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Computer Program Package 
for PIXE Spectra Evaluation 

JÓZEF KAJFOSZ 
Niewodniczański Institute of Nuclear Physics, 

Sl-842 Kraków, Poland 

Abstract! The computer programs described here were developed 
for calculating the concentrations of elements in samples analysed by 
the PIXE (Proton Induced X-ray Emission) method from the X-ray 
spectra obtained in those analyses. 

Stresicsenie: Programy komputerowe, opisane w niniejszym rapor¬ 
cie, zostały opracowane jako narzędzie dla wyznaczania stężeń pier¬ 
wiastków w próbkach analizowanych metodą PIXE (emisji promieni X 
wzbudzanych protonami) z widm promieni л otrzymywanych w trakcie 
tych analiz. 
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1. Introduction 
Since the time of its invention[l, 2] PlXE developed into Ł generally acknowledged and 

widely used method of elemental tra&, analysis with broad applications especially in biology, 
medicine and environmental research. [3, 4] Almost from the beginning the Kraków PIXE team 
contributed to both the technical and the computational aspects of the method.[5-8]. After 
years of experiments and making improvements we have gradually developed a relatively simple 
set of computer programs for the determination of elemental concentrations from PIXE spectra. 
Its convenience and versatility were demonstrated on thousands of spectra analysed both in 
individual (interactive) and serial (automatic) processing modes. 

In the following section we give general information on the assumptions and concepts used 
in developing the system. Sections 3-7 contain detailed information about individual programs 
and their usage, description of the individual and the serial processing modes, instruction for 
preparing data on absorption layers in the system and the layout of input data for individual 
programs. 

2. General Description of the Package 
Although originally developed in part on ODRA and SM computers, the system works now 

on PC type computers in the DOS environment. All the programs were written in FORTRAN 
and are available also in their source version. The graphical parts make use of the FORTPLOT 
package of Microsoft Fortran and HALO of Media Cybernetics. 

Prior to the developing this system we had for some time experimented with a version of the 
HEX program by Henry Kaufmann,[10] but found it unsatisfactory because of its complexity, 
lack of updated documentation and unauthorised changes introduced by earlier users. Therefore 
we decided to work independently and prepared our own system in which only the layout of 
data in the library of X-transitions and X-ray attenuation coefficients of elements, and also the 
printout of the results remained similar as in HEX. 

The main input information consists of multichannel one-dimensional X-ray spectra mea¬ 
sured by a Si(Li) detector. We assume spectra of up to 1024 channels, since the energy resolution 
makes more channels unnecessary. We practically always keep the useful part ofthe spectra 
below 600 channels and only this part is graphically displayed. The proton excitation cross 
sections of atoms are given for the proton energy of 2.55 MeV, but when necessary can easily 
be replaced by those for other energies. 

The physical parameters of the experimental set-up supplied to the program are the Si(Li) 
detector thickness and the elemental composition and thicknesses of layers between the target 
and the detector. Ten elements (H, Be, C, N, 0 , Al, Si, Ar, Fe and Au) are allowed and their 
thicknesses in g/cm3 are to be given both for permanent and for inserted layers. 

The initial data for the least-squares fitting routine involve information on energy calibra¬ 
tion of the spectrum to be processed, a list of expected elements (up to 26) and some options 
such as the borders of the spectrum interval to be used for fitting, choice of optional variables 
and of the pile-up correction, internal standard, inserted layer, maximal number of iterations, 
etc. 

The processing involves preparatory steps, the main least-squares fitting procedure and 
numerical and graphical presentation of results. The preparatory steps are: improving the 
linearity of the energy-to-channel dependence and background subtraction. 

In our conditions we found it necessary to improve the linearity of the spectra because of 
distortions caused by the electronic amplification line. For the background we had used at first 
a polynomial representation like that in HEX but it caused us constant troubles. Finally we 
developed a fully independent new method of background subtraction prior to the least-squares 
fitting. [9] Since several years we use successfully only this method. 

For the least-squares fitting routine the variables (up to 30) are concentrations of the chosen 
elements in the analysed sample with up to 4 additional variables: the position of the Fe-Ko 
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peak in the spectrum, the slope (energy per channel), the detector resolution and its energy 
dependence. T.n the theoretical spectrum we assume Gaussian shapes of the X-ray peaks. For 
the formation of the set of normal equations (the Jacobi matrix) we use numerical derivatives 
of the variables. Since the background is not present in the fitted spectrum any more, the fitting 
routine is less vulnerable and more stable, and the convergence of the iterative process is faster. 

