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Abstract 

Purpose: The paper aims to discuss the response of the Micro-Mesh Gaseous Structure (Micromegas) detector to 

high-energy X-ray with 2.3 MeV energy using photon to neutron converters in addition to optimization of the 

detector components by Monte Carlo simulation.  

Materials and Methods: Methods of using Micromegas are different in terms of energy and intensity of high-

energy X-ray. Response of Micromegas detector to X-ray with 2.3 MeV by different photoneutron converters 

was calculated by Monte Carlo N Particle X-Version (MCNPX) code. The number of electrons in the drift and 

multiplication regions and the depth-dose in the various regions of the detector were measured to study the 

response of the Micromegas detector to high energy X-ray. Also, the thickness of the upper electrode, and the 

type of gas in the detector were studied and optimized. 

Results: D2O with 2×10-5 efficiency is the best target to convert photons with 2.3 MeV energy to neutrons. It is 

the proper convertor to change the high energy X-ray into a photoneutron that can be detected by Micromegas. 

The optimum thickness of the upper electrode is 0.0026 cm for air and P10 gas in the detector. 

Conclusion: The results show that this detector can detect high-energy X-rays with energy above 2 MeV. The 

Monte Carlo results showed the output current of the Micromegas detector is 5.12 pA per one input hard X-ray 

photon. 

Keywords: High Energy X-Ray; Gas Detector; Micromegas; D2O; Photoneutron; Monte Carlo N Particle X-

Version Code. 
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1. Introduction  

In general, high-energy X-ray detection is done by 

photographic film, scintillator, semiconductor detector, 

gas detector, etc. [1]. A gas detector is the simplest 

detector being sensitive to the effects of ionization of 

nuclear radiation. These types of detectors have a 

chamber containing certain volume of gas. Various 

types of gas detectors include ionization chambers, 

proportional chambers, and Geiger-Muller detectors 

[2]. Multi Wire Proportional Chamber (MWPC) 

sensitive to location has been primarily introduced by 

Charpak (1968) [3]. After that, in 1988, Anton Odd 

proposed a Micro Strip Gas Counter (MSGC) [4]. 

These detectors are characterized by their microstructure 

scale and their small multiplication region [5], which 

allows access to spatial resolution of a few micrometers, 

which is very useful in particle tracking or radiation 

imaging applications [6-12]. Today, these detectors have 

various designs, the general characteristic is having a 

small amplification region (less than 1 mm) between the 

cathode and the anode. One of these types of detectors 

is Micromegas detector that will be discussed in 

following. 

In 1992, Micromegas detector was first designed and 

introduced by Charpak [13]. In 1996, this detector was 

introduced as an effective tool for the location-sensitive 

detection of high-flux particles. It found considerable 

popularity in high-energy particle physics applications 

[14]. The different regions of the charge production 

and the multiplication are important advantages of this 

type of detector. Hence, all electrons will have an 

equal multiplication factor. These detectors have been 

developed by different researchers to detect electron, 

proton, neutron, alpha, etc. [15-19]. In present research, 

high energy X-ray has been divided into two groups of 

higher and lower than 2 MeV, in terms of energy. 

Methods of using Micromegas are different in terms 

of energy and intensity of high energy X-ray. The 

Micromegas detectors have been investigated to detect 

photons in the energy range of less than 2 MeV [20, 

21]. In the current research, the use of these detectors 

to detect X-rays with energy higher than 2 MeV is 

investigated using Monte Carlo simulation, and the 

dimensions of the detector are optimized using photon-

to-neutron converter layers. Monte Carlo simulation using 

code MCNPX 2.7e (Monte Carlo N Particle Version 2.7e) 

is performed which can track 32 atomic and nuclear 

particles. When photoneutrons interact with the gas 

and components inside the detector, various processes 

occur such as neutron activation and creation of a 

compound nucleus. Compound atoms and nuclei cause 

ionization of the gas in the active area of the detector, 

and due to the presence of an electric field inside the 

detector, electron multiplication occurs and there is a 

possibility of creating the SQS phenomenon. Converter 

layers in Micromegas detectors have been used to 

detect neutrons [22], but there has been no report on 

the use of converter layers in these detectors to detect 

high-energy photons. In fact, the novelty of the work 

is the use of appropriate converter layers to detect 

high-energy photons by the Micromegas detector. The 

response of the detector depends on two factors: the 

type of converter and the energy of high-energy X-

rays which will be analyzed in the following. 

