is on top of the source holder (see figure 3.5 and 3.6), and distance A is then zero. Any distance through air in this situation has to be entered as 'A2'.

If you press <Enter> in reply to the question 'Make a change? y/n (n):' all modified data will be saved on disk. 

This means that the date and time of modification will be changed and hence that all previously calculated effective solid angle data (solang data) are invalid and have to be recalculated when they are put in the list for batch-wise calculation (Option 17). When a chosen detector and source combination are not modified the previously calculated SOLANG and COINCALC data will not be recalculated.

The detector and source parameters are independent of each other, so all source data files can be combined with all detector data files.
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Figure 3.9: Source dimensions

3.4
Data input for a source geometry (option 12)

The combination of source geometry parameters has been chosen in such a manner that every source can be 'placed' on practically every detector/source-holder combination. Detector and source geometry parameters are completely independent. The source dimensions are shown in Figure 3.9. A source name may contain up to 3 characters. The input of a source name is identical with the input of a detector name (see Figures 3.3/3.4). After selecting the source name the source parameters can be checked or edited. In Figure 3.10 the vial parameters are given and in Figure 3.11 the source material and density are given.

════════════════════════════════════════════════════════════════════════════════

SOLANG/COINCIDENCE SOURCE PARAMETERS   (SI‑units; mm, kg/m3 !)      Option: 12  

Comment..........: type D in R, SiO2                                            

User.............: DV                                                           

Last modification: 21/06/1993 13:45:52                                          

Vial wall mat....: #C2H4                  Density.........:     900.00          

(1)Inner radius.....:            4.0500   (2)Inner height....:    17.0000      

(3)Side thickness...:            1.5500   (4)Bottom thickness:     1.3500      

(5)Distance.........:     0.0000   (from vial bottom to platform)              

Matrix interpolation...: Y                                                      
Pay attention to the filling height when using matrix interpolation.            

Matrix interpolation can not be used for point sources.                         

Make a change? y/n (n) :                                                        

════════════════════════════════════════════════════════════════════════════════

Figure 3.10: Input screen for vial/geometry parameters. The numbers between brackets relate to the distances in Figure 3.9.

════════════════════════════════════════════════════════════════════════════════

SOLANG/COINCIDENCE MATRIX   (SI units ; kg/m3)                     Option: 12  

Source material..: #SiO2                                                        

Source density 1..:  200.0                                                      

Source density 2..: 1000.0                                                      

Source density 3..: 2000.0                                                      

Source density 4..: 4000.0                                                      

Source density 5..: 8000.0                                                      

Make a change  y/n (n) :                                                        

════════════════════════════════════════════════════════════════════════════════

Figure 3.11: Source material composition and density in the case of matrix interpolation.

If you pressed <N> after "matrix interpolation" (Figure 3.10), you can enter only one density in the next input screen (Figure 3.11). For an explanation of matrix interpolation see Appendix 6. In the case of matrix interpolation a range of five densities can be given. This range can be adjusted to the most commonly used source compositions and densities.

The source  is in the case of matrix interpolation in fact a vial that can be filled with materials having, in principle, any composition and density. The only prerequisite is that the filling height, in these standardized counting geometries, is always the same.

If matrix interpolation is turned off, the program calculates the standard effective solid-angles for the specified sample material and density.

3.5
Material composition input (Option 13).

The materials to be analyzed or the materials of construction of source holders or detectors may have complex compositions; rather than being composed of one single element, they may be mixtures of elements or compounds. For this reason SOLCOI offers the possibility to enter chemical formulas as input for material compositions. In the case of more complex chemical formulas or compositions of different compounds this is still difficult; for this reason SOLCOI contains an option for predefining materials. For data management of these materials you can use Option 13 of the Main Menu (see Figure 3.12).  

════════════════════════════════════════════════════════════════════════════════

SOLCOI (Option: 13)                                             DSM Research BV 

Version 5                                                                       

26/08/2001         MATERIAL COMPOSITION DATA                           13:47:07 

                   0. Quit menu                                                 

                   1. Enter  material composition                               

                   2. List   material compositions                              

                   3. Delete material composition                               

                   4. Change material data filename                             

════════════════════════════════════════════════════════════════════════════════

Figure 3.12: Material composition menu.  

Using Option 13 you can predefine materials and enter, modify, delete and print compositions. Material compositions that have to be entered or modified (Option 131) are chosen in the same way as detectors and sources (see Figures 3.3/3.4). The data input screen is given in Figure 3.13.

════════════════════════════════════════════════════════════════════════════════

EDIT MATERIAL COMPOSITION                                          Option: 131  

Material name....: Polystyrene                                                  

Chem.form./element     Weight fraction in %                                     

#C8H7                              100.00000                                    

                                     0.00000                                    

                                     0.00000                                    

                                     0.00000                                    

                                     0.00000                                    

                                     0.00000                                    

                                     0.00000                                    

                                     0.00000                                    

                                     0.00000                                    

                                     0.00000                                    

Make a change? y/n (n) :                                                        

════════════════════════════════════════════════════════════════════════════════

Figure 3.13: Material composition input screen.

To obtain a list of material compositions you can use Option 132. This list contains all the material compositions available as well as the composition data (see Figure 3.14). Material compositions can be deleted using Option 133. In most cases you can use function key <F3>.

════════════════════════════════════════════════════════════════════════════════

MATERIAL DATA FILE: naa   19/08/2001   10:49:19                                 

MATERIAL   : COMPOSITION                                                        

________________________________________________________________________________

Delrin     : #CH2O(100.0%)                                                      

PMMA       : #C5H8O2(100.0%)                                                    

Air        : #O( 21.0%), #N( 79.0%)                                             

ABS        : #C( 83.6%), #N(  7.0%), #H(  9.4%)                                 

Resin      : #C16H13(100.0%)                                                    

DMF        : #C( 49.3%), #H(  9.6%), #N( 19.2%), #O( 21.9%)                     

Press any key                                                                   

════════════════════════════════════════════════════════════════════════════════

Figure 3.14: Material compositions list.

The material composition data are stored in a file. It is possible to make more than one data file using Option 134. Using this option the material data filename and directory can be changed.

3.6
Calculation of the effective solid angles for the reference position (Option 15).

The reference efficiency is measured using a standardized source geometry, a so-called reference source geometry, which in most cases is a point source. All sources used for the measurement of the reference efficiency must have this same geometry. The measurement is performed using a specific position on a given source holder. The above definition gives all relevant information necessary for computing the reference SOLANG data (Option 15). For the data that have to be entered, see Figure 3.15. The calculations can be performed batchwise.

════════════════════════════════════════════════════════════════════════════════

CALCULATE REFERENCE EFFECTIVE SOLID‑ANGLES                          Option: 15  

cal.src.  detector    ref. position                                             

PTB       DSM2       4                                                          

‑         ‑          0                                                          

‑         ‑          0                                                          

‑         ‑          0                                                          

‑         ‑          0                                                          

‑         ‑          0                                                          

‑         ‑╔═════════════════════════GEOMETRY═════════════════════════╗         

‑         ‑║AU   : Au‑Al‑wire in spronck vial                         ║         

‑         ‑║D    : type D in R, SiO2                                  ║         

‑         ‑║PTB  : PTB‑reference source                               ║         

           ║ZR   : Zirconium disc in spronck vial                     ║         

Make a chan╚══════════════════════════════════════════════════════════╝         

════════════════════════════════════════════════════════════════════════════════

Figure 3.15: Input screen for reference effective solid angle calculation (use <F3> to obtain a list of available source data names).