The table and plot representing the results of the calculations for a single spectrum can be 
displayed on the screen and printed. In the serial processing mode a cumulative table with all 
the concentrations obtained can also be created. 

Up till now this system and the measuring process were sepatare. IK future we plan to carry 
out on-line calculations by the same computer which controls the operation of the accelerator 
and the electronic acquisition system, immediately after the accumulation of the spectrum. It 
would even be possible to control automatically the experimental conditions and thus to stop 
the measurement after reaching the pre-set accuracy of results. 

3. Description of Individual Programs 
Comments: 

a) We suppose a genera/ form for t ie names of files containing spectra: xx.nn where xx 
are letters which denote a series of spectra and nn are digits which denote individual spectra 
in this series. The number of letters or digits is not necessarily 2, but the period between the 
letters and the digits is obligatory. In the course of the calculations individual programs of 
the package create different spectral files with names of the general form xxy.nn where у is an 
additional letter which characterizes the kind of the file. 

b) Our standard spectrum file format is (16/(2016)) or (I6/(20F6.0)) [in t i e FORTRAN 
notation), where in the first line the number of channels (up to 1024) and in the subsequent 
lines numbers of counts in individual channels are contained. 

TRAN.EXE Input files: TRAN.DAT TRAN.LIB 
Output rile: PIXE.LIB 

Using the data on X-lines of elements and on the X-ray absorption coelScients in elements 
(contained in TRAN.LIB) as well as those on the absorbing layers in the system (mylar and 
beryllium windows, air, detector dead layer and an external filter) (contained in TRAN.DAT) 
this program calculates the transmission coefficients of the system and of the external filler for 
all X-lines and all elements. The results in the file PIXE.LIB are then valid until some changes 
in the system occur. 

PACK.EXE Input file: xx.nn 
Output file: xxC.nn 

A program for the transformation of spectra from the standard format to a condensed 
format suitable for long-term storage of the spectra. 

UPAC.EXE Input file: xxC.nn 
Output file: xx.nn 

A program that transforms epectra from the condensed format back to the standard format 
suitable and necessary for processing. 

LINE.EXE Input files: HALOIBME.DEV HALO104.FNT 
SEAR.DAT xx.nn 

Output file: LICC.DAT 

An interactive program for checking the linearity of an individual spectrum and, if necessary, 
for preparing a data file for spectrum linearization. 
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LICOJSXE Input files: LICO.DAT xx.nn 
Output file: xxA.nn 

A program for improving the linearity of individual spectra (to be used if the original 
spectrum has a non-linear energy to channel-number relation). 

Covamenta: 
a) After the execution the original spectrum is transferred into the Hie xxA.nn while the 

linearized version is ш xx.nn. If LICO ias to be used afain (e. g. if the data in LICO.DAT 
proved to be incorrect) the original spectrum must be copied back йот xxA.nn to xx.nn be/bra 
the repetition of the calculation. 

b) The first line in a linearized spectrum file is extended: In addition to the previously 
contained number of channels it contains three floating point numbers: the channel number 
of the position of the Fe-Ka peak, the slope (KeV/channel) aud the sum of squares of the 
deviations from the data points in LICO.DAT. 

BACK.EXE Input files: BACK.DAT xx.rm 
Output files: xxS.nn xxB.nn 

A program for background subtraction. The method used was described in ref. [9]. The 
spectrum without background is in xxS.nn (stripped) while the background shape is kept in 
xxB.nn (background). 

PELE.EXE Input files: PIXE.DAT PIXE.LIB 
xxS.nn xxB.nn 

Output files: xxF.nn xxO.nn 

The main program for the calculation of element concentrations by means of an iterative 
least-squares fitting routine. Using the data on X-lines and their transmission in the system and 
filters (PIXE.LIB) and the data on energy calibration, energy resolution, elements expected and 
others ([PIXE.DAT), the program generates the optimal "theoretical" spectrum shape xxF.nn. 
Numerical results of the calculation are in xxO.nn. 

TABL.EXE Input file: xxO.on 
Output file: TAB.DAT 

A program added later for convenience. It takes the obtained concentration values from 
xxO.nn and writes them into a table. This table TAB.DAT contains thereafter the d.-ta from 
all the fitted spectra of a series, until the table is deleted. 

PLOT.EXE Input files: xxS.nn xxB.nn 
xxF.nn 

Output file: xxP.nn 
A program based on the FORTPLOT subroutine package delivered by Microsoft. It prepares 

the previously obtained results for visual inspection (on the screen and/or printer). Using the 
spectral shapes in xxS.nn, xxB.nn and xxF.nn it generates a file xxP.nn to be used by the next 
program. 

