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Abstract In this paper, a batch file which describes the detailed structure and the corresponding physical

process of Micro-Mesh Gaseous Structure (Micromegas) detector, the macro commands and the control struc-

tures based on the Garfield program has been developed. And using the Garfield program controlled by this

batch file, the detector’s gain and spatial resolution have been investigated under different conditions. These

results obtained by the simulation program not only exhibit the influences of the mesh and drift voltage, the

mixture gas proportion, the distance between the mesh cathode and the printed circuit board readout anode,

and the Lines Per Inch of the mesh cathode on the gain and spatial resolution of the detector, but also are

very important to optimize the design, shorten the experimental period, and save cost during the detector

development. Additionally, they also indicate that the Garfield program is a powerful tool for the Micromegas

detector design and optimization.

Key words Garfield program, Micromegas detector, gaseous detector

1 Introduction

As a kind of new generation micro-pattern gaseous

detectors, the Micro-Mesh Gaseous Structure (Mi-

cromegas) detector
[1]

has been widely developed for

many different applications over the last ten years
[2]

.

Because of its excellent spatial resolution and other

outstanding characters, it is regarded as a kind of

very promising gaseous detector. At the beginning of

2006, our group began to design and fabricate some

prototypes of Micromegas (see Fig. 1) in order to ful-

fill the experimental demands on high spatial resolu-

tion in the research field of medium and high energy

physics at the Institute of Modern Physics. To better

understand the physical process of the gaseous ion-

ization and the electron avalanche, save cost, shorten

the experimental period, and optimize the design of

detector, the Garfield simulation program was used,

which was developed firstly for the detailed simula-

tion of two-dimension drift chamber by Rob Veenhof

at CERN
[3, 4]

. As a powerful tool in the design of

gaseous detector, it has been widely used
[5, 6]

to sim-

ulate the various gaseous detectors’ properties oper-

ating under different conditions and parameters since

1984.

Fig. 1. A schematic view of Micromegas.

In this paper, we concentrate our research inter-

ests on the influences of the voltage of mesh cathode

and drift one, the mixture gas proportion, the dis-

tance between the mesh cathode and the printed cir-
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cuit board (PCB) readout anode, and the lines per

inch (LPI) of mesh cathode on the gain and spatial

resolution of detector using Garfield program. Some

valuable results have been obtained and shown in

Figs. 2—7, which are very important to instruct and

optimize the design of the detector, shorten the ex-

perimental period, and save cost.

2 The batch file description

In order to control the Garfield simulation pro-

gram fluently and avoid re-inputting large number of

the same and tedious commands in the simulation

process of Micromegas detector, a batch file is deve-

loped. It consists of four main parts listed below:

The first part is the &CELL section, which de-

scribes the Micromegas detector’s layout. Because

we only simulate the 2-dimension structure and prop-

erties of the detector, the interface commands (such

as READ-FIELD-MAP) to read the field maps com-

puted by finite element programs such as Maxwell,

QuickField and FEMLAB are omitted.

The second one, the &GAS section, gives the pro-

portion, transport and ionization properties of the

gas mixture and the interfaces to Heed and Mag-

boltz applications. The Heed program developed by

Igor Smirnov is used to simulate the ionization of gas

molecules when particles traverse the chamber. The

Magboltz program can fulfill the demand on the com-

putation of electron transport properties in nearly ar-

bitrary gas mixture. For detailed information of Heed

and Magboltz program, please refer to Ref. [7].

The third one, the &FIELD section, gives and

visualizes the electrostatic field of detector. In this

part, the electric field and potential of detector are

visualized by the PLOT-FIELD command. Through

analyzing the electrostatic field map, we can gain a

thorough understanding of the influence of different

electrodes and detector structure on the electric field

therein.

The last one, the &DRIFT section, is also the

key part during the Micromegas detector simulation

which calls the subroutines to calculate the drift and

avalanche processes of electrons, visualizes the drift

lines, outputs the results of gain, spatial resolution

and calculating status. In this part, the routines, such

as DRIFT MC ELECTRON, BOOK HISTOGRAM,

FILL HISTOGRAM, PLOT HISTOGRAM, PLOT

DRIFT LINE, and AVALANCHE, are called in

CALL statements which have the format of

CALL procedure name (arg1, arg2, · · · ). The

DRIFT MC ELECTRON routine is used to per-

form the Monte-Carlo calculation of electron diffu-

sion and drift line, and through calling this pro-

cedure, the drift time, status, and multiplication

of electron are returned. And then, the routines,

such as BOOK HISTOGRAM, FILL HISTOGRAM,

and PLOT HISTOGRAM, are called to save and

plot the results returned by the DRIFT MC ELEC-

TRON routine. Beside the above routines, the

PLOT DRIFT LINE is called to plot the drift line

of electrons and the AVALANCHE routine is used to

simulate the avalanche process induced by the elec-

tron, give the statistical information on the creation

and absorption points of electrons and ions during

the electron avalanche process. Based on the results

returned by the above routines, the properties of Mi-

cromegas are obtained, and shown in Figs. 2 — 6. To

validate the conclusion obtained by Garfield, the com-

parison between the simulated and the experimental

gas-gains of different mesh voltage is performed and

shown in Fig. 7.

