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Abstract 

Purpose: Absorbed dose enhancement due to the presence of high atomic number Nanoparticles (NP)s has been 

estimated and modeled by Monte Carlo (MC) simulation methods. In the current study, two MC codes of Monte 

Carlo N‐Particle eXtended (MCNPX) and EGSnrc codes were compared by calculation of secondary electron 

energy spectra and nano-scaled dose values around four types of spherical NPs. 

Materials and Methods: The MC model was composed of a spherical nanoparticle with a diameter of 50 nm and 

mono-energetic sources of photons with energies of 30,60, and 100 keV. The secondary electrons emitted from 

the nanoparticle were scored on the nanoparticle surface and the delivered dose to water around the nanoparticle 

was tallied using concentric shells with a thickness of 25 nm. Four different elements were used as materials of 

NPs, including Gold, Bismuth, Gadolinium, and Hafnium. 

Results: Our results showed a considerable difference in the number of emitted electrons per incident photon 

between the two codes. There were also discrepancies between the two codes in the energy spectra of secondary 

electrons. Calculated radial dose values around NPs in nano-scale had a similar pattern for both codes. However, 

significant differences existed for some elements. 

Conclusion: It can be concluded that the results of nano-scaled MC modeling for nanoparticle-based radiation 

therapy are dependent on the code type and its algorithm for electron transport as well as exploited cross-section 

libraries. 
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1. Introduction  

In recent years, enormous studies have been conducted 

to evaluate the dose sensitization effect of metallic 

Nanoparticles (NP)s in radiation therapy with photons 

[1-3]. The pioneering studies indicated a significant dose 

enhancement of Gold NPs in treating cancer using 

laboratory animals [4, 5]. The new findings motivated 

a large number of investigations to be performed on the 

application of NPs in radiation therapy. Furthermore, 

some researchers started to investigate the physical basis 

of nanoparticle-aided radiation therapy by utilizing 

analytical methods and Monte Carlo (MC) modeling 

[6, 7]. 

Despite a strong convergence of experimental results 

on the efficacy and potential of NPs in improving the 

outcome of radiation therapy, there is not a clear consensus 

on the resultant estimations of Dose Enhancement 

Factors (DEF) for various NPs by different mathematical 

models as well as theoretical studies [2, 6, 8-11]. In 

this regard, analytical formulas have been proposed and 

used for DEF calculations by several research groups 

for different NPs. However, the results have shown a 

very marked discrepancy for one nanoparticle such as 

Gold as well as other NPs, including Bismuth, Gadolinium, 

etc. [2, 9, 11-14]. 

Monte Carlo (MC) modeling of radial absorbed 

dose values and secondary electron spectra for NPs 

has been reported by using various types of codes such 

as Monte Carlo N‐Particle eXtended  (MCNPX), EGSnrc, 

FLUKA, and GEANT on micro-and nano-scale. But 

the published data on nano-scale, including secondary 

electron spectra and its resultant absorbed dose values 

around NPs are not comparable and large differences 

exist among published data [14-18]. A part of the 

differences in the estimated DEF and electron spectra 

stems from the discrepancies in electron transport 

algorithms and modeling approaches, including micro 

and nano-scales which are employed in MC codes. An 

inter-comparison study on different MC codes for dose 

enhancement estimations and secondary electron spectra 

revealed significant differences among studied codes 

[19]. The study was done on gold NPs only and no other 

NPs were investigated.   

The type of algorithm used in MC modeling and code 

programming creates discrepancies in the MC estimated 

DEFs for NPs in the presence of low-energy photons. 

Moreover, these codes are used commonly in studies on 

the dose enhancement effect of NPs in brachytherapy 

with low-energy photons, because the electron transport 

algorithm plays a crucial role in the simulation of 

nanometric movements of secondary electrons and 

resultant DEFs. Consequently, the estimation of dose 

enhancement of NPs by different codes has led to 

different DEF values. Therefore, in the current study, we 

aimed to analyze the differences between two commonly 

used codes and address the questions in this regard. Also, 

we provided comparative data about NPs of Gold, 

Bismuth, Gadolinium, and Hafnium which were actively 

evaluated for radiosensitization effect in radiotherapy. 

