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Abstract – Shielding is a critical aspect of radiation therapy facility design to ensure the safety of both 

workers and the public. This study utilizes the Particle and Heavy Ion Transport System (PHITS) version 

3.35 Monte Carlo code to evaluate the tenth-value layer (TVL) of four common materials, like water (1 

g/cm³), concrete (2.35 g/cm³), steel (7.8 g/cm³), and lead (11.36 g/cm³), under various photon beam 

energies of Ir-192 and Co-60 and with various linac energy of 6 MV, 10 MV, and 15 MV, that representing 

sources typically used in brachytherapy and external beam radiotherapy. The point source, isotropic 

source, and collimated source were utilized in this research. Results show that TVL values increase with 

higher beam energy and decrease with denser materials, following the known principles of radiation 

attenuation. However, an anomaly was observed in lead, where TVL values decreased at energies ≥10 

MV, possibly due to pair production effects, which warrants further investigation. None of the results 

precisely matched the reference values from IAEA SRS-47, likely due to differences in beam spectrum and 

inherent filtration. These findings suggest that Monte Carlo simulation is a feasible method for estimating 

shielding requirements, but validation through measurement is recommended. 

Keywords: Shielding; TVL; linear attenuation coefficients; Monte Carlo simulations; radiation 

protection. 

1. Introduction 

Radiation therapy facilities employ high-energy ionizing radiation at high intensities to effectively treat 

cancer patients. However, the use of such radiation also introduces the potential for significant exposure to 

surrounding areas if not properly controlled. To ensure safety, the principles of radiation protection, which 

are time, distance, and shielding, must be rigorously implemented, with shielding playing a particularly 

critical role in preventing the escape of radiation beyond treatment areas. In Indonesia, the National Nuclear 

Regulatory Agency (BAPETEN) adopts the recommendations of the International Commission on 

Radiological Protection (ICRP) Publication 103 [1], which stipulate that the annual dose limit for radiation 

staff is 20 mSv on average, and for members of the public, 1 mSv. Consequently, the design of radiotherapy 

facilities must include adequate and effective shielding to ensure compliance with these regulatory limits 

and to maintain a safe environment for both staff and the public. 

The most frequently referenced guideline by medical physicists for designing radiation therapy bunkers 

is the IAEA Safety Reports Series No. 47 (IAEA SRS-47) [2]. This document provides a comprehensive 

framework for evaluating radiation doses at specific measurement points outside the treatment bunker, 

following attenuation by shielding materials of specified thicknesses. The materials most addressed in 

IAEA SRS-47 are concrete (with a standard density of 2.35 g/cm³), steel, and lead, due to their widespread 

use and known shielding properties. Additionally, borated polyethylene (BPE) is often used to shield 

treatment room doors from neutron radiation, especially when high-energy photon beams (>10 MV) are 

involved. One of the key parameters used in shielding calculations is the tenth-value layer (TVL), which 

is the thickness of material required to reduce the radiation intensity by a factor of ten. TVL values vary 

depending on both the shielding material and the energy of the incident photon beam. However, the range 

of materials covered in IAEA SRS-47 is limited. While heavy concrete, with densities ranging from 4.4 to 
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5.2 g/cm³, is recommended under certain conditions in NCRP Report No. 151 [3], its TVL values are not 

explicitly provided in either the IAEA or NCRP publications [2,3]. 

The determination of TVL for shielding materials can be carried out by systematically varying the 

material thickness and analyzing the corresponding reduction in radiation intensity, compared to the 

unshielded (open field) condition. By fitting the attenuation data to an exponential decay model, one can 

derive the linear attenuation coefficient (μ) of the material [4]. Once μ is known, TVL can be calculated. 

This method is conceptually straightforward and widely used for low-energy photon sources and low 

atomic number materials. However, in practical settings, especially involving high-energy photon beams 

(e.g. >6 MV) or dense materials such as concrete, steel, or lead, this approach becomes technically 

challenging. The required infrastructure, radiation safety considerations, and detector sensitivity 

limitations make experimental measurement of TVL values impractical or even infeasible under clinical 

or laboratory conditions. 

To overcome these limitations, Monte Carlo simulations offer a powerful and practical alternative. 

These simulations use stochastic models to replicate the complex interactions of photons with matter, 

enabling accurate estimation of radiation transport and attenuation through various materials and 

geometries. With the ability to simulate a wide range of beam energies, shielding configurations, and 

material compositions, Monte Carlo codes such as PHITS, Geant4, MCNP, and EGSnrc have become 

essential tools for calculating TVL values, especially in cases where direct measurement is not viable. 

