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ABSTRACT: This study investigates the gamma-ray shielding performance of cadmium tungstate (CdWO₄) nanoparticles 

through computational simulations using the EpiXS program. The selected nanomaterial represents an economically viable, 

lightweight, and readily processable alternative for radiation protection applications. Simulation results revealed significant 

attenuation properties, with the linear attenuation coefficient reaching a maximum value of 38.6 cm⁻¹ at the energy of 80 keV. 

The mass attenuation coefficients were also determined, and the results demonstrated a strong energy dependence consistent 

with the dominance of photoelectric absorption at lower photon energies. Half-value layer analysis indicated that the shielding 

effectiveness is directly influenced by incident photon energy, with higher energies requiring greater material thickness to 

achieve equivalent attenuation. The tenth-value layer and mean free path parameters further confirmed the material's efficiency 

in attenuating radiation across a broad energy spectrum. The effective atomic number and electron density values were 

calculated to provide insight into the interaction mechanisms governing the shielding behaviour, with results showing highest 

values in the low-energy region where photoelectric absorption predominates. Additionally, exposure and energy absorption 

buildup factors were evaluated using geometric progression fitting parameters to account for scattered photon contributions. 

The combination of favourable shielding characteristics together with the material's lightweight nature, low production cost, 

and processing flexibility positions CdWO₄ nanoparticles as promising candidates for X-ray and gamma-ray shielding 

applications requiring thin shielding layers to enhance economic feasibility. 
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1. INTRODUCTION 
 

The protection of personnel and the public from harmful 

ionizing radiation remains a fundamental concern across 

numerous sectors, including nuclear power generation, 

medical diagnostics and therapy, space exploration, and 

industrial radiography. X-rays and gamma rays, being highly 

penetrating electromagnetic radiation, pose particular 

challenges for effective shielding due to their ability to 

traverse substantial thicknesses of ordinary materials. The 

development of efficient shielding materials requires a 

comprehensive understanding of the physical mechanisms by 

which photons interact with matter, specifically the 

photoelectric effect, Compton scattering, and pair production, 

each of which dominates in different energy regimes [1]. The 

photoelectric effect is most significant at low photon energies 

and depends strongly on the atomic number of the absorbing 

material, typically scaling as Z⁴ to Z⁵. Compton scattering 

prevails at intermediate energies and is primarily governed 

by electron density rather than atomic number. Pair 

production becomes relevant at energies exceeding 1.022 

MeV and exhibits a Z² dependence. These fundamental 
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interaction processes dictate the attenuation behaviour of any 

candidate shielding material and must be carefully 

considered during the selection and design phases [2]. 

Conventional shielding materials have historically 

included lead, concrete, steel, and various alloys. Lead, 

despite its excellent attenuation properties arising from its 

high density and atomic number, suffers from significant 

drawbacks including toxicity, high weight, and limited 

mechanical strength [3]. Concrete, while inexpensive and 

readily available, requires considerable thickness to provide 

adequate shielding and offers limited flexibility in 

application. These limitations have motivated extensive 

research into alternative materials that can provide 

comparable or superior shielding performance while 

addressing the practical constraints of weight, cost, toxicity, 

and processability [4]. Polymer-based composites 

incorporating high-Z fillers have emerged as promising 

candidates, offering the advantages of light weight, flexibility, 

and ease of fabrication, though careful optimization of filler 

loading and dispersion is essential to achieve satisfactory 

shielding efficiency [5]. Iron-based materials have also been 

employed, though they present challenges such as low 

mechanical strength and considerable heaviness, which limit 

their practical applicability in certain contexts [6]. 

The advent of nanotechnology has opened new avenues 

for radiation shielding research, with nanomaterials offering 

unique advantages over their bulk counterparts [7]. The 

reduced dimensions of nanoparticles result in increased 

surface area to volume ratios, enhanced dispersion 

characteristics, and the potential for superior interaction 

cross-sections due to quantum confinement effects. 

Numerous studies have investigated various nanomaterials 

including metal oxides such as bismuth oxide, lead oxide, 

tungsten oxide, and cadmium oxide, often incorporated into 

polymeric matrices or formed into composite structures [8]. 

