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Micropattern Gaseous Detectors (MPGDs) rely heavily on the simulation of the particle passage
as conducting these studies allows scientists to cut huge costs and development for prototyping.
Even though Garfield++ is a very important part of the simulation of MPGDs, it is very com-
prehensively intensive particularly when large detector volumes and high gas gains are required.
In order to mimic the interaction of relativistic particles through gaseous detectors, High Energy
Electro-Dynamic (HEED) photo absorption ionisation (PAI) model was added in the parallel
Garfield toolkit (pGarfield). Thus, the whole track of an ionising particle through a detector was
simulated with the help of the new pGarfield/HEED implementation. The results will illustrate
how parallelization reduced the amount of time and CPU power required for computation of the
full simulation.
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1. Introduction

There are many gas based charged particle detectors being used across the various experiments
throughout the world. Recent years have seen the widespread application of micropattern gaseous
detectors (MPGDs) in a variety of domains, including high energy physics, medical physics, and
astronomy [1]. These detectors have been thoroughly examined using various software packages
which have enabled scientists to save needless expenses and development for prototyping by using
simulations and testing to fine-tune these detector specifications [2]. Over the years, these software
for simulation have seen significant development; the two most popular ones are GEANT4 [3] and
Garfield++ [4]. Garfield++ is essential for simulating MPGDs, but it can be time-consuming when
working with sophisticated or complex detector geometry.

The gaseous detectors being used for muon detection at the Compact Muon Solenoid (CMS)
Experiment at LHC [5] are Cathode Strip Chambers (CSCs), Drift Tubes (DTs) and Resistive Plate
Chambers (RPCs). During the Long Shutdown 2 (LS2), CMS has introduced gaseous electron
multiplier detectors, which is a micropattern gaseous detector. Gaseous Electron Multiplier (GEM)
detectors are built with GEM foils which were introduced by Fabio Sauli in 1997 [6]. A typical
GEM foil is made up of Kapton which is perforated with holes of 50/70 𝜇m and a pitch of 140 𝜇m
with 5 𝜇m of Copper at top and bottom to apply a potential difference (as shown in figure 1). A GEM
chamber consists of one or more GEM foils stacked between an Argon & CO2 gas mixture which is
ionized by the incident ionizing particle. The electrons created during the ionization process then
drift toward the foils and are multiplied in the holes, resulting in an electron avalanche [7]. GEM
detectors can be produced in various shapes and sizes as per the detection requirement for different
purpose. During Phase-I of muon endcap upgrade [8], GEM detectors (GE1/1) were installed in
the CMS detector. Two layers of triple-GEM detectors are instrumenting the two endcaps (total
of 144 GE1/1 detectors). During the next upgrade [9], GE2/1 & ME0 detectors are planned to be
installed. Lot of simulation work has already been done and more is required specifically for the
ME0 detector construction. To provide the feedback to the CMS community on time we need to
perform the simulation studies as fast as possible. The motivation for introducing parallelization is
to reduce the computing time specially while simulating larger foil size or higher detector gain.

Figure 1: Schematic view of a GEM foil.
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There are two solutions which have been proposed for this problem of CPU consumption; a
multi-threaded version of Garfield++ named parallel Garfield or pGarfield, and the optimization
of the search technique used to find the electron position inside the electric field mesh [10]. High
Energy Electro-dynamic (HEED) simulates an incident particle passing through the MPGD. The
Photo Absorption Ionization (PAI) model in the HEED toolkit can be used to simulate the interaction
of relativistic particles through gaseous detectors [11]. These calculations produced by the PAI
model are important for knowing where the particle passes through the detector, as well as its
transfer of energy to primary electrons. Integration of the HEED and Garfield++ is required for the
complete modeling of fast-charged particles using gaseous detectors. Implementing these processes
in parallel can tremendously improve the computation time required to perform full simulations. In
order to work with the HEED, we tried to integrate and modify the two suggested methods. This
work aims to accelerate the entire simulation of a charged particle passing via a gaseous detector.
The Gas Electron Multiplier (GEM) detector will serve as the simulation’s baseline detector in our
testing. The results should be applicable to other detectors without any loss of generality.

2. Simulation Tools

For complex geometries, the detector geometry and the electric field can be computed with
the help of external softwares such as ANSYS [12], COMSOL [13], and/or neBEM [14]. The
generated field maps are utilized as an input for Garfield++, which is further interfaced with
two other softwares. MagBoltz [15] solves the Boltzmann transport equation for electrons under
the influence of electric and magnetic fields, and HEED, which simulates the ionization of gas
molecules by a charged particle [10]. Here, we have used an ANSYS script to generate the electric
field map that is used throughout the simulation. The script defines the geometry, voltage to different
electrodes, and material specifications. The combination of ANSYS/Garfield++ and ANSYS/HEED
is required to simulate the larger number of gas-based detectors. The problem that comes into play
is the serial nature of both the softwares, especially with large electron gains and high voltages in
the simulation. In the following section, we are going to discuss how we modified this nature to
overcome the limitations of serial coding.