Their flexibility and precision make them particularly well-suited for evaluating novel or non-standard 

shielding materials in radiotherapy facility design [5,6]. 

Monte Carlo simulations are widely used in radiation therapy, particularly for accurate dose calculation 

in complex clinical scenarios. These simulations provide a highly detailed modeling of radiation transport 

by statistically replicating the probabilistic interactions of radiation with matter. This makes Monte Carlo 

methods especially valuable in cases involving tissue heterogeneity, high dose gradients, or non-standard 

geometries where conventional algorithms may be insufficient. By accurately modeling photon 

interactions, such as photoelectric absorption, Compton scattering, and pair production, Monte Carlo 

simulations contribute significantly to treatment accuracy and patient safety. Beyond dose calculation, one 

of the most powerful aspects of Monte Carlo simulations is their ability to predict secondary radiation 

effects, including scattered photons and the production of unintended particles, such as neutrons. Neutron 

production is particularly relevant in high-energy photon beams (typically above 10 MV) [7], where 

photonuclear reactions can occur in the linac head or bunker shielding. These secondary neutrons can 

contribute to increased ambient dose outside the treatment area, potentially exposing radiation workers and 

the public [8–12]. Monte Carlo tools, such as PHITS, Geant4, and MCNP, are therefore indispensable for 

evaluating shielding effectiveness, estimating neutron dose contribution, and ensuring compliance with 

national and international radiation protection standards [13,14]. 

Furthermore, a growing number of studies have been carried out to evaluate the shielding performance 

of various materials, emphasizing the importance of accurate modeling of linear attenuation coefficients, 

half-value layers (HVL), and TVL. For example, research by Alipoor et al. and Malidarre et al. utilized 

Monte Carlo simulations to investigate the shielding effectiveness of high-performance ultra-heavy cement 

composites and aluminum-boron-silicate glasses against neutron-gamma mixed radiation fields [15,16]. 

Many findings are also interesting in shielding properties [17]. In another study, Cui et al. and Hosseini et 

al. explored the use of rare-earth element/polyethylene terephthalate (REE/PET) composites for broad-

spectrum gamma ray protection and B2O3-based glass against ionizing radiation [18,19]. These 

investigations contribute valuable insights into the development of advanced shielding materials, which 

are critical for ensuring the safety and regulatory compliance of modern radiation therapy facilities at both 

national and international levels. These findings suggest that the writers evaluate the TVL values in the 

common materials used in radiation therapy shielding using Monte Carlo simulations. 

This study focuses on using the PHITS Monte Carlo [20] code to evaluate the shielding effectiveness 

of common building materials, such as concrete, steel, lead, and water, against different radiation sources 

typically used in Indonesian radiotherapy centers. The shielding effectiveness evaluation is limited to 

responses to the photon source, excluding any other particles. By analyzing the linear attenuation 

coefficient, HVL, and TVL for various beam types and energies, this work aims to contribute to a more 

data-driven approach in shielding design, and to assess the feasibility of Monte Carlo simulation as a 

reliable method for supporting regulatory compliance and clinical safety in Indonesian cancer treatment 

facilities. 
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2. Material and Methods 

The simulations were carried out using the Particle and Heavy Ion Transport System (PHITS) version 3.35 

Monte Carlo code, developed by the Japan Atomic Energy Agency (JAEA) [20]. Three materials 

commonly used in radiation therapy shielding, which are concrete (density: 2.35 g/cm³), steel (density: 7.80 

g/cm³), and lead (density: 11.36 g/cm³), were simulated to determine their HVL and TVL. The concrete was 

defined using the weight fraction of 1% H, 52.9% O, 1.6% Na, 0.2% Mg, 3.4% Al, 33.7% Si, 1.3% K, 

4.4% Ca, and 1.5% Fe. These materials are recommended by both the IAEA SRS-47 and NCRP Report 

No. 151 for use in radiation therapy shielding. Additionally, water was included in the simulations for 

comparative purposes. The computer used in these simulations was using Intel Core i5-12500F, with 6 

cores and 12 threads. Multithreading options were utilized during the simulations with maximum usage of 

8 threads [21]. The total particles used in these simulations ranged from 106 – 107 particles to reach the 

minimum statistical errors. 

