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Introduction: Microdosimeters are helpful for dose equivalent measurement in unknown radiation 
fields. The favorable physical and mechanical properties of the detector-grade chemical vapor 
deposition diamond materials have made the diamond microdosimeters suitable candidate for 
radioprotection applications in space. The purpose of this work is the investigation of the dose 
equivalent response of a typical diamond microdosimeter with laser-induced graphitized electrodes 
for use in space radiation fields. 
Materials and Methods: The Geant4 Monte Carlo simulation toolkit was applied to simulate the particle 
transport within the microdosimeter, and to determine the mean chord length and the dose equivalent 
response of the microdosimeter, based on the lineal energy dependent quality factor.   
 Results: The linear stopping power of the protons and alpha particles with energies higher than 5 MeV 
and 10 MeV respectively can be estimated within 20% of deviation using the microdosimeter response. 
The fluence to dose equivalent conversion coefficients calculated affirms that there is an adequate 
agreement between the calculated coefficients and other research group results.  
Conclusion: The reasonable agreement between the dose equivalents calculated in this study and the 
results reported by other researchers confirmed that this type of microdosimeter could be a promising 
candidate suitable for the measurement of the dose equivalent in space radiation fields. 
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Introduction 

In the charged particle radiation fields comprising 
the protons in proton therapy and protons and alpha 
particles in space radiation fields, the radiation quality 
varies as the particles slow down and/or produce 
secondary particles. In such cases, the radiation field is 
unknown and made of several components. Therefore, 
it is practically impossible to determine the type and 
energy spectra of the radiation field for assessing the 
local linear energy transfer (LET)-dependent radiation 
quality with a simple and small device [1].  

On the other hand, the radiation quality can be 
specified in terms of the stochastic lineal energy 
quantity, which is defined as the quotient of the 
energy imparted to matter in a volume of interest in a 
single event by the mean chord length of that volume 
[2, 3]. In 1950, Rossi et al. developed the first 
microdosimeter device, a low-pressure proportional 
counter, commonly called Rossi counter [4].  

The standard measurement device in 
microdosimetry is a Rossi counter that is tissue 

equivalent [1, 5, 6]. Such microdosimeter is called the 
tissue equivalent proportional counter (TEPC). TEPC 
suffers from weaknesses such as low spatial 
resolution, requirement to high electrical power, and 
response dependency on pressure and temperature. 
However, semiconductor microdosimeters are good 
alternatives for overcoming these weaknesses. 

Silicon microdosimeters were studied and 
compared with spherical TEPCs in 1980 by Dicello et 
al. [7]. They found significant differences between the 
microdosimetric spectra obtained by the two 
detectors. Nevertheless, they acknowledged the 
potential of silicon microdosimetry due to its high 
spatial resolution, in vivo capability, and pile-up 
robustness. Some disadvantages of these 
microdosimeters, such as the absence of tissue 
equivalency, low sensitivity, and low resistance to 
radiation, led to the development of more suitable 
microdosimeters. Diamond is considered to be very 
promising in this regard.  
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Efforts to use diamond in radiation detection have 
begun since the early 1990s during which some 
reports highlighted the application of substances in 
dosimetry. For example, in 1997, Buttar et al. showed 
that the radiation sensitivity of diamond could be 
higher than silicon; as a result, such detectors were 
concluded to have superiority to silicon diodes and ion 
chambers [8]. The production of inexpensive chemical 
vapor deposition (CVD) diamonds with controlled and 
repeatable properties has been globally advanced in 
the recent years [9]. 

The microdosimeters that are based on the so-
called detector-grade CVD diamond materials have 
been proposed for radiotherapy dosimetry and space 
radioprotection applications over the last few years. 
These microdosimeters have such favorable 
properties as more tissue equivalency, higher 
radiation hardness, lower temperature dependency, 
less dark current, as well as noise and sensitivity to 
visible light [10, 11].  