These nanocomposites have demonstrated enhanced 

shielding properties while maintaining desirable attributes 

including flexibility, comfortability, reduced weight, and 

cost-effectiveness compared to conventional shielding 

materials [9, 10]. The ability to tailor the composition, size, 

and morphology of nanoparticles provides additional degrees 

of freedom for optimizing shielding performance across 

different energy ranges. Furthermore, nanomaterials are 

considered environmentally friendly alternatives to 

traditional shielding materials, as they can be manufactured 

using relatively simple and low-cost techniques [11]. Recent 

investigations have shown that various nanocomposites 

made of metal or metal oxide particles in the nano-dimension 

can significantly improve the radiation shielding 

characteristics while simultaneously offering enhanced 

mechanical and thermal properties [12]. 

Among the various heavy metal oxides that have 

attracted attention for radiation shielding applications, 

cadmium tungstate (CdWO₄) presents particularly interesting 

characteristics. Cadmium tungstate is a well-known 

scintillator material with excellent luminescent properties, 

high density, and favourable X-ray absorption characteristics 

due to the presence of both cadmium and tungsten atoms, 

which possess relatively high atomic numbers (48 and 74 

respectively) [13]. The combination of these two heavy 

elements within a single compound offers the potential for 

enhanced photoelectric absorption at low energies while 

maintaining reasonable stability and processability. Recent 

studies have demonstrated that CdWO₄ nanoparticles can be 

synthesized through various methods including co-

precipitation, hydrothermal treatment, solvothermal routes, 

and molten salt methods, yielding controlled particle sizes 

and morphologies [14, 15, 16, 17]. These synthesis 

approaches are relatively straightforward and cost-effective, 

making CdWO₄ nanomaterials economically viable for large-

scale applications. Moreover, cadmium-based materials have 

been found to exhibit radiation shielding qualities 

comparable to lead while being less hazardous, which 

addresses one of the primary concerns associated with 

conventional lead-based shielding materials [18]. The 

versatility of CdWO₄ nanoparticles, combined with their 

favourable physical and chemical properties, makes them 

attractive candidates for incorporation into protective 

clothing, shielding containers for radioactive source transport, 

and isolation materials for radioactive waste management 

facilities [19]. Additionally, materials with high atomic 

numbers such as tungsten, bismuth, and cadmium find 

extensive applications in radiography, radiotherapy, 

academic research, food industry processing, gas detectors, 

and security devices [20]. 

The novelty of the present investigation lies in the 

comprehensive evaluation of CdWO₄ nanoparticles 

specifically for their gamma-ray shielding capabilities, an 

aspect that has received limited attention in the existing 

literature. While significant research has been conducted on 

the photocatalytic properties and luminescent behaviour of 

cadmium tungstate nanostructures, systematic studies of their 

radiation attenuation parameters including linear and mass 

attenuation coefficients, half-value layers, effective atomic 

numbers, and buildup factors are scarce. The unique 

combination of cadmium and tungsten within a single 

nanostructured material offers synergistic shielding effects 

that have not been thoroughly explored. Furthermore, the use 

of advanced simulation tools such as the EpiXS program, 

which is based on the most recent evaluated nuclear data 

libraries including EPICS2017 of ENDF/B-VIII and 

EPDL97 of ENDF/B-VI, enables accurate prediction of 

shielding parameters without the need for extensive 

experimental measurements [21]. This computational 

approach facilitates rapid screening of potential shielding 

materials and provides valuable data for the rational design 

of optimized shielding composites. The present work extends 

beyond previous investigations by providing a detailed 

energy-dependent analysis of all relevant shielding 

parameters, thereby establishing a comprehensive 

benchmark for the radiation protection performance of this 

particular nanomaterial across a wide energy range from 15 

keV to 15 MeV. 

The application of nanomaterials in radiation shielding 

extends beyond mere replacement of toxic or heavy materials 

to enable new functionalities and improved performance 
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characteristics. In medical applications, lightweight and 

flexible shielding materials can significantly reduce operator 

fatigue during prolonged procedures while maintaining the 

required level of protection [22]. In nuclear waste 

management, shielding materials that can be easily moulded 

or applied as coatings offer advantages in complex 

geometries and remote handling scenarios. The space 

industry similarly demands shielding materials with 

exceptional weight efficiency to minimize launch costs while 

providing adequate protection against cosmic radiation. 

