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Abstract 

Introduction: The charged particles emit electromagnet radiation due to the ionization 

and excitation of atoms while stopping in the environment. The energy spectrum and 

irradiation intensity depend on the type and the content of ingredients in the target and 

their thickness. Materials: The spectrum of the produced X-rays has been examined by 

placing layers made of metals and other materials as well as changing their thickness in 

front of the inlet window of the CsI(Tl) scintillation detector. The CsI(Tl) scintillation 

detector channels have been calibrated using the 60Co and are represented in terms of 

energy versuce MeV. 

Results: Results revealed that iron with a thickness of 0.2 mm is the best candidate for 

producing X-rays. Besides, aluminum and paper are capable of producing X-rays with 

uniform distribution in the ranges of 0.383-2.357 MeV and 0.383-0.560 MeV, 

respectively.  

Conclusion: Results show that the maximum X-ray radiation intensity with the energy 

of 383 keV is produced due to the stoppage of alpha particles in the iron sheet with a 

thickness of 0.2 mm. Plastic, aluminum, paper, copper, and lead with X-ray radiation 

(383 keV) with thicknesses of 0.1-0.4 mm are available, respectively. 

Keywords: X-ray, Electromagnetic radiation, Scintillation detector. 

 

1. Introduction  

Different atomic and nuclear methods 
have been used so far to produce X-rays 
[1-3]. Stopping high-energy electrons in 
different ingredients is one of the most 
effective atomic methods, among others, 
widely investigated and optimized by 
different researchers [4,5]. Besides, the 
X-rays have been produced by the 
Triboelectric effect [6]. In this method, 
the X-ray can be produced by rubbing 

two insulating materials with different 
electronegative properties and moving 
them at a proper distance from a metal 
[7,8]. The rubbed insulating plates 
produce the electric load, and the electric 
discharge occurs at a proper distance 
from a metal; then, the X-rays can be 
produced as electrons are stopped at the 
target [9]. The X-ray production gain 
depends on the pressure of both gas and 
the chamber. It is well-known that the 
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production gain increases by decreasing 
the pressure. Besides, X-rays can be 
produced by stopping radioactive beams 
[10-12]. In 2017, Radwan Durak used the 
nuclear radiation of 241Am source in the 
Pr, Nd, Sm, Eu, Gd, and Tb for producing 
X-rays [13]. The utilization of radioactive 
sources is one of the most efficient 
methods for producing X-rays. Nuclear 
radiations which reach the liquid and 
solid samples at different energies are 
stopped on the desired target, and the X-
ray emission is created. The X-ray 
spectrum depends on material type, 
source type, and source energy. The 
present study aims to study and 
introduce novel methods by reviewing 
the previous methods for producing X-
rays due to the different nuclear 
interactions between the radioactive 
beams and different materials (with 
different contents).  

2. Materials and Methods 

According to Figure 1, some layers 
with different thicknesses made of 
aluminum and copper are placed 
between a 241Am source and the CsI(Tl) 
scintillation detector. We investigated the 
number of photons received in every 
energy channel corresponding to the 
emitted beams due to the stoppage of 
alpha particles and secondary electrons 
in the layers with different thicknesses 
for different types of materials in the 
CsI(Tl) scintillation detector. The 
intensity and spectrum of the ray were 
examined by changing the source energy, 
source type, target dimensions, target-
source distance, and target element. Also, 
the test conditions were optimized. 

The variations of counts of channels 
sensitive to the emitted photons due to 
the stoppage of alpha particles and 
secondary electrons in different layers of 
aluminum and copper are represented in 
Table 1. 

 

Figure 1. A view of the X-ray scintillation detector produced due to the stoppage of 
charged particles in the material 
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Table 1. Maximum X-ray produced due to the radiation of Am source alpha-ray in terms 
of the of layers number of paper, lead, iron, copper, and aluminum (thickness of all 

layers is 0.1 mm) 

plastic Paper Lead Iron Copper Aluminium 
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383 1 67 352 4 29 383 3 20 383 2 86 383 4 27 360 5 63 
391 2 34 356 5 22 580 6 6 457 2 60 572 2 18 383 4 51 
457 2 32 360 2 48 795 3 10 516 2 23 637 4 25 418 7 33 
461 2 12 364 1 29 825 8 13 520 4 18 649 4 16 484 6 45 
468 5 19 357 2 42 1320 1 16 524 3 30 748 3 18 508 3 32 
484 2 37 383 4 78 1334 2 9 528 5 42 829 2 19 524 4 27 
536 3 19 391 2 53 1364 6 12 560 4 32 1229 2 15 528 5 25 
552 1 15 410 2 13 1600 6 14 564 4 24 1320 1 13 536 5 47 
560 1 35 457 2 27 1679 8 9 572 2 20 1344 4 11 564 7 24 
564 4 19 461 2 23 1759 6 11 580 5 36 1679 1 10 572 3 38 
572 1 39 465 3 38 2266 8 11 637 5 25 1759 3 16 580 5 25 
637 3 23 484 2 28 2321 8 9 736 2 14 2218 3 11 612 5 17 
715 3 16 488 1 31    907 3 14    637 9 35 

1334 1 18 508 2 43    1049 2 20    825 2 27 
1364 2 13 512 4 16    1201 3 13    990 3 14 
1373 3 11 524 4 25    1224 3 11    1013 5 24 

   528 1 23    1320 4 10    1031 5 18 
   536 3 31          1053 8 18 
   540 4 22          2358 8 147 
   552 1 24             
   560 2 26             

 
3. Results 

The maximum pure counting in the 
sensitive channels is shown in Figure 2. 
Besides, the scintillation detector 
channels have been calibrated using 60Co 
and are represented in terms of energy in 
Figure 3. It can be seen from Table 1 that 
the X-rays are available with energies 
0.383-2.357 MeV with a thickness in the 

range of 0.1-0.8 mm. The source activity 
is 5 mCi, and it was reported that the 
average number of photons received 
within 1160 s was 38215. Therefore, 
these channels are those showing the 
maximum intensity of emitted photons 
due to the stoppage of alpha particles and 
deaccelerated electrons in the medium. 
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Figure 2. Maximum pure counts observed in the sensitive channels 
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Figure 3. Calibration of scintillation detector by 60Co 

Results show that the maximum X-ray 
radiation intensity with the energy of 
383 keV is produced due to the stoppage 
of alpha particles in the iron sheet with a 
thickness of 0.2 mm. Plastic, aluminum, 
paper, copper, and lead with X-ray 
radiation (383 keV) with thicknesses of 
0.1-0.4 mm are respectively in the next 
rankings.  

4. Discussion and Conclusion 

X-rays are produced due to the 
collision of alpha beams to the aluminum 
and copper and their stoppage in the 
target. The X-ray spectrums produced in 
different CsI(Tl) scintillation detector 
channels were investigated. In the 
present research, alpha beams (5.48 
Mev) produced by 241 Am source were 
emitted to the targets made of plastic, 
paper, lead, iron, copper, and aluminum 
with different thicknesses. Firstly, the 
sensitive channels were detected, and 
then the most desired thicknesses for 
observing X-ray spectrums were 
introduced by analyzing channels with 
different thicknesses. Results revealed 
that iron with a thickness of 0.2 mm was 
the best candidate for producing X-rays. 
Besides, aluminum and paper were 
capable of producing X-rays with uniform 
distribution in the ranges of 0.383-2.357 
MeV and 0.383-0.560 MeV, respectively. 
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