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Abstract In Proton Induced X-ray Emission (PIXE) experiments, absorber plays an important role. It not only protects
the detector from the radiation damage but also filters excessive flow of X-rays to reduce the dead time of the detecting
system. A new experimental chamber has been installed at the 3 MV Van de Graaff Accelerator Facilities Division (AFD) in
the Atomic Energy Centre, Dhaka (AECD). The aim of the study was to standardize the absorber thickness for the new set up
of the detecting system using the nuclear analytical technique PIXE, hence we can get the accurate concentration during
elemental analysis. Mylar of appropriate thickness is widely used as absorbing material, because it does not produce any
unwanted secondary X-rays or y-rays. Normally, the low Z elements present in the sample produce the maximum counts
compared to the trace level high Z elements in the sample. In order to balance the counts of both low and high energy X-ray,
it is very useful to have the so-called ‘funny’ filter, which consists of a suitable absorbing material with a small hole in it. In
the high energy region about 100 percent of the X-ray photons pass through the absorber, the concentrations of elements Zinc,
Uranium and Tellurium are not dependent on the thickness of the absorber placed in front of detector. The X-ray energies less
than 2.014 keV (low energy) cannot pass through the absorber without the hole. To standardize of the detecting system for
PIXE analysis, Beryllium thickness of 25 um and Mylar of 160 um, 340 um, and 160 pm (with effective hole are 0.785mm?®)
were used. But some discrepancy between the true thickness which is the manufacturer coated value and the obtained
thickness which is the “effective thickness” were found as Beryllium of 31 pm and Mylar of 142 um, 355 pm, and 155 pm
(with effective hole are 0.82mm?). The precise calibration factor was measured by using these effective thicknesses in the
detecting system of the Si(Li) X-ray detector.
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In the first iteration, all the parameters asked by GUPIX
are entered along with the geometrical solid angle value.
When the results from different run for different samples
were compared, different trend of scatter was found and the
thickness of the absorber was adjusted to minimize the
difference between the obtained and the true values of
concentration of the samples [1,2]. The thickness of the

1. Introduction

For this study we used Mylar absorbers of three different
thicknesses in front of the Si(Li) detector to measure the
effective thickness of this. We adjusted the thickness of the
absorbers using thin film standard samples collected from a

renowned company ‘“Micromatter, Arlington, USA” [4].
We assumed that the thickness labeled by the company on
each standard sample was accurate and tried to minimize
the discrepancy between the observed and the labeled
(by the manufacturer) concentration of the elements by
adjusting the thickness of the absorbers. This same
technique was applied by the scientists of the “Lund
Nuclear Microprobe Facility, Sweden” when they
constructed a new chamber to perform standardized
analysis of PIXE in 2002 [5,6].
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Beryllium (Be) layer of the detector was also corrected in
the same way. The manufacturer of CANBERRA Model
SL30165 Si(Li) detector labeled the beryllium layer as 25
micrometers [3]. This beryllium layer is an absorber placed
by the manufacturer inside the detector to protect it from the
backscattered protons.

A special kind of absorber with a small hole of diameter
about 1 millimeter in the middle of the absorber known as
“funny filter” was also used. It is a very popular technique
to detect both high energy and low energy X-rays and many
researchers have done this before. For example, Sophie
Gama et al in 2001 used some funny filters in their
experiments [7]. Zdenek Nejedly et al of “Guelph-Waterloo
Physics Institute, University of Guelph, Canada” developed
an excel utility for rapid characterization of funny filters in
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PIXE analysis in 2004 [8].
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Figure 2. Experimental setup of the new PIXE chamber

