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Abstract 

This work aims to investigate the interaction of charged particles ( alpha and proton)  with the CeBr3 scintillator 

by using Monte Carlo simulation. The total mass stopping power (TMSP), projected range, ion distributions, and 

ion ranges in the CeBr3 at an energy range of 0. 01 MeV -  10,000 MeV, were computed by SRIM and FLUKA 

programs. The simulation results show that the TMSP of CeBr3 obtained by both programs is in good agreement. 

The alpha particle has a higher TMSP of the CeBr3 than the proton.  The projected range of alpha and proton 

particles increases with increasing energy.  The projected range of the proton is higher than that of the alpha 

particle when compared at the same energy.  Finally, the 2D visualization of ion distributions and ion ranges for 

alpha and proton particles was reported. 
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1.  Introduction  

Scintillators are materials that can emit visible light when interacting with radiation. Nowadays, scintillators 

have been continually used in industrial, medical, and scientific applications. Inorganic scintillators such as CeBr3 

are interesting due to high density and high-energy resolution of gamma-ray spectroscopy at room temperature    

(Idoeta, Herranz, Alegría, & Legarda, 2021). In recent years, many researchers have examined the fundamental 

characteristics of CeBr3 detectors such as energy resolution (Naqvi, Khiari, Liadi, Khateeb-ur-Rehman, & Isab, 

2016), pulse linearity (Giaz et al., 2015) and timing properties (Swiderski, Moszynski, Syntfeld-Kazuch, 

Szawlowski, & Szczesniak, 2014). There is no information on charged particles interacting with CeBr3 

scintillators. Therefore, this work aims to study charged particles interacting with CeBr3 scintillators by using 

Monte Carlo simulation programs. 

 

2. Theory 

2.1 Mass stopping power 

When the charged particles pass through matter, they lose energy by transferring their energy to excite and 

ionize the atoms or molecules of matter. The properties of materials that cause charged particles to lose energy 

per depth per density is called “Mass stopping power”, as described by the Bethe-Bloch formula (Braibant, 

Giacomelli, & Spurio, 2012): 
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where  

𝑟𝑒 = 𝑒2 𝑚𝑒𝑐2⁄  classical electron radius 

2𝜋𝑚𝑒𝑟𝑒
2𝑐2 = 0.1535 MeV g−1cm2 
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𝑚𝑒= electron mass = 9.110 ∙ 10−31 kg 

𝑁𝐴 = Avogadro’s number = 6.022 ∙ 1023 mol−1 

𝐼 = mean ionization(excitation) potential of target 

𝜌 = material density 

𝑍 = atomic number of absorber medium 

𝐴 = atomic weight of absorber medium 

𝑧𝑒= charge of the incident particle 

𝛽 = 𝑣 𝑐⁄  of incident particle 

𝛾 = 1 √1 − 𝛽2⁄  

𝛿 = density effect correction (vital at high energy) 

𝐶 = shell correction (already vital at low energy) 

𝑊𝑚𝑎𝑥 = maximum kinetic energy imparted to an 𝑒− in a single collision ≅ 2𝑚𝑒𝑐2(𝛽𝛾)2, for 𝑀 ≫ 𝑚𝑒. 

 

2.2 Monte Carlo simulation software 

Monte Carlo method is one of the old and most effective techniques for solving generally complex problems 

involving particle transport and interactions with matter in complex geometries (Ahdida et al., 2022). Nowadays, 

the software based on this methodology, such as FLUKA (Battistoni et al., 2015), GEANT4 (Allison et al., 2016), 

MCNPX (Vahabi & Shamsaie Zafarghandi, 2020), PHITS (Sato et al., 2018), and SRIM (Ziegler, Ziegler, & 

Biersack, 2010), has been widely used to simulate the particle transport and interactions with matter. In this work, 

the charged particles interaction with CeBr3 scintillators were investigated by SRIM and FLUKA Monte Carlo 

simulation programs. The weight fraction, and density of CeBr3 are Ce(0.3689) and Br(0.6311), and 5.2 g cm3⁄ , 

respectively. The SRIM and FLUKA were used to calculate the total mass stopping power (TMSP) of the CeBr3 

for alpha and proton particles in the energy range of 0.01 MeV – 10,000 MeV. Moreover, the projected range, ion 

distribution, and ion ranges of the CeBr3 for alpha and proton particles were investigated by SRIM. The simulation 

was run with a total of 10,000 primary particles. 

 

3. Results and Discussion 

The TMSP, projected range, ion distribution, and ion ranges of the CeBr3 scintillator for alpha and proton 

particles were investigated using SRIM and FLUKA programs. The TMSP of CeBr3 in energy range of 0.01 MeV- 

to 10,000 MeV for a) alpha and b) proton was illustrated in Figure 1. 

