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Objective. Relevance. Tasks.

@ Relevance: Research into
the physics of gaseous
detectors (Micromegas).

@ Objective: Numerical
simulation of ionization and
electron transport.

o Tasks: Analysis of the
quantitative composition of
electron amplification in a
gas detector.
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INTRODUCTION

Investigation of physical processes in
Drift Electrode the detector:

=-300V

@ Simulation of primary ionization

S in Garfield++.

@ Calculation of energy losses of a
muon particle (dE/dx).

@ Determination of the number of
primary and secondary electrons.

@ Study of gas amplification in
Micromegas.

@ Estimation of Penning
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o g ™ parameters for mixtures of
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o compare the results with

literature data.
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GARFIELD++

Garfield++(SIMULATION CORE)
was used to simulate primary
ionization, electron transport, and
avalanche development for the
chosen Micromegas-type geometry.

@ Amplification in a gas
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Cluster formation

Electron generation: primary
and secondary (due to
d-electrons)

Heed: Inter-
action tracks
cluster creatij

electrostatics
mesh solvers

Energy losses

MAGBOLTZ:
Transport
Avalanches
Gas properties
microscopic drift

detector
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HEED: Geometry

A 50 GeV muon, which is a The clusters form a (roughly)
minimum ionizing particle (m.i.p.), straight line.

crosses a 7 mm gas gap in a uniform

electric field of 600 V/cm. The gas

is Ar/CO,/iC4H10 in a 93:5:2 ratio.

lonization points (clusters), first event
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Primary and Secondary Electrons

Number ot primary electrons
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Primary and Secondary Electrons
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Energy Losses of a Muon Particle
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Obtaining data on energy losses (dE/dx) confirms our understanding that the

particle is indeed a m.i.p. and has a "stable" value of dE/dx.
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Cluster Size

@ A single ionization

cluster can contain Cluster size S
¢ hClusterSize

one, two, three, or 1 Entries 2619183
° Mean 2.708

more electrons. S Doy 1334

@ Some of these
electrons possess
enough energy to 0
further ionize the
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Comparison of Four Gas Mixtures

Mixture

Composition

Gas 1
Gas 2
Gas 3
Gas 4

Ar/CO- (90/10)
Ar/CO2/iC4H10 (93/5/2)
Ar/iCaHio (90/10)
Ar/CO2 (93/7)

Number of electrons per muon track
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Mesh Simulation & Primary Electron Tracks

Field near the hole: Simulation:
e Field penetration through the e Tracks of 8 electrons in the drift
geometry (distortion of electric field gap

equipotential lines) 70x70 um
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Physics of the Penning Effect

Penning Reactions: =16 - lonisation Argon T
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Mesh Simulation ("Toy Monte Carlo")

Conclusion Thank you
o

(b) Calculated gain values (Penning disabled).

(d) Calculated gain values (Penning enabled).

(c) Avalanche profile (Penning enabled).

(a) Avalanche profile (Penning disabled).

Calculated gain values.

Final avalanche profile.

Ampification gap geometry

128m

xlemt
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Avalanche Calculation: Ar/CO,/iC4H1g and Ar/CO,
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Avalanche Calculation: Ar/CO,/iC4H1g and Ar/CO,

Source Penning Effect Without Penning
...... — ey Effect
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Conclusion

@ Primary ionization: The energy loss spectrum has been obtained.
Delta electrons increase the charge per track from 28 to 71.

@ Field simulation: The effect of electron focusing into the mesh
micro-holes (70x70 pm) has been visualized.

@ Amplification anomaly: Standard Penning parameters for the
Ar/CO2/i-C4H1o mixture yield an unphysical gain (around 115,000).

@ Methodology verification: The amplification calculation in a drift
tube (binary mixture) showed exact agreement with experimental
data.

@ Practical result: The need for manual calibration of the Penning
transfer coefficient for complex hydrocarbon-containing mixtures
has been demonstrated.
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Plans for the future

@ Determination and selection of coefficients: To determine the
transfer coefficients that accurately describe our specific gas
mixture.

@ Future applications: To extend the dE/dx simulation framework
for Micromegas detectors to other applications, such as the T2K
TPC upgrade and future LHC experiments.
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Thank you for your
attention!
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