Since, the thicknesses of the absorbers are in the range of
micrometers, it is quite difficult to measure the exact
thickness. Normally these absorbers are made for other
purposes [9,10]. So, the manufacturer does not declare
the thickness accurately. Normally the PIXE analysts
characterize the thickness using different techniques for the
purpose of accurate PIXE results. One of the most widely
technique is what we have done in this work (using the
micrometer thin films). These standards are made for PIXE
analysis and their labeled thicknesses are very accurate.
When a new setup is installed, the standardization must be
carried out to get accurate PIXE result. In this work we
have standardized the system with two absorbers of various
thicknesses. If someone wants to use a different absorber,
he/she has to standardize that absorber in the similar
manner. The elemental analysis of four samples (Neem
leaves, Banyan leaves, Mango leaves and Guava leaves) has
been carried out by Md. Taufique Hassan and it has been

shown that the concentrations value could be very different
if the correct absorber value has not been used [11]. This
proves the necessity of the work. Hence, the main motto of
this research work is to standardize the absorber thickness
used in front of the detector that can make accuracy of the
detecting system for PIXE analysis. Figure 1 represents the
inner side of the chamber and Figure 2 represents the
experimental arrangement of the PIXE setup.

2. Methodology

The experiments were done with 2.5 MeV proton beam
using beam current of 10 nA from the 3 MV Van de Graaff
Accelerator. A 30 mm® Si(Li) detector and associated
electronic setup with the resolution of 165 eV at 5.9 keV was
used. The dead time of the measurements was generally less
than 5%. A 200 pg/em® gold diffuser foil was used to
homogenize the beam onto the target samples.

The calibration of the PIXE setup has been done with 15
thin film standards of micrometers order thickness. For the
determination of the “effective thickness”, “no absorber”
was used in front of the detector. We used GUPIX software
[12] with DAN32 interfacing software [13,14] for analyzing
PIXE spectra in our experiment. In the GUPIX software
input, first the thickness of the Be layer of 25 um was used.
The GUPIX H value was given equal to the geometrical
solid angle which was determined using equation (2). The
value of the solid angle is 0.0015306. When the input of Be
thickness was 25 pum, the deviations, for almost all elements,
were found to be above 20%. As the thickness of Be layer is
sensitive to the low energy X-ray, it was possible to reduce
the deviation in the low energy region. It was tried to
manipulate the thickness of the Be layer in such a way that
the low energy X-ray elements concentration becomes close
to the true value.

In the present experiment the altered thicknesses of
the absorbers are not “real thicknesses” but “effective
thicknesses”. The true concentration was given by the
manufacturer specifications. Calibration Factor, GUPIX H
value and the % of Deviation of the concentration were
determined by the following relations:

Obtained concentration

Calibration Factor = 5 )
Ture concentration

GUPIX H value = Solid angle * Calibration factor  (2)

Obtained Concen.—True concen. «100% (3

Deviation = -
True concenration

3. Results and Discussions

In this experiment, 15 different thin film standard
samples were used. The thin standard samples allow the
proton beam to pass through which is a vital advantage for
the charge measurement. The following Table 1 is the list of
standard samples used in our experiments.
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3.1. Characterization of Mylar Absorber of Thickness
160 pm

Mylar filter of thickness 160 pm was placed in the
absorber holder between the detector and the sample. The
transmission curve (Fig. 3) was obtained using the GUPIX
software. This curve clarifies the energy dependence of
transmission of X-ray. From this curve we found out
elements which were dependent on this absorber thickness.
From this transmission curve it can be seen that X-ray
energies less than 2.014 keV cannot pass through this
absorber, however about 100 percent X-ray photons can
transmit through it if the energies are greater than 10 keV. It
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can therefore be said that X-ray energies from around 2 keV
to around 9 keV are highly sensitive to Mylar thicknesses.
By changing the absorber thickness in the GUPIX input it
was observed that, the concentrations of the elements in the
low energy region become close to their true value. But at
the high energy region, some discrepancy was found. This
may be due to the fact that transmission of X-ray is more
than 90% in the high energy region. For calibration of the
Mylar of 160 um, we put all the input parameters in the
GUPIX software. At first we put the manufacturer labeled
value of the thickness of absorber Be layer (25 um) and
GUPIX H value was given equal to the geometric solid
angle 0.001530612; we obtained the data given in Table 2.