The first attempt to obtain the spectra of energy 
deposition in an artificial diamond sensitive volume 
(SV) was presented by Angelone et al. [12]. They 
reported the comparison between simulations 
performed by the Monte Carlo method and the 
experimental tests performed with alphas to measure 
the dose distribution in terms of the lineal energy. 
They concluded that a high-purity monocrystalline 
CVD detector is suitable for the measurement of 
single-event depositions in micrometric sensitive 
volumes and collection of microdosimetric spectra of 
alpha radiation.  

Rollet et al. discussed using of this microdosimeter 
as a new device to measure the dose distribution in 
terms of the lineal energy and the simulation 
performed by the Monte Carlo code FLUKA to 
optimize the design of the new one [11]. The 
characterization of a novel diamond microdosimeter 
prototype with 3D SVs produced by high energy boron 
implantation was established by Davis et al. [10]. They 
demonstrated that the proposed ion implantation 
technology allows for the formation of an array of 
well-defined 3D SVs. Furthermore, they developed a 
Geant4 application to explain the effect of aluminum 
electrode thickness on the observed anomaly in 
deposited energy. More details of the works of Davis 
can be observed in his thesis, which has been available 
recently [13].  

Davis et al. created a diamond-based 
microdosimeter prototype featuring a 3D lateral 
electrode structure, using laser irradiation and active 
brazing alloys. They characterized it by means of ion 
beam induced charge collection measurements and 
finite element analysis [14]. The impact of the 
diamond detector geometry, in particular the 
elongated geometry of SV, the particles type (i.e., 
carbon ions or protons), and their energy, on the lineal 
energy distribution were studied by Solevi et al. 

through Monte Carlo simulations. They obtained 
important insights into the potentialities of CVD 
diamond detectors [15]. 

In order to use CVD diamond as a radiation 
detector, two electrodes are needed for applying the 
potential differences to collect the charge carriers by 
the positive and negative terminals. One of the 
methods for the creation of electrodes for diamond is 
making the graphitized electrodes by converting 
diamond to graphite as a conductive layer. 
Burgemeister [16] and Geis [17] were among the first 
pioneers who individually established a method to 
make a strong electrical contact in the regions with an 
increased conductivity created under laser irradiation.  

Alemanno has recently used a similar method to 
create graphitized electrodes in a diamond detector 
[18]. He measured the electrical resistivity of the 
graphitized electrodes and demonstrated that this 
method facilitated the establishment of an ohmic 
contact. De Feudis et al. also characterized the 
integrated graphitic contacts on a diamond produced 
by means of laser irradiation [19]. One of the 
advantages of this method is that the electrodes are 
created in a single step at room temperature.  

In another study, De Feudis et al. irradiated the 
surface of a detector grade CVD diamond sample by a 
laser beam to produce two sets of four parallel 
graphitic strip-like contacts along the whole sample 
both on the top and rear surfaces of the sample [20]. 
After an extensive characterization of the sample and 
investigation of the ohmic behavior of the diamond-
graphite contact, they concluded that the laser writing 
technique was a good and fast solution to produce 
graphitic contacts on diamond surface, and therefore 
represented a promising way to fabricate segmented 
all-carbon devices.  

The aim of this investigation is to determine the 
dose equivalent response of a typical diamond 
microdosimeter with electrodes produced by the 
laser-induced graphitization for the application in the 
space radiation fields. Therefore, considering the 
physical dimensions of the graphitized electrodes and 
also the created SV, the dose equivalent response of 
the microdosimeter is investigated using Geant4 
Monte Carlo particle transport simulation toolkit.  

The calculation methodology and the Geant4 
application program developed in this study were 
verified by estimating the LET values of the 
monoenergetic protons and alpha particles and 
comparing them with the linear stopping powers 
reported by the National Institute of Standards and 
Technology (NIST) for water [21]. Moreover, the 
fluence to dose equivalent conversion coefficients for 
protons and alpha particles with some selected 
energies were calculated  and the results were 
compared with the coefficients reported by Sato 
(2011) [22] and Roesler (2006) [23]. Finally, the 
verified application program was applied to calculate 
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the microdosimeter dose equivalent response to 
galactic cosmic rays (GCRs) and solar particle events 
(SPEs). 