The HVL and TVL values depend on the beam quality, which corresponds to the energy of the incident 

photon beam. Five different beam qualities were considered in this study: Ir-192, Co-60, 6 MV, 10 MV, 

and 15 MV. Ir-192 and Co-60 represent commonly used radioactive sources in brachytherapy in Indonesia; 

Co-60 is also utilized in external beam radiotherapy. The 6 MV, 10 MV, and 15 MV beams represent 

typical photon energies used in external beam radiation therapy across the country. Three beam types were 

simulated, including a mono-energy pencil beam with a 0.5 cm radius, an isotropic beam, and a collimated 

40×40 cm2 broad beam. The isotropic beam used a point source with virtually 0 cm in radius which 

perfectly simulated the point source. The collimated source was an isotropic point source that was 

collimated like inside the gantry head of the linear accelerators. These three configurations were analysed 

to account for differences in scatter radiation, which can influence the resulting HVL and TVL values. 

The HVL and TVL values are calculated by determining the linear attenuation coefficient (μ). The μ 

values can be determined by varying the material thickness and comparing the resulting effective dose 

(μSv/hr) of the beam at the fixed source-to-detector distance (SDD) with the effective dose without any 

kind of barrier. We simulated the fixed SDD at 100 cm, with a point detector tally with a defined radius of 

0.05 cm. Using the Beer-Lambert relationship, as mentioned in Equation 1, the μ values can be determined. 

𝐼 = 𝐼0𝑒
−𝜇𝑥 (1) 

The I and I0 are the intensity (or in this case, fluence) after passing through the barrier and the initial 

intensity, respectively. The x value represents the material thickness in cm. As Equation 1 is an exponential 

relation, the values of μ can be determined using the logarithmic relation between both sides. Equation (1) 

can be solved by: 

𝐼
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𝐼
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As Equation 1 turns into a linear equation in Equation 2, a simple linear regression method can be used to 

determine the μ values. The μ values related with HVL and TVL since these two values represent the 

material thickness required to transmit 50% of the initial intensity and 10% of the initial intensity 

respectively. The relationship between the HVL and TVL with the μ are written in the Equation 3 and 4. 
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3. Result  

The results of the simulations are shown in the four sub-sections. The visualizations of the simulation and 

its dose distribution are also shown below. Before showing the results, Table 1 is the tabulation of TVL 

values from IAEA SRS 47 document. The HVL value does not need to be shown since it is correlated to 

each other. 

3.1. Visualization of simulation 

The visualizations of the simulations are shown in Figure 1. The four figures represent how the simulation 

performed under the conditions of (a) 20 cm of concrete, (b) 5 cm of lead, (c) 20 cm of water, and (d) 6 cm 

of steel. Figure 1a and b were used for simulations under the condition of pencil beam and isotropic beam, 

and Figure 1c and d were used for simulations under the collimated broad beam. 

Table 1. The reference value of TVL adopted from IAEA SRS 47 [2]. 

Materialsa 
TVL Values (cm) 

Ir-192b Co-60 6 MV 10 MV 15 MV 

Concrete 
Primary 

15.2 
21.8 34.3 38.9 43.2 

Secondary 21.8 27.9 30.5 33.0 

Steel 
Primary 

4.3 
7.1 9.8 10.5 10.8 

Secondary 6.9 8.0 8.5 8.7 

Lead 
Primary 

1.6 
4.1 5.5 5.6 5.7 

Secondary 4.0 4.5 4.6 4.7 

aThe materials stated in IAEA SRS 47 documents have two types of TVL characteristics since the materials are used for external beam radiation 

therapy shielding. Thus, the primary and secondary beams have different characteristics. 
bIr-192 only has one value of TVL since it is commonly used in brachytherapy; therefore, all walls are considered as primary shielding. 

 

Figure 1. The visualization of the geometry design with various shielding materials of (a) concrete, (b) lead, (c) 

steel, and (d) water. 

3.2. Pencil beam result 

The pencil beam results is the representation of how linear attenuation coefficients should be calculated. 

Beer-lambert’s law, as written in Equation 1, is theoretically based on pencil beam attenuation. The 
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visualization of how the pencil beams move through the materials is expressed in Figure 2. The color 

scaling in the Figure 2 represents the effective dose in the cross-sectional area of the simulations. 

 

Figure 2. The example visualizations for the pencil simulation move through (a) concrete, (b) lead, (c) steel, 

and (d) water. 

Table 2. The µ, TVL, and HVL values from the simulations with the pencil beam. 