Before the calculation is performed the estimated computation time is displayed. If a computation has already been performed it will only be recalculated if the data of the source or the detector have been modified.
3.7
Calculation of the effective solid angles and coincidence correction factors (Option 17 and 18).

Using Option 17 you can calculate effective solid angles and coincidence correction factors (Figure 3.16). If you enter detector names (use <F3>) and source names (use <F3>) the calculations can be performed. It is also possible to give a wildcard (“*”) at the sources input field. Ten detector/source combinations can be entered. The expected calculation time will be displayed before the calculations are started. Pressing <Esc> will cancel the calculations. 

════════════════════════════════════════════════════════════════════════════════

CALCULATE EFFECTIVE SOLID‑ANGLES AND COINCIDENCE CORR. FACTORS      Option: 17  

source    detector                                                              

D         DSM2                                                                  

‑         ‑                                                                     

‑         ‑                                                                     

‑         ‑                                                                     

‑         ‑                                                                     

‑         ‑╔═════════════════════════DETECTOR═════════════════════════╗         

‑         ‑║DEMO : demonstration data                                 ║         

‑         ‑║DSM2 : PG&T 42.7%                                         ║         

‑         ‑╚══════════════════════════════════════════════════════════╝         

‑         ‑                                                                     

Make a change? y/n (n) :                                                        

════════════════════════════════════════════════════════════════════════════════

Figure 3.16: Input screen for effective solid angle and coincidence correction factor calculation (use <F3> for giving the detector data name).

If a computation has already been performed it will only be recalculated if the data of the source or the detector were modified.
3.8
Printing the input and result data (Option 3)

All input data for and results of the calculations can be displayed on screen or printed on a printer. The print data menu (see Figure 3.17) gives all the possibilities.

════════════════════════════════════════════════════════════════════════════════

SOLCOI (Option: 3)                                              DSM Research BV 

Version 5                                                                       

13/11/2001         P R I N T   D A T A   F I L E S                     13:57:29 

                   0. Quit menu                                                 

                   1. SOLANG/COI. input                                         

                   2. SOLANG      result                                        

                   3. COINCALC    result                                        

                   4. ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑                                        

                   5. Detectors                                                 

                   6. Sources                                                   

                   7. ‑‑‑‑‑‑‑‑‑                                                 

                   8. Efficiencies                                              

                   9. Coincidence corr. factors                                 

════════════════════════════════════════════════════════════════════════════════

Figure 3.17: Print Data menu (Option 3).

════════════════════════════════════════════════════════════════════════════════

PRINT SOLCOI INPUT  DATA file                                       Option: 31  

Filename  : 1DDSM2                                                              

Make a change  y/n (n) :                                                        

════════════════════════════════════════════════════════════════════════════════

Figure 3.18: Entering the name of the file to be printed.

You can choose the name of the file to be printed using <F3>. If all files should be printed, enter <*>. If all matrix interpolation input files for source D on detector DSM2 should be printed, enter '?DDSM2' (see Figure 3.18).

3.9
Efficiency curve and Coincidence correction factors (Option 38 and 39).

The effective solid angles in combination with the reference efficiency are meant for the computation of efficiencies by KAYZERO and NATACT. In order to investigate whether the calculation was correct the efficiency curves can be printed and plotted and coincidence correction factors can be printed, see Figure 3.17 (Options 38 and 39). 

Option 38 can also be used to calculate efficiencies for activity calculation programs. The detector calibration file format of Sampo/Sampo90 is supported. 

Before making a plot or print of the efficiency curve you have to enter a detector, etc. using an input screen as in Figure 3.19.

════════════════════════════════════════════════════════════════════════════════

PRINT/PLOT EFFICIENCY DATA                                          Option: 38  

Detector              : DSM2        use <F2> for checking the efficiency input 

Position  (0=all)     : 0            

Geometry/vial         : D                                                       

Source material       : #C2H4                                                   

Sample weight      (g):    0.700                                                

Make Sampo .CDF‑file  : N (CDF: detector calibration file)                      

Make a change? y/n (n) :                                                        

════════════════════════════════════════════════════════════════════════════════

Figure 3.19: Input screen for printing and plotting an efficiency curve. Using <F2> you can check the input given and <F3> gives a list of possible inputs.

The printed and plotted outputs are given in Figures 3.20 and 3.21. The energy values for crosses in the plot and the printed efficiencies can be specified using input screen-2 of this option. The plotted lines are calculated efficiencies for energies ranging from the lowest to the highest energy of the energy regions of the reference efficiency curve (see Appendix 3).

════════════════════════════════════════════════════════════════════════════════

Efficiency of geometry/vial D on DSM2

Sample : #C2H4, weight :   0.700

Energy/keV Position 1 Position 2 Position 3 Position 4 Position 5

  40.0      0.0008743  0.0003483  0.0000865  0.0000306  0.0000177

  50.0      0.0049227  0.0014615  0.0003411  0.0001195  0.0000689

  60.0      0.0142112  0.0035264  0.0008021  0.0002800  0.0001613

  80.0      0.0430610  0.0090459  0.0020327  0.0007102  0.0004095

 100.0      0.0693987  0.0137215  0.0031027  0.0010897  0.0006297

 150.0      0.0898252  0.0173566  0.0040518  0.0014471  0.0008417

 200.0      0.0801588  0.0156956  0.0037584  0.0013596  0.0007947

 300.0      0.0586680  0.0117546  0.0028932  0.0010612  0.0006236

 400.0      0.0478326  0.0097020  0.0024182  0.0008926  0.0005258

 500.0      0.0399268  0.0081670  0.0020523  0.0007606  0.0004487

 600.0      0.0344365  0.0070931  0.0017941  0.0006671  0.0003940

 800.0      0.0276128  0.0057473  0.0014675  0.0005482  0.0003244

1000.0      0.0231581  0.0048572  0.0012486  0.0004680  0.0002773

1500.0      0.0168317  0.0035781  0.0009304  0.0003507  0.0002082

2000.0      0.0134520  0.0028822  0.0007543  0.0002853  0.0001696

3000.0      0.0098407  0.0021261  0.0005602  0.0002126  0.0001265

3500.0      0.0087510  0.0018946  0.0005000  0.0001899  0.0001130

4000.0      0.0079098  0.0017148  0.0004530  0.0001721  0.0001025

════════════════════════════════════════════════════════════════════════════════

Figure 3.20: Printed efficiencies for vial D filled with 0.7 gram of #C2H4 (a resin) for all 5 positions of the source holder of detector DSM2.

Figure 3.21: Plotted efficiencies for vial D filled with 0.7 gram of #C2H4 for all 5 positions of the source holder of detector DSM2.

The detector calibration (SAMPO efficiency calibration file) for the same source at position 2 is shown in Figure 3.22.