 

Materials and Methods 
In this section, the SV of the microdosimeter is 

described. Then, the role of the Monte Carlo tool in 
determining the microdosimeter response and 
simulating the particle transport within the 
microdosimeter is explained. Subsequently, the 
method of determining the mean chord length of the 
SV is presented. Since the microdosimeter intended 
in this study is considered to be applied in space 
radiation domain, the interplanetary radiation field 
is also specified. 
 
Sensitive Volume Geometry of Microdosimeter 

The irradiation of an undoped diamond substrate 
by a "Nd:YAG" laser beam would create graphitized 
electrodes with Gaussian cross-section as shown in 
Figure 1. The boundary regions of the SV of the 
detector are highlighted by applying 25 V electric 
potential to the central electrode and restricting the 
charge collection time to 50 ns (Figure 2). As can be 
seen, the geometry of the SV of microdosimeter was 
considered as 15 coaxial cylindrical slabs with 
different dimensions stacked on each other to form 
the whole volume.  
 

 
Figure 1. Schematic views of graphitized electrodes in diamond 
microdosimeter: a) top view, b) side view 

 

 
Figure 2. Layout and dimensions of sensitive volume in diamond 
microdosimeter formed by different coaxial slab cylinders stacked 
on each other 

 
Monte Carlo Simulation  

Geant4 toolkit with offering a comprehensive 
collection of physics processes over a wide range of 
energies, was used to simulate the passage of 
particles through matter and calculate the related 
energy depositions [24]. Geant4 has been used in a 
large number of experiments, projects, and a variety 
of applications [25]. Accordingly, the sufficiency of 
this toolkit for microdosimetric studies has been 
demonstrated in a number of previous research [5, 
26, 27].  

In this study, a Geant4 application was developed 
for modeling the electromagnetic and hadronic 
interactions of an incident proton or alpha particle in 
the SV of the diamond microdosimeter. Charge 
particles interact with the electrons and nuclei of the 
material through the electromagnetic force. Protons 
and alpha particles can also undergo a nuclear 
interaction. Charged particles with energies higher 
than 1 MeV, as is typical in nuclear phenomena, the 
energy is large, compared to the binding energy of 
the electrons in the atom. 

To a first approximation, matter can be seen as a 
mixture of free electrons and nuclei at rest. The 
charged particle would feel the electromagnetic 
fields of the electrons and nuclei and undergo elastic 
collisions with these objects. In a collision with a 
nucleus, the charged particle would lose little energy; 
however, its direction can be changed completely. On 
the other hand, in collisions with electrons, a large 
amount of energy can be transferred to the electrons; 
nonetheless, the direction of the charged particle can 
only be slightly changed. 

Secondary charged particles, which are produced 
in this way, have sufficient energy themselves to 
excite or ionize atoms in the medium. Other 
electromagnetic interactions of charged particles are 
multiple scattering or erratic changes in the direction 
of a particle along its trajectory, Cherenkov effect (or 
a light emission effect occurring whenever a charged 
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particle travels in a medium faster than the speed of 
light in that medium), transition radiation (which is 
due to the polarization of the medium by the charged 
particle and depends on the plasma frequency in the 
material), and bremsstrahlung (or emission of 
electromagnetic radiation occurring when a charged 
particle undergoes acceleration or deviates from its 
trajectory due to a collision with a nucleus).  

Moreover, at a high energy, all hadrons, on 
average, undergo a nuclear interaction after a 
distance approximately equal to the hadronic 
interaction length. In such a nuclear interaction, the 
target nucleus will be broken up. The nuclear 
fragments produced in this way are usually very 
unstable and return to a stable condition in several 
steps. One particular case that needs to be 
mentioned is the collision of a high-energy proton 
with a very heavy nucleus. A very heavy nucleus has 
many more neutrons than protons. If a very heavy 
nucleus is broken up in a collision with a high-energy 
proton, the fragments will quickly expel their excess 
neutrons; as a result, a large number of secondary 
neutrons are produced.  

In Geant4 for the electromagnetic interactions, 
some physics processes were considered. These 
physics processes included pair production, 
photoelectric effect, Compton scattering, Rayleigh 
scattering, ionization, delta ray production, 
bremsstrahlung, and positron annihilation. Likewise, 
in the hadronic physics, two classes of processes, 
namely hadrons at rest (i.e., absorption, capture, and 
annihilation process) and hadrons in flight (i.e., 
elastic, inelastic, fission, and capture process) were 
taken into account.  

