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Preamble

• What this meeting is about – and what it is not …

• Working meeting:
• => would like to have ”minimal” preparation ahead
• => but maximal work/contribution during the meeting

• Interact in discussion

• Express your interest

• Search for an intent to work together on a common topic
• Don’t feel shy if you do not have a lot of experience 

• We all started from zero some time ago

• We are here to share knowledge – you can learn

• Idea for today:
• Know what are the open questions  - what are possibilites
• Know what has been done in the past – what are the holes
• Discuss into taking part in pushing the boundary of knowledge
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Large Avalanches & Space Charge

• Potentially very large topic …
• Lot of physics effects kicks in at very large charges

• Physics of discharges understood ”qualitatively” however no 
simulation (quantitative) implemented

• Simulation of (very) large avalanches can lead us to have 
a tool to study (& understand - later) numerically discharges 

• Intro talk by P. Fonte
• Reference: similar talk at MPGD Stability Workshop during RD51 

Collaboration Meeting in Munich 2018

• https://indico.cern.ch/event/709670/contributions/3008591

• Few other illustrations in my slides here below
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Space Charge

• Important effect in Resistive Plate Chambers
• Very high gain => will lead to development of space-charge
• Space-charge will change (dramatically) the behaviour of Q

• First simulation works on space charge (*):
• C. Lippmann & W. Riegler 2003 seminal paper
• https://doi.org/10.1016/S0168-9002(03)00337-1
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Space Charge

• First simulation works on space charge (*):
• C. Lippmann PhD Thesis: 1.5D and 2D (axial symmetric) models
• https://cds.cern.ch/record/1303626
• Private code – never made publicly available
• Work ongoing right now to include models in Garfield++

• Expected by September – October 2024
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Space Charge

• Other approaches: Fluid-model simulation with COMSOL
• Initiated by P. Fonte, continued by F. Resnati

• Reference: RD51 Lectures 2017
• https://indico.cern.ch/event/676702/contributions/2769934

• CERN GDD group (F.Resnati) => understood gain increase at high Φ
• Lot’s of activity right now or at recent times in SINP, India 

(students supervised by S.Mukhopadhyay)
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Space Charge with Garfield++
• Efforts by SINP Group (Colcatta – S.Mukhopadhyay)
• Presented at RPC Conference & Ageing WS (2023)
• Publication in Computational Physics

• https://doi.org/10.1016/j.cpc.2023.108944
• Code being verified / optimized before integration
• So-far limited only to RPC – what about extension? Timescale?
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Large Avalanches & Space Charge

• Likely can play also important effect in MPGDs such as 
Triple-GEM detectors at large amplifications
• Discrepancy simulated – Measured Gain in Triple-GEMs
• Factor 2 for single-GEM, Factor 8 for Triple-GEM
• Not the first time reported

• Link: https://indico.cern.ch/event/843711/contributions/3556735
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Large Avalanches & Space Charge

• Inclusion of space-charge in an ad-hoc developed software tool 
with Boundary-element-Method (BEM): Ouroboros-BEM
• Reference: RD51 Collab Meeting 2019 – S.Salvador (LPC Caen)
• https://indico.cern.ch/event/843711/contributions/3556741
• Quite slow – even though running on cutting-edge GPU (Tesla
• Published in JINST: 10.1088/1748-0221/17/01/P01020
• Developed in context of Hadron-Therapy – author left field (Grav Waves)
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Outlook

• DRD1 Proposal – 8 pages – lot’s of ideas
• https://cernbox.cern.ch/s/PP7BZroM3NYS2Vh

• Need for more detailed simulations

• Need for faster simulation methods

• Hybrid approaches
• Precise & (relatively slow) for small charges

• Approximately & fast for large charges
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From DRD1 proposal
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