════════════════════════════════════════════════════════════════════════════════

DAT1       1993  1  1  0  0  0

DAT2       1993  1  1  0  0  0

EFIN            50.00           1.462E‑3   0.000E+0

EFIN            60.00           3.526E‑3   0.000E+0

EFIN            80.00           9.046E‑3   0.000E+0

EFIN           100.00           1.372E‑2   0.000E+0

EFIN           150.00           1.736E‑2   0.000E+0

EFIN           200.00           1.570E‑2   0.000E+0

EFIN           300.00           1.175E‑2   0.000E+0

EFIN           400.00           9.702E‑3   0.000E+0

EFIN           500.00           8.167E‑3   0.000E+0

EFIN           600.00           7.093E‑3   0.000E+0

EFIN           800.00           5.747E‑3   0.000E+0

EFIN          1000.00           4.857E‑3   0.000E+0

EFIN          1500.00           3.578E‑3   0.000E+0

EFIN          2000.00           2.882E‑3   0.000E+0

EFIN          3000.00           2.126E‑3   0.000E+0

EFIN          3500.00           1.895E‑3   0.000E+0

SOLCOI : source D on detector DSM2 on position 2

SOLCOI : sample : #C2H4, weight :   0.700

════════════════════════════════════════════════════════════════════════════════

Figure 3.22: Detector calibration file for vial D filled with 0.7 gram of #C2H4 (a resin) at position 3 on the source holder of detector DSM2.

Coincidence correction factors can be calculated using Option 39. The input is essentially the same as the input for Option 38. The only difference is that a list of isotopes or one specific isotope has to be entered (see Figure 3.23). 

════════════════════════════════════════════════════════════════════════════════

PRINT COINCIDENCE CORRECTION FACTORS                                Option: 39  

Detector              : DSM2        use <F2> for checking the efficiency input Position              : 0                                                       

                                                           ╔══ISOTOPE LISTS══╗  

Geometry/vial         : D                                  ║COIV4            ║  

Source material       : #C2H4                              ║YOURLIST         ║  

Sample weight      (g):    0.700                           ╚═════════════════╝  

Isotope list     : COIV4                                                        

Isotope  (or ALL): ALL                                                          

Make a change? y/n (n) :                                                        

════════════════════════════════════════════════════════════════════════════════

Figure 3.23: Input screen for printing and plotting an efficiency curve. Using <F2> you can check the input given and <F3> gives a list of possible inputs.

The isotope lists are located on the efficiency data directory ('EFFDATA') and may be modified. The coincidence correctionfactors can only be calculated for the isotopes and energies in the list COIV4.CLS. The efficiency is also given for the gamma energy.

The output for Na-24 is given in Figure 3.24.

════════════════════════════════════════════════════════════════════════════════

COINCIDENCE CORRECTION FACTORS   (12/12/2001 12:04:54)

Sample : #C2H4, weight :   0.700 in vial : D on DSM2

_____________________________________________________________________________

Isotope : NA24

_____________________________________________________________________________

Energy|COIN.    EFF.|COIN.    EFF.|COIN.    EFF.|COIN.    EFF.|COIN.    EFF.

keV   |Corr.        |Corr.        |Corr.        |Corr.        |Corr.        

      |Pos 1        |Pos 2        |Pos 3        |Pos 4        |Pos 5        

_____________________________________________________________________________

1368.6 0.904 1.80E‑2 0.979 3.83E‑3 0.994 9.94E‑4 0.998 3.74E‑4 0.999 2.22E‑4 

2754.0 0.893 1.05E‑2 0.977 2.26E‑3 0.994 5.96E‑4 0.998 2.26E‑4 0.998 1.34E‑4 

_____________________________________________________________________________

════════════════════════════════════════════════════════════════════════════════

Figure 3.24: Coincidence correctionfactors and efficiencies for Na-24 for a sample in a type D vial at detector DSM2.

3.10
Showing all available input and result files (Option 4).

The data files in the system directory can be listed using the File Lists menu (see Figure 3.25). On this page some of the possible lists are shown.

════════════════════════════════════════════════════════════════════════════════

SOLCOI (Option: 4)                                              DSM Research BV 

Version 5                                                                       

13/11/2001         F I L E S    L I S T S                              13:04:23 

                   0. Quit menu                                                 

                   1. Show SOLANG/COI. inputs                                   

                   2. Show SOLANG      results                                  

                   3. Show COINCALC    results                                  

                   4. Show Detectors                                            

                   5. Show Sources                                              

════════════════════════════════════════════════════════════════════════════════

Figure 3.25: File lists menu (Option 4).

The calculations are performed using the INW programs SOLANG and COINCALC. These MS-Fortran programs need data files as input. These input files are made by SOLCOI. In the case of matrix interpolation five input files are made; one for each density (extension '.SIN'). 

You can obtain a list of available input files using Option 41 (see figure 3.26). Per input file it is shown whether or not the SOLANG / COINCALC calculations were performed; this is indicated using an S(OLANG) or C(OINCALC) between brackets after the comment.
════════════════════════════════════════════════════════════════════════════════

AVAILABLE SOLCOI INPUT FILES  (effdata\ : *)     19/08/2001                      

Name        Date       Comment                                                  

________________________________________________________________________________

1DDSM2       1/ 8/2001  type D in R, SiO2                            (SC)       

2DDSM2       1/ 8/2001  type D in R, SiO2                            (SC)       

3DDSM2       1/ 8/2001  type D in R, SiO2                            (SC)       

4DDSM2       1/ 8/2001  type D in R, SiO2                            (SC)       

5DDSM2       1/ 8/2001  type D in R, SiO2                            (SC)       

DSM2         1/ 8/2001  reference solang                             (S)        

AUDSM2      16/ 8/2001  Au‑Al‑IRMM wires in spronck vial             (SC)       

PTBDSM2      1/ 8/2001  PTB‑reference source                         (SC)       

ZRDSM2      16/ 8/2001  Zirconium disc in spronck vial               (SC)       

________________________________________________________________________________

number of .SIN files found          :          9                                

number of KByte free                :   4577.280                                

Press any key                                                                   

════════════════════════════════════════════════════════════════════════════════

Figure 3.26: A list of available input files for SOLANG and COINCALC (Option 41). S or SC indicate that the calculations were performed. 

Other lists are those of available detector and source data files, Options 44 and 45, see Figures 3.27 and 3.28.

All these lists can be filtered using the standard DOS filtering possibilities (e.g. DSM?). The standard filter is '*' (using this means all files are selected). 

════════════════════════════════════════════════════════════════════════════════

AVAILABLE DETECTOR DATA FILES  (effdata\ : *)     19/08/2001                    

Name        Date       Time     Comment                                         

________________________________________________________________________________

DSM2        19/ 7/2001    16: 6 PG&T 42.7%                                      

________________________________________________________________________________

number of .DET files found          :          1                                

number of KByte free                :   4575.232                                

Press any key                                                                   

════════════════════════════════════════════════════════════════════════════════

Figure 3.27: List of available detector data files (Option 44)

════════════════════════════════════════════════════════════════════════════════

AVAILABLE SOURCE DATA FILES  (effdata\ : *)     19/08/2001                      

Name        Date       Time     Comment                                         

________________________________________________________________________________

AU          21/ 6/1993    13:45 Au‑Al‑wire in spronck vial                      

D           21/ 6/1993    13:45 type D in R, SiO2                               

PTB         19/ 8/2001    10: 5 PTB‑reference source                            

ZR          21/ 6/1993    13:46 Zirconium disc in spronck vial                  

________________________________________________________________________________

number of .SRC files found          :          4                                

number of KByte free                :   4573.184                                

Press any key                                                                   

════════════════════════════════════════════════════════════════════════════════

Figure 3.28: List of available source data files (Option 45)

3.11
System (Option 9).

The options of the System Menu are given in Figure 3.29.

Using these options you can change the data directory of SOLCOI and display the calculation times.

════════════════════════════════════════════════════════════════════════════════

SOLCOI (Option: 9)                                              DSM Research BV 

Version 5                                                                       

13/11/2001         S Y S T E M                                         13:04:23 

                   0. Quit menu                                                 

                   1. Change Directories                                        

                   2. Show calculation times                                    

════════════════════════════════════════════════════════════════════════════════

Figure 3.29: System menu.