Since QGSP-BIC-HP physics list of Geant4 toolkit 
has shown the best agreement with the experimental 
results in a proton radiation field [28], it was chosen 
for modeling the hadronic physics processes. 
Furthermore, in order to consider all 
electromagnetic interactions of the particles down to 
250 eV, the Low Energy Physics Package based on 
Livermore data libraries [29] was selected in the 
development of our Geant4 application.  

In the simulation, the incident particles were 
directed towards the SV within the vacuum. As 
schematically shown in Figure 3, a sphere with 1 m 
radius was considered around the SV as a source 
emitting the primary particles isotropically from a 
random point inwards with the cosine-law angular 
emission. In this way, since the generator surface is 
far enough from the SV, the distribution is practically 
isotropic [30]. In order to reduce the simulation time, 
the primary particle emission angle was limited to 
0 ≤ 𝜃 < 𝑎𝑟𝑐𝑡𝑎𝑛 (𝑙/106), where 𝑙  is the maximum 
length of the SV in µm.  

 
Figure 3. Schematic view of simulation setup showing a spherical 
surface source emitting primary particles isotropically from a 
random point inwards upon the sensitive volume located in the 
central part of the sphere 

 
The primary and secondary particles were 

tracked in the simulation with a range cutoff of 0.01 
µm. The output of the simulation was the energy 
deposition and track length per step in the SV. The 
number of incident particles for each case was 
selected large enough to achieve a relative statistical 
uncertainty less than 0.5% for the total energy 
deposition value in the SV. 

 
 Mean Chord Length Determination  

The determination of the mean chord length of 
the SV is essential for specifying the lineal energy [2]. 
The mean chord length, "𝑙"̅, of any convex shape can 
be calculated using Cauchy's theorem as given in 
equation 1: 

𝑙 ̅ =
4𝑉

𝑆
                                                                               (1) 

where, V is the volume, and S is the surface area 
of the sensitive volume. The mean chord length of 
the irregular geometric shapes can be calculated by 
their chord length, l, and distribution function, "𝑓(𝑙)", 
as follows [6]: 

𝑙𝐹̅ = ∫ 𝑙𝑓(𝑙)𝑑𝑙
∞

0
                                                             (2) 

In this study, for various SV shapes, including the 
shape of the diamond microdosimeter, the chord 
length distribution function of the volume was 
calculated using the developed Geant4 application by 
defining Geantino as the incident radiation. Geantino 
is a virtual particle, which is used for simulation 
purposes and merely undertakes transportation 
processes without having any interaction with 
materials.  
 
Interplanetary Radiation Field 

From the radiation protection point of view, the 
most important components of the interplanetary 
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space radiation environment include the GCRs and 
SPEs [31, 32]. The GCRs are composed of 87%, 12%, 
and 1% protons, helium ions, and heavier ions, 
respectively. The energy range of GCRs is within 106-
1020 eV/nucleon. SPEs are also dominated by 
protons and alpha particles (90-95%). Heavy ions 
(Z>2) have a small contribution in SPEs. The energy 
range of SPEs is within from 105-1010 eV/nucleon.  

Due to the importance and strength of GCR solar 
minimum occurred in 1977 (GCR-1977 solar 
minimum) [5], the differential fluxes for GCR protons 
and alpha particles in this solar minimum were used 
in this study. In addition, for the differential fluxes of 
SPE protons and alpha particles, we utilized the data 
corresponding to the "worst day model" averaged 
over 18 hours, begun on October 20, 1989 (SPE-Oct 
1989) [5]. 
 
