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« Signal formation
 Ramo-Shockley theorem
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Introduction

= 0.7 g Using Garfield++, electron avalanches can be simulated
S ENu 7 on a collision-by-collision basis, where
> 06 Z we consider the proportional regime of amplification.
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Grid-based avalanche calculation




Grid-based avalanche calculation

The simulation approach for MRPCs relies heavily on a developed method that provide a one-dimensional
description of avalanche dynamics using a grid-based approach.
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Abstract

A model to simulate the avalanche formation process and the induced signal in a Resistive Plate Chamber is presented.
A first investigation of the effects of various parameters on the performance of this detector is reported. © 1999

Published by Elsevier Science B.V. All rights reserved.

1. Introduction

Resistive Plate Chambers (RPCs) [1] are detec-
tors for ionizing particles presently used in many
different experiments performed both with cosmic
rays and at accelerators. They will play an impor-
tant role for the generation of the first level muon
trigger in the future experiments CMS and ATLAS
at the Large Hadron Collider (LHC).

incident flux without a global performance degra-
dation (i incfficiency and power P
tion, worse time resolution). The way to overcome
these problems lies in operating RPCs in avalanche
mode, using lower electric fields and transferring
part of the needed amplification from the gas to
front-end electronics [3.4].

Since the introduction of this operation mode,
a great cffort has been made to find out the best

In these experiments, RPCs will be req to
withstand a large background of neutrons and y-
rays, producing an effective (i.e. taking into account
RPC sensitivity) hit rate up to ~ 300 Hz/em® [2].
It is well known that RPCs operated in streamer
mode (the way they were originally conceived to
work), are unable to handle such high values of

*Corresponding author. Tel: 39-80-5442431; fax: 39-80-
5442470
E-mail address: Marcelk @ba.infn.it (M. Abbrescia)

gas mixtures, 3
and detector design parameters (gap width, elec-
trode material, etc.). Despite the huge amount of
experimental data collected in various conditions,
the understanding of the basic principles of opera-
tion of this kind of detector is poor, and a compre-
hensive theoretical model able to explain and
predict the effects of changes of structural para-
meters on chamber performance is still lacking.

In this paper a Monte Carlo simulation of the
avalanche growth and pulse development in RPCs,
together with the electronic signal processing, is

0168-9002/99/S - see front matter © 1999 Published by Elsevier Science B.V. Al rights reserved.
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Abstract

We present a simulation model suited 1o study efficiency, timing and pulse-height spectra of Resistive Plate
Chambers, After discussing the details of primary ionisation, avalanche multiplication, signal induction and frontend
clectronics, we apply the model to timing RPCs with time resolution down o 50 ps and trigger RPCx with time

resolution of about | ns.
1 2003 Elsevier Science B.V. All nights reserved.
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1. Introduction

Resistive Plate Chambers, pioncered during the
19805 [1,2) and developed into Multi Gap Resistive
Plate Chambers during the 19905 (3], have become

A

statistics and space<charge effects, are also dis-
cussed and analysed.

Primary ionisation in gases and avalanche
multiplication in a homogeneous electric ficld were
extensively studied already a long time ago.
C

an integral part of present HEP
detailed study of signal induction and signal
propagation in RPCs can be found in Refs. [4,5],

In this report we focus on the detector physics of

RPCs, especially the primary ionisation and
avalanche statistics. We present analytical formu-
lac for average signals, charges, time resolution
and efficiency to study the ‘order of magnitude’
behaviour of RPCs. We describe a simple Monte
Carlo procedure that enables us to simulate
accurately the detector physics processes. Effects
of high fickds, like the change in avalanche

*Corresponding author. Tel.: +41-22.767-758S
Fomail address: wermer.sieglericem,ch (W, Riegler),

of these topics are
given, e.g in Ref. (6], by Rither (7), Sauli (8],
and, Blum and Rolandi [9). References to specific
publications will be given in the corresponding
sections,

Simulation of RPCs was already reported by
several authors [10-13]. The motivation of our
work lies in the fuct that there are still disagree-
ments about the explanation for several aspects of
RPC performance [14). The high cfficiency of
single gap RPCs would require a very large
ionisation density of the used gases, which
according to some authors contradicts experimen-
tal values (12,13], Even in case the large ionisation
density was correct the gas gain has to be

0168-0002/03/8 - see front matter (2003 Flsevier Science B.V. All rights reserved.
doi10,1016/50168-9002(03)00337-1
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Garfield++ webpage example: https://garfieldpp.web.cern.ch/garfieldpp/examples/rpc/
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Grid-based avalanche calculation

The gas volume is subdivided into a 3D grid, with electrons snapped to the nodes and propagated along the drift
direction. The avalanche development is modeled using swarm parameters and the Legler model.

To approximate space-charge suppression, growth is capped at 1.6*107 electrons.
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Grid-based avalanche calculation

To accurately represent the early fluctuations' impact on the induced charge distribution, microscopic tracking in
Garfield++ is used. After a set time (~ 50 - 100 electrons), the method switches to the grid model, forming a
'‘mixed method" approach.

Induced charge spectrum for E = 80 kV/cm
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Ramo-Shockley theorem




Ramo-Shockley theorem

The Ramo-Shockley theorem allows the current induced by an
externally impressed charge density on any electrode to be calculated
using a so-called weighting potential y(x).