Nanoparticle-based composites can be engineered to meet 

these diverse requirements, with the nanosized fillers 

providing superior dispersion and interaction with incoming 

radiation compared to conventional micron-sized particles 

[23]. 

Studies have shown that nanomaterials outperform 

traditional lead and concrete in several aspects, including 

being transparent in some cases, additive manufacturing 

compatibility, cost-effectiveness, light weight, ease of 

processing, and importantly, having minimal negative effects 

on living organisms [24]. These attributes make 

nanomaterials particularly attractive for applications 

involving direct human contact, such as protective clothing 

for radiation workers. The growing body of research on 

gamma-ray shielding properties of various nanomaterials, 

including those based on zinc oxide, copper oxide, nickel 

oxide, and bismuth oxide, has demonstrated the potential of 

these materials to address the limitations of conventional 

shielding approaches [25]. However, systematic 

investigations of the shielding performance of CdWO₄ 

nanoparticles, particularly regarding their energy-dependent 

attenuation characteristics and buildup factors, remain 

limited in the current literature [26, 27]. 

Concerns about the amount of radiation to which 

workers are exposed, as well as the management of 

radioactive waste, must be addressed in addition to the 

benefits of nuclear energy. The protection of humans from 

radiation is a critical and fascinating research topic that 

continues to drive innovation in materials science and 

engineering. As radiation shielding alternatives, steel, 

polymeric materials, lead-based materials, and lead-free 

materials can all be employed depending on the specific 

application requirements. However, nanomaterials have risen 

to prominence as a new alternative material that overcomes 

many of the disadvantages associated with lead and concrete 

materials used in traditional radiation shielding, and research 

in this area has grown significantly in recent years. Numerous 

studies on the gamma-ray shielding of nanomaterials have 

been conducted, though investigations on the gamma as well 

as neutron shielding of glass materials remain relatively 

uncommon. Studies of the various properties and parameters 

of nanomaterials have recently attracted the attention of 

researchers and technologists, leading to continuous 

advancements in the field. 

In this paper, we report on the systematic evaluation of 

the gamma-ray shielding properties of CdWO₄ nanoparticles 

using the EpiXS computational program, which is based on 

the EPICS2017 and EPDL97 evaluated nuclear data libraries. 

The shielding parameters investigated include the linear 

attenuation coefficient, mass attenuation coefficient, half-

value layer, tenth-value layer, mean free path, effective 

atomic number, electron density, atomic and electronic cross-

sections, as well as energy absorption and exposure buildup 

factors. The energy range considered spans from 15 keV to 

15 MeV, covering the typical photon energies encountered in 

medical, industrial, and nuclear applications. The results are 

analysed in terms of the underlying photon interaction 

mechanisms and compared with established shielding 

materials to assess the potential of CdWO₄ nanoparticles as 

viable candidates for lightweight and cost-effective radiation 

protection applications. This investigation aims to contribute 

to the growing body of knowledge on nanomaterial-based 

radiation shielding and to provide a foundation for future 

experimental studies and practical applications of CdWO₄ 

nanoparticles in this important field. 

 

 

2. EXPERIMENTAL DETAILS 
 

The CdWO₄ nanoparticles investigated in this study were 

synthesized using a co-precipitation method, with the 

detailed synthesis procedure and characterization results 

having been reported in our earlier work [4]. The synthesis 

involved the controlled precipitation of cadmium and 

tungstate ions under specific conditions to yield 

nanoparticles with uniform size distribution and desired 

crystalline structure. The resulting nanoparticles were 

characterized using various techniques including X-ray 

diffraction, transmission electron microscopy, and UV-

visible spectroscopy to confirm their phase purity, 

morphology, and optical properties, all of which have been 

previously documented. 

For the determination of gamma-ray shielding 

parameters of the synthesized CdWO₄ nanoparticles, the 

EpiXS computational program was employed. EpiXS is a 

Windows-based application program specifically developed 

for photon attenuation, dosimetry, and shielding calculations. 