Because we do not care about the output signal

properties, the &SIGNAL section is elided in our sim-

ulation process.

3 The simulation results

Using the Garfield program controlled by the

batch file, the avalanche process of electrons and

the dependence of the gain and spatial resolution of

the Micromegas detector on the LPI of mesh cath-

ode, the distance between the mesh cathode and the

PCB one, the gas proportion, and the mesh and drift

electrode voltage are shown in Figs. 2—7. During

the simulation, the drift field, the gas pressure, and

the temperature of Micromegas detector are 1kV/cm,

101.325kPa, and 300K, respectively. The detailed

simulating conditions can be found in the text box

of figures.
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Figure 2 shows the 2-D representation of the de-

tector and the drift lines of ions and electrons in the

avalanche process simulated with Garfield. The de-

velopment of electron avalanches between the mesh

cathode and the PCB one is clearly illustrated in

Fig. 2(a). And the rate of electron avalanche pro-

cess shows an exponential increase when the electrons

drift from the Mesh cathode to the PCB readout an-

ode. In Fig. 2(b), the small parts of ions produced in

the electron avalanche process can traverse the Mesh

cathode from the avalanche area to the drift one. The

traversing rate of ions increases with the increase of

Edrift/Eavalanche, where the Edrift and Eavalanche are the

electrical field of drift area and that of avalanche one,

respectively. So, in order to evacuate the positive ions

through the mesh cathode as soon as possible, reduce

the penetration rate of ions and furthermore improve

the counting rate, the small value of Edrift/Eavalanche,

in principle, should be chosen. But, if you do like

that, i.e., the small drifting electric field is chosen,

the ionization electrons produced by the incident ions

in the drift area will be very easy to be attached by

the gas molecular in this area, and thus a majority of

those electrons will be unable to traverse successfully

the mesh cathode from the drift area to the avalanche

one, which will reduce the efficiency of the detector

for the incident charge ions. So, it is very important

to find an optimal parameter during the detector de-

sign. Over the experimental work of our Micromegas

prototypes, we chose the value of Edrift/Eavalanche to

be less than 0.03 which is obtained through the upper

simulation and proved in the experimental test.

Fig. 2. The drift lines of ions and electrons dur-

ing the avalanche in the Micromegas detector

simulated by the Garfield program.

In this work, there are three kinds of mesh (i.e.

400 LPI with the wire diameter of 28µm, 500 LPI

with the wire diameter of 24µm, and 635 LPI with

the wire diameter of 17µm) to be used as the mesh

cathode. In order to better understand the influence

of different meshes on the properties of detector, the

dependence of gain and spatial resolution on these

kinds of mesh cathodes is simulated and shown in

Fig. 3. For the mesh cathode made of different LPI’s

mesh, the gain property is the same. So we conclude

that the gain is not relevant to the LPI of mesh. But

the spatial resolution increases with the increase of

LPI of the mesh cathode.

Fig. 3. The dependence of gain and spatial res-

olution on the LPI of mesh cathode, the condi-

tions of Micromegas detector in the simulation

are shown in the text box.

d=100µm, mesh voltage: 700V, cathode volt-

age: 1000V, temperature: 300K, pressure:

101.325kPa, entries: 5000, gas: 90%Ar+

10%CO2, simulated by the Garfield V7.10.

Figure 4 exhibits both the gain and spatial res-

olution as a function of the distance between Mesh

cathode and PCB one. The gain decreases with the

increase of mesh voltage, which is caused by the less

electric field in the avalanche area when increasing the

distance between the mesh cathode and the PCB one

at the same mesh voltage. But, for the spatial reso-

lution, the result is different from that. The better

spatial resolution at the smaller distance between the

mesh cathode and the PCB anode is achieved than

that at the larger one. This can be clearly under-

stood from the avalanche process in Fig. 2(a). Based

on the result shown in Fig. 2(a), if we increase the

distance between those two electrodes or even keep

the same electric field between them, the width of

the avalanched electron distribution will become very

wider, which will cause the spatial resolution to be-



1048 p U Ô n � Ø Ô n ( HEP & NP ) 1 31 ò

come bad. So, in order to obtain the better spatial

resolution, the smaller distance should be chosen.