Materials Beam Energy µ (cm-1) HVL (cm) TVL (cm) 

Water 

Ir-192 0.105 6.583 21.867 

Co-60 0.063 11.073 36.783 

6 MV 0.042 16.504 54.823 

10 MV 0.034 20.507 68.124 

15 MV 0.029 24.321 80.792 

Concrete 

Ir-192 0.219 3.172 10.538 

Co-60 0.133 5.231 17.378 

6 MV 0.087 7.940 26.376 

10 MV 0.072 9.600 31.892 

15 MV 0.063 10.950 36.376 

Steel 

Ir-192 0.683 1.015 3.371 

Co-60 0.404 1.717 5.705 

6 MV 0.289 2.401 7.976 

10 MV 0.259 2.679 8.901 

15 MV 0.245 2.825 9.383 

Lead 

Ir-192 1.591 0.436 1.447 

Co-60 0.596 1.164 3.866 

6 MV 0.487 1.422 4.725 

10 MV 0.490 1.415 4.700 

15 MV 0.512 1.353 4.495 
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Figure 2 shows us how a different beam passes through the different materials with different thickness. All 

energy and material thickness variations have their own visualizations; however, we only show four figures 

as in Figure 2 as an example. Figure 2 (a) visualizes the 6 MV beam passing through the 15 cm concrete, 

(b) visualizes the 10 MV beam passing through the 5 cm lead, (c) visualizes the 15 MV beam passing 

through 8 cm steel, and (d) visualizes the Co-60 beam passing through the 25 cm of water. 

The concrete, lead, steel, and water thickness were varied from 5 – 30 cm, 1 – 5 cm, 2 – 10 cm, and 5 

– 30 cm, respectively. Each beam quality was varied with the same variations for materials, and the results 

are compared with the result with no barrier. Therefore, we have the linear attenuation coefficient (µ) 

according to Equation 2 using a simple linear regression and Equation 3 and 4 to obtain the HVL and TVL 

values. The µ, HVL and TVL results for the pencil beam are shown in Table 2. 

3.3. Isotropic beam result 

The isotropic beam model represents a point source that emits radiation uniformly in all directions. In this 

model, the radiation dose varies only with the radial distance from the source center. It is commonly used 

to simulate the behavior of radioactive sources in radiotherapy facilities, particularly in brachytherapy. 

Although the model assumes isotropic emission, a megavoltage photon beam was also simulated to 

approximate the contribution of scattered radiation from a linear accelerator (linac). Figure 3 illustrates the 

interaction of an isotropic beam as it passes through various shielding materials. 

Figure 3 (a) visualizes the 6 MV beam passing through the 20 cm concrete, (b) visualizes the 15 MV 

beam passing through the 4 cm lead, (c) visualizes the Co-60 beam passing through 10 cm steel, and (d) 

visualizes the Ir-192 beam passing through the 25 cm of water. The same setup with the pencil beam was 

used in the isotropic beam; therefore, Table 3 shows the µ, HVL, and TVL values of isotropic beam. 

 

Figure 3. The example visualizations of how the isotropic beam moves through (a) concrete, (b) lead, (c) steel, 

and (d) water. 
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Table 3. The µ, TVL, and HVL values from the simulations with the isotropic beam. 

Materials Beam Energy µ (cm-1) HVL (cm) TVL (cm) 

Water 

Ir-192 0.052 13.407 44.537 

Co-60 0.034 20.387 67.723 

6 MV 0.025 27.506 91.372 

10 MV 0.021 32.696 108.613 

15 MV 0.019 36.674 121.830 

Concrete 

Ir-192 0.145 4.784 15.891 

Co-60 0.087 7.940 26.376 

6 MV 0.061 11.419 37.934 

10 MV 0.052 13.407 44.537 

15 MV 0.047 14.779 49.096 

Steel 

Ir-192 0.508 1.363 4.529 

Co-60 0.282 2.456 8.159 

6 MV 0.209 3.324 11.044 

10 MV 0.193 3.601 11.961 

15 MV 0.191 3.629 12.055 

Lead 

Ir-192 1.456 0.476 1.582 

Co-60 0.516 1.344 4.466 

6 MV 0.404 1.716 5.701 

10 MV 0.412 1.681 5.583 

15 MV 0.445 1.558 5.174 

3.4. Broad beam result 

The collimated broad beam simulations are designed to represent how shielding materials respond to 

radiation emitted from teletherapy machines or linear accelerators (linacs). In this setup, the broad beam 

originates from an initially isotropic source but is shaped by the collimation system of the linac head, which 

includes components such as the flattening filter and jaws. These components provide inherent beam 

filtration, resulting in a modified energy spectrum compared to the uncollimated beam. In this study, all 

clinically relevant photon beam energies were simulated, except for Ir-192, as this radionuclide is not used 

in teletherapy. Figure 4 illustrates the interaction of the collimated beam as it passes through various 

shielding materials. 