VBBW.EXE Input file: xxP.nn 
Output: screen or printer 

A program from the FORTPLOT package юг the presentation of the shapes of the spectra 
xxS.nu, xxB.nn and xxF.nn on a monitor screen and for printing them on a dot matrix printer. 



— 6 — 

PLO.EXE Input files: HALOIBME.DEV HALO104.FNT 
xxS.nn xxB.nn 
xxF.nn 

Output: screen 

An alternative program for the graphical presentation of the results of the fitting, displaying 
on the screen (color, EGA) a picture similar to the programs PLOT and VIEW but without 
generating the file xxP.nn and much faster. PLO.EXE, however, is not suitable for printing the 
spectra. It is based on the HALO package of Media Cybernetics. 

OPER.EXE Input file: SPEC.DAT 
Output filee: SP.DAT NA.DAT 

PL.DAT CALC.BAT 

A supplementary program for carrying out various file-linking operations in the case of 
serial (automatic, batch) processing of PIXE spectra. 

4. Instruction for Individual Spectra Processing 

Comment: 

In the command lines that follow the text up to the character > is written on the screen 
by the system (DOS or the running program) while the subsequent text is to be written by 
the user. The general spectrum file name xx.nn must be replaced by the actual name of the 
processed spectrum. 

The steps of the processing procedure are the following: 

1. Make sure that the spectrum file xx.nn to be processed is available in the working 
directory. If it is elsewhere, transfer it. If it is in the condensed form xxC.nn unpack it: 

>UPAC 
ENTER SPECTRUM NAME> xx.nn 

2. Check the linearity of the spectrum and, if necessary, prepare the data LICO.DAT for 
linearization, using program LINE.EXE: 

>LINE 
ENTER SPECTRUM NAME> xx.nn 

After a while on the screen appears spectral shape with vertical lines in the places where 
the peaks were found. In the bottom part of the picture appears a standard set of X-lines, 
whose positions on the horizontal scale are proportional to their energies (according to the list 
of energies in SEAR.DAT which can be modified if necessary). If the spectrum entered was 
previously linearized, i. e. if it has the Fe-Ka peak position and slope in the first line, then 
these data are used for positioning the standard lined in the picture. If not, the standard lines 
are placed so that Fe-Ka is in channel 100 and slope is 0.03 Kev/chan. 

The checking of the linearity consists in comparing the peak positions at the top with the 
corresponding standard line positions at the bottom in the whole energy range. 

The preparation of the data for linearization consists in linking individual peaks to indi¬ 
vidual standard lines for a number of peaks (minimum 3, maximum 20). Move the cursor by 
pressing the left or right arrows to the desired peak and then type the number of the X-line 
(as a 2-digit number, e.g. 01 or 07 or 12). After linking at least two peaks the scale for the 
positioning of the standard line set can be adjusted by pressing key F9. Only the leftmost and 
the rightmost linked peaks are considered in this adjustment. Then the linking process can be 
continued. An erroneously linked peak can be corrected by typing 00 (which cancels the link) 
or a new 2-digit number. 

After all significant peaks have been linked and the linearity checked, make a decision. If the 
linearization is necessary, create the file LICO.DAT containing all the linked position-energy 
pairs by pressing the key F10, otherwise press Esc to quit. 
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3. Carry out the linearization (if necessary): 
>LICO 
ENTER SPECTRUM NAME> xx.nn 

The program attempts linearity correction by two methods: a 3-parameter second degree 
transformation polynomial and a "broken straight line" transformation. For both methods the 
sums of squares of deviations are displayed and then the method with the smaller sum is chosen. 
(In our conditions we always need linearization and the method chosen is almost always the 
latter one). 

Comment: 

Do not linearize a spectrum previously linearized, because the linearization broadens the 
peaks a little. If the linearization has to be repeated, start from the initial spectrum (do not 
forget to USJ the initial spectrum for LINE), 

4. Prepare the data for background subtraction in BACK.DAT and carry out the back¬ 
ground subtraction: 

>BACK 
ENTER SPECTRUM NAME> xx.nn 

5. Prepare the data for fitting in the file PIXE.DAT. Remember that the linearization 
slightly changes the peak positions and the slope. If the spectrum was linearized (by LICO.EXE) 
the Fe-Ka peak position and the slope to be written into PIXE.DAT must be taken from the 
linearized spectrum, not from the original one. Those two values are in the first line of the 
linearized spectrum xx.nn and must be transferred into PIXE.DAT. 