2. Materials and Methods  

Two MC codes of MCNPX (version:2.7.0, Los Alamos 

National Laboratory, USA) [20] and EGSnrc (Stanford 

Linear Accelerator Center, USA) [21] were used for 

modeling in the current study. First, a spherical NP with 

a diameter of 50 nm was simulated. Then, multiple 

concentric spherical surfaces and shell-like cells with a 

thickness of 25 nm were modeled around NPs to score 

both secondary electron energy spectra as well as a 

deposited dose with distance from the nanoparticle surface. 

In total, 160 concentric cells were defined around an 

NP and dose deposition was simulated to a distance of 

4 µm from the NP surface. The simulated geometry is 

shown in Figure 1. Monoenergetic Photon beams with 

a circular cross-section were used and three different 

energies of 30, 60, and 100 keV to irradiated the NP. The 

diameter of the photon source was 50 nm and parallel 

rays were utilized. The configuration of geometry was so 

 

Figure 1. The simulated geometry used for secondary 

electron and absorbed dose determination with a spatial 

resolution of 25 nm irradiated by mono-energetic photons 

of 30, 60, and 100 keV and for nanomaterial types of Gold, 

Bismuth, Gadolinium, and Hafnium 
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to avoid other influencing effects which may originate 

from source complexity according to Leung et al. [22]. 

This geometry was recommended for comparison between 

NPs to study the secondary electron production and 

resultant dose deposition around an NP. The source 

was located at a distance of 10 nm from NP inside the 

first scoring cell (Figure 1). No material definition was 

used for the first scoring cell (the source located one) to 

avoid secondary electron production from this cell and 

only the secondary electrons of the NP were scored. The 

geometry, including the photon source, NP, and scoring 

cells was located in a water phantom with dimension 

of 10 × 10 × 10 cm3 to take all possible backscattered 

radiation into account.  

Dosimetric parameters, including energy spectra 

for secondary electrons and absorbed dose around a 

spherical nanoparticle filled with atoms of Bismuth, Gold, 

Gadolinium, and Hafnium were estimated. MCNPX and 

EGSnrc codes are capable to simulate the transportation 

of secondary electrons down to 1 keV energy which has 

a range of 10 nm in water.  

The dosimetric quantities were calculated for all NPs 

irradiated by mono-energetic beams of 30, 60, and 100 keV 

to cover the energy range of mostly used brachytherapy 

sources such as 125I, 103Pd, etc. The selection of the 

nanoparticle types was based on previous studies, which 

reported potential and advantages for these NPs [13, 

14, 18, 23-25]. Studied NPs consisted of Bismuth (Z = 83, 

density = 9.78 g/cm3), Gold (Z = 79, density = 19.32), 

Gadolinium (Z = 64, density = 7.89), and Hafnium (Z = 72, 

Density= 13.31). 

2.1.  EGSnrc Code and Simulation Process 

The EGSnrc Monte Carlo code is a radiation transport 

simulation code which is an extended and optimized 

version of the Electron Gamma Shower (EGS) software 

package that was developed at the Stanford Linear 

Accelerator Center (SLAC) in the 1970s.  

To simulate the considered geometry using EGScpp 

(a geometry definition module), at the first step, the 

“egs_spheres library” was used. Different library of 

“Ausgabe” definition such as “egs_dose_scoring”, 

“egs_phsp_source” was used in different steps of the 

simulation process. The “egs_phsp_source library” was 

used to score produced secondary electrons in a phase-

space on the surface of NPs. Then, this phase-space was 

used as a source in the calculation of dose values in the 

considered scoring shells using “egs_dose_scoring library”. 

To obtain the particle spectra, the phase-space is imported 

to the Beamdp code and the electron spectra are extracted 

from each phase-space. The PRESTA-II was utilized as 

the cross-section data and electron transport algorithm, 

respectively, in the simulation process. The PRESTA-II 

is based on the class-II of the Condensed History Scheme 

(CHS), a more accurate algorithm than the previous version 

of this algorithm (PRESTA-I), in which correlation 

between secondary and primary particles was considered. 

The energy cut-off values for electrons and photons (ECUT 

and PCUT) as well as AE, and PE (The production by 

electrons of secondary particles with kinetic energy 

greater than these values is modeled explicitly) were 

considered equal to 1 keV. The primary photon history 

used in each simulation process was considered equal 

to 109, so that, the statistical uncertainty of obtained 

values was below 1%. 