2. Materials and Methods  

2.1.  Design and Performance of the Detector  

The Micromegas detector was designed according to 

Figure 1 to detect an X-ray radiation. The Micromegas 

detector works on the basis of the amplification of electric 

charges produced by the ionization of gas atoms by 

primary radiation. The neutrons that are produced in 

the converter as a result of high-energy X-ray photons 

reach the upper electrode and due to interaction with 

it, low-energy photons and electrons are produced and 

cross the driving region. The converter layer can be of 

different materials such as W, D2O, etc. The gas-filled 

area between the cathode and anode parallel plates is 

divided into two parts by a mesh structure with fine 

holes named micromesh.  

 

Figure 1. Overview of the Micromegas detector irradiated 

by X-ray 
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The rays received from the X-ray converter create ion 

pairs in the space between the cathode and the micromesh. 

The ionization electrons move towards micromesh 

through a relatively weak electric field which is lower 

than the necessary threshold for multiplication. The 

thickness of the ionization zone is usually several 

millimeters and it is large enough to produce a 

sufficient number of ion pairs for an ionizing particle 

with low penetration. In the absence of an electric 

field, the produced ion-electron pairs are recombined. 

By applying the electric field in the range of the 

proportional region, the electrons move towards the 

micromesh and the ions move towards the cathode. 

When the electrons reach near the micromesh, they are 

exposed to a strong electric field gradient in the 

propagation region, under the influence of this electric 

field, they accelerate and get the necessary energy to 

create the secondary electron-ion pairs, and then the 

phenomenon of electron avalanche occurs. 

In fact, the Micromegas detectors include a small 

propagation area and produce signals of the order of 

100 nanoseconds. The micromesh is made by various 

microfabrication techniques and its transparency is 

high for ionization electrons which means that many 

ionization electrons pass through the micromesh and 

continue moving towards the anode. But the electric 

field in the area between the micromesh and the anode 

causes a gain between 103 and 104, although this field 

is much higher than the value required to form an 

avalanche. The space between the micromesh and the 

anode plate is kept small (of the order of 100 

micrometers) so that this required electric field can be 

reached by using appropriate voltages and also help in 

the formation of fast pulses. By choosing a suitable 

voltage, most of the positive ions produced in ion 

avalanches are collected by the micromesh. By 

minimizing the drift distance, these positive ions can 

improve the rapid recovery of space charge effects and 

provide the ability to work at high frequencies. This 

small gap is usually achieved by using insulating 

columns between the micromesh and the anode. Small 

and unavoidable dimensional changes in the gas 

thickness do not significantly affect ion avalanches, 

because smaller gas thicknesses can be neutralized by 

higher electric fields in that region. Because the 

produced avalanches are almost the same size, the 

amplitude of the pulse produced by the anode is 

proportional to the number of ion pairs formed in the 

ionization area of the chamber. 

2.2.  Monte Carlo Simulation 

MCNPX code is one of the most powerful calculation 

codes based on the Monte Carlo method and random 

numbers. This code is highly applied in designing nuclear 

reactors, detectors, nuclear well logging, medical 

radiation, etc. [23-28]. To use the code, an input file 

has to be prepared with certain sections [29]. 

The various sections of an input file in the MCNPX 

code include a cell card, surface card, and data card. 

The cell card, which is defined based on the geometry 

of the detector, contains 5 cells in this manuscript. The 

cells are shown in Figure 2.  