Comment: 

We assume now that the library PIXE.LIB already contains the X-ray transmission dat» 
that are correct for the experimental arrangement used for measuring the Analysed spectra, i. 
e. that the resulting efficiency will be correct in the whole energy range. The description of the 
procedure for preparing the PIXE.LIB file is given below in section 6: "Adjustment of X-ray 
Transmission Data". 

6. Calculate the element concentrations using the least-squares peak fitting method: 
> PIXE 
ENTER SPECTRUM NAME> xx.nn 

Comment: 

The computation time is of the order of minutes, depending on the speed of the computer. 
After each iteration an informative line is displayed on the screen. 

7. Inspect on the screen the result of the fitting: 
> LIST xxO.nn 

or print it on a dot matrix printer: 
> COPY STP.PRT PRN 
> COPY xxO.nn PRN 

Comment: 

The first of those two commands sets the printer for condensed printing (17 CPI) which 
makes the printout ca. 8 inch broad. 

8. Create a file with the plot of the results of the fitting: 
> PLOT 
ENTER SPECTRUM NAME> xx.nn 

When the system text in a rectangular box appears on the screen, press any key, because 
the program is waiting for that. 
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9. Display the plot on the screen: 
> VIEW 

When the system text in the rectangular box appears on the screen, enter the following 
data, because the program is waiting for that (the text up to the : sign is written by the 
program): 

Please specify output device: 9 
Argument to pass to device: 8 
INPUT FILENAME: xxP.nn 

Comment: 
These data are valid for tbe EGA monitor. For Hercules or CGA other data are necessary, 

according to the FORTPLOT program package instruction. 
10. Another, alternative method of displaying the plot on the screen: 

>PLO 
ENTER SPECTRUM NAME> xx.nn 

11. Print the plot on a dot matrix printer: 
>VIEW 

When the system ttxt in a rectangular box appears on the screen, enter the following data, 
because the program is waiting for that (the text up to the : sign is written by the program): 

Please specify output device: 12 
Argument to pass to device: PRN 
INPUT FILENAME: xxP.nn 

Comment: 
Instead of 12 also 13 can be used. Tbe plot is then turned by 90 degrees and somewhat 

larger. 
12. If the results are unsatisfactory, return to one of the previous steps and repeat the 

linearization and/or background subtraction and/or least-squares fitting with improved initial 
data (i. e. after modifying LICO.DAT and/or BACK.DAT and/or PIXE.DAT). 

13. Remember to clean all the garbage produced: 
> DEL xxf.nn 

» 
Comment: 
Be careful not to loose the initial spectra or the calculated concentrations! Store them in a 

safe place before deleting the garbage. 
5. Instruction for Serial Spectra Processing 
1. Make sure that all the spectra to be processed in one run are available in the subdirectory 

.\SPECTRA of the present directory in their condensed form (i. e. with names xxC.nn as created 
by the program PACK.EXE). 

2. Prepare data for linearization (in the file LICO.DAT) and for background subtraction 
(in BACK.DAT). 

Comment: 
Only the spectra that have identical linearization data and identical background subtraction 

data can be processed in one series. 
3. Prepare data for least-squares fitting (PIXE.DAT). If not all spectra in the series have 

the same set of data (if they differ e. g. in their normalization factor, number of external filter 
layers, set of expected elements etc.) prepare separate data files for each of the subgroups 
(giving them names like e. g. PIX1.DAT, PIX2.DAT etc.) 
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4. Prepare a list of all spectra to be fitted in this series (in the file WIDMA.DAT). On each 
line put one spectrum name beginning from the first column. If the fitting data for a particular 
spectrum are not in PIXE.DAT, put the name of the file with the appropriate data in the same 
line (at the right hand side of the spectrum name} starting from column 13. The last line in 
WIDMA.DAT must be left empty. This will stop tne serial processing. 

5. Switch on the printer and adjust the paper in it to the beginning of a new page. 

6. Start the serial processing by the command 
> FIT 

Comments: 

a) It is recommended to calculate one spectrum first by following the steps described in 
section 4. Start the serial processing only after obtaining good results and when sure of the 
correctness of all the data. 

b) The serial processing can be interrupted by pressing (simultaneously) the key combina¬ 
tion Ctrl + Break. Sometimes it has to be done several times. The program aaks for confirmation 
y/n. There is no possibility to go on with the process starting from the point of its interruption. 
It must start from the beginning. You may, however, remove from WIDMA.DAT the names of 
spectra already processed. 

c) During serial processing a number of additional hies (e. g. FIT.BAT, CALCBAT, 
PROC.BAT, SPEC.DAT, SP.DAT, NA.DAT, PL.DAT, STP.PRT, RES.PRT) are used. We 
do not describe them here since they are created, used and processed by the package automat¬ 
ically, i. e. without need for interference by the user. 