The program is built upon two major evaluated nuclear data 

libraries, namely EPICS2017 of ENDF/B-VIII and EPDL97 

of ENDF/B-VI.8, which provide comprehensive and reliable 

photon interaction data across a broad energy spectrum. This 

computational tool has been widely validated and utilized in 

the radiation shielding research community for its accuracy 

and versatility in predicting various shielding parameters for 

user-defined materials. 

The EpiXS program is capable of computing a 

comprehensive set of shielding parameters essential for 

evaluating the radiation protection performance of materials. 

These parameters include partial and total cross sections (σ), 

which describe the probability of photon interaction with the 

material atoms, and mass attenuation coefficients (μ/ρ) and 

linear attenuation coefficients (μ), which quantify the 

reduction in photon intensity per unit mass or length of the 

shielding material, respectively. Additionally, the program 

calculates mean free paths (MFP), half-value layers (HVL), 

and tenth-value layers (TVL), all of which are practical 
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parameters indicating the material thickness required to 

reduce the photon intensity to specific fractions of its original 

value. The effective atomic number (Zeff) and electron 

density (Neff) are also computed, providing insight into the 

effective shielding characteristics of the composite material 

based on its elemental composition. Furthermore, the 

program determines auxiliary parameters and buildup factors 

for both energy absorption (EABF) and exposure (EBF) 

through the Geometric-Progression (G-P) fitting method. 

These buildup factors account for the contribution of 

scattered photons to the total dose, which is particularly 

important for accurately assessing shielding effectiveness at 

larger penetration depths where multiple scattering events 

become significant. The computational capability of EpiXS 

extends over an extensive energy range from 1 keV to 100 

GeV, thereby covering all photon energies relevant to 

medical, industrial, and nuclear applications. 

The input to the EpiXS program consisted of the 

elemental composition and density of the CdWO₄ 

nanoparticles. The elemental composition was determined 

from the stoichiometric formula of CdWO₄, with the weight 

fractions of cadmium, tungsten, and oxygen being calculated 

accordingly. The density of the synthesized nanoparticles 

was experimentally determined using standard pycnometry 

methods. All shielding parameters were computed across the 

energy range of interest, specifically from 15 keV to 15 MeV, 

which encompasses the typical photon energies encountered 

in diagnostic radiology, radiotherapy, industrial radiography, 

and nuclear power applications. The results obtained from 

the EpiXS calculations were systematically analysed to 

evaluate the energy-dependent shielding performance of the 

CdWO₄ nanoparticles, with particular attention paid to the 

underlying photon interaction mechanisms governing the 

attenuation behaviour in different energy regions. The 

computational approach adopted in this study offers 

significant advantages in terms of speed, cost-effectiveness, 

and reproducibility compared to experimental measurements, 

while still providing reliable and physically meaningful 

results based on well-established nuclear data libraries. 

 

 

3. RESULTS AND DISCUSSION 
 

3.1. Radiation-absorbing parameter calculation 

procedure 

 

There is a relationship between the radiation intensity (I) with 

absorbent material, thickness t, and the radiation intensity 

before having encountered the material, as shown in the 

following equation (Io). [25–31]. 

 

𝐼 = 𝐼𝑜𝑒−𝜇𝑥                                     (1) 

 

Where μ is the linear radiation attenuation coefficient (LAC). 

The LAC (cm-1) value, which is independent of material 

density and represents attenuation per unit length, is the first 

gamma-ray absorption parameter obtained. It is an important 

parameter to determine the values required to reduce primary 

radiation by half (HVL; X1/2; cm) or one-tenth (TVL; X1/10; 

cm) [32-35]. Figure 1 shows energy-dependent changes in 

LAC that illustrate the contributions of different photon 

interaction mechanisms to the attenuation of gamma and X-

ray radiation through CdWO4 nanoparticles. The total LAC 

curve represents the combined effects of key processes such 

as photoelectric absorption, coherent scattering, incoherent 

(Compton) scattering, and pair production. Photoelectric 

absorption dominates at low photon energies (up to 

approximately 100 keV) and is strongly dependent on the 

atomic number (Z) of the shielding material, exhibiting a 

dependence roughly proportional to Z⁴ to Z⁵. This results in 

high attenuation values at lower energies. 