Fig. 4. The dependence of gain and spatial res-

olution on the distance between mesh cathode

and PCB one at the conditions shown in the

insert.

mesh voltage: 700V, cathode voltage: 1000V,

temperature: 300K, pressure: 101.325kPa, en-

tries: 5000, gas: 90%Ar+10%CO2, simulated

by the Garfield V7.10.

The spatial resolutions of different gas mixtures

and mesh voltages are shown in Fig. 5 under the con-

ditions in the insertion text box. According to Fig. 5,

the influence of mesh voltage on them is less than the

one of gas mixture. At different mesh voltages, the

spatial resolution keeps nearly no change, but for dif-

ferent gas mixtures, the change of spatial resolution is

obvious. The prototype’s spatial resolution with 95%

Ar and 5% CO2 gas mixture is almost three times

worse than the one with 80% Ar and 20% CO2. It

shows obviously that the higher proportion of CO2

in the gas mixture will effectively improve the spatial

resolution. The conclusion is supported by the exper-

imental results of Cussonneau’s group
[7]

. So, it will

give us an effective instruction in our future experi-

mental work.

Fig. 5. The detector’s spatial resolution as a

function of mesh voltage for different gas mix-

tures.

d=100µm, drift field: 1kV/cm, temperature:

300K, pressure: 101.325kPa, mesh cathode:

500LPI, diameter of wire: 24µm, entries:

5000, simulated by the Garfield V7.10.

Figure 6 shows the gain of different gas mixture

as a function of mesh voltage for different gas mix-

tures. With the increase of mesh voltage, the detec-

tor’s gain increases rapidly at the same gas mixture.

But for the same mesh voltage, the gain decreases

with the increase of the proportion of CO2 in the gas

mixture. So if we want to obtain a larger gain in the

experiment, the lower CO2 proportion of gas mixture

should be chosen.

Fig. 6. The gain of Micromegas as a function

of mesh voltage for different gas mixtures.

d=100µm, drift field: 1kV/cm, temperature:

300K, pressure: 101.325kPa, mesh cathode:

500LPI, diameter of wire: 24µm, entries:

5000, simulated by the Garfield V7.10.

Fig. 7. Variation of the experimental and sim-

ulating gas gains with mesh voltage. The in-

sertion box shows the experimental and simu-

lating conditions.

d=100µm, drift field: 1kV/cm, temperature:

300K, pressure: 101.325kPa, Ni mesh cathode:

670LPI, thickness of Ni mesh: 5µm, entries:

5000, simulated by the Garfield V7.10.

The comparison of the experimental and the sim-

ulated gains under different conditions can be found

in Fig. 7, and those gain data for different gas mix-

tures accord with each other very well. But, for the

same gas mixture, the gain data shown in Fig. 6 are

different from the ones in Fig. 7 under almost the

same simulation conditions, which come from differ-

ent kinds of mesh structures. The mesh used in the

simulation in Fig. 6 is a stainless steel woven mesh

with the 24µm wire. So, when we keep the mesh
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center in the depth direction at the 100µm position,

the minimal distance between the mesh and the PCB

without regard for the overlaping of two wires will be

about 88µm, less than 100µm. But for Fig. 7, the Ni

mesh with 5µm in thickness is used. The change of

the distance between mesh and PCB is about 2.5µm,

smaller than the one of stainless steel mesh. Accord-

ing to the results shown in Fig. 4, the gain difference

between Fig. 6 and Fig. 7 is reasonable.

Based on the simulation results shown in Fig. 5

and Fig. 6, the detector’s spatial resolution and gain

properties have shown the different dependence on

the CO2 proportion of gas mixture. So, in different

instances, we need to choose the suitable parameter

for fulfilling our demands or find the optimal cross

point parameter for those properties.

4 Conclusion

In this paper, we have simulated the Micromegas

detector’s gain and spatial resolution properties at

different mesh voltages, the LPI of mesh cathode,

the gas mixture, and the distance between the mesh

cathode and PCB anode using the Garfield program.

Based on the simulation results, we can conclude that

the higher the CO2 proportion in the gas mixture,

the smaller distance between the mesh cathode and

the PCB anode, and the fewer LPI of mesh cathode

will improve the spatial resolution, and for the detec-

tor’s gain, it will increase with the increase of mesh

voltage, the decrease of CO2 proportion in the gas

mixture and the distance between the mesh cathode

and the PCB anode. Through comparing the exper-

imental and simulated ones in Fig. 7, it shows that

the Garfield program is efficient for the Micromegas

simulation. And the simulation results obtained us-

ing this program will be very significant to instruct

the detector design and the choice of optimal experi-

mental conditions in the experimental works.
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