The calculation times displayed (see Figure 3.30) when activating Option 92 show the results of the timing of the last calculations made on this computer. These data are used to predict the total calculation time before starting the actual calculations using Options 15 and 17. The calculation times for the effective solid angle calculations are given per position and per energy. They are in fact the calculation times needed for the calculation of single results. The coincidence correction factor calculation time is given for all nuclides and energies for one position.

════════════════════════════════════════════════════════════════════════════════

CALCULATION TIMES   (dd. 13/07/2001 20:25:19)                                   

EFFECTIVE SOLID ANGLE CALCULATION (for one position and one energy)             

Point source                 :       0.95 seconds                               

Non‑Point source             :      61.10 seconds                               

COINCIDENCE CORRECTION FACTOR TABLE                                             

For one sample (1 position)  :       2.48 seconds                               

Press any key                                                                   

════════════════════════════════════════════════════════════════════════════════

Figure 3.30: Calculation times (for a Pentium 90 MHz).

4.
Fine tuning
________________________________________

The experimental determination of the vacuum gap and the dead-layer thickness is essential for the use of the efficiency computation technique as explained in the 'VADEMECUM FOR K0 USERS' (a part of this book). The determination of these parameters is called 'fine tuning'. Fine tuning is performed by measuring several sources (with true coincidence free gamma lines) on the reference position and on positions closer to the detector. These sources do not need to be calibrated sources. The count-rate ratio of measurements on the reference position and a position closer to detector is used to check the efficiency conversion for different positions carried out by this program. 

The deviations between measured and calculated ratios are mainly due to the fact that the vacuum gap and the dead-layer thickness are not well known.

The fine tuning in this program is performed after you have entered the dimensions of the sources used for measurements and the detector (see Chapter 3). First enter the measurement data. Either the measured count rate or the count-rate ratios should be entered, see Figure 4.1.

════════════════════════════════════════════════════════════════════════════════

FINE TUNING                                                          Option: 7  

Detector : DEMO                                                                 

ENTER FINE TUNING MEASUREMENT DATA                                   Option: 7  

Energy [keV]    Source       Pos. 1     Pos. 2     Pos. 3     Pos. 4     Pos. 5 

      59.5      PTB        63.88330   28.26962   10.46278    3.96378    1.00000 

     122.1      PTB        65.38462   26.28205    9.87179    3.82692    1.00000 

     661.6      PTB        52.49110   21.70819    8.64769    3.50534    1.00000 

    1115.5      PTB        50.25641   20.79487    8.46154    3.56410    1.00000 

       0.0                  0.00000    0.00000    0.00000    0.00000    0.00000 

       0.0                  0.00000    0.00000    0.00000    0.00000    0.00000 

Make a change? y/n (n) :                                                        

════════════════════════════════════════════════════════════════════════════════

Figure 4.1 Entering the fine tuning measurement values.

Based on the dimensions entered a matrix is calculated for several vacuum gap and dead-layer thickness combinations. This may take several tens of minutes. Using this matrix of calculated points and the measured data points a best guess is computed for the desired parameters (see Figure 4.2). 

════════════════════════════════════════════════════════════════════════════════

FINE TUNING: SELECT NEW VALUE                                        Option: 7  

                                    Old        Best guess                   

Vacuum gap                   [mm] :     8.6000     8.6806                      

Dead‑layer thickness         [mm] :     0.3800     0.3836                      

User vacuum gap              [mm] :   8.680625                                

User dead‑layer thickness    [mm] :   0.383562                               

Do not use dev.>10% for mean deviation calculation : N                       

Make a change? y/n (n) :                                                        

════════════════════════════════════════════════════════════════════════════════

Figure 4.2: Screen for changing the dead-layer thickness and vacuum gap.

If necessary you may change the values to find better suited values. The results of the calculations are given in Figure 4.3. For every measured count-rate ratio a calculated ratio is given, as well as the difference between the two, expressed in %. The average difference (and the standard deviation in the average) is calculated per position. If necessary the deviations larger than 10% can be excluded from the average calculation (see Figure 4.2). It is obvious that the result of the fine-tuning in this example is very good.

The matrix data set is used to calculate results for the user values so these calculations are performed almost instantaneously. 

════════════════════════════════════════════════════════════════════════════════

FINE TUNING DETECTOR : DEMO 13/11/2001 16:26:30

Mean deviations after fine‑tuning.

Vacuum gap            [mm] : 8.6806250

Dead layer thickness  [mm] : 0.3835625

       Eff1/Eff5         Eff2/Eff5         Eff3/Eff5         Eff4/Eff5  

Energy Exp. Calc.  Dev.% Exp. Calc.  Dev.% Exp. Calc.  Dev.% Exp. Calc.  Dev.%

_______________________________________________________________________________

  59.5 63.88 63.96   0.1 28.27 28.04  ‑0.8 10.46 10.35  ‑1.1  3.96  3.93  ‑0.9

 122.1 65.38 64.83  ‑0.8 26.28 26.66   1.5  9.87  9.92   0.5  3.83  3.84   0.4

 661.6 52.49 51.60  ‑1.7 21.71 21.80   0.4  8.65  8.71   0.8  3.51  3.60   2.6

1115.5 50.26 49.79  ‑0.9 20.79 21.17   1.8  8.46  8.55   1.1  3.56  3.56‑6.E‑2

_______________________________________________________________________________

Mean %              ‑0.8               0.7               0.3               0.5

Stnd.Dev. %          0.6               1.0               0.8               1.3

════════════════════════════════════════════════════════════════════════════════

Figure 4.3 Fine tuning results for detector DEMO.

5.
Reference efficiency and peak-to-total ratio curve fitting


________________________________________

The photopeak efficiency on a reference position and the peak-to-total (PTT) ratio for all positions is determined using a large number of measurements. This information is necessary for the calculation of coincidence correction factors. In order to provide data for any energy the measurement data is fitted.

Using sub menu REFERENCE EFFICIENCY AND PTT FIT (See Figure 5.1) you can perform the fitting procedures and store the resulting data on disk. 

════════════════════════════════════════════════════════════════════════════════

SOLCOI                                                          DSM Research BV 

Version 5                                                                       

13/11/2001         REFERENCE EFFICIENCY AND PTT FIT                   13:58:48 

                   0. Quit program                                              

                   1. Fit reference efficiency or PTT‑curve                     

                   2. ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑                     

                   3. Save fitted data in KAYZERO data file                     

                   4. ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑               

                   5. Compare reference efficiency fit with measured data       

                   6. Compare peak‑to‑total ratio fit with measured data        

                   7. ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑               

                   8. Change directory                                          

════════════════════════════════════════════════════════════════════════════════

Figure 5.1: Reference Efficiency and PTT Fit menu.

5.1
Fit reference efficiency or PTT‑curve
The reference efficiency and peak-to-total ratio curve fitting is performed in such a way that the coincidence correction program (SOLCOIN, a part of SOLCOI) and the NAA evaluation program (KAYZERO) or the activity calculation program (NATACT) can use this data.

Before starting the curve fitting the measurement data has to be stored in a comma separated ascii data file. The extension of the file should be '.CAL' and for each measurement an energy, a reference efficiency or a Peak-to-total Ratio, a standard deviation of the measurement (optional) and a comment (optional) should be entered, see Figure 5.2 for an example of a PTT calibration data file.