Microdosimeter Response Calculation 

The absorbed dose, "D", is not sufficient to fully 
describe the biological effectiveness of the radiation. 
The dose equivalent quantity is defined for solving 
this problem. In this quantity, quality factor, Q, is 
used for considering the biological effectiveness of 
different types of radiations. The dose equivalent, H, 
is defined by the following equation (3):  

𝐻 = 𝐷𝑄̅                                                                          (3) 
where 𝑄̅ is the effective quality factor of the 

radiation field.  
In the ordinary dosimetry (macro-dosimetry), the 

effective quality factor is obtained by the following 
equation (4): 

𝑄̅ = ∫𝑄(𝐿)𝑑(𝐿)𝑑𝐿                                                     (4) 
where, L is the linear energy transfer, and 𝑄(𝐿) is 

the quality factor dependent on L. Moreover, 𝑑(𝐿)𝑑𝐿 
is the fraction of the absorbed dose due to the energy 
absorption of the charged particle with linear energy 
transfer in the range of L to L+dL. According to 
ICRP60, the quality factor depends on L as follows 
[33]: 

 𝑄(𝐿) =

{
 
 

 
 1                        𝑓𝑜𝑟    𝐿 < 10 

𝑘𝑒𝑉

𝜇𝑚
              

0.32𝐿 − 2.2   𝑓𝑜𝑟    10 ≤ 𝐿 ≤ 100 
𝑘𝑒𝑉

𝜇𝑚

300

√𝐿
                 𝑓𝑜𝑟   𝐿 > 100 

𝑘𝑒𝑉

𝜇𝑚
            

               (5) 

In microdosimetry, the effective quality factor is 
obtained based on the quantity of the lineal energy, 
y: 

𝑄̅ = ∫𝑄(𝑦)𝑑(𝑦)𝑑𝑦                                                     (6) 
where, 𝑑(𝑦) is the dose distribution of y for which 

𝑑(𝑦)𝑑𝑦 is the fraction of the absorbed dose due to 
the events in the range of y to y+dy. An event is a 
charged particle track, including a number of 
interactions within the SV. The 𝑦̅𝐹  is the frequency-
average of the lineal energy obtained by the 
following equation: 

 𝑦̅𝐹 = ∫𝑦𝑓(𝑦)𝑑𝑦                                                         (7) 
To determine the lineal energy distribution for a 

given radiation and the SV size, the energy imparted 

to the SV in each ionization event was calculated and 
divided by the mean chord length of the SV. By 
setting the logarithmic bins of the lineal energy and 
scoring the frequency of events in each bin, the lineal 
energy distribution, "𝑓(𝑦)", was determined. After 
the determination of the lineal energy distributions, 
the dose equivalent response, H, was estimated by 
the equation (8) [34]:    

𝐻 = 𝐷 ∫𝑄(𝑦)
𝑦𝑓(𝑦)

𝑦̅𝐹
𝑑𝑦                                                (8) 

where 𝐷 =
𝑛𝑙𝐹̅𝑦̅𝐹

𝑚𝑆𝑉
 is the absorbed dose, 𝑄(𝑦) is the 

quality factor, 𝑙𝐹̅  is the mean chord length of the SV, 
𝑚𝑆𝑉 is the mass of the SV, and n is the number of the 
events.  

For a sphere site with 1 µm diameter, 𝑄(𝑦) was 
obtained by the equation 9 [2]: 

Q(y) = 0.3𝑦′ [1 + (
y′ 

137
)
5

]
−0.4

                                  (9) 

where, 𝑦′ is given by equation 10 [35]: 

𝑦′ =
9

8
𝑦 +

𝛿2

𝑙 ̅
                                                               (10) 

where, y is the measured lineal energy in keV/μm, 
𝑙  ̅is the mean chord length of the sphere in µm, and 𝛿2 
is the weighted average of the energy imparted to 
the site by the individual delta rays in keV.  

In this study, the frequency-averaged lineal 
energy of the monoenergetic protons and alpha 
particles was calculated by equation 7. Then, 
assuming that 𝐿 = 𝑦̅𝐹 , the linear energy transfer was 
estimated. Since the linear stopping power was equal 
to the linear energy transfer, this quantity was 
compared with the linear stopping power of water 
reported by the NIST [21]. In addition, the dose 
equivalent response of the microdosimeter was 
obtained for monoenergetic protons in the range of 
10 MeV to 100 GeV by equation 8.  