Cell 1 is a steel plate (10 × 10 × Z1 cm) which Z1 has 

to be optimized. Cell 2 is a volume of air or P10 gas at 

1 atmosphere of air pressure with (10 × 10 × 0.3 cm) in 

dimensions. Cell 3 is a steel plate measuring 10 × 10 

× 0.1 cm3. The body of the device is made of Plexiglas 

with a thickness of 1 cm. Cell 4 is the space inside a 

sphere, except for the detector, which is where the 

converter and high-energy X-ray source are located. 

Cell 5 is the whole space outside the sphere, which 

does not contain any matter. 

A micromesh was added to the set of these cells 

which is placed between the two upper and lower 

electrodes, and its exact location is determined by 

optimization. Thus, the region between the upper 

electrode and the micromesh is the drift region, and the 

region between the micromesh and the lower electrode 

is the multiplication region. The gases that were used 

to fill the space of the detector are air and P-10, and 

the results are obtained for each of these gases 

separately. Air is a combination of various elements 

with percentages matching to ICRU report [30, 31]. 

 

Figure 2. Display of cells defined in MCNPX code 
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P10 gas is also a combination of 90% argon and 10% 

methane. The source used in this research is a high-

energy X-ray source with an energy of more than 2 MeV, 

which is irradiated perpendicularly to the converter. A 

neutron beam was produced by interaction between high-

energy X-ray and converter that this beam crosses to 

the drift region of the detector. The Electron beam was 

produced by the interaction of the neutron beam with 

the gas in the drift region and the converter layer. In 

MCNPX 2.7e code, different tallies have been used to 

calculate the number of electrons in the drift and 

multiplication regions, the number of electrons crossing 

to the drift region from the upper electrode, the deposited 

dose in the drift and the multiplication regions, and the 

deposited dose inside the micromesh holes. Mesh tally 

type 1 has been applied to calculate the depth-dose in 

the various regions of the detector. Input file is written 

to optimize Micromegas detector. 

2.3.  Calculation of the Detector Current 

The number of electrons produced by a high-energy 

photon (n0) is equal to the product of the photoneutron 

production efficiency (γ), the amount of deposited 

energy by a neutron (E) divided by the energy required 

to produce an ion pair in the air (W=35 eV) according 

to Equation 1. 

𝑛0 =  𝛾𝐸/𝑊 (1) 

The detector current is equal to Equation 2 as follows: 

𝐼 =
𝑘𝑛0𝑒

𝑡
=

𝑘𝛾𝐸𝑒

𝑡𝑤
 (2) 

Where k is the multiplication factor of the gas (105), 

e is the electron charge, and t is the time of charge 

collection equal to 0.015𝜇𝑠. 

3. Results  

3.1.  Calculating the Efficiency of Photoneutron 

Production by Converter Layer 

For calculating the efficiency of photoneutron 

production, the neutron production per photon versus 

neutron energy production by impact of 7.6 MeV and 

2.3 MeV X-ray energy the tungsten and D2O converter 

were calculated that the results were shown in Figure 

3a and 3b.  

According to Figure 3, the maximum efficiency of 

photoneutron production for D2O convertor in 60 keV 

(neutron energy) and for W converter in 120 keV (neutron 

energy) are γ = 2 × 10-5 and γ = 1.5 × 10-5, respectively. 

3.2.  Micromegas Optimization for Converting 

Neutron to Electron 

Each of these generated photoneutron spectra can 

be defined as a neutron source in the MCNPX code 

and the response of the detector to this neutron 

spectrum can be obtained. By interaction of neutron 

spectrum of Figure 3b with steel layer, the number of 

output electrons from upper electrode to drift region 

changed with changing the thickness of input window 

(upper steel layer) that were shown in Figure 4a for air 

(gas detector) and Figure 4b for P10 (gas detector). 