Figure 2: Illustration of the workflow in the new pGarfield/HEED implementation.
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3. New pGarfield/HEED Implementation

Garfield++ and the HEED are both serial codes that run in sequential mode. This leads to
long simulation times when complex situations are being tested. Previously, pGarfield was created
to address this problem, which takes the original code and submit jobs in parallel. The problem
being that pGarfield only calculates the avalanche of primary electrons and not the track of the
ionizing particle. The new pGarfield/HEED implementation will use the HEED to calculate the
primary electrons created when an ionizing particle passes through the detector and then gives
them to Garfield++ to calculate the avalanche and gain for each electron. In addition, the new
pGarfield/HEED implementation uses the search optimization while calculating the avalanche for
each primary electron.

Initially, the FindElement method took roughly 90% of the time during the simulation of an
avalanche. To combat this bottleneck, three methods were implemented to speed up the FindEle-
ment calculations: Catching of bounding boxes, searching over neighbors, and searching using a
tetrahedral tree structure. With these improvements, the optimized version of the avalanche saw a
reduction in the execution time by a factor of 18 [10]. In the new version, calculating the bounding
box for each element is done at the very beginning, alleviating the problem of calculating a bounding
box for each potential element in every iteration.

The ideal parallel architecture for implementing this approach is distributed memory [16].
We have implemented a distributed memory model based on events (ionizing particles passing
through the detector). This allowed us to avoid a coherent global cache, which is required in a
shared memory architecture. One of the processes, the master, distribute events to worker processes
and gather the results back. In addition to the master and worker processes, the pGarfield/HEED
implementation also requires a random number server, to generate random numbers corresponding
to each event. An example of this implementation is shown in figure 2, where the master sends
requests to the workers to simulate an event (labeled as path 𝑎). Each worker will then complete
the desired job and then send the results back to the master, which is waiting for a response (labeled
as path 𝑏). If there is another event that is required to be sent, the master will then send it to the
worker. The interactions between the workers and the random number server are labeled as 𝑐.

4. Results

To study the performance of the new pGarfield/HEED implementation, a single GEM detector
was being used and simulations were performed using different number of cores. We simulated
10,000 particle tracks with an incident muon particle having a momentum of 100 MeV/c under the
same detector properties. Figure 3 (left) shows the time taken by the simulation with respect to
the number of cores (up to 80). It is clearly evident that the time taken to run the simulation in
parallel decrease from 4 cores to 24 cores. After 24 cores, there is a slight increase in the time
taken for the simulations to complete and not much of a difference after that until 80 cores. There
are many reasons why this may occur, but one of the known reasons being the architecture of the
raad2 system. Since each node contains a total of 24 CPU cores, the overhead in communication
between two or more nodes may outweigh the addition of more cores in parallel.
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Figure 3: Left: Time taken to run a simulation of 10,000 events with different number of cores, Right:
Comparison of the gain of the single GEM detector while running the simulation in serial (red) and parallel
(blue).

In addition to observing the time complexity, it is also important to assess the quality of the
simulation. Figure 3 (right) shows a histogram of the gain (number of electrons produced in an
avalanche) of each ionizing particle simulated through the detector. The results of the parallel
and serial versions are almost similar within the statistical uncertainty, supporting the parallel
strategy that we employed. The evaluation of this parallel simulation was performed with the
high-performance computing (HPC) facility at Texas A&M University at Qatar. The raad2 Cray
supercomputer contains 172 compute nodes, each with 24 Intel Xeon CPU cores (4,128 cores in
total). All nodes are paired with the parallel file system Lustre, providing 800TB of storage [17].

5. Conclusion

For future research and optimization, MPGDs mainly rely on the particle passage simulation.
This work aims to accelerate the entire simulation of a charged particle passing via any gaseous
detector. By carrying out these simulations, scientists can reduce enormous expenses and develop-
ment for prototypes. Even though Garfield++ is a very important part of the simulation of MPGDs,
it is very comprehensively intensive particularly when large detector volumes and high gas gains are
required. HEED photo absorption and ionisation model was added in the parallel Garfield toolkit
(pGarfield). The presented results shows an optimal speed with the use of 24 cores while using the
HPC facility at Texas A&M University at Qatar.
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