Table 1. List of standard samples
N ¢ Manufacturer labeled N ¢ Manufacturer labeled
S1. No. ame o Con. of Elements [ ] S1. No. ame o Con. of Elements [ ]
sample ) sample )
pgm/cm pgm/cm
. [Si] =25.737
1 Fe [Fe]=52.5 9 SiO
[0] =14.66
Ca] is 24.537
2 Pb [Pb] = 54.3 10 CaF2 [Calis
[F]=23.27
[Ga] is 25.38
3 Au [Au] =43.8 11 GaAs
[As] =25.38
_ [Zn] is 16.058
4 Al [Al]=18.842 12 ZnTe [Te]=31.34
[U]is 3.2011
5 Ag [Ag] =472 13 UF4
[F]=10.59
=32.12 is 20.919
6 GaP [Ga) 14 StF2 (St is
[P]=14.173 [F]=13.82
[Cu]=41.5 [Cd] is 29.781
7 CuS 15 CdSe
[S1=16.7 [Se]=20.91
[Na] = 18.842
8 NaCl
[C1]=29.05
Table 2. Data for Be Thickness 25 pm and Mylar Thickness 160 pm
X Obtained By “True Value” by
Name of the En::l GUPIX Manufacturer Dev. | Calibration
Element keVy Con. + Error Con. + Error % Factor
pgm/cm? % pgm/cm? %
Phosphorus 2.014 2.5933 5.12 14.273 5 -81.83 0.181692
Sulfur 2.308 31.22 0.98 16.7 5 86.94 1.869461
Iron 6.399 45.821 0.47 52.5 5 -12.72 0.872780
Copper 8.028 42.656 0.71 41.5 5 2.78 1.027855
Zinc 8.616 14.445 0.55 16.0587 5 -10.04 0.899512
Gallium 9.224 47.945 1.39 32.127 5 49.23 1.492358
Selenium 11.182 19.874 2.58 20919 5 -4.99 0.950045
Strontium 14.098 29.207 1.89 31.8766 5 -8.37 0.916252
Cadmium 27.981 22.606 1.95 29.781 5 -24.09 0.759074
Tellurium 27.202 25.125 0.56 31.341 5 -19.83 0.80166
Gold 9.712 (Ly) 49.672 0.77 43.8 5 13.40 1.134063
Lead 10.551(L,) 56.687 0.91 54.3 5 4.39 1.043959
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Transmission of X-ray through Mylar absorber of
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Figure 3. Transmission as a function of X-ray energy through Mylar

absorber of thickness 160 pm

In Table 2, we found that deviations were very high for
Phosphorus (-81.83%), Sulfur (86.94%), Iron (-12.72%),
Zinc (-10.04%) and Gallium (49.23%) and this is why
their calibration factors are also far from 1. As these are
dependent on the absorber thickness (Figure 3), we tried to
minimize the deviations and hence make the calibration
factor close to 1.

We started changing the absorber thickness in the GUPIX
input. In this case, we observed that, we were able to make
the concentration of the elements in the low energy region
close to their true value. But, at the high X-ray energy
region the measured concentration of elements are not close
to the true value. This was because the transmission of high
energy X-ray was more than 90% in this region.

At the changing state, we finally found that, at Be layer
thickness 31 um and the absorber thickness 142 pm, the
calibration factor for most of the elements (in low energy
region), tends to be 1 (Table 3). On the other hand, the
calibration factor moved a little bit away from the previous
value for Iron. It was 0.8727 before and now it is 0.8396.
When we put the absorber thickness 155 um, the calibration
factor of Iron comes close to 1 but for the other elements it

goes away from 1. So, we took the closest value of
thickness of Mylar absorber for which almost all elements
at the low energy region was close to 1.

So, the “effective thickness” of “Mylar absorber” is
found to be 142 pum.

3.2. Characterization of Mylar Absorber of Thickness
340 pm

Then we used a Mylar absorber of thickness 340 pum in
between the detector and the sample. The Figure 4 is the
transmission curve as a function of X-ray energy for the
Mylar absorber of thickness 340 um. From this figure, we
found that X-ray energies less than around 2.5 keV cannot
pass through this absorber. They are totally absorbed by the
absorber. On the other hand, about 100 percent X-ray
photons can transmit through it for X-ray energy greater than
10 keV. So, change of the absorber thickness have no effect
on these high energy X-rays. Now for calibration of the
Mylar absorber with thickness 340 pm, we put all the input
parameters in the GUPIX software.