_______________________________________________________________________________

59.5,0.418

88.1,0.526

122.1,0.548

136.5,0.522

511,0.246

661.6,0.212

834.8,0.183

1115.5,0.161

_______________________________________________________________________________

Figure 5.2 A Peak-to-total ratio measurement data file; only the energies and PTT-ratios are entered.

The program automatically determines whether an efficiency curve or a PTT curve is fitted by checking whether any of the measured values is higher than 0.2. It is assumed that absolute efficiencies of 20% are not possible for the reference. efficiency and that the PTT curve will have at least one value above 0.2.

Using function key <F3> you can choose made from a list of available calibration data files before starting the fitting procedure (see Figure 5.3). 

After selecting the measurement data set you should enter the fitting order of the polynomial per fitting region. You can use at most four fitting regions, the maximum fitting order being 3. 

════════════════════════════════════════════════════════════════════════════════

GIVE FIT PARAMETERS                                                  Option: 1  

Measured absolute efficiency or PTT data file.                                  

(directory : d:\kaybeta\effdata\)                                               

                                                           ╔═.CAL FILES╗        

Give data filename (.CAL) : DEMOREF                        ║DEMOP1     ║        

                                                           ║DEMOREF    ║        

                                                           ╚═══════════╝        

Region     Order of fit    Energy region for fitting [keV]                      

1           3                  40.0  ‑      400.0                               

2           1                 200.0  ‑     1200.0                               

3           1                 500.0  ‑     3500.0                               

4           0                3500.0  ‑     3500.0                               

Make a change? y/n (n) :                                                        

════════════════════════════════════════════════════════════════════════════════

Figure 5.3: Reference Efficiency and PTT Fit Option.

An efficiency curve normally has a second order fit in the first region (20-300 keV), and one of two first order polynomials for the higher energies. A PTT curve has approximately the same shape but only one linear fit for the energies higher than 180 keV. When selecting the energy regions one should make sure that the energy regions overlap. The fitting is performed per energy region. After fitting the program automatically determines the borders of the regions by determining the crossing points of the curves determined. To ensure that the curves will cross or meet each other, the fitting regions should overlap. The fitting results are printed (see Figure 5.4) and plotted. 

_________________________________________________________________

MEASURED PTT‑RATIO DATA

Measurement data file name : DEMOP1

#   Energy [keV]   PTT‑ratio [‑]   Error [%]   Comment

_________________________________________________________________

  1         59.5      0.41800000        0.00                       

  2         88.1      0.52600000        0.00                       

  3        122.1      0.54800000        0.00                       

  4        136.5      0.52200000        0.00                       

  5        511.0      0.24600000        0.00                       

  6        661.6      0.21200000        0.00                       

  7        834.8      0.18300000        0.00                       

  8       1115.5      0.16100000        0.00                       

_________________________________________________________________

════════════════════════════════════════════════════════════════════════════════

PEAK‑TO‑TOTAL RATIO ‑ FIT RESULTS : DEMOP1  16/11/2001 20:25:08

Position : 1

Energy regions :   40.0 ‑ 1029.9 ‑ 3500.0 keV

_________________________________________________________________

First energy region 40‑1500 keV, order : 3

LOG(eff) = ‑1.196E+1 + 1.452E+1 LOG(E)^1 ‑ 5.819E+0 LOG(E)^2 + 7.405E‑1 LOG(E)^3

Energy         Peak‑to‑total ratio      Diff.     Stndev. Meas. Label

[keV]          Measured       Fitted    [%]       [%]

  59.5         0.41800000  0.41939924    ‑0.33     0.00

  88.1         0.52600000  0.52367068     0.44     0.00

 122.1         0.54800000  0.53951267     1.57     0.00

 136.5         0.52200000  0.53075180    ‑1.65     0.00

 511.0         0.24600000  0.24875895    ‑1.11     0.00

 661.6         0.21200000  0.20908720     1.39     0.00

 834.8         0.18300000  0.18274371     0.14     0.00

1115.5         0.16100000  0.16167148    ‑0.42     0.00

Mean difference measured/fitted :         5.E‑3% 

Standard dev.   measured/fitted :             1.05% 

Discontinuity at end of region  :         1.E‑3% 

_________________________________________________________________

Second energy region 200‑3500 keV, order : 1

LOG(eff) =  8.759E‑1 ‑ 5.494E‑1 LOG(E)^1

Energy         Peak‑to‑total ratio      Diff.     Stndev. Meas. Label

[keV]          Measured       Fitted    [%]       [%]

 511.0         0.24600000  0.24428252     0.70     0.00

 661.6         0.21200000  0.21196405     0.02     0.00

 834.8         0.18300000  0.18654288    ‑1.90     0.00

1115.5         0.16100000  0.15907966     1.21     0.00

Mean difference measured/fitted :         6.989E‑3% 

Standard dev.   measured/fitted :             1.18%              

_________________________________________________________________

Overall mean difference for this fit :        0.21%

Overall standard dev.   for this fit :        1.11%

_________________________________________________________________

Figure 5.4 Fitting output: Measurement data and the results of the PTT-ratio fit.

5.2
Saving fitted data in KAYZERO data file
The results of the curve fitting can and should be stored in data files. You can use Option 3, see Figure 5.5. The data is related to a detector so you should only enter a detector identification code. If the dimensions of the detector have already been entered you can use function key <F3> to obtain a list.

════════════════════════════════════════════════════════════════════════════════

Store fit results in a reference efficiency data file.               Option: 3  

Give detector name     : DEMO                                                   

FIT DATA:                                                                       

Energy regions :    40.0 ‑  276.160 ‑  989.720 ‑ 3500.000 keV.                  

LOG(eff) =‑2.069E+1 + 2.234E+1 LOG(E)^1 ‑ 9.098E+0 LOG(E)^2 + 1.197E+0 LOG(E)^3 

LOG(eff) =‑1.138E+0 ‑ 7.448E‑1 LOG(E)^1                                         

LOG(eff) =‑1.018E+0 ‑ 7.848E‑1 LOG(E)^1                                         

Make a change? y/n (n) :                                                        

════════════════════════════════════════════════════════════════════════════════

Figure 5.5. Storing of reference efficiency fit results.

The curve fitting data is shown and, after you select a detector code, stored in a data file. See Appendix 3 for the name and format of this data file.

In case a PTT curve is stored the position has to be given as well.

First curve fit data of position 1 should be stored in an empty file and then all other positions can be stored successively. 

5.3 
Comparing stored reference efficiency fit or peak‑to‑total ratio fit data with measured data.        

The stored fitting results can be compared with the old measurement data points to confirm that the data files are still valid or to print out the old fitting results. 

The program stores all fitting data in a file with extension '.FIT' so the fit can be retrieved at any time. If the fit was not carried out by this program, the program will ask for a data file name with the measurement data points.

The output is a print of the fit results (see Figure 5.4) and a plot (see Figure 5.6). In the case of a PTT-ratio fit this is done for all positions and an additional plot of all PTT curves is also given. 
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Figure 5.6 A plot of a reference efficiency fit.
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Appendix 1A: System Parameters.

