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The large number of charges involved in forming an avalanche in multi-gap resistive plate chambers (MRPC) 
makes microscopic tracking time-consuming. Instead, another approach is used to speed-up the calculations.

Overview
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Outline:

• Grid-based simulation of avalanche development
• The semi-analytical weighting potential for N-layer 

geometry
• An example of a MRPC
• Summary

See also presentation of Dario Stocco.

M. Shao, et al.,  Nucl. Instr. and Meth. A:  Vol. 492, Issue 3 (2002) 344

https://indico.cern.ch/event/1273825/contributions/5437240/


This simulation recipe for MRPCs leans heavily on two works describing a one-dimensional description of the 
avalanche dynamics and the signal formation in multi-layer parallel plate type detectors.

Measurement using a resistive small-pad MM

2In addition to Marcello Abbrescia et al., Nucl. Instr. and Meth. A 431 (1999) 413.



The gas volume is subdivided using a 3D grid, on the nodes of which the electrons are snapped and propagated 
in the direction of drift. This is the Legler model. The probability of an avalanche containing n electrons after a 
distance x after starting with only one is given by:

Grid-based avalanche calculation
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𝝅

Marcello Abbrescia et al., Nucl. Instr. and Meth. A 431 (1999) 413.
Werner Legler, Z. Naturforschung. 16a (1961) 253.

, where



Given the large amount of charge produced in the avalanches its growth will be suppressed.

To take this into account, a crude approximation is made by stopping the growth after having reached 1.6*107

electrons.

Grid-based avalanche calculation

4

Saturation point

M. Abbrescia, et al., Nucl. Phys. B (Proc. Suppl.) 78 (1999) 459.
R. Camarri, et al., Nucl. Instr. and Meth. A 414 (1998) 317.

C. Lippmann et al., NIM-A 517 (2004) 54–76



However, more sophisticated approaches are available for modeling the space-charge effect:

Grid-based avalanche calculation
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C. Lippmann, W. Riegler, NIM-A 517 (2004) 54–76
See also presentation of Dario Stocco. See presentation of Supratik Mukhopadhyay.

Also: arXiv:2211.06361v1 [physics.ins-det]
RD51–NOTE-2011-005, by Paulo Fonte 
RD-51 Open Lectures by Filippo Resnati. 
Also: Jaydeep Datta’s presentation.

https://indico.cern.ch/event/1273825/contributions/5437240/
https://indico.cern.ch/event/1273825/contributions/5444158/
https://indico.cern.ch/event/1138814/contributions/4913672/attachments/2462656/4222401/RD51_110622_Jaydeep.pdf


Given the importance of the early fluctuations to the eventual induced charge distribution, this is more reliably 
represented by the microscopic tracking in Garfield++. After a set time the switch is made to the Legler model, 
giving a “mixed method”.

Grid-based avalanche calculation
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n

Microscopic Grid



Given a rectangular electrode in an N-layer parallel plate geometry, then the static weighting potential is given 
by:

Due to the typically high volume resistivities of O(109 - 1012) Ωcm found in RPCs, the delayed component is 
negligible.

Signal formation in a MRPC
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Moving further away from the readout the contribution from the small values of k start to dominate. We can take 
the as cut-off kmax(m) = p/(z-z0), with p >10 determining the accuracy of the calculation.

Signal formation in a MRPC
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For large k
∝ 𝑒!"($!$!)

Z. Liu et al., NIM-A 908 (2018) 383-387



Each gap contributes equally to the signal formation for a readout plane electrode. This is not necessarily the 
case for a strip of pad electrode since the weighting field in gaps further removed from the readout is smaller.

Signal formation in a MRPC
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Z. Liu et al., NIM-A 908 (2018) 383-387



The field, weighting potential calculations and geometry 
information is contained in the ComponentParallelPlate
class. 

Take a 6-gas gap geometry, i.e. N = 17, that is read out 
from the bottom using a plane electrode.

An example MRPC
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ComponentParallelPlate* RPC = new 
ComponentParallelPlate();

RPC->Setup(N, eps, thickness, voltage);

std::string label = "anode";
RPC->AddPlane(label);

Image of the MRPC is coutacy to Cecilia Uribe Estrada



The grid-based Monte Carlo simulation is contained in 
the ComponentParallelPlate class.

The mixed method transition time is set using 
tMaxWindow. 

An example MRPC
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AvalancheMicroscopic aval;
…
aval.SetTimeWindow(0., tMaxWindow);

AvalancheGrid avalgrid;
…
avalgrid.SetAvalancheMicroscopic(&aval);
avalgrid.SetGrid(xmin,xmax, nx, ymin,ymax, 

ny, zmin,zmax, nz);
…
avalgrid.GetElectronsFromAvalancheMicroscopic();
…
avalgrid.AsignLayerIndex(RPC);
avalgrid.StartGridAvalanche();



Using the weighting potential of N-layered parallel plate geometry and a grid-based Monte Carlo calculation the 
response of a MRPC can be studied using high statistics more easily.

Improved benchmarking efforts and extensions are under way in the context of the search for environmentally 
friendly RPC gases. See presentation of Dario Stocco.

Summary

12Garfield++ webpage example: https://garfieldpp.web.cern.ch/garfieldpp/examples/rpc/ 
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