Transmission of X-ray through Mylar absorber of
thickness 340 ym
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Figure 4. Transmission as a function of X-ray energy through Mylar
absorber of thickness 340 um

Table 3. Data for Be Thickness 31 um and Mylar Thickness 142um

Obtained By “True Value” by . .
X-ray GUPIX Manufacturer Dev. Calibration
Name of the Energy Factor
Concen. Error Concen. Error %
Element keV 5 )
pgm/cm % pgm/cm %
Phosphorus 2.014 14.284 4.86 14.273 5 0.07 1.0007706
Sulfur 2.308 17.132 0.96 16.7 5 2.58 1.0258682
ITron 6.399 44.081 0.39 52.5 5 -16.03 0.8396380
Copper 8.028 42.133 0.68 41.5 5 1.52 1.0152530
Zinc 8.616 14.248 0.51 16.0587 5 -11.27 0.887244
Gallium 9.224 47.488 1.35 32.127 5 47.81 1.4781336
Selenium 11.182 19.797 2.56 20.919 5 -5.36 0.9463645
Strontium 14.098 29.6394 1.84 31.8766 5 -7.01 0.9298168
Cadmium 27.981 29.484 1.94 29.781 5 -0.99 0.9900271
Tellurium 27.202 43.81 0.53 31.341 5 39.78 1.3978494
Gold 9.712 (La) 46.514 0.74 43.8 5 6.19 1.061963
Lead 10.551(La) 55.229 0.88 54.3 5 1.71 1.0171086
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The obtained data are presented in Table 4 and observed
that the deviations for most of the elements were above
15%. So, we found the necessity of changing absorber
thickness. For a perfect absorber thickness, the calibration
factor should be 1. Then, we started changing the absorber
thickness. It was very difficult to force the concentration of
all low energy elements to their “true value”. Finally we
found that for the absorber thickness 355 um, all the
concentrations of elements were closest to their respective
“true value”. As their calibration factor was satisfactory
(Table 5), we considered that the Mylar thickness of 355 pm
was the most appropriate value.

Therefore, the determined “effective thickness” of Mylar
340 um was 355um.

3.3. Characterization of Mylar Absorber of Thickness
160 pm with Hole of Area 0.785 mm’

Figure 5 represents the graph for transmission of X-rays
through the absorber with a hole area 0.785mm? (radius r =
0.5mm, area =1t X r°).

It is clear that there is a probability for the low energy
X-ray photons to pass through the hole. Comparing the
Figure 5 with Figure 3, it is observed that X-ray energies less
than 2.014 keV cannot pass through the absorber without the
hole. It can be found that using the hole, the curve do not cut
the X-axis and hence there is an opening which is absent in
Figure 3. This is the main advantage to use a hole in the
absorber. Now, for the calibration of Mylar absorber with
thickness 160 um with hole of 0.785 mm? area, we put all the
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input parameters in the GUPIX software.

We found that the deviations of some elements are higher
than our considerable value. Then, we started manipulating
the thickness of the Mylar absorber. In this time we also
needed to change the area of the hole. We first fixed the Be
layer thickness at 31 um. Then, we adjusted the absorber
thickness. Using the approximate hole area in the GUPIX
input, we ran the samples for different times. In this way, a
rough absorber thickness was determined. Then, we started
changing the hole area to get concentrations close to their
“true value”. Then we obtained an approximate hole area.
After that we again adjusted the absorber thickness. This
process was continued as long as the best calibration factor
(close to 1) for all the elements was achieved.

Transmission through Mylar absorber of
thickness 160 ym with 0.785 mm? hole area
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Figure 5. Transmission of X-ray through the Mylar 160 pm with
0.785mm” hole