════════════════════════════════════════════════════════════════════════════════

SYSTEM COLOURS  (SOLCOI)                                             

                                       INPUT SCREEN HEADER                      

                                       Text    :           input                

INPUT SCREEN                           Text    :    actual input                

Text        :  8 (background): 15                                               

Header      : 14 (background): 15                                               

Input       : 10 (background): 10      MENU SCREEN HEADER                       

Act. input  : 12 (background): 10      0. Quit                                  

                                       1. Option                                

MENUS                                  2. Option chosen                         

Options       :  8 (background): 15    3. Option                                

Chosen option : 15 (background): 15                                             

                                       ╔═══════window══════╗                    

WINDOWS                                ║               item║                    

Window        : 15 (background):  0    ║               item║                    

Actual item   : 14 (background): 10    ║        actual item║                    

Selected item :  4                     ║      selected item║                    

                                       ╚═══════════════════╝                    

Colours :   0  1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20        

Backgr.:                                                                        

Make a change  y/n (n) :                                                        

════════════════════════════════════════════════════════════════════════════════

Figure A.1: Input screen for system colours (<ALT>+<F10>).

Appendix 1B: System Parameters.

════════════════════════════════════════════════════════════════════════════════

SYSTEM PARAMETERS (SOLCOI)                                          

PRINTER PARAMETERS                                                              

Line length    : 86   Left margin :  6                                          

Lines per page : 60   Top margin  :  0                                          

Page numbering : N                                                              

Print device   : 3 (1:screen, 2:screen+printer and 3:screen+printer+file)       

HPGL PLOTTER                                                                    

Plotport   1‑4       (1): 4  1:COM1, 2:COM2, 3:COM3 and 4:PRN                   

Plot on    1‑2       (1): 1  1:screen and 2:HPGL plotter/printer                

Plotter emulation    (2): 3  1:none, 2:HP‑lasII, 3:HP‑laser series III          

Height/width ratio screen  : 1.600                                              

Line thickness/pen in mm   : 0.20  for HP‑laser series III only.                

Screen  (22) :   22  lines                                                      

Pause waits  : 1000  seconds   (when 'Press any key' is displayed)

Make a change  y/n (n) :                                                        

════════════════════════════════════════════════════════════════════════════════

Figure A1.2: Input screen for system parameters (<CTRL>+<F10>).

HPGL Plotter: The plots made by the programs can be directed to a HPGL plotter or a printer emulating a HPGL plotter, which can be a HP-Laserjet II with a plotter cartridge (and sufficient RAM memory) or a HP-Laserjet III (with sufficient RAM memory). Normally the plots will be presented on screen, so plot on 1.

Appendix 2: SOLCOI Program, System and Data Files.

If KAYZERO has already been installed see the KAYZERO Manual appendix 2.

After installation all program and system files are located in the SOLCOI target directory. The SOLCOI data files are located in a subdirectory, EFFDATA. 

Directory  ....\SOLCOI

EFFDATA
<DIR> 
    



EGAVGA
BGI 




ATT    
BGI


CGA      
BGI

HERC     
BGI

IBM8514 
BGI


PC3270   
BGI

VESA16  
BGI


RTM
EXE

DPMI16BI
OVL

INSTALL
EXE   


INSTALL
SYS    


SOLCOI
EXE    


SOLCOI
ABS    


SOLCOI  
SYS     


SOLCOI
TIM     


SOLCOI
STA     


SOLFIT
EXE

SOL  
EXE

SOLCOIS
DAT


SOLCOIS
EXE


SOLCOINA
EXE


SOLCOINB
EXE    


SOLCOINC
EXE    


SOLCOIND
EXE    


SOLCOINE
EXE

SOL     
TMP    


COI   
V4      


MU-FIN
COE


NAA
DAM


Description of the program and system files in the SOLCOI target directory:

*.EXE
: executable files, some of these are DOS protected-mode applications based on the DOS Protected Mode Interface DPMI 0.9 specification. The Borland Pascal protected-mode extensions are implemented through two components: the DPMI server (DPMI16BI.OVL), and the run-time manager (the RTM.EXE file). The protected-mode applications can only be run on a 80286 or higher processor. The DPMI allows the use of up to 16 megabytes of RAM memory.

RTM.EXE


: run-time manager for the DPMI-applications (not needed when starting the applications from Windows 3.x and OS/2 1.x).

DPMI16BI.OVL


: the DPMI server (not needed when starting the applications from Windows 3.x and OS/2 1.x).

*.BGI
: drivers for the Borland Graphics Interface.

*.SYS 
: screen and printer parameter system files for each of the following programs: SOLCOI and INSTALL. The contents of these files are edited using <ALT>+<F10> or <CTRL>+<F10> in a menu screen. 

*.ERR
: in these ASCII-files all occurring fatal errors are stored.

*.HLP
: the help files for SOLCOI and INSTALL.

*.ABS
: contains the name and location of the mass absorption data file and the material composition data files. The material data filename and location can be edited using the appropriate option in SOLCOI (option 134). The mass absorption data filename and location can only be edited by using an ASCII-file editor like the DOS 5.0 EDIT command.

SOLCOI.STA



: a program specific status file. 

SOL.EXE
: a protected program; do not run this program.

SOLCOI.TIM 


: file containing the calculation times for effective angle and coincidence correction factor calculation for the computer system on which SOLCOI is running.

SOLCOIS, SOLCOINA, SOLCOINB, SOLCOINC, SOLCOIND and  SOLCOINE


: the MS Fortran versions of the INW programs SOLANG and COINCALC. COINCALC is split into five separate programs. The programs all use the same input file (*.SIN) produced by SOLCOI and must be used in the order given.

SOLCOIS.DAT


: Gaus-Legendre interpolation constants for SOLCOIS.EXE

COI.V4


: data file for COINCALC. This file contains all the radionuclides and energies for which the coincidence correction factors have to and can be calculated.

SOL.TMP



: an output file of SOLCOIS (SOLANG) produced during the last calculation of an 'effective solid angle' result file (.SOL file), SOL.TMP contains most of given input. 

MU-FIN.COE 


: mass absorption data file 

NAA.DAM 


: material composition data file

List of the efficiency data needed for SOLCOI and

the result and input files of SOLCOI on directory target\SOLCOI\EFFDATA: 

Special SOLCOI format
DSM4.DET 


- detector geometry parameters

PTB.SRC


- PTB geometry (calibration source) parameters

???.SRC 


- source geometry parameters

ASCII-files:
EFFDSM4.DAT 


- reference efficiency for COINCALC

PTTDSM4.DAT 



- peak-to-total ratio for all positions for COINCALC

DSM4.SOL 


- calculated reference effective solid angles for COINCALC

n???DSM4.SOL


 - calculated effective solid angles

n???DSM4.COI 


- calculated coincidence correction factors

DSM4*.CAL


- measured data for efficiency and PTT-ratio curve fitting

DSM4*.FIT


- used parameters for efficiency and PTT-ratio curve fitting

DSM4.FIN


- measured data for the fine tuning

DSM4.RES 


- interim results for the fine tuning

YOURLIST.CLS and COIV4.CLS


- energies and isotopes for coincidence and efficiency calculation (Option 39)

Legends
DSM4 is a detector/source-holder combination identifier.

??? is a possible standardized sample geometry.

PTB is the PTB calibration source geometry.

n is a number ranging from 1 to 5: used for matrix interpolation data files.

Appendix 3: File formats for reference efficiency, PTT-ratios, and SOLANG and COINCALC input and output files.