Coherent (Rayleigh) scattering occurs without energy 

loss and is significant mainly at low energies but contributes 

much less to the overall attenuation compared to 

photoelectric absorption. In contrast, incoherent or Compton 

scattering predominates in the medium energy range 

(approximately 100 keV to several MeV), where photons 

interact with electrons causing energy loss through inelastic 

scattering; this mechanism depends more on electron density 

rather than Z. Pair production becomes relevant at higher 

photon energies above 1.022 MeV, where photon interaction 

with nuclear or electron fields produces electron-positron 

pairs; its cross-section increases with energy and 

approximately scales with Z². The LAC generally decreases 

with increasing photon energy due to the reduction in 

interaction probability, although the interplay between these 

mechanisms introduces complexity in the attenuation 

behavior across energy ranges. Consequently, the gamma 

shielding effectiveness of CdWO4 nanoparticles 

fundamentally depends on the photon energy spectrum, 

rendering them highly effective over broad energy ranges due 

to their diverse photon interaction properties [36-39]. 

 

 

 
 

Fig. 1. Linear attenuation coefficient (LAC). 

 

 

By dividing the linear attenuation coefficient (LAC) by the 
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material's specific gravity, one can obtain fundamental 

information about the shielding material's capacity to lower 

the amount of gamma-ray radiation. The EpiXS method was 

used to determine the samples' MAC values [11–17]: 

 

𝑀𝐴𝐶 = ∑ 𝑤𝑖(𝑀𝐴𝐶)𝑖𝑖                               

(2) 

 

Wi denotes the weight fraction of the ith constituent element. 

Figure 1 depicts the change in MAC values as a function of 

energy for the MAC values of sample were determined using 

the EpiXS program [17], and the changes were discovered to 

be related to photon energy, as shown in Figure 2. Figure 2 

depicts how three different interaction processes influenced 

the MAC values. 

In the medium and low energies, MAC values tend to 

decrease rapidly with energy. The change in the cross-section 

of the photoelectric interaction caused by the Z4/E3.5 

relationship explains this trend. There are abrupt increases in 

the energy range of 30 KeV to 200 KeV in Figure 1. This 

sharp peak corresponds to the K absorption edge of the 

element. It corresponds to the energy of the absorbed photon. 

Because of the linear change in Compton scattering with Z in 

medium energies, the pair production interaction mechanism 

(which varies with Z2) caused MAC values to rise again at 

higher energies [7]. 

The sample had high MAC values due to W, as shown 

in Figure 1. The photoelectric effect is very strong in this 

region (EPhoton<100 keV), and the absorption cross-section 

is directly proportional to the fourth or fifth order of the 

atomic numbers (Z4-5) of the atoms in a material in this case 

[40]. 

 

 

 
 

Fig. 2. Mass attenuation coefficient (MAC). 

 

 

The thickness of a homogeneous material that reduces the 

photon beam's intensity to a tenth of its original intensity is 

referred to as TVL and is determined using the following [41-

43]: 

𝑇𝑉𝐿 =
ln(10)

𝜇
                                     (3) 

 

Figure 3(a) demonstrates that at low photon energies, the 

TVL is low, meaning less material thickness is needed to 

attenuate the radiation. As photon energy increases, TVL 

increases sharply at first and then tends to flatten at very high 

energies, indicating that higher-energy photons penetrate 

deeper, requiring thicker shielding. 

The half-value layer (HVL), also known as half-value 

thickness, is a useful parameter for use in some radiation 

applications because it indicates the thickness of the material 

required to halve a certain photon flux [42]. 

 

𝐻𝑉𝐿 =
ln(2)

𝑚𝑢
                                      

(4) 

 

As shown in Figure 3(b), HVL decreases at very low photon 

energies, reflecting effective attenuation due primarily to the 

photoelectric effect. It then increases with energy because 

higher-energy photons interact less frequently, thus 

penetrating further. Beyond a certain point, the HVL curve 

shows a minimum, likely corresponding to the K absorption 

edge of heavy elements (such as tungsten in CdWO4), where 

photon absorption sharply increases. At very high energies, 

HVL rises again as pair production and Compton scattering 

dominate and photons penetrate more deeply. 