6. Adjustment of X-ray Transmission Data 

In order to obtain correct concentrations of elements in the whole energy range all the 
data on absorption layers between the target material and the sensitive detector volume, and 
on external filters (inserted in fro~t of the detector in order to reduce the low-energy part of 
the X-ray spectrum) as well as on the detector thickness have to be carefully prepared well in 
advance. 

Comments: 

a) We assume the use of a silicone detector and we assume the presence of the following 
elements in the absorption layers and filters: H, Be, C, N, 0 , Al, Si, Ar, Fe, Au. Talcing' into 
account other elements would require introducing changes into the program TRAN and t i e 
data ńles TRAN.DAT and TRAN.LIB. 

b) The cross sections for the excitation of electron shells for individual elements listed in 
Ше TRAN.LIB are valid for proton energy of 2.55 MeV. When using a proton beam of another 
energy or a beam of other particles, the excitation efficiencies contained in TRAN.LIB must 
be changed. 

c) The delivered file TRAN.DAT contains the data appropriate for layers, niters and the 
detector in the assembly installed at the C-48 Cyclotron in Kraków, which were adjusted and 
used in measurements on thick targets of organic type (plant and animal tissues). There is no 
need to change them unless some physical properties of the system or the character of measured 
materials change. 

1. For each of the elements listed express the total thickness of its layer between the target 
and the detector sensitive volume in units of g/cm3 and put this data into the second column 
of the file TRAN.DAT, at the right hand side of the atomic number of the element in question. 
In the next (third) column put the thickness of the layer of this element in the basic external 
filter, also expressed in g/cm1. In the last but one line of the file and the second column put 
the detector thickness in g/cm3. 
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Comment*.' 

a) We assume that a series of external niters is used, all of them with the same elemental 
composition, differing only in their thicknesses. One is to be chosen arbitrarily as the basic one. 

b) In the last line of ule TRAN.DAT t ie ratios of thickness of the individual external filters 
to t i e thickness of the basic one are to be given (for up to 7 filters, logarithmic series, e. g. 1, 
2, 4, 8, 16, 32, 64 basic layers are recommended). 

2. Execute the program TRAN.EXE: 
>TRAN 

As a result a new version of the library PIXE.LIB will be produced. It contains a list of all 
X-ray lines contained in the library TRAN.LIB along with their attenuation coefficients in the 
total system layer and in the basic external filter (as determined by the data in TRAN.DAT). 

3. Carry out the measurement of a standard sample (i. e. of a sample with known elemental 
concentration values in a broad energy range) with a matrix similar to those of the samples to 
be analysed. 

Comment: 

In order to ensure good sensitivity for light elements this measurement is to be carried out 
without an external niter. 

4. Calculate the obtained spectrum of the standard sample using this program package. 
The constants AMU and DIV in PIXE.DAT shall be equal to 1.0 and no internal standard is 
to be used (KD= 0.0). 

5. Check the calculated-to-true "concentration" ratios for the elements. "Calculated" are 
those obtained from running the PIXE program while "true" are those contained in the standard 
certificate. Their ratios shall be energy-independent, i. e. the same for light and heavy elements. 
If this is the case the data in TRAN.DAT can be approved as correct. Most probably this will 
not be the case and further adjustment of the data will be necessary. A slight change in 
the thicknesses in TRAN.DAT will have little influence on the ratios for heavy elements but 
will drastically change the ratios for lightest ones. An increase in thickness (given as data in 
TRAN.DAT) increases the calculated concentration values. While modifying the thicknesses 
start from the least accurate ones. 

Comment: 
Correctly adjusted absorption layer thickness data in TRAN.DAT can also be seen by good 

agreement between the experimental spectral shape (in xxS.nn,) and the calculated shape (in 
xxF.nn) (as seen on plots on the screen or on printouts). Such agreement is characterized by 
a low value of the CHI-square of the resultant fit (because of the equality of calculated laflf) 
intensity ratios with real ones). On the other hand, incorrect adjustment of data on absorption 
layer thicknesses (or wrong external niter thickness) results in high СНГ-square values of the 
resultant fits and can be seen on the plotted spectra by poor coincidences of the prominent 
peak maxima (e. g. for the Ka line the experimental peak higher than the theoretical, for Kp 
line lower, or vice versa). 