Table 4. Data for Be Thickness 25 pm and Mylar Thickness 340 pm

X Obtained By “True Value” by Calibrati
Name of the Encerfg};/ GUPIX Manufacturer Dev. aFlacrta();on
Element keV Concen. Error Concen. Error %
pgm/cm? % pgm/cm’ %
Calcium (Ca) 3.691 17.016 1.25 24.53768 5 -30.65 0.6934640
Iron (Fe) 6.399 36.638 3.84 52.5 5 -30.21 0.6978666
Copper (Cu) 8.028 34.867 0.75 41.5 5 -15.98 0.8401686
Zinc (Zn) 8.616 13.236 0.71 16.0587 5 -17.57 0.824226
Gallium (Ga) 9.224 41.723 2.94 32.127 5 29.86 1.2986895
Strontium (Sr) 14.098 24.725 0.69 31.8766 5 -22.43 0.775647
Tellurium (Te) 18.251 16.935 1.45 31.341 5 -45.96 0.5403465
Table 5. Data for Be thickness 31 um and Mylar Thickness 355 um
Xray Obtained By “True Value” by Calibration
Name of the GUPIX Manufacturer Dev.
Energy Factor
Element keV Concen. Error Concen. Error %
pgm/cm? % pgm/cm? %
Calcium (Ca) 3.691 19.359 1.23 24.53768 5 -21.105 0.7889498
Iron (Fe) 6.399 37.405 3.83 52.5 5 -28.753 0.712476
Copper (Cu) 8.028 35.028 0.64 41.5 5 -15.595 0.8440481
Zinc (Zn) 8.616 13.477 0.65 16.0587 5 -16.076 0.8392335
Gallium (Ga) 9.224 42.243 2.93 32.127 5 31.487 1.3148753
Strontium (Sr) 14.098 27.067 0.62 31.8766 5 -15.088 0.8491181
Tellurium (Te) 18.251 35.166 1.42 31.341 5 12.204 1.122044
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In this way we found that, at the absorber thickness 155
um and hole area 0.82mm”* and Be layer thickness 31 pm,
most of the calibration factors are closer to 1. For all the run
by the GUPIX software, the error and the minimum detection
limit (MDL) was quite low. Figure 6 and Figure 7 explained
the data for the above two changes for holes and absorber
thickness also.

Comparing the Figure 6 and Figure 7, we found that in the

became close to 1. It is clear from the Figure 7 that, X-rays of
energy greater than 8 keV have above 90% transmission
probability. So, for the elements of energies greater than 8§
keV, the obtained concentrations neither depend on the
absorber thickness nor the area of the hole. This is why the
change in calibration factor is not observed in that region.
Hence, we found that the “effective thickness” of Mylar
absorber is 155 um and the “effective area of the hole” is

second graph the most in the low energy region (under 4 keV) 0.82 mm®.

Calibration factor as a function of X-ray energy for Be
thickness 25 pm and Mylar thickness 160 pm
with hole area 0.785 mm’
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Figure 6. Calibration factor as a function of X-ray energy for Be layer of thickness 25 um and Mylar absorber of thickness 160 um with hole of area 0.785
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Calibration factor as a function of X-ray energy for Be
thickness 31 pm and Mylar thickness 155 pm
with hole area 0.82mm’
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Figure 7. Calibration factor as a function of X-ray energy for Be layer of thickness 31 um and Mylar absorber of thickness 155 um with hole of area 0.82
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4. Conclusions

Several thin film standards were used for this study to
adjust the thickness and area of the hole of the absorbers. The
obtained effective thickness of the window material
(Beryllium) of the detector was 31 um. Mylar absorbers of
three different thicknesses were used in this experiment.
Among them two is without hole and one is with hole. The
obtained effective thickness of two absorbers was 142 um
and 355 pm (true thickness was 160 pm and 340 pum
respectively). The obtained effective thicknesses for Mylar
absorber were 155 um with hole area of 0.82 mm® where as
true thickness was 160 pm with hole area of 0.785 mm®. In
the high energy region (greater than 8 keV) about 100
percent of the X-ray photons pass through the absorber.
X-ray energies less than 2.014 keV (low energy) cannot
pass through the absorber without the hole. During the
experiments, the error and minimum detection limit (MDL)
of the GUPIX software was found to be very small. This
means that the software could handle the spectra very well.
Despite some limitations, we confidently claim that our
measured values “effective” thicknesses of the absorber can
give more accurate result in further PIXE analysis. In this
work we have standardized Mylar absorber of different
thicknesses and this would be useful to analyze various
samples in the new PIXE set up. If someone wants to use a
different absorber, he/ she have to standardize that absorber
in the comparable fashion.
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