The MFP (cm) represents the average distance travelled 

by a photon during the photon-matter interaction and is the 

reciprocal of the LAC, so it mirrors energy-dependent 

interaction probabilities. Furthermore, the MFP is the 

distance at which the function 1/e reduces the intensity of the 

radiation. HVL is a useful parameter in some radiation 

applications.  At low energies, MFP is small, indicating 

photons are quickly absorbed or scattered. MFP peaks at 

intermediate to high energies where photon interactions 

(especially the photoelectric effect) decline and photons can 

travel further between interactions, as shown in Figure 3 (c). 

A gradual decline at very high energies might reflect 

increasing pair production or other interaction mechanisms 

[41]. 

 

MFP =1/μ                                      (5) 

 

The HVL, TVL, and MFP are critical parameters for 

determining the material's gamma shielding ability and the 

level of gamma radiation penetrating the environment. 

Figures 3 (a-c) show energy-dependent variations of MFP, 

TVL, and HVL curves, respectively. The elemental 

composition of the sample influences HVL, TVL, and MFP 

values. The MFP, TVL, and HVL values of the samples 

studied are quite small, up to 0.1 MeV in energy. The MFP, 

TVL, and HVL values were low in the CdWO4 sample due to 

Cd concentration. These parameters were enhanced with 

photon energies ranging from 100 to 5000 MeV. Lower-

energy photons are absorbed more effectively, demanding 

thinner shielding (low TVL, HVL, MFP), while higher-
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energy photons require increased thickness due to their 

greater penetration capability and predominant scattering or 

pair production interactions [44, 45]. 

 

 

 
 

Fig. 3. (a) the tenth value layer (TVL) values, (b) the half 

value layer (HVL) values, and (c) mean free path (MFP), 

versus the incident photon energy of the sample. 

 

 

An effective atomic number (Zeff) varies with the material 

and certain parameters of the interacting radiation and 

provides information about the material. The Zeff values of 

the samples were calculated in this study using [32, 33]: 

 

𝑍𝑒𝑓𝑓 = (
∑ 𝑓𝑖𝐴𝑖(𝑀𝐴𝐶)𝑖𝑖

Σ𝑗𝑓𝑗𝐴𝑗𝑍𝑗(𝑀𝐴𝐶)𝑗
                           (6) 

 

Where fj denotes the ratio of the ith element's atomic number 

to the total number of atoms in the absorber, and Ai and Zi 

denote the atomic weight and atomic number of the ith 

element in the absorber material, and so on. The effective 

atomic number is also referred to as a virtual atomic number 

because it represents the totality of any complex material 

composed of more than one atom and indicates which 

shielding material possesses this material's property. 

Furthermore, this number characterizes materials in a set of 

material classes based on their shielding capacities and can 

be used to select the best-shielding material. This parameter 

is proportional to incident photon energy and is directly 

impacted by the kinds of constituent element atoms in 

materials. It is influenced by Compton scattering interactions. 

Figure 4 depicts the attitude of the obtained effective atomic 

numbers (Zeff) for photon-energy-varying samples. A 

sample's ability to absorb radiation is indicated by the 

magnitude of its Zeff value. The Zeff values were influenced 

by three photon substance interaction processes [44, 45], as 

shown in Figure 4. 

Zeff values in the low-energy region have the highest 

values for the sample when compared to other energy regions, 

and the highest values are found at the element's K absorption 

edges. Zeff's energy dependence decreased in the middle and 

high energy zones, with the lowest values found in high 

energies where pair production (change with log E) was 

dominant. Because this parameter is directly proportional to 

the atomic and electronic cross-sections (ACS and ECS) of 

the target material. To demonstrate that the Zeff values 

calculated for any material depend on both the photon-matter 

interaction mechanism and the primary photon energy, the 

Zeff values would be independent of photon-matter 

interactions if the Zeff values were only dependent on the type 

and molar fraction of the atoms forming the material. 

Considering this result, it is possible to conclude that the Zeff 

values of complex materials, like Zeff, cannot be stated as a 

single number as in pure element atoms at different photon 

energies for complex materials, and are obtained by dividing 

the MAC values by the ECS values.  