6. After the adjustment, i. e. when the calculated-to-true "concentration" ratios are the 
same (within experimental errors) for all elements, calculate the mean value of this ratio and 
put it into PIXE.DAT for the constant DIV. After this change the repeated run of PIXE.EXE 
on the same spectrum will give correct results of element concentrations in ppm (mg/kg) units. 

Comment: 
Afterwards the value of DIV shall not change unless major physical changes in the system 

(e. g. in detector geometry) take place. Therefore further calibration measurements are not 
necessary but can oe performed occasionally in order to check that nothing in the system baa 
changed. On the other hand, the parameter AMU in PIXE.DAT shall be used as & normalization 
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factor (when individual spectra are measured with different exposition times, different beam 
intensities etc.) 

7. Description of Input Data for the Programs 
1. TRAN.DAT — Data for creating of the library PIXE.LIB 

Notation Format Meaning of the variable Remarks 

(First 10 lines of the file:) 
LA 

CS 

CE 

13 

G12.5 

G12.5 

Atomic number of element 

Total layer thickness of this 
element in system (in g/cmJ) 

Partial layer thickness of this 
element in external filter (in 
g/cm») 

Only for orientation, not read 
by the program 
Sum of all layers between tar¬ 
get and detector 

Shall be given for the basic 
filter (in our case 4 layers of Al 
foil of 5.5 rng/cm3) 

Comment: Only the elements shown can be taken into account and only in the shown sequence. 
The introduction of other elements would require changes in program TRAN and in library 
TRAN.LIB 

(Line eleven of the file:) 
LA 13 
CT G12.5 

— G12.5 

Atomic number of Si 

Thickness of the Si detector 

Arbitrary value 

Not read by program 

g/cm* 

Not used by program 

Comment: A Si detector is assumed. The usage of another detector would require changes in 
program TRAN and probably also in library TRAN.LIB. 

(Line twelve of the file:) 
CF(I) 8F8.5 Thickness ratios of individual 

external filters to the basic one 
Program multiplies basic fil¬ 
ter thickness by this ratio (for 
the filter selected by JF in 
PIXE.DAT) 

2. LICO.DAT — Data for linearization of spectra 
(May be created manually but usually is formed automatically by running LINE.EXE) 

Notation Format Meaning of the variable Remarks 

(Line one of the file:) 
NL 13 Number of channel-energy Minimum 3, maximum 20 

pairs for the calibration curve 

(Line two and following lines of the file:) 
CL(I), 10F8.3 Channels and their correspond-
ELu), ing energies for NL peaks 
1=1,NL 

Five pairs in each line, dis¬ 
tributed uniformly in the 
whole range. Maximal accu¬ 
racy. 
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3. BACK. DAT — Data for background subtraction 

Notation Format Meaning of the variable Remarks 

(Single line of the file:) 
INIT 14 

IFIN 

M 

N 

14 

14 

14 

Channel number where sub¬ 
traction will start 

Channel numbei where sub¬ 
traction will end 

Number of channels to be 
taken into account for spec¬ 
trum smoothing 

Channel number above which 
the background line cannot go 
up any more 

If the spectrum is cut down 
at low energies INIT shall be 
above this treshold 
If IFIN is larger than the num¬ 
ber of channels in the spec¬ 
trum, it will be ignored 

The smoothed spectrum con¬ 
tains means from M nearest 
channels. For M=l no smooth¬ 
ing 
Shall be set above the maxi¬ 
mum of the background in the 
spectrum 

Comment: The following four parameters affect the shape of the background. For their exact 
meaning inspect the original paper [9]. 

U 

F5.1 First background shape param¬ 
eter 

F5.1 Second background shape pa¬ 
rameter 

F5.1 Third background shape pa¬ 
rameter 

F5.1 Fourth background shape pa¬ 
rameter 

Width of the lower parabolas. 
Recommended value: 8.0 
Width of the upper parabolas. 
Recommended value: 6-0 
Position dependence of the 
width of lower parabolas. Rec¬ 
ommended value: 80.0 
Position dependence of the 
width of upper parabolas. Rec¬ 
ommended value: 0.0 