Reference efficiency : ASCII-file

(file name: EFF+'detector name'.DAT)

line       <position in file> 

nr.        <11> 

1:          ne

   <1-----10>  <16-----25> <31-----40> <46-----55> <61-----70>>

2:
e0 
e1 
e2     

ene 

           <11>      <22>     <33>    <44>    <55>

3:          o1         o2       one
   <1-----10>  <16-----25> <31-----40> <46-----55> <61-----70>>

4:  
p1,0  
p1,1    
p1,2  
p1,o1  
p2,0
5:  
p2,1     
p2,2   
p2,3  
p2,n2    
p3
6:  
p3,1  
p3,2 
p3,3    
p3,n3     

where:

ne
= number of energy regions (max. 4)

e0...ne
= energy of the beginning and/or end of a region

o1..ne 
= order of the fits (max. 3)

pi,j  
= parameter for region i and order j.





oi
For region i:  10log(ε) =
( pi,j{10log(E)}j
                                     
j=0

Peak-to-total: ASCII-file

(file name: PTT+'detector name'+.DAT)

1:          ne              
{position 1}

2:
 e0   
 e1

e2    
ene 

3:       o1         o2       one
4:  
 p1,0  
p1,1    
p1,2      
p1,o1    
p2,0
5:  
 p2,1       p2,2   
p2,3   
p2,n2  
p3,0
6:   
 p3,1   
p3,2 
p3,3  
p3,n3     

7:          ne            
{position 2}

8:     etc.        

This format is the same as that for the reference efficiency. This file contains the PTT for all positions on the source holder. For positions higher than the reference position PTT can be taken equal to that of the reference position. 

SOLANG and COINCALC input file: ASCII-file
(file name:'n'+'source name'+'detector name'+.SIN)

With n= 1..5 in case of a matrix interpolation source file.

{distance in cm, linear attenuation coefficient in 1/cm, energy in keV}

Type O in R en B                
{comment}

RESEARCH\2ODSM4.SOL
      
{eff.solid angle file name}

RESEARCH\2ODSM4.COI
      
{coincidence corr. factor file name}

RESEARCH\EFFDSM4.DAT

{ref. eff. data file name}

RESEARCH\PTTDSM4.DAT

{PTT data file name}

RESEARCH\DSM4.SOL


{ref. eff. solid angle data file name}

COI.DAT



{nuclide and gamma list file name}

DSM4




{detector data file name  (DSM4.DET)}

O




{source data file name (O.SRC)}

 1.00000000000000E+0000

{density in g/cm3}

 7.21419629006732E‑0002

{volume of the vial/source in cm3}

 2.50000000000000E‑0001

{shaping time in us (for COINCALC)}

#SiO2




{matrix composition}

3




{detector type}

 0.40500 0.14000 0.24000 0.2200017 5

{   r1      r2     r3       r4  ne np}  

{r1=source radius; r2=height; r3=side wall thickness; r4=bot. wall thickness;}

{ne=number of energies; np=number of positions;}

 1.10000 0.15000 0.03000 0.00000 3.04500 5.77000 0.45000 3.80000

{   s1      s2     s3       s4     s5      s6      s7      s8 }

{s1-s4=absorbers thickness; s5=crystal radius; s6=crystal height;}

{s7=inner core radius; s8=inner core height}

 0.00000



{contact layer thickness}

20202020



{number of integration points } 

        



{for non-point source    20202020}

        



{for disk source         01242424}






{for point source        01019696}  

  40.00031.72550 0.00000 0.00000 0.00000    

{ E        μ1      μ2      μ3      μ4   }

 0.000000000 0.000000000 1.27710000031.725500000 0.000000000

{  μ5          μ6          μ7          μ8          μ9   }

{μ: linear attenuation coefficient for E keV}

{μ1: detector crystal}

{μ2: source}

{μ3: vial wall}

{μ4: contact layer}

{μ5: Air}

{μ6-μ9: Absorbers 1-4}

  50.00017.06650 0.00000 0.00000 0.00000

 0.000000000 0.000000000 0.83160000017.066500000 0.000000000

  60.00010.16500 0.00000 0.00000 0.00000

 0.000000000 0.000000000 0.63990000010.165000000 0.000000000

  80.000 4.70265 0.00000 0.00000 0.00000

 0.000000000 0.000000000 0.483300000 4.702650000 0.000000000

 100.000 2.73385 0.00000 0.00000 0.00000

 0.000000000 0.000000000 0.421200000 2.733850000 0.000000000

{continued on the next page}

 150.000 1.35540 0.00000 0.00000 0.00000

 0.000000000 0.000000000 0.359509072 1.355400404 0.000000000

 200.000 0.82390 0.00000 0.00000 0.00000

 0.000000000 0.000000000 0.321300000 0.823900000 0.000000000

 300.000 0.56710 0.00000 0.00000 0.00000

 0.000000000 0.000000000 0.275400000 0.567100000 0.000000000

 400.000 0.47936 0.00000 0.00000 0.00000

 0.000000000 0.000000000 0.247590000 0.479360000 0.000000000

 500.000 0.42800 0.00000 0.00000 0.00000

 0.000000000 0.000000000 0.226530000 0.428000000 0.000000000

 600.000 0.39055 0.00000 0.00000 0.00000

 0.000000000 0.000000000 0.209250000 0.390550000 0.000000000

 800.000 0.33865 0.00000 0.00000 0.00000

 0.000000000 0.000000000 0.183870000 0.338655000 0.000000000

1000.000 0.30335 0.00000 0.00000 0.00000

 0.000000000 0.000000000 0.165240000 0.303345000 0.000000000

1500.000 0.24987 0.00000 0.00000 0.00000

 0.000000000 0.000000000 0.134598592 0.249866987 0.000000000

2000.000 0.21774 0.00000 0.00000 0.00000

 0.000000000 0.000000000 0.116370000 0.217745000 0.000000000

3000.000 0.18725 0.00000 0.00000 0.00000

 0.000000000 0.000000000 0.095850000 0.187250000 0.000000000

3500.000 0.18085 0.00000 0.00000 0.00000

 0.000000000 0.000000000 0.089135188 0.180848259 0.000000000

{X}
   {Y}       {X= distance from crystal to sample, Y=distance through air}

 2.12000 0.12000
{position 1}

 4.12000 2.12000
{position 2}

 8.12000 6.12000
{position 3}

15.1200013.12000
{position 4}

25.1200023.12000
{position 5}

{data used for the calculation of the above used linear attenuation coeff.}

 1000.0000#SiO2  
{density in kg/m3 , material} 

  900.0000#C2H4



 5350.0000Germanium

    0.0000‑

 1180.0000PMMA

 2700.0000Aluminium

 5350.0000Germanium

    0.0000‑

DV



{user}

24/08/1992  08:10:37
{modification data & time}

0.00120000

{distance from platform to bottom of vial [m]}

The typical size of a .SIN data file is 2,4 kBytes.

Effective solid angle: ASCII-file

(file name:'n'+'source name'+'detector name'+.SOL)

With n= 1..5 in case of a matrix interpolation source file.

line         <position in file>

nr      <11-15>   <26-30><31-------45><46-------60><61---> 

 1:        n
  p      volume       density     matrix

    <3------15> <18------30> <33------45> <48------60><63------75>

 2: 
  e1     
  e2  
   e3           e4    
   e5
 3: 
  e6         e7     
   ...
   ...    
   ...

 4:  
 ...  
  en
 5: 
 sol1,1    
 sol1,2     
   sol1,3   
   sol1,4 
   sol1,5  

 6: 
 ...    
 ...     
   ...  
   ... 
   ...  

 7:
 sol1,n      sol2,1     
   sol2,2 
   ...   
   ... 

 8: 
 ...    
 ...     
   ...  
   ... 
   ...  

 9:
 ...     
 sol2,n   
   ... 
   ... 
   ...

10: 
 ...  
 ... 
   ...  
   ...   
   ... 