The results found that the TMSP of the CeBr3 scintillator computed by SRIM and FLUKA is in good 

agreement.  The maximum values of TMSP are approximately 711.50 MeV cm2 g⁄  at an alpha energy of 0.65 

MeV and 256.35 MeV cm2 g⁄  at a proton energy of 0.10 MeV, respectively. Due to the energy dependence of the 

energy loss (or total mass stopping power curve), incoming high-energy particles experience a negligible energy 

loss 𝑑𝐸/𝑑𝑥, whereas the energy loss reaches its maximum when the particles have slowed to energies that 

Figure 1. Mass stopping power of CeBr3 for a) alpha and b) proton particles in energy ranges from 0.01 MeV to 

10,000 MeV computed by SRIM (solid line) and FLUKA (dashed line). 
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correspond to the peak of the energy loss curve (El-Ghossain, 2017). In addition, the TMSP of the alpha particle 

tends to be higher than that of the proton as increasing energy. This effect is a result of the fact that the alpha 

particle has a lower penetration power than the proton. This is because the TMSP value of alpha particle is more 

than that of proton particle. The TMSP indicates the potentiality of a material to reduce the kinetic energy of 

particles traveling toward it by ionizing the molecules. The average penetration depth that particles stop in the 

material is called the “projected range”. 

Error! Reference source not found.The average penetration depth of alpha and proton into CeBr3 as a function 

of their kinetic energy was shown in Figure 2. The results indicate that the projected range of alpha and proton 

particles penetrating the CeBr3 increases with increasing energy. Moreover, because proton particles have greater 

penetration power than alpha particles, the projected range of the proton particles is greater than that of the alpha 

particles when compared with the same energy. 

The 2D simulation of the ion distribution when alpha particles interact with CeBr3 at energies of a) 0.01 MeV 

and b) 0.05 MeV is shown in Figure 3a and 3b, respectively. The alpha particles lose their energy by transferring 

energy to CeBr3. The alpha particle has enough energy to ionize the Ce and Br atoms. These ions and alpha still 

move into CeBr3 until their movement are stopped. The orange line traces the Ce ion trajectory until it stops at the 

green dot. The blue line traces the movement path of the Br ion until it stops at the purple dot. The black line is 

the trajectory of alpha particles to stop in CeBr3 at the red dot. The simulation results showed the ion range 

distribution of alpha particles into CeBr3 is between 0 angstrom and 0.28 µm for incident alpha energies of 0.01 

MeV (Figure 3c) and between 0 angstrom and 0.84 µm for incident energies of 0.05 MeV (Figure 3d). The average 

ion ranges of alpha particles are about 916 angstroms or 0.0916 µm for 0.01 MeV, as shown in Figure 3c, and 

about 3525 angstroms or 0.3525 µm for 0.05 MeV, as illustrated in Figure 3d. 

 

Figure 2. The projected range of alpha and proton particles in CeBr3 from 0.01 MeV to 10,000 MeV. 
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The results of the 2D simulation of the ion distribution produced by proton particle interactions with CeBr3 

at energies of 0.01 MeV and 0.05 MeV were shown in Figure 4a and 4b, respectively. According to the simulation 

results, the ion range distribution of proton particles into CeBr3 is between 0 angstrom and 0.30 µm for incident 

energies of 0.01 MeV (Figure 4c) and between 0 angstrom and 0.74 µm for incident energies of 0.05 MeV (Figure 

4d). The average penetration depth of proton particles is about 1168 angstroms or 0.1168 µm for 0.01 MeV, as 

shown in Figure 4c, and about 4224 angstroms or 0.4224 µm for 0.05 MeV, as shown in Figure 4d. 

a) 0.01 MeV 

 

b) 0.05 MeV 

c) 0.01 MeV 

 

d) 0.05 MeV 

 

Figure 3. The 2D Monte Carlo simulation of the 10,000 alpha particles interact with the CeBr3 at energies    

a) 0.01 MeV, b) 0.05 MeV, and the probability distributions of ion ranges at c) 0.01 MeV and d) 0.05 MeV. 

Alpha Alpha 
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4. Conclusion 

The TMSP, projected range, ion distribution, and ion ranges of alpha and protons interacting with the CeBr3 

scintillator in the energy range of 0.01 MeV - 10,000 MeV were studied by using SRIM and FLUKA software. 

The results found that the TMSP of the CeBr3 scintillator for alpha and proton is in excellent agreement. The 

TMSP of the alpha particle tends to be higher than that of the proton. The projected range of alpha particles and 

protons in the CeBr3 increases with increasing energy. The projected range of the proton is higher than that of the 

alpha particle when at the same energy. Finally, the 2D simulation of ion distributions and ion ranges for alpha 

and proton particles was reported. The average ion ranges of alpha particles are 0.0916 µm for 0.01 MeV and 

0.3525 µm for 0.05 MeV. For proton particles, the average ion ranges are 0.1168 µm for 0.01 MeV and 0.4224 

µm for 0.05 MeV. 
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a) 0.01 MeV 

 

b) 0.05 MeV 

c) 0.01 MeV 

 

d) 0.05 MeV 

 

Proton Proton 

Figure 4. The 2D Monte Carlo simulation of the 10,000 proton particles interact with the CeBr3 at energies    

a) 0.01 MeV, b) 0.05 MeV, and the probability distributions of ion ranges at c) 0.01 MeV and d) 0.05 MeV. 
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