4. PIXE.DAT — Data for peak fitting 

Notation Format Meaning of the variable Remarks 

(Line one of the file:) 
N1 15 

NF 15 

MIT 15 

AMU F10.5 

DIV F10.5 

Channel number at which the 
fitting will begin 

Channel number at which the 
fitting will end 

Maximal number of iterations 

Multiplication factor for con¬ 
centrations 

Division factor for concentra¬ 
tions 

Channels below N1 are ne¬ 
glected. N1 cannot be less than 
INIT in EACK.DAT 

Channels above NF are ne¬ 
glected. NF cannot be larger 
than IFIN in BACK.DAT 

At MIT the fitting stops re¬ 
gardless of convergence 

To be used for normalization 
only 

Not to be changed unless the 
geometry is changed 



— 13 — 

Notation Format Meaning of the variable Remarks 

(Line one of the file, continued:) 
Comment: The subsequent four items are initial values for the 4 additional variables. The first 
two of them should be very carefully determined; they are essential for success and speed of 
fitting. 

- Fe-Ka peak position Channel number 

- Slope KeV/channel 

- Mn-Ka peak width KeV 

- Energy of doubling the width KeV 

XE(27) 

XE(28) 

XE(29) 

XE(30) 

(Line two 
ND 

F10.5 
F10.5 

F10.5 

F10.5 

of the file:) 
15 

JF 

KD 

AD 

DD 

15 

15 

F10.5 

F10.5 

AQ F10.5 

Number of additional variables 

Zl, Z2, Z3 F10.5 

Information about the external 
filter used 
Number of element used as 
internal standard (According 
to the order given in the next 
line) 

Concentration in ppm of the 
internal standard 
Coefficient by which the vari¬ 
able corrections are multiplied 
after each iteration 

Exponent for calculation of 
Jacobi matrix and CHI-square. 
For values of AQ other than 
0.5 CHI-square has a changed 
meaning and value 

Not used 

For ND=1 only the Fe-Ka 
peak position is fitted, for 
ND=2 also the slope, for 
ND=3 also the width, for 
ND=4 also the doubling en¬ 
ergy. 

For JF=1 no filter; for JF=n 
filter number n -1 used 
For KD=0 no internal stan¬ 
dard. For KD>0 AMU and 
DIV are inactive 

For KD=0 AD is inactive 

Usually DD=1. In the case of 
poor convergence try DD<1. 

Normal value is AQ=0.5 i.e. 
square root is taken. AQ<0.5 
improves agreement at high 
count rates, AQ>0.5 at low 

Write any values 

(Line three of the file:) 
IE(I) IX, A2 Symbols of elements to be fit- The line is read till column 

ted (minimal 1, maximal 26) 26 x 3 = 78 If pile-ups have to 
be calculated, the last symbol 
shall be Pp 

Comment: AH elements listed must be in TRAN.LIB (and PIXE.LIBJ. If other elements are 
necessary, the files have to be extended. 
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Figure Captions 

Fig. 1 Example of a printout on a dot matrix printer of the results obtained after 
running the fitting program. 
Upper part: The content of the file xxO.nn as produced by PIXE.EXE 
Lower part: The plot generated by VIEW.EXE from the file xxP.nn created 
by PLOT.EXE. 

Fig. 2 The contents of TAB.DAT generated by TABL.EXE after a seria) procewing 
of spectra. (The replacement of spectral file names by sample identifiers, the 
inserting of a heading, the splitting of the table into segments and other 
changes, if necessary, have to be carried out by manual editing.) 
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Channels fro« 50 
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0 pile-up peaks, 22 viriibles 

Position of Fe(ó.403)Ka peak: 
it Hn(5.S?8IKi ptakleV): 

500 

Fig. 1 Erierqy 'hannel iber 



Concentrations of eleients in ppi lag/kg) in a series of vegetable satples Masured by PIXE. 
Series of aeasureipnts: HX Кгакби, January 1990. 

Suplr 

Кар. 1 
Кар. 2 
Кар. 3 
Кар. 4 
Кар. 5 
Кар. i 
Кар. 7 
Кар. В 
Кар. 9 
Кар.10 
Кар.11 
Рм. 6 

St.CL-1 
St.CL-1 
St. Н О 
St.V-10 

К 
63500 
56500 
ÓBOOO 
80500 
61400 
«600 
75900 
79000 
79800 
67200 
7В900 
«0800 

22500 
30100 
«300 
51700 

Ca 

30800 
28200 
23900 
19100 
14900 
18100 
18500 
11800 
19900 
12100 
23900 
61900 