11: 
 ...   
 ...      
   ...    
   solp,n  

where



n: number of energies,


p: number of positions


e: energy


sol: effective solid angles

The typical size for a '.SOL' file is 1.7 KByte.

Coincidence correction factors: ASCII-file

(file name:'N'+'source name'+'detector name'.COI)

With N= 1..5 in case of a matrix interpolation source file.

    Volume vial          =    .87601  cm3

    Number of positions  = 5

    Coincidence factors for : type D in R, SiO2, 200 kg/m3                                                                        

    Detector DSM1                                                                                                

    Pulse shaping time =  4.000 microsec.

    Matrix material  = #SiO2                                                                                               

    Number of isotopes in data file :   160

  NA24      2

   1368.6 keV      .94586      .98809      .99667      .99872      .99913

   2754.0 keV      .93892      .98708      .99644      .99861      .99910

  MG27      3

    170.7 keV      .93331      .98632      .99628      .99854      .99908

   1014.4 keV     1.00239     1.00041     1.00010     1.00003     1.00002

  AL28      1

  SI31      1

  S37       1

  CL38      2

   1642.4 keV      .94369      .98775      .99659      .99868      .99912

   2167.5 keV      .95635      .99066      .99741      .99900      .99934

  K42       2

    312.7 keV      .94011      .98724      .99647      .99863      .99910

  K43      10

    220.6 keV      .86143      .97243      .99267      .99707      .99825

    372.8 keV      .92676      .98536      .99607      .99844      .99904

    396.9 keV      .90148      .98055      .99483      .99794      .99876

    404.3 keV      .85631      .97091      .99221      .99689      .99812

    593.4 keV      .96897      .99368      .99821      .99923      .99954

    617.5 keV      .92028      .98461      .99592      .99837      .99903

    801.2 keV      .90148      .98055      .99483      .99794      .99876

    990.3 keV    13.29844     3.23029     1.55276     1.20258     1.11914

   1021.8 keV      .92068      .98471      .99595      .99838      .99903

   1394.6 keV     1.76175     1.13939     1.03475     1.01277     1.00752

  CA47      5

    489.2 keV      .93275      .98625      .99627      .99853      .99908

    530.4 keV      .93208      .98617      .99625      .99852      .99907

    767.0 keV      .96040      .99215      .99790      .99916      .99949

    807.9 keV      .92668      .98555      .99614      .99847      .99907

   1297.1 keV     1.00308     1.00057     1.00014     1.00005     1.00003

  SC47      1

  CA49      6

    143.2 keV      .93088      .98492      .99580      .99838      .99892

    856.1 keV      .94357      .98770      .99657      .99868      .99911

    987.3 keV      .94675      .98822      .99670      .99874      .99913

   1144.5 keV      .93728      .98649      .99627      .99857      .99904

   1408.9 keV      .94675      .98822      .99670      .99874      .99913

This is only a part of the '.COI'-file, the typical size is 40-45 kBytes.
Some gamma rays have a coincidence correction factor of one or very close to one. Factors that differ less than 0.1% from one are not put in the file (Al28, SI31 etc.).

Appendix 4: Efficiency Calculation Using Effective Solid Angles.

In view of the extensive calculations which must be done for efficiency determination and coincidence correction, counting geometries have to be standardized as much as possible. For these standardized geometries, SOLANG (effective solid angle, Ω) and COI (coincidence correction) tables are precalculated and stored in files which can be accessed by KAYZERO.

Enter only the detector name, geometry and position. 

Using the method described by Moens et al. in [Ref] the efficiency for bulky sources can be calculated from:

             Ω  

  εp  =   ── * εref                                                

             Ω ref    

where Ω and Ωref are the effective solid angles, which are calculated using the SOLANG program developed at the Institute for Nuclear Science of the Gent University, Belgium for cylindrical samples on the detector axis and with a diameter smaller than the crystal.

[Ref]: L. Moens et al., Calculation of the absolute peak efficiency of gamma-ray detectors for different counting geometries, Nucl. Instr. and Meth., 187 (1981) 451-472.

Appendix 5. Mass Absorption Coefficients.

SOLCOI uses a mass absorption coefficient data file (according to1). This data file contains mass absorption data (total minus coherent) for 80 elements from hydrogen to lead (except noble gases) and including radium, uranium and thorium, in the 1-5000 keV energy range.

The K-edge discontinuity is included (see Figure A5.1).

All elements can be selected by their full name, or by their symbol using a # in front. Chemical formulas can also be used, for instance #H2O for water.

More complex material compositions can be stored as a material composition (see Option 13 in SOLCOI). The coefficient for a certain energy is found using log-log 3 point interpolation. 
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Figure A5.1: Mass absorption coefficients for carbon and germanium as a function of energy (o : carbon; x : germanium). 

[1]   E. STORM and H.I. Israel, Photon Cross Sections from 0.001 to 100 MeV for Elements 1 through 100, Los Alamos Scientific Laboratory of the University of California, 1967.
Appendix 6: Matrix Interpolation and Standard Counting Vials

The calculation of a solid angle and a coincidence correction factor file for one position takes approximately 1.2 hours (for a 80386 processor). This is not too long compared to the measuring time but collecting the necessary data for the calculation (vial dimensions, wall thicknesses, vial material, sample composition and densities needed to calculate the linear absorption coefficients) takes time and may be a source of errors. These drawbacks can be avoided by using standard sample vials for counting. Then only the filling height, sample density and/or composition can vary. The filling height is a very important parameter in the standardization of sample vials and should also be standardized. 

Density interpolation
In case the sample material and the sample vial is always the same but the filling density can vary, density interpolation can be used. By using precalculated data for several (standard) densities the solid angles and coincidence factors can be calculated by interpolation(*) for a range of densities (see Figure A6.1). The lines in the plot are the results of interpolation using the calculation results for five densities given.
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Figure A6.1: Density interpolation                                    

(*)  log/log 3‑point Aitkins interpolation is used in KAYZERO/SOLCOI

Matrix interpolation

The method of density interpolation described above is only applicable if the composition of the sample matrix is always the same. In the case of a wide range of sample matrices a more universal approach is necessary. After studying the effects of sample matrix and geometry on solid angles, a 'matrix interpolation' technique was implemented in the KAYZERO program for concentration calculation. Interpolation based on linear attenuation coefficients, μ (or ρ.μ/ρ), instead of densities is a logical procedure considering the fact that the sample absorption data input for SOLANG is the μ-value for different energies.

In Figure A6.2 the solid angles for different energies are given as a function of μ. The points represent the calculated solid angles, the lines the results of interpolation(*) between these points, and the dashed lines connect the points with equal density and matrix composition. 
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Figure A6.2: Matrix interpolation

(*)  log/log 3‑point Aitkins interpolation is used in KAYZERO/SOLCOI
The differences between the calculated solid angles (using SOLCOI) and the interpolated solid angles are very small but the gain in efficiency and time is enormous. The inaccuracy of matrix interpolation can easily be checked by the user by comparison of matrix interpolation results with especially calculated values for different sample materials in the same vial.
_1056008041.doc
[image: image1.bmp][image: image2.bmp]

Planchet







Crystal







Position 1







Position 2







Position 3







Position 4







Position 5







[5]







[8]







[4]







[2]







[A1*]







[6*]







[7]







Contact







layer







Source







holder







Dead







layer







Detector







can







Inert







core







[3]







[A]







[6*]







[A2]







[A1*]







[1]












_1061149764.doc
[image: image1.png][3] [1]

Vial wall

Source
material
(sample)

___________________________ [5]

Platform