Figure 4 (a) visualizes the 6 MV beam passing through the 30 cm concrete, (b) visualizes the 10 MV 

beam passing through the 5 cm lead, (c) visualizes the 15 MV beam passing through 10 cm steel, and (d) 

visualizes the Co-60 beam passing through the 30 cm of water. The same setup with the pencil beam was 

used in the isotropic beam, therefore, Table 4 shows the µ, HVL, and TVL values of the collimated broad 

beam. 

4. Discussion 

The simulation results exhibit trends consistent with the expected behavior of photon beams as they pass 

through various materials. The linear attenuation coefficient (µ) is a material-dependent value influenced 

by both the density of the shielding material and the energy of the incident photon beam. In terms of 

increasing density, the materials analyzed follow the order: water, concrete, steel, and lead. For the photon 

beam energies, the order from lowest to highest is Ir-192, Co-60, 6 MV, 10 MV, and 15 MV. We simulated 

the water materials as a comparison with another materials. As expected, the water has the lowest linear 

attenuation coefficient in all conditions, or in other words, has the highest HVL and TVL values. 

In general, the HVL (half-value layer) and TVL (tenth-value layer) values increase with higher photon 

energy. This is expected, as higher-energy photons are more penetrating and less likely to interact with 

matter, resulting in a lower linear attenuation coefficient. Since HVL and TVL are inversely proportional 

to µ, a decrease in µ leads to higher HVL and TVL values. Conversely, for a given beam energy, HVL and 

TVL tend to decrease as material density increases. This is because denser materials present a higher 
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probability of photon interaction (via photoelectric effect, Compton scattering, or pair production), thus 

increasing µ and consequently reducing the HVL and TVL. 

 

Figure 4. The example visualizations of how the collimated broad beam moves through (a) concrete, (b) lead, 

(c) steel, and (d) water. 

Table 4. The µ, TVL, and HVL values from the simulations with the collimated broad beam. 

Materials Beam Energy µ (cm-1) HVL (cm) TVL (cm) 

Water 

Ir-192 - - - 

Co-60 0.028 24.844 82.530 

6 MV 0.024 28.881 95.941 

10 MV 0.020 34.314 113.989 

15 MV 0.018 38.085 126.516 

Concrete 

Ir-192 - - - 

Co-60 0.084 8.222 27.314 

6 MV 0.058 12.055 40.045 

10 MV 0.049 14.088 46.801 

15 MV 0.044 15.753 52.331 

Steel 

Ir-192 - - - 

Co-60 0.250 2.770 9.203 

6 MV 0.191 3.637 12.081 

10 MV 0.179 3.879 12.885 

15 MV 0.177 3.927 13.046 

Lead 

Ir-192 - - - 

Co-60 0.461 1.503 4.993 

6 MV 0.365 1.899 6.308 

10 MV 0.383 1.812 6.018 

15 MV 0.412 1.683 5.590 
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However, an anomaly was observed in the case of lead at 10 MV and 15 MV. In this case, the simulated 

TVL values were lower than those observed for 6 MV, which contradicts the expected trend. One possible 

explanation is the increased probability of pair production interactions, triplet production, or production 

any elementary particles that have short half-life in lead at higher photon energies, which could enhance 

the attenuation and result in a higher linear attenuation coefficient. Nevertheless, this finding contradicts 

the reference values reported in IAEA SRS-47 [2], suggesting the need for further investigation and 

validation through additional simulations or experimental data.  
Another important aspect to discuss is how different beam characteristics influence the calculated HVL 

and TVL values. While the pencil beam is typically used to determine the linear attenuation coefficient due 

to its idealized nature, this study also simulated two additional beam types, isotropic and collimated broad 

beams, to more accurately represent clinical conditions such as brachytherapy sources, scattered radiation, 

and linac outputs. Several studies have simulated mono-energy narrow photon beam with different beam 

quality such as Co-60 in various material and MC user codes [22,23]. For the water density, the HVL and 

