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Abstract 

The purpose of this work is to investigate and quantify x-ray fluorescence, its production and 

its spectroscopy. Characteristic x-ray with different energies was obtained from six various 

elements using Am-241 source with 59.5 keV. It was found that x-ray energy and intensity 

increase with increasing atomic number of material. X-ray spectroscopy was studied for such 

elements in respect to their atomic number and intensity of Kα using proportional counter. 

Furthermore, x-ray fluorescence was produced from different thicknesses of copper foil using 

different energies. It was found that there is no substantial difference in x-ray fluorescence yield 

with higher thickness of the target. 
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1. INTRODUCTION 

Nowadays, X-ray is important in many section of life. It is invaluable in many applied fields of 

science such as radiology, nuclear energy and radiation damage [1-6]. In 1895, W. Röntgen 

discovered X-rays which are produced when a beam of electrons interacts a target [7]. X-ray 

can also be produced by the interaction of energetic photons incident on a metallic target via 

the photoelectric absorption. The subsequent de-excitation of the ions in the material creates a 

characteristic x-ray spectrum of the material [8, 9]. This type of radiation has wave-particle 

duality [10]. X-ray photons are less penetrating than gamma-ray photons, depending on the 
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energy [11, 12]. However, lead is still of choice for shielding of x-ray due to its high density 

and atomic number. 

Proportional counter is widely used in doing x-ray work as being a sensitive detector of 

moderate energy resolution [13]. This detector consists of a cylinder and a thin wire containing 

a gas at a given pressure. X-rays enter through a thin window and create ion-electron pair which 

are separated by an applied bias. A proportional counter can be used for spectroscopy of a wide 

range of radiation. Energy resolution of this type is typically a few percent, in a range of about 

5 keV to 25 keV, peak energies can be determined to within 1 keV [14, 15]. However, it has a 

lower detection efficiency and poorer energy resolution than other detectors [16]. In this work, 

x-ray was used to excite atoms of different elements of low, medium and high atomic number.  

2. EXPERIMENTAL METHODS 

Fig. 1 shows the block diagram for the experimental system. In this paper, the characteristic x-

rays produced for six different target elements as shown in Table 1. A proportional counter 

filled with xenon gas to detect x-rays from a number of different sources. The detector window 

is made of very low atomic number material of Be (Z=4) which allows for low energy to 

penetrate. The system was calibrated using two radioactive sources. Am-241 was used for its 

gamma energy photon at 59.5 keV and characteristic x-ray at 17.75 keV. Also, Fe-55 was used 

for characteristic x-ray at 5.89 keV. The calibrated was done to ensure a range of energy (5- 60 

keV) which is covered. Thus, a characteristic x-ray of interest is identified. X-ray source was 

placed close to the proportional counter and target elements which were rotated to obtain the 

spectrum. These targets have different atomic numbers and variable energy. When the gamma 

rays interact with electrons of the targets via the photoelectric effect, the rearrangement of the 

electrons in the ionized atoms produce characteristic x-rays with energy that equal to the 

difference in the electronic energy levels. 

 

Table 1. Target elements used in obtaining characteristic x-ray. 

Targets Atomic number Energy of Kα (keV) Energy of Kβ (keV) 

Cu 29 8.038 8.91 

Rb 37 13.37 14.97 

Mo 42 17.44 19.63 

Ag 47 22.10 24.99 

Ba 56 32.06 36.55 

Tb 65 44.23 50.65 
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X-ray fluorescence (XRF) was produced using copper foil. Different thicknesses were applied 

with different energies to study any variation in intensity of x-ray produced. The direct beam 

coming from the x-ray source was directed to hit the target Cu.  

 
Figure 1. A block diagram of the experimental setup. 

 

3. RESULT AND DISCUSSION  

The proportional counter should be calibrated before using in radiation detection to covert 

channel number to energy scale. The calibration of the spectrum was carried out using three 

energies, 17.75 keV and 59.5 keV from Am-241 and 5.89 keV from Fe-55 radioactive source. 

These energies have different atomic numbers. The reason these two particular sources were 

chosen simply because of the low energies. Fig. 2 shows the energy peaks used for calibration 

of the spectrum. This spectrum was calibrated between 5.89 to 59.5 keV. So that, energies of 

x-ray in this range can be identified. 

 

Figure 2. Energy spectrum and calibrated for Fe-55 and Am-241 radioactive sources. 
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The energy resolution is obtained from Full Width at Half Maximum (FWHM) of a single peak 

using the following equation [17-19]:  

𝑅 % =
𝐹𝑊𝐻𝑀

𝐸0
 𝑥 100 

Where R is energy resolution and E0 is the related energy. It can be seen from Fig. 3 that the 

FWHM value increase with increasing the energy value. Thus, the poor resolution obtained as 

the energy of the photon increased. 

 
Figure 3. Energy resolution of the proportional counter against x-ray energy. 

 

In this work, the emission spectra of variable x-ray source was obtained. Characteristic x-ray is 

characteristic of each element which results from transition of electron upon excitation of the 

atom. The measured energy of Kα is displayed in Fig. 4 as a function of atomic number of the 

target. It was found that characteristic x-ray energy increases with the high atomic number of 

the target. 

Fig. 5 can be shown that as the atomic number of the target increases, the x-ay yield increases 

too. However, the last two points of the figure are questionable which the x-ray yield decreased 

with atomic number of the target and then increases again. Thus, something must have gone 

wrong during measured of these two points. It has been shown that elements with high atomic 

numbers have high fluorescence yield. This is due to the high transition energy while the low 

atomic number of elements have low energy and yield. Also, this is attributed to the low energy 

of the Auger electron emission.  
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Figure 4. Energy of Kα against atomic number of the target. 

 

 
Figure 5. X-ray yield against atomic number of the target. 

 

Different thicknesses of Cu (Z=30) were used to produce x-ray fluorescence from different x-

ray energies which are 1577.01, 9855, 17545 and 48818 mg/cm2. X-ray fluorescence is 

produced by irradiating a copper foil using Tb, Mo and Rb target. Fig. 6 shows that x-ray yield 
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did not change with low energy of Mo and Rb with increasing the thickness of the copper foil. 

However, the x-ray yield changes dramatically with high-energy x-rays (45.08 keV and 52.34 

keV from Tb) with increasing the thickness. Thus, x-ray yield should be investigated further 

with high energy in relation to target thickness as there was no consistency in yield with 

increasing the thickness of the copper foil.  

 
Figure 6. X-ray yield against thickness of copper foil. 

 

4. CONCLUSION 

In this work, a proportional counter was used to identify characteristic x-ray for six various 

targets. Characteristic x-ray or x-ray fluorescence is produced into two main mechanisms. The 

first is when an atom is excited by radioactive decay, internal conversion or electron capture. 

The second is by exciting the atom with external radiation, this external radiation can be a 

photon or a particle. The second method can be controlled in the sense that we can choose the 

exciting mean (photon or particle) as well as the target material. 
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