6200 
5270 

20900 
22500 

Ti 

10.6 
24 
21 
18.4 
24 
0.0 
0.0 
0.0 
0.0 
0.0 
1.5 
0.0 

6.2 
15.0 
0.0 
0.0 

V 

51 
5.0 
48 
9.7 
0.0 
3.0 
0.0 
0.0 
10.2 
0.0 
3.1 
0.4 

1.3 
9.9 
2.6 
l.B 

Ba 

0.0 
14.0 
9.3 
9.4 
20 
32 
105 
267 
21 
72 
33 
60 

36 
3.6 
19.9 
29 

Cr 

0.0 
0.0 
0.0 
0.0 
1.1 
0.4 
0.6 
54 
0.7 
0.0 
0.0 
B.3 
0.0 
2.6 
8.9 
4.1 

Dn 
32 
84 
25 
45 
33 
64 
67 
104 
53 
49 
57 
571 

66 
65 
46 
50 

Fe 
288 
321 
424 
347 
234 
350 
348 
1200 
351 
397 
501 
615 

62 
57 
140 
170 

Co 
1.9 
2.0 
l.B 
4.4 
4.7 
12.8 
13.B 
73 
8.0 
6.2 
B.2 
9.8 

0.0 
0.0 
1.3 
0.0 

Ni 
1.5 
1.4 
1.4 
0.3 
1.3 
0.7 
2.0 
14.В 
1.2 

• 0.0 
0.2 
1.4 

2.5 
2.6 
3.0 
3.9 

Cu 

7.B 
6.9 
6.6, 
10.2 
4.3 
7.7 
4.0 
0.0 
6.8 
6.2 
8.9 
7.1 

4.1 
6.8 
10.1 
10.3 

Zn 
99 
73 
66 
93 
68 
83 
65 
91 
94 
102 
114 
80 

38 
38 
22 
24 

Suple 

Kap. I 
Kap. 2 
Kap. 3 
Kap. 4 
Kap. 5 
Kap. 6 
Kap. 7. 
Kap. 8 
Kap. 9 
Kap.10 
Kap.11 
Po*. 6 

St.CL-1 
St.CL-1 
St.V-10 
St.V-10 

Gi 

0.0 
0.2 
0.5 
0.4 
0.0 
0.4 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 

0.4 
0.2 
0.1 
0.2 

Бе 

1.5 
0.1 
0.9 
0.9 
1.1 
1.0 
0.2 
0.1 
1.6 
1.7 
3.4 
0.0 

0.3 
0.7 
0.0 
•0.6 

Hg 

0.4 
3.1 
0.0 
1.8 
0.9 
1.2 
3.8 
0.8 
0.9 
1.0 
0.3 
8.9 

0.0 
0.0 
2.1 
0.0 

Pb 

2.4 
4.9 
2.8 
2.8 
1.3 
3.5 
3.1 
r/.4 
2.0 
2.0 
7.6 
3.4 

0.1 
0.3 
0.7 
2,2 

As 
0.6 
0.0 
0.0 
0.2 
0.4 
0.0 
0.0 
0.0 
0.3 
0.0 
0.7 
o.e 
0.2 
0.6 
0.3 
0.0 

Se 
0.9 
71 
11.3 
0.6 
0.4 
0.7 
i.4 
0.0 
0.3 
0.0 
0.0 

142 

0.1 
0.2 
0.5 
0.3 

Br 
7.6 
6.5 
5.4 
6.5 
7.1 
7.1 
6.5 
5.4 
11.2 
9.0 
10.4 
1.0 

4.4 
4.8 
6.4 
8.3 

Rb 
B.3 
7.3 
5.7 
7.6 
6.0 
9.9 
7.8 
7.6 
5.4 
8.6 
6.8 
3.1 

i8 
37 
4.9 
6.5 

Sr 
210 
125 
114 
155 
126 
134 
142 
93 
109 
92 
125 
186 

19.4 
17.1 
31 
39 

Ir 

5.1 
3.5 
4.4 
4.0 
1.6 
2.7 
2.9 
5.3 
1.2 
0.0 
1.4 

11.4 

0.5 
1.1 
2.3 
0.2 

Nb 
1.6 
1.1 
0.4 
1.1 
1.1 
1.3 
1.0 
0.0 
1.5 
0.7 
0.7 
0.7 

2.5 
2.2 
0.6 
0.9 

№ 
4.5 
6.7 
3.1 
6.2 
2.2 
5.8 
7.5 
5.4 
14.8 
9.6 
9.3 
4.7 

1.0 
2. В 
2.2 
2.1 

Fig. 2 