2.2.  MCNPX Code and Simulation Process 

In the current study, MCNPX (2.7.0) with the updated 

ENDF/B-VIII data library was used for particle transport 

and interactions with the considered media. The class-I 

CHS was employed in the electron transport algorithm 

of this code [26]. The employed electron and photon 

interaction cross-sections were El03 and mcplib04 data 

libraries, respectively. To score the secondary electrons, 

including photoelectrons and auger electrons, energy 

spectra were tallied using the F2 scoring tally. This 

tally scored the number of electrons reaching a surface 

(number per cm2) for all concentric planes starting from 

the radius range of 50- 4000 nm with an increment of 

25 nm. Also, the deposited dose in the peripheral was 

scored using *F8:e scoring tally and the dose components 

of primary and scattered photons were excluded by setting 

the importance of photons to zero for all scoring cells. 

3. Results  

The radial dose calculations in a nanometric scale 

for four NPs and mono-energetic photon beams of 30, 

60, and 100 keV are illustrated in Figures 2-4. Overall, 

the calculated absorbed doses by the MCNPX code are 

higher than those estimated by the EGSnrc code at the 

same distance from NPs. Besides, these differences in 

the scored doses by two MC codes increments with an 

increase in the initial photon energy, and the highest 

gap between codes were seen in 100 keV photons. 
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In Figure 2, the results were presented for 30 keV 

photon energy. It can be seen from Figures 2a and b, 

that the calculated absorbed dose curves by two codes 

indicate a relatively fair match for gold and bismuth NPs, 

while for gadolinium and hafnium (Figure 2c and d) 

the degree of superimposition and similarity in pattern 

diminishes. To be more precise, in the cases of gadolinium 

and hafnium, estimations by MCNPX are approximately 

two times higher than those of EGSnrc in a distance of 

1000 - 4000 nm from the NP surface.  

The variation of absorbed dose with distance from 

the NP surface for 60 keV photon beam was shown in 

Figure 3. In Figures 3a, b like in the case of 30 keV photons, 

there are close estimations between two codes for both 

gold and bismuth NPs. However, for gold, EGSnrc 

estimated higher doses relative to MCNPX up to 1400 

nm and then the values of MCNPX were more than 

EGSnrc estimations. For bismuth NP, the same pattern 

was seen where the intersection of two curves is located 

at a distance of 1600 nm from the NP surface. In Figure 

3c, the calculated doses for gadolinium by MCNPX code 

were two times higher compared to EGSnrc calculations. 

For hafnium NP, as it is shown in Figure 3d, the dose 

variation with distance is very similar to gold and bismuth 

NPs but the intersection of two curves occurs at a distance 

of 1000 nm from the NP surface. 

In Figure 4, the estimations of absorbed dose with 

distance by two codes are illustrated for 100 keV photons. 

It is clearly shown that the MCNPX code overestimates 

the absorbed dose with distance for all studied NPs. 

There are approximate superimpositions between two 

codes in all NPs over a distance of about 500 nm. After 

that, the MCNPX overestimates the absorbed dose 

compared to the EGSnrc. The biggest difference between 

the two codes happens in a distance of 2000 - 3000 nm 

for gold, while for bismuth NP it occurs in a distance of 

3000 - 4000 nm. Clearly visible differences are observed 

between the two codes in a distance of 600 - 1400 nm 

and 1400 - 2400 nm for gadolinium and hafnium NPs, 

respectively.        

The secondary electron energy spectra for gold, 

bismuth, gadolinium, and hafnium NPs irradiated by 

mono-energetic photon beams of 30, 60, and 100 keV 

are shown in Figures 5-7. These spectra are composed 

of photoelectrons coming from different shells and 

sub-shells such as K, L, and M electronic layers which 

make the peaks in their corresponding energy for each 

NP. There are also low energy (<10 keV) Auger and 

Coster-Kronig electrons with low penetration which 

deposit their energy in the proximity of the NP surface.  