The obtained results show that the decreasing order of 

Neff values up to approximately 1 MeV energy value. This 

result differs significantly from the rankings obtained for 

MAC and Zeff values. This result can be attributed to the mole 

fraction as well as the atomic mass of the elements that make 

up the material. Because the Neff value can be computed: 

 

𝑁𝑒𝑓𝑓 = 𝑁𝐴
𝑛𝑍𝑒𝑓𝑓

∑ 𝑛𝑖𝐴𝑖𝑖
                                 (7) 

 

Where, NA is Avogadro's number, and ni is the total number 

of elements in the composite. The less Neff value is. It is not 
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possible to claim that the material has a higher shielding 

capacity regardless of whether its Neff value is greater or 

lesser. As a result, if a material contains elements with a high 

atomic mass, the Neff values of the material will be small at 

any photon energy. 

 

 

 
 

Fig. 4. (a) the effective atomic number (Zeff), and (b) Neff 

values versus the incident photon energy of the samples. 

 

 

3.2. Atomic Cross Section (ACS) and Electron Cross 

Section (ECS) 

 

As photon energy increases, ACS values decrease due to 

reduced photon-atom interactions. This trend is consistent 

with the mass attenuation coefficient (MAC) results, where 

the highest MAC values correspond to the highest atomic 

cross sections. Similarly, the probability of photon-electron 

interaction, described by ECS values, also decreases with 

increasing photon energy. The changes in ACS and ECS 

values as a function of photon energy are depicted in Figure 

5. 

Photon build-up factors, which demonstrate the 

possibility of photon scattering, are another important 

parameter in radiation protection applications. The first step 

in the calculation is to determine how much of the total 

number of photons that hit the material is scattered. This is a 

purely theoretical process that involves G-P fitting 

coefficients (a, b, c, d, and XK), R, and Zeq values are 

provided to calculate the build-up factors. 

 

 

 
 

Fig. 5. Cross-section values versus the incident photon 

energy of the samples. 

 

 

Photon Scattering Parameter (R), defined as the ratio of 

incoherent scattering cross-section to total cross-section, 

helps quantify the fraction of total photons scattered. R 

values, depicted across photon energies 0.015 to 15 MeV, 

reveal Compton scattering dominance in the middle energy 

range. As energy increases beyond this range, pair production 

becomes more dominant, reducing R values as shown in 

Figure 6. Compton scattering, or inelastic scattering, is 

dominant in the middle energy region. The inelastic 

scattering cross-section reaches its maximum within the 

selected limits and becomes almost independent of the 

material composition when given a constant total cross-

section. Furthermore, as energy increases, pair production 

becomes more dominant, and Compton scattering becomes 

less likely. As a result, R values tend to decrease after a 

certain maximum. When photons are taken up in materials 

[33-35]. The virtual atomic number that identifies the 

complex material is Zeff, whereas when scattering occurs, this 

value is Zeq. The changes in the Zeq values of the sample 

studied are depicted in Figure 6. 

Figure 7 displays the G-P (Geometric Progression) 

fitting parameters (a, b, c, d, and XK) plotted against photon 

energy (in keV), which are used to calculate the Energy 

Absorption Buildup Factor (EABF) and Exposure Buildup 

Factor (EBF) for CdWO4 nanomaterials. G-P fitting 

parameters (a, b, c, d, XK): These parameters are empirical 

constants used in the geometric progression fitting formula 

to model the buildup factors (EBF and EABF) in shielding 
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materials. The buildup factor accounts for scattered radiation 

that contributes to the total dose inside the shielding material, 

beyond the primary uncollided photons. These are 

intermediate coefficients that describe the shape and 

behavior of the buildup factor curve as a function of photon 

energy and penetration depth (mean free path, MFP). XK: 

This parameter represents the "cross-over" or "breakpoint" 

energy that separates regions of different buildup behavior in 

the energy spectrum. The parameters 'a' and 'XK' show 

significantly higher values at low photon energies (around a 

few keV to a few thousand keV) then gradually level off or 

become constant at higher energies up to 15 MeV. This 

suggests that these parameters dominate the buildup factor 

behavior in the lower energy region where photoelectric 

absorption and initial scatterings are prevalent. Parameters b, 

c, and d are much lower in value and show relatively minor 

changes across the energy range, indicating more subtle 

contributions to the complex photon scattering and buildup 

phenomena in the material [11-13]. 

 

 

 
 

Fig. 6. (a) R and (b) Za values versus the incident photon 

energy of the sample. 