TVL in this study were double compared to the narrow beam. The simulation results reveal that, even at 

the same beam energy, the HVL and TVL values vary across different beam types. The pencil beam 

represents an ideal scenario where beam intensity does not diminish with distance from the source, i.e., it 

is independent of geometric divergence. In contrast, both isotropic and collimated beams exhibit intensity 

attenuation with increasing distance from the source, in accordance with the inverse square law, making 

them more realistic representations of clinical radiation fields. In general, the HVL and TVL values tend 

to be higher for the collimated broad beam, especially for low density material. This result agreed with 

Zaurari et al that for Ir-192 the significant difference of photon transmission between pencil and broad 

beam was found on concrete rather than lead material [24]. While the pencil beam preserves the original 

energy spectrum of the source, the isotropic and collimated beams are subject to inherent filtration by 

components such as shielding materials and collimators, which remove lower-energy photons and increase 

the mean energy of the beam. This increase in mean energy leads to a reduction in the linear attenuation 

coefficient (µ), thereby resulting in higher HVL and TVL values.  

None of the simulation results in this study exactly match the values reported in IAEA SRS-47. The 

pencil beam simulations tend to underestimate the HVL and TVL compared to IAEA SRS-47 [2], while 

the isotropic and collimated broad beam simulations may overestimate these values. According to the 

IAEA SRS-47, the reported TVL values are derived from data involving large attenuation conditions, as 

referenced from Nelson et al. [25]. Under large attenuation, the beam's energy spectrum is significantly 

altered due to inherent filtration, meaning that the spectrum beyond the shielding no longer represents the 

original beam spectrum.  
This spectral hardening effect, particularly in polychromatic beams such as those produced by linear 

accelerators, leads to an increase in mean photon energy after attenuation, as lower-energy photons are 

more readily absorbed. Consequently, the linear attenuation coefficient decreases, and the resulting HVL 

and TVL increase. Another reference of interest is NCRP Report No. 151 [3], which distinguishes between 

two TVL values for the primary beam: TVL1, representing the attenuation required for the first 90% dose 

reduction, and TVLe, used for subsequent reductions. This distinction also arises from the evolving energy 

spectrum of the beam as it penetrates deeper into the shielding material. However, there are some critics 

with the usage of the Nelson et al. [25], findings that the spectrum used in that research is outdated and 

might underestimate the TVL result. The result given by McDermott (2023) [26] shows that the concrete 

TVL1 for 6, 10, and 15 MV are 41.7, 44.7, and 49.2 cm, respectively. This result approaches our results for 

the collimated broad beam; however, our results are still a bit higher. 
It is important to note that the results presented here are preliminary findings based on simulations 

using the PHITS Monte Carlo code. For design and regulatory purposes, we recommend using the TVL 

values provided in IAEA SRS-47 and/or NCRP Report 151, which are based on established empirical and 

theoretical data. Due to the complexity of replicating clinical beam geometries, such as pencil or isotropic 

beams with polychromatic x-rays, in experimental setups, direct measurement is practically not feasible. 

Therefore, future research should involve comparative simulations using other established Monte Carlo 

codes such as Geant4, MCNP, or EGSnrc, to validate and cross-check the PHITS results. Additionally, the 

photon beam spectra in future studies should be corrected to match the conditions described by Nelson et 

al., to more accurately simulate large attenuation scenarios as used in IAEA SRS-47. 
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5. Conclusion 

Monte Carlo simulations using the PHITS code were performed to determine the linear attenuation 

coefficient, half-value layer (HVL), and tenth-value layer (TVL) of various shielding materials commonly 

used in radiotherapy facilities. The photon energies simulated ranged from Ir-192 and Co-60 (commonly 

used in brachytherapy) to 6 MV, 10 MV, and 15 MV beams typically used in external beam radiotherapy. 

While the results exhibited general consistency with expected physical trends, such as increased HVL and 

TVL with higher photon energies and lower material densities, discrepancies were found when compared 

to reference values from IAEA SRS-47. In some cases, TVL values were underestimated (notably with 

pencil beam simulations), while others showed overestimation (as with isotropic and collimated beam 

setups), likely due to differences in spectral hardening and inherent filtration effects. Despite these 

variations, the study confirms that Monte Carlo simulations remain a powerful and feasible approach for 

evaluating radiation shielding, particularly when experimental measurement is impractical. However, to 

ensure greater accuracy and consistency, further studies using alternative Monte Carlo transport codes such 

as Geant4, MCNP, or EGSnrc are recommended, along with adjustments to beam spectra that replicate 

large attenuation conditions as described in the literature. 
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