 

 

 

 

Figure 2. The calculated absorbed dose per incident 

primary photon with the energy of 30 keV. (a) Gold 

(b) Bismuth (c) Gadolinium (d) Hafnium  

 

 

(a) 

 (b) 

 (c) 

 (d) 
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Figure 3. The calculated absorbed dose per incident primary photon with the energy of 60 keV. (a) Gold (b) Bismuth 

(c) Gadolinium (d) Hafnium 

 (a)  (b) 

 (c)  (d) 

  

  

Figure 4. The calculated absorbed dose per incident primary photon with the energy of 100 keV. (a) Gold (b) Bismuth 

(c) Gadolinium (d) Hafnium  

 

 (a)  (b) 

 
(c)  

(d) 
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In Figure 5, the simulated results of MCNPX and 

EGSnrc codes for electron energy spectra are depicted for 

30 keV photons. For gold NP, the number of secondary 

electrons calculated by EGSnrc in the energy range of 

4 - 15 keV is 100 times higher than those of the MCNPX 

code (Figure 5a). A similar pattern exists for all other 

NPs but the gaps between the two codes occur in different 

energy ranges for studied NPs. Precisely speaking, the 

gaps between the two codes are apparent in the energy 

ranges of 5 - 14, 4 - 7, and 4 - 10 keV for bismuth, 

gadolinium, and hafnium, respectively. Furthermore, 

there are several peaks in the calculated spectra for all 

NPs. The peaks of photoelectrons emitted from L and M 

shells were identified by PEL and PEM on all figures. 

There is excellent conformity between the two codes in 

demonstrating the photopeaks for all NPs. However, 

EGSnrc is capable to simulate photopeaks of sublayers 

for L and M shells while MCNPX exhibits only one 

photopeak for each shell, including M and L. It is 

attributed to the modeling features of MCNPX and 

EGSnrc codes. For instance, the peaks of L-1, L-2, and 

L-3 sublayers are shown separately in Figure 5 for all NPs, 

while MCNPX shows only one peak for all L sublayers.  

In Figure 6, electron spectra for 60 keV photons are 

displayed. There is a good agreement between photopeaks 

of both codes in all NPs. On the other hand, there are 

several differences in the number of secondary electrons 

estimated by the two codes. For all NPs, the differences 

in electron fluence with energy less than 10 keV are 

associated with the overestimation of the EGSnrc code. 

In Figure 6b which shows the electron spectra for bismuth 

NP, a gap between two spectra is seen in the energy 

range of 6-16 keV and EGSnrc overestimation reaches 

up to 10 times relative to MCNPX. For gadolinium, 

(Figure 6c) gaps are seen in electron fluence between 

12 - 20 keV and 34 - 50 keV energy ranges. 

Figure 7 illustrates the electron energy spectra for 

100 keV photons impinged on gold, bismuth, gadolinium, 

and hafnium NPs. The agreement between two codes in 

the identification of photopeaks of K, L, and M layers is 

evident. In this energy, the photopeaks of the K layer are 

seen in all NPs and marked with PEK in the figures. For 

all NPs, the values of EGSnrc are significantly higher 

than the values of the MCNPX code. There are marked 

disparities in the number of electrons from 28 to 36 keV 

for gold and bismuth NPs (Figure 7a, b). There are also 

other gaps between the two codes for gold (60-88 keV) 

and bismuth (70 - 82 keV). In Figure 7c, d which shows 

the emitted electrons from the gadolinium and hafnium 

NPs, the conformity between photopeaks is apparent, 

but for hafnium NP, MCNPX estimations are higher 

than those of EGSnrc for electrons less than 30 keV.  

(a) 

 

(b) 

 

(c) 

 

(d) 

 

Figure 5. The calculated electron energy spectra by two MC codes from a nanosphere with a diameter of 

50 nm irradiated by mono-energetic 30 keV photons. (a) Gold (b) bismuth (c) Gadolinium (d) Hafnium  
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Overall, noticeable discrepancies can be seen between 

MCNPX and EGSnrc codes. For photoelectrons coming 

from K- and L edges, there are proper superimpositions 

between MCNPX and EGSnrc for all NPs and photon 

energies. EGSnrc code provides more detailed information 

on photopeaks compared to MCNPX. Moreover, it can 

be deduced from all provided data in the current study 

that the number of secondary electrons scored by the 

EGSnrc is on average 1440 times higher than those 

estimated by MCNPX.  