() = — 7 Bilxq(t)) - Xq 1)

E;(x) = —VV,;(x)

This static y(x) can be calculated for a grounded electrode using the
following step:

* Remove the drifting charges

« Put the electrode at potential V,,

» Grounding all other electrodes

S. Ramo, PROC. IRE 27, 584 (1939).

W. Shockley, Journal of Applied Physics. 9 (10): 635 (1938). o




Signal in a non-resistive M

iIcromegas

Let us consider a Townsend avalanche inside the amplification gap of a parallel plate-type detector that induces

a signal on the anode plane.
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Ramo-Shockley theorem extension
for conducting media




Ramo-Shockley theorem extension for conducting media

In detectors with resistive elements, signal timing depends on both charge
movement in the drift medium and the time-dependent reaction of
resistive materials.

Ii(t) = —Viw /Ot H; [x, ('), t —t'] - %4 (¢') dt/

H’i(xat) =—-V ot

The dynamic weigting potential y,(x, t) can be calculated:
 Remove the drifting charges
« Put the electrode at potential Vw at timet=10

« Grounding all other electrodes

E. Gatti et al., Nucl. Instrum. Meth. in Physics Research 193 (1982) 651.
W. Riegler, Nucl. Instrum. Meth. A 535 (2004), 287-293. 12
W. Riegler, Nucl. Instrum. Meth. A 940 (2019) 453-461.




Ramo-Shockley theorem extension for
conducting media

The time-dependent weighting potential is comprised of a static
prompt and a dynamic component:

Wi(X,t) = lﬁlp (x) + where wld(x, 0)=0

The current induced by a point charge q is given by:

Li(t) = —Vinf(xq(t)) - %, (t) — V%/o dt' HY [x, (t') ,t — '] - %, ()
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Weighting potentials of (M)RPCs




Delayed component of the signal

A charge g moves at a constant velocity through the gas gap before reaching the bulk resistive layer that
separates it from the anode.
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Delayed component of the signal

Given the typically high volume resistivities of O(10° - 1012) Q-cm in RPCs, the delayed component is negligible.
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Weighting potentials of (M)RPCs

The analytical expression for the prompt weighting potential of rectangular electrodes within an N-layer
geometry has been implemented in the new '‘ComponentParallelPlate' class in Garfield++.

2V, [

Y (7 ym) = 22 [ cos (k (& — 7)) sin (k%) ! Ofm (k, ) dk
™ Jo k 9 liy=yo)
Strip with of wy, = 20 mm
t W, | 10 e e e e o R |
l | qg.i f;:; nnnnnn -
| | 3 8 o
I | = 2
| I 3 2
| ' 2 ] 2 5 £ soton
5 -5— Ey = -5 — Ey
— 8 E, P ] 2 E,op

777777, e I |

0 2 4 6 8 0 2 4 6 8

y—Coordinate [mm] y—Coordinate [mm]

The function f,,(k,y) can be found in W. Riegler JINST 11 (2016) 11, P11002.
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An example simulation of a 6-gap MRPC

: : Induced charge spectrum for 6-gap MRPC
Using the mixed-method approach, an event can be 9¢ P 9ap
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What about the resistive HV electrode?

The dynamic weighting potential was calculated using COMSOL and then applied in Garfield++ for induced signal
calculations. For graphite layers with O(100 kQ/o), the signal induced by electrons remains unaffected.
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COMSOL Multiphysics: https://www.comsol.ch
Consistent with G. Battistoni et al., NIM in Physics Research 202 (1982) 459. 19
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Garfield++ simulations of resistive particle detectors

Using the finite element method, dynamic weighting
potentials can be numerically obtained for a wide range
of resistive detectors.

An (incomplete) list of resistive detectors:

« Multi-gap Resistive Plate Chambers (MRPC)
« Surface Resistive Plate Counter (sRPC) i
* MicroCAT’s two-dimensional interpolating readout ]
» u-Resistive WELL
* M-Resistive plate WELL _ MPGD
« Small-pad resistive Micromegas
* Resistive-strip bulk Micromegas
* Resistive PICOSEC Micromegas =
* Un-depleted-silicon Sensors
« Resistive Silicon Detectors (RSD) - Solid-state
* 4D Diamond Sensor ,

- RPC

Resistive-strip bulk Micromegas

T. Alexopoulos, et al., Nucl. Instrum. Meth. A 640 (2011) 110.

M. Byszewski and J. Wotschack, JINST 7 C02060 (2011).



Garfield++ simulations of resistive particle detectors

=777 COMSOL
Using the finite element method, dynamic weighting Detector geometry Generate mesh (KGN JNis

potentials can be numerically obtained for a wide range
of resistive detectors.
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D. Janssens, Ph.D. thesis (2024), https://cds.cern.ch/record/2890572. 21
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Conclusion

Using Garfield++, the MRPC response can be calculated from avalanche development to signal formation.

» For more efficient large-scale avalanche calculations, a mixed method is used: starting with microscopic
electron tracking, followed by the Legler model.

« Garfield++ and COMSOL are used to model signal formation in detectors with resistive elements, applying an
extended Ramo-Shockley theorem. A scan of different graphite layer surface resistivities showed results
consistent with literature, confirming the prompt component's dominance.

« This approach applies to complex detector layouts in resistive gaseous detectors (RPCs, resistive MPGDs)
and solid-state detectors.

Outlook:

« The grid-based method can be adapted for avalanche descriptions in SiPMs.
« A combined method will be implemented, using "super charges" that can be tracked microscopically.

22




Thank you for your attention!
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