The fluence to dose equivalent conversion 

coefficients were also calculated in 
𝑝𝑆𝑣

𝑐𝑚2 and 

compared with those reported by Sato [22] and 
Roesler [23]. Finally, for the investigation of the dose 
equivalent response of the microdosimeter in the 
space radiation fields, the definitions of the 
quantities were extracted from the International 
Atomic Energy Agency Safety Standards Series No. 
GSR Part 3 (2014) [36]. Subsequently, the 
interplanetary radiation environment was combined 
with Geant4 toolkit, and the microdosimeter dose 
equivalent response was obtained for GCR and SPEs. 

 

Results 
Mean Chord Length Study 

In this part of the study, the results of the chord 
lengths study of the regular geometries as well as the 
SV of the microdosimeter are provided. The chord 
length distribution function of the SV of the 
microdosimeter is illustrated in Figure 4. 
Calculations based on this function by applying 
equation 2 indicated that the mean chord length of 
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the diamond microdosimeter under study was 49 
μm, which was larger than the ideal of about 1 µm. 

Table 1 presents the mean chord length 
calculated by the equations given in Section 2.3. The 
results demonstrated that the differences of the 
applied method with the Cauchy's theorem were less 
than 2% for regular geometries. Due to the complex 
geometry of the SV of the diamond microdosimeter, 
its chord length was calculated by the Monte Carlo 
simulation using Geantino null particle.   

 
Figure 4. Chord length distribution function of diamond 
microdosimeter 
 

Investigation of Linear Energy Transfer by 
Microdosimeter Response  

Figure 5 shows the ratio of the frequency-
averaged lineal energy of monoenergetic protons 
and alpha particles determined by the 
microdosimeter response to the linear stopping 
power reported by NIST for water [21]. The linear 
stopping power of the protons with energies greater 
than 5 MeV can be estimated using the studied 
microdosimeter with a relative error less than 20%. 
Nonetheless, for alpha particles, this relative error 
criterion occurs in energies greater than 10 MeV. 
Moreover, the figure shows that the ratio of the 
frequency-averaged lineal energy decreases severely 
in the energies less than 5 MeV and 10 for protons 
and alpha particles, respectively. 

 
Figure 5.  Ratio of calculated frequency-averaged lineal energy, 

"y̅F", of diamond microdosimeter to linear stopping power, "S", for 

various proton and alpha particle energies (the linear stopping 

powers for water are taken from NIST [21]) 

 

 

 
Figure 6.  Fluence to dose equivalent conversion coefficients of 
monoenergetic protons estimated by diamond microdosimeter by 
applying Q (y) using equation 9 and those reported by Sato [22] 
and Roesler [23] 

 
Microdosimeter Response to Monoenergetic 
Proton and Alpha Particles and for Space 
Radiation Fields 

Sato [22] and Roesler [23] individually 
calculated the fluence to ambient dose equivalent 
conversion coefficients, 𝐻∗(10), by PHITS and FLUKA 
codes, respectively, based on the quality factor 
recommended by ICRP60 [33]. Figure 6 illustrates 
the fluence to dose equivalent conversion 
coefficients for monoenergetic protons in the range 
of 10 MeV to 100 GeV, determined by the 
microdosimeter by applying Q(y) and those reported 
by Sato and Roesler [22, 23].  

According to Figure 6, there was an acceptable 
agreement between the coefficients estimated in the 
present study and those obtained by the above 
mentioned researchers. However, for energies 
greater than 100 MeV, our calculations were 
inconsistent with those reported by Sato and Roesler 
[22, 23]. This discrepancy was due to the differences 
in the quality factors. The fluence to dose equivalent 
conversion coefficients for the monoenergetic 
protons estimated by the microdosimeter by 
applying Q(L) and those reported by Sato and 
Roesler  [22, 23] are also shown in Figure 7. As can 
be seen, by applying Q(L) instead of Q(y) in our 
calculation, the difference is ignorable. 