(a) 

 

(b) 

 

(c) 

 

(d) 

 

Figure 6. The calculated electron energy spectra by two 

MC codes from a nanosphere with a diameter of 50 nm 

irradiated by mono-energetic 60 keV photons. (a) Gold 

(b) bismuth (c) Gadolinium (d) Hafnium  

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

Figure 7. The calculated electron energy spectra by two 

MC codes from a nanosphere with a diameter of 50 nm 

irradiated by mono-energetic 100 keV photons. (a) Gold 

(b) bismuth (c) Gadolinium (d) Hafnium  
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4. Discussion  

In the present study, we calculated the radial absorbed 

dose and electron energy spectra of secondary electrons 

around spherical NPs. Our results indicated some 

similarities in the fall-off of absorbed dose with distance 

and electron spectra between two MC codes of MCNPX 

and EGSnrc. However, there are some disparities 

between the two codes and also differences among 

studied NPs. 

For radial dose calculations, the results of both codes 

indicated an exponential dose fall-off by distance from 

NPs and it was in agreement with previous studies on 

gold and gadolinium NPs [13, 24, 27-29]. The gold and 

bismuth NPs had comparable radial dose values in all 

energies. On the other hand, as it was expected, hafnium 

and gadolinium showed reduced doses relative to gold 

and bismuth NPs due to their lower atomic number. The 

radial doses for all NPs depend strongly on the secondary 

electron energy spectra and the number of produced 

electrons per initial photon. Moreover, the atomic number 

of a nanoparticle determines its atomic structure and 

electronic shells around the nucleus. Also, the electrons 

binding energies of K, L, and M shells vary considerably 

with the atomic number which plays a critical role in 

the probability of photoelectric interactions of photons 

with binding electrons. Consequently, incident photon 

energy and the atomic number of nanoparticles are very 

influencing parameters in secondary electron production 

and spectra. The maximum probability for secondary 

electron production occurs when the photon energy 

becomes higher than the K, L, and M binding energies. 

For instance, at 60 keV, when the energy of photons 

exceeds the k-electron binding energies of the gadolinium 

atom (K-edge, 50.2 keV), photoelectron production 

increases and causes a higher radial dose around the NP. 

Our findings were in line with the results of Sherck et al. 

who simulated gold, calcium tungstate, and hafnium oxide 

NPs to evaluate their dose enhancement in radiation 

therapy [25]. Their results indicated that based on the 

atomic number of NPs, radial dose and secondary 

electron fluence for Gold (Z  =  79) were higher calcium 

tungstate (Ztungsten  = 74, and hafnium oxide (Zhafnium  

= 72) NPs in monoenergetic photon energy of 160 keV. 

They attributed the close values between the tungsten 

and hafnium NPs to their similar electronic structures.  

The shape of radial dose around the NPs is affected 

strongly by the electron spectra because the range of 

electrons and their energy deposition in terms of KeV/mm 

around the NPs are completely dependent on their 

energies. Thus, with the increase in primary photon 

beam and secondary electron energies, the pattern of 

dose deposition varies significantly for each NP (Figures 

2-4). Consequently, the radial dose values with approximate 

exponential decline have shown variable patterns for 

studied photon energies and NPs. Another point worth 

mentioning is that the difference between the two codes 

became bigger with photon energies. It is greatly 

attributed to the distinct methods used for electron 

transportation by codes. The shape of absorbed dose-

distance curves for gold and bismuth NPs (30 and 60 keV) 

were very close to the conducted study on gold NP by 

Villagomez-Bernabe and Currel [17]. They illustrated 

a monotonically decreasing energy deposition with 

distance from the nanoparticle. However, the small 

fluctuations were related to the energies of emitted 

electrons and their corresponding ranges in water.    

We also calculated the secondary electron energy 

spectra for the studied NPs using two different codes. 

As it can be seen in Figures 5-7, considerable fluctuations 

exist for electron fluence in all studied energies for both 

codes which could be attributed to the statistical nature of 

electron transport algorithms used by the two different 

codes. A considerable disparity was found in the secondary 

electron production rate per incident photon between 

the two codes. We think that the main reason for these 

discrepancies is the difference between the considered 

CHS employed by each code during the electron transport 

simulation. In this regard, the EGSnrc uses class-II CHS 

(known as PRESTA-II in EGSnrc), while the class-I 

CHS is employed by the MCNPX MC code. The most 

remarkable difference between class-I and class-II CHS 

is the considered approach in treating the secondary 

particles which are created following the individual 

electron interactions. In class-II CHS, a threshold energy 

is considered for produced secondary particles, including 

bremsstrahlung photons and delta rays. If the energy 

of produced secondary particles were lower than this 

threshold energy, the effects of secondary particles 

grouped during each step of electron path simulation and 

none of these secondary particles would be individually 

transported. In return, if the secondary particle energy 

exceeds the considered threshold energy, each produced 

secondary particle is treated as an individual particle and 

would be separately transported. In contrast, in class-I 

CHS, the effects of created secondary particles during the 

initial electron interactions are always grouped regardless 
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of their corresponding energy. Therefore, it can be 

