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Requirements

a2 Good position resolution to distinguish medium and
high Z material

2 High detector efficiency

a2 Good timing resolution

o Portable, robust, cost-effective

a Low or zero electrical power consumption

o Easily manageable fabrication complextities
Opted for THGEM based on above requirements.
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- Several inputs from the particle model are
necessary: primary ionization [HEED], transport
properties [Magboltz], charge sharing, collection,
transmission and extraction efficiencies [Garfield].

Results in a hybrid model
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Hybrid COMSOL model using the MPh package

- MPh 1Is a Pythonic scripting Interface for
Comsol Multiphysics software.

« Streamlines the Integration of Comsol
Multiphysics with  Python for automated
simulations and data processing.

« Found to be particularly useful in workflows
iInvolving HEED, Magboltz, Garfield++, and
Comsol, enabling efficient coupling of electric
field calculations and particle tracking.

« Code written in python using MPh module as a
wrapper to simplify multiple simulation tasks.

Effect of surface charge accumulation (SCA) on Gain
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Conclusions

1. A hybrid model based on inputs from particle
models to transport charged particles as dilute fluids
Is found to work well, with few obvious limitations
due to mathematical modeling.

1. A Python code, developed utilizing the MPh
package, played a key role In automating
simulations and analyzing THGEM performance by
efficiently varying parameters and generating
models as needed. It has the potential of automating
studies related to detector optimization.

2. Initlal studies on effects of surface charge
accumulation, streamer transition and negative ion
accumulation have been carried out.

3. The results need further refinement.
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Importance of numerical simulation 3

. Optimization, Cost-Effective, Insightful, Predictive

Microscopic image 1. Simulation Approaches:

. Particle Simulation: Based on Lagrangian

mechanics, may use Garfield++ simulation framework.

THGEMSs fabricated in India

2 Gains > 3 x 10”3 achieved with a single
THGEM

a Thicker foils: stability and radiation hardness

2 Simplified production process

2 Focus on cylindrical holes for easy fabrication

2 Hole diameter: 500 pym.

2 Two variants: with & without rim. (Rim ~ 100
pm)

2 Pitch: 1000 um.

2 Characterized using argon-based gas
mixtures (Ar:CO2= 70:30 and Ar:isobutane =
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Multiphysics

Very detailed, but resource hungry. Simulation of
streamer, space charge effects can be quite demanding.

|
mechanics. Easy on computational resource. Handles
complex physics processes such as streamer transition,
space charge accumulation and charging up effects;
Lacks in detalil, provides averaged out properties.

. Hydrodynamic Simulation: Based on Eulerian
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Surface charge
accumulation

Initial Conditions:
ldentical initial concentrations for ions and electrons.
Boundary Conditions:
. Conducting electrodes maintain specific potentials.
. Conducting electrodes and symmetry boundaries allow
passage of charged particles.
Material properties of non-conducting boundaries
determine interaction behavior.
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* Developed code utilizes MPh's Java connection via JPype
« Achieves complex simulations with minimal code.

Streamer transition at 1800V
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Use of codes based on MPh 0
« Simultaneous calculations and data plotting based on
user requirements.
« (Can also create new models if needed.
 Following graphs obtained by varying some
parameters of the Thick GEM module to test it under
different conditions.
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Accumulation of negative ions
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