 
 

Fig. 7. G-P fitting parameters for (a, b, c, d, and XK) for (a) 

EABF and (b) EBF 

 

 

When designing gamma radiation shielding and medical 

physics applications, buildup factors are critical. EBF and 

EABF [18]. To evaluate buildup factors, various parameters 

such as photon energy absorption and dose were used (i.e., 

exposure). EBF and EABF are affected by energy values and 

penetration. Depths (1, 2, 5, 10, 20, 30, and 40 mfp) of the 

investigated samples are shown in Figure 8. As shown in 

Figure 8, EBF and EABF values gradually increase between 

0.1 and 3 MeV; they accelerate after the 6 MeV energy value 

(especially for high penetration depths). From Figure 8 clear 

that at medium energies where Compton scattering occurs, 

the EBF and EABF values of the samples change 

proportionally to Zeq values. The EBF and EABF values of 

the investigated samples increased more rapidly at 6-15 MeV, 

which is due to Z2. Figure 8 shows that the EBF and EABF 
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values increased with the depth of penetration (1-40 MFP). 

This implies that the quantity of secondary photons increases 

with sample thickness. For example, the EBF values for the 

1 and 40 MFP are in the order of 101 and 108, respectively.  

The positron is quickly destroyed, resulting in the production 

of another pair of 511 keV photons. Some of the original 

Photon loss is compensated for by these secondary gamma 

Photons. As the pair production Process continues to 

dominate at energies greater than 3 MeV, the accumulation 

factors increase with increasing Zeq for deeper penetration 

depths (>15mfp). At shallow penetration depths (15mfp), 

these particles may escape or collide multiple times within 

the material after coming to rest, annihilating them further. 

Secondary gamma rays contribute to the strength of primary 

gamma rays [45].  

As a result, high specific heat, high melting point, high 

density, high mechanical strength, high radiation shielding 

parameters such as MAC, LAC, ACS, ECS, and Zeff, low 

half-value layer (HVL), and low mean free path (MFP) 

values are the most important properties of an alternative 

shielding material. 

 

 

 
 

Fig. 8. (a) The energy absorption buildup factors and (b) The 

exposure buildup factors in the energy region 15–15000 KeV 

at 1, 2, 5, 10, 20, 30, 40 mfp. 

4. CONCLUSION 

 

The present investigation has demonstrated that CdWO₄ 

nanoparticles exhibit significant gamma-ray shielding 

capabilities across a broad energy range based on the 

comprehensive computational analysis performed using the 

EpiXS program. The linear attenuation coefficient reached its 

maximum value of 38.6 cm⁻¹ at 0.08 MeV, while the mass 

attenuation coefficient attained a value of 4.88 cm²g⁻¹ at the 

same energy, indicating exceptional attenuation efficiency at 

low photon energies where photoelectric absorption 

predominates. The half-value layer results clearly established 

that the penetrating ability of the material is strongly 

dependent on photon energy, with higher energies requiring 

substantially greater material thickness to achieve equivalent 

attenuation. This energy-dependent behaviour underscores 

the importance of considering the specific radiation spectrum 

when designing shielding applications. The evaluation of 

buildup factors through geometric progression fitting 

parameters revealed that scattered photon contributions 

become increasingly significant at higher energies and 

greater penetration depths, emphasizing that effective shield 

design must account for both direct attenuation and 

secondary radiation. The relatively high values of the G-P 

fitting parameters at low energies confirmed the dominance 

of photoelectric absorption, while the stable values observed 

at high energies were consistent with the prevalence of 

Compton scattering and pair production mechanisms. The 

combination of favourable shielding characteristics with the 

material's lightweight nature, low production cost, ease of 

processing, good dispersion properties, and flexibility 

positions CdWO₄ nanoparticles as promising candidates for 

X-ray and gamma-ray shielding applications requiring thin 

shielding layers to enhance economic feasibility. The 

potential applications extend from stationary uses such as 

radioactive source shielding and waste management facility 

isolation to mobile applications including protective clothing 

for radiation workers. Future research directions may focus 

on the incorporation of these nanoparticles into various 

polymeric matrices to develop flexible and comfortable 

shielding materials for diverse radiation protection scenarios. 
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