concluded that the number of secondary electrons that 

are produced following the class-II CHS would be higher 

and as a consequence, the number of scored secondary 

electrons emitted from the surface of NPs would be 

increased. In the study of Lashkari et al., both MCNPX 

and EGSnrc codes were used to calculate the dosimetric 

characteristics of a radiation therapy beam [19]. The 

results were compared to the measurements. Although the 

results of both codes were comparable, they reported a 

superior accuracy for EGSnrc calculations. Our findings 

are in close agreement with their results concerning the 

differences observed between MCNPX and EGSnrc codes 

in dose calculations and electron-photon simulation 

algorithms.     

The observed deviation between calculated dose values 

can be also linked to the employed CHS by two studied 

MC codes during the electron transport simulation. As 

mentioned previously, MCNPX uses the class-I CHS, 

while the EGSnrc employs the class-II CHS. In class-I 

CHS the effects of secondary particles, including 

bremsstrahlung photons and delta rays are grouped during 

each electron step simulation. This means that the 

energy of these secondary particles would be locally 

deposited and no subsequent individual transport would 

be considered for such low-energy particles. Consequently, 

it can be deduced that the deposited energy inside each 

scoring shell would be increased. On the other hand, the 

EGSnrc code employs the class-II CHS for electron 

transport simulation through which each secondary 

particle can be treated as an individual one and 

separately transported (if its energy were higher than the 

predefined threshold energy). As a result, the energy of 

these secondary particles may not be locally deposited 

within a certain scoring shell and instead, would be 

distributed between some consecutive scoring shells. 

This process can finally reduce the scored dose in each 

scoring shell concerning the local energy deposition of 

created secondary particles, which is considered in 

class-I CHS. Therefore, it can be expected that the 

MCNPX code results would be higher absorbed doses 

in comparison with the EGSnrc code. 

We only found one published paper that compared 

several MC codes on a gold nanoparticle in the same 

irradiation geometry by Li et al. and large uncertainties 

up to 2.3 in calculated DEF were reported among studied 

MC codes [11]. Our results are in agreement with their 

findings which emphasize the shortcoming of different 

MC codes in accurately modeling electron transportation 

in nano-scaled and dose deposition calculations.  The 

geometry used in this study was only used for the 

comparison of different NPs in terms of atomic number 

and secondary electron emissions [22, 28, 30]. In the 

clinical or experimental studies, the irradiation geometries 

are very different from our used case, where isotropic 

or divergent beams, as well as polychromatic photon 

beams, are employed for NP-aided treatments. Thus, the 

results of the current study cannot be generalized for real 

treatment geometries. Also, a nanometric scale used 

for dose deposition could result in overestimation or 

underestimation of dose enhancement factors in this regard.    

It is worth mentioning that there is no experimental 

data on the actual values of the calculated quantities, 

including secondary electron energy spectra, nano-scaled 

dose deposition, and its resultant DEF. Consequently, in 

our MC study and all similar MC-based investigations on 

NPs and their related dosimetric quantities, it would be 

impossible to determine the most accurate and reliable 

MC code and results. Nevertheless, it can be said that 

more computational and modeling improvements are 

required to result in higher convergence of MC 

calculations by different codes, especially in the case 

of nanoparticle-related calculations. 

5. Conclusion 

In the present study, we simulated the secondary 

electron spectra and absorbed dose in nanoscale for 

different NPs and photon energies using EGSnrc and 

MCNPX MC codes. The obtained results showed that 

there are remarkable discrepancies in calculated secondary 

electron energy spectra and dose values. Such observed 

deviations between the Monte Carlo results can be 

mainly attributed to the employed electron transport 

simulation algorithms which are used by the considered 

MC codes. Owing to the fact that EGSnrc code provides 

more detailed histories during the simulation of each 

electron step, it can be concluded that the calculated dose 

values and secondary electron energy spectra by EGSnrc 

MC code have more precision on the nanoscale. 
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