According to MCNPX code results, the optimum 

thickness of the upper steel electrode for air and P10 

gas is 0.0026 cm. According to Figure 5, the whole 

space of the detector would be divided into 750000 

equal cube meshes (0.2 × 0.2 cm2) and 0.001 cm in 

thickness (2500 meshes on the surface of the detector 

and 300 meshes in the vertical direction). 

 
Figure 3. Production of photoneutrons from a target: (a) tungsten (b) heavy water 
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The diagrams of energy deposited in multiplication 

and drift regions show as a function of the height of 

the detector for air and P10 gas in the presence of a 

micromesh in Figure 6a and 6b.  

3.3.  Micromegas Response to High-Energy X-Ray 

The total dose in air sensitive region of the detector 

with the volume of 2 × 10-4 cm3 is equal to 1 × 109 Gy. 

As a result, the amount of deposited energy for one 

neutron (E) would be equal to 5.16 × 10-19 J or 3.22 eV. 

By using Equations 1 and 2, the output current of 

the detector for one photon is equal to 5.12 pA, which 

is a suitable number for the input of an amplifier that 

is connected to the Micromegas detector. 

4. Discussion 

This research aimed to detect high-energy X-rays 

using a Micromegas detector with photoneutron converter 

layers. First, the efficiency of photoneutron production 

by some different converter layers was calculated using 

Monte Carlo simulation. The threshold energy of these 

converters for photoneutron production is given in 

Table 1. The threshold energy data in Table 1 shows 

that 9Be, 2D, 6Li, 13C, 7Li, and natW can detect photons 

with energy greater than 1.667 MeV, 2.225 MeV, 

3.697 MeV, 4.9 MeV, 7.251 MeV, and 7.6 MeV, 

respectively. 

Every converter can be used to detect special X-ray 

with energy higher than 1.667 MeV. For example, the 

heavy water and the natural tungsten are proper to 

detect 2.3 MeV and 7.6 MeV high-energy X-ray, 

respectively. The probability of neutron production by 

2.3 MeV high-energy X-ray with D2O convertor and 

7.6 MeV with natural tungsten converter, were shown 

 

Figure 5. Display meshing of the entire detector space 

 

 
Figure 6. The Energy deposition in the presence of micromesh:(a) in the multiplication region (b) in the drift region 
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in Figure 2a and b. Heavy water shows a sharper neutron 

energy response compared to tungsten. With mixing of 

the elements in Table 1 as a new material, the operator 

can be detecting the photon with energy larger than 

1.667 MeV directly without changing the target.  

After the photon is converted to a neutron, the neutron 

travels to the detector region and after interaction with 

air or P10 gas, remains the dose in all regions of the 

detector. As observed in Figure 6, in the drift region 

and near micromesh in the air, more doses would be 

remained compared to P10. Almost all over the 

multiplication region, the energy deposited in the air 

is bigger compared to P10. Therefore, the air is more 

suitable than P10 for the detection of neutrons created 

from photoneutron phenomenon. The dose of neutrons in 

the sensitive area of the detector causes the ionization 

of the ideal active gas (air) and the generated electrons 

multiply due to the strong electric field. The output 

current of the detector for a photon with an energy of 

2.3 MeV, which is equal to 5.12 pA, is large enough 

to be detected using current amplifier circuits. 

5. Conclusion 

Using MCNPX code, a Micromegas detector (10 × 

10 × 0.3 cm) has been optimized to detect 2.3 MeV 

high-energy X-ray detection. D2O is the proper convertor 

to change the high-energy X-ray into a photoneutron 

that can be detected by Micromegas. In general, the 

response of the detector has been optimized based on 

the gas type, and the thickness of the upper electrode. 

The optimum thickness of the upper electrode is 

0.0026 cm for air and P10 gas in the detector. Also, 

the electron production in air is larger than P10. The 

results show that this detector has the ability to detect 

high-energy X-rays with energy above 2 MeV. 
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