Figure 8 shows the lineal energy distribution 
obtained by the microdosimeter for GCR-1977 solar 
minimum and SPE-Oct 1989 spectrums. The dose 
equivalents calculated by GCR-1977 solar minimum 
and the SPE-Oct 1989 spectrums were 61.2 cSv/year 
and 2.82×103 cSv/event, respectively. These 
calculations were in reasonable agreement with the 
dose equivalent of free space reported previously as 
62.1 cSv/year and 2.5×103 cSv/event, respectively 
[37-40]. 
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Table 1. Comparison of mean chord length calculated by equations 2 and 1 
 

 
Sphere Hemisphere Spheroid Cylinder Cube 

Rectangular 
parallelpiped 

Calculated (μm) 13.33±0.13 8.89±0.09 7.44±0.07 13.33±0.13 13.33±0.13 11.43±0.11 
Monte Carlo 
estimated (μm) 

13.33±0.14 8.87±0.9 7.31±0.07 13.35±0.14 13.33±0.14 11.41±0.11 

Relative error (%) 0.02 0.26 1.720 0.16 0.01 0.16 
 

 

 
Figure 7. Fluence to dose equivalent conversion coefficients for 
monoenergetic protons estimated by diamond microdosimeter by 
applying Q (L) using equation 5 and those reported by Sato [22] 
and Roesler [23] 

 

 
Figure 8. Calculated lineal energy distribution in diamond 
microdosimeter for GCR-1977 solar minimum and SPE-Oct 1989 

 
 

Discussion 
According to the data presented in Table 1, the 

differences of the applied method with the Cauchy's 
theorem were less than 2%. This means that we can 
rely on the calculation of the mean chord length of 
SVs by the method presented in Section 2.3 using the 
developed application program.  

The severe decrease in the ratio of the frequency-
averaged lineal energy in the energies less than 5 
MeV for protons and less than 10 MeV for alpha 
particles, shown in Figure 5, could be related to the 
dimensions of the microdosimeter SV.  

Since, most of the protons and alpha particles 
with these energies were stopped within such SVs 
without crossing the boundaries, the amount of their 
lineal energies, and consequently the frequency-

averaged lineal energies underestimated the linear 
stopping power. The linear stopping power of the 
protons and alpha particles with energies greater 
than 5 and 10 MeV, respectively, were estimated 
with a relative error of less than 20%. The absorbed 
dose and dose equivalent were expected to be 
determined within an acceptable uncertainty for 
radiation protection applications.  

The lack of full compliance between the fluence to 
dose equivalent conversion coefficients estimated in 
this study and those reported in other studies 
(Figure 6) is due to the difference between the LET-
based and lineal energy-based quality factors. The 
formers are recommended by ICRP60 in equation 5 
and the latters are provided in equation 9. By 
increasing the proton energy, LET decreases to less 
than 10 𝑘𝑒𝑉/𝜇𝑚 from which the quality factor 
applied here as Q(y) was several times less than Q(L) 
used by other investigators.  

Based on Figure 7, the utilization of Q(L) instead 
of Q(y) would facilitate a satisfactory agreement 
between the coefficients. Based on the reasonable 
consistency between the coefficients estimated in the 
present study and those obtained by others, the 
studied diamond microdosimeter was predicted to 
be able to measure the dose equivalent of the 
protons with energies more than 10 MeV with an 
acceptable accuracy.  

 

Conclusion 
The microdosimeter response study indicated 

that the linear stopping power of the protons and 
alpha particles with energies greater than 5 and 10 
MeV, respectively, could be estimated with a relative 
error less than 20%. The investigation of the fluence 
to dose equivalent conversion coefficients of the 
monoenergetic protons indicated an adequate 
agreement between the coefficients calculated by the 
microdosimeter in the present study and those 
obtained by other investigators.  

Therefore, the studied microdosimeter was 
predicted to be able to measure the dose equivalent 
of the protons with energies higher than 10 MeV, 
which is of interest in space applications. The 
reasonable agreement between the dose equivalent 
calculated based on the GCR-1977 solar minimum 
spectrum and the SPE-Oct 1989 spectrum in this 
study and the results reported by other researchers 
confirmed that this type of microdosimeter could be 
a promising candidate suitable for the measurement 
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of the dose equivalent in space radiation fields 
regarding other favorable properties of diamond, 
including more tissue equivalency and higher 
radiation hardness. 
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