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Main Tools / Libraries

Two years ago we decided to implement a «microscopic» GEM
simulator to better model the real behavior of the tracker and to
prepare for the physics experiments

Geometric Model Definition | 5pmgH (3.05 and 4.0.7) ANSYS
Mesh Generation OpenCascade Multiphysics
Electrostatic Field Solution ELMER (2018) (R17-19)
Gas properties Magboltz
High Energy particle
Photoabsorption ionization HEED
Microscopic Gas Simulator Garfield++ (v3)
Automate and parallelize :
: : : Bash scripts
multiple simulations
Analysis/Visualization ROOT
Simulation Platforms Xeon/16 cores and 17/16 cores

All steps are implemented programatically
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ANSYS Mechanical APDL software

Engineering software useful to create complex geometries, assign

materials to different volumes and create electrostatic field solutions.

Model design, mesh generation and electrostatic field within a reasonably
coherent framework; mesh generation is well optimized; better visualization
tools; need license

Acade'ﬂ-\(i ] ANSYS
NODAL SOLUTION R19.2
STEP=1 Academic
S =1 MAY 23 2019
TIME=1 14:25:06
EFSUM (AVG) B
RSYS=0

SMN =.183E-09
SMX =11935.9

-
-
-

.183E-09 2652.43 5304.86 795731 10609.7
1326.22 3978.65 6631.08 p283.51 11935.9

5 \
\ RD51 Collaboration Meeting 21 October 2019 Multistep GEM Simulation Approach - V. Brio / E. Cisbani




GMSH + ELMER

Open source software; reasonably well documented; somehow more
flexible scripting language (c/c++ oriented) than in ANSYS

GMSH versions incompatibility, decent mesh generation (and field
solution) Is not straightforward as in ANSYS

EM foil element x/y strip readout
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Garfield++ tool

HEED: simulate the photoabsorption ionization of the high energy particles
(GeV electrons and protons)

Magboltz: define the atomic and thermodynamic characteristic of the gas:
Mixture 70% Argon and 30% CO2 (at STP); Penning Transfer ON

Garfield++: AvalancheMicroscopic for e- and AvalancheMC for ion

ROOT: for analysis and visualization
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Microscopic Simulations
Systematic study to verify the consistency of the simulations:

 Number of secondary electrons reaching the readout plane (strips)
« Spatial distribution of the avalanche (x and y axes)
« Secondary electrons drift time

* Energy of the particles in the readout plane
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Single GEM foill

Multistep 3XGEM+RD

Microscopic simulations are carried on
each GEM layer in a sequential way:
simulation outcome of the previous layer
IS the input of the next.

It's a flexible multistep model that easily
allows to simulate different schemes,

Imperfections, foil misalignment, by
decomposing the 3xGEM+Readout
chamber in 4 adjacent layers.

Ideal

Simulations models

Simulate 2.8 GeV protons passing trough a single GEM
chamber with
GMSH+ELMER and ANSYS models

readout plane. Used to compare

Full 3SxGEM

Microscopic simulations are carried from
the drift plane, trough the 3 GEM foills, to
an ideal readout plane.

Segmentation of the readout plane Is
performed on the collected electrons (no
readout structure in the simulation)

Somehow used as reference and
comparison for the multistep model.
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Simulation - some consistency checks

Avalanche width VS impact point of primary particles
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Simulation - some consistency checks

Avalanche width VS incidence angle of primary particles
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Single GEM: GMSH+ELMER vs ANSYS

We compared response of single GEM foll simulation from both
modellers/solvers at different mesh sizes

Single GEM Foil Mesh Studies 2.8 GeV protons, 0 incidence angle on

L300 a  GMensELMER $ Drift [-1836 V] +3 mm + [-1116 V] GEM
E 4+ ANSYS N [-721 V] + 2 mm + [0 V] ideal readout
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E + - and A
= . . - Avalanche spreads (x/y show
0 Y S similar spreads) reasonably
5 0.12 oA 4 A 4 _
" constant over mesh size, but
x . 4 larger meshes produce more
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| Gain = average number of electrons collected after the GEM foil on an

ideal readout plane, for each primary ionized electron
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Multistep - SXGEM+RD approach

Assume approximate independence of each GEM foil response:
the 3 xGEM+Readout is decomposed into 4 overlapping simulation blocks

‘ Track HE Track HE H; Elgct_mtns
Drift particle in  —® Secondaries in B = -BI D"Il‘s
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'High Energy : i
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- S |
Flexible approach, easy integration of readout plane, allows to simulate different
. schemes, imperfections, foil misalignment

DO NOT CONSISTENTLY HANDLE ions drift on different blocks (YET)
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GMSH + ELMER models simulated

Multistep — 3XGEM+RD model and simulation

Electrostatic Field Garfield e- endpoints
| , N Element Bias (V) Block
094 04 0.02 0 0.02 004 ° ] . < "
S — Y ¢ Drift 3955 0
g s ol GEM1  |e287
i it GEMOup 3235 0
GEMOdown -2840 0 1
GEM1up 2119 0 1 2
4{- GEM1ldown -1760 E 2
)
GEM2up -1039 1 2
GEM2down -721 2
Readout 0
NATAN ot
VOKIY VA'EA%Agg ATAVAYS e AT
As‘%n‘e'"m*i5““"'%:‘3?&&; XD 4"?‘%:""¢éé"g‘$§;7‘% ’% %mv} | 0 040'030‘08

development)

RD51 Collaboration Meeting 21 October 2019 Multistep GEM Simulation Approach - V. Brio / E. Cisbani

Each block is simulated in sequence (following avalanche
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Different approaches comparison

GMSH+ELMER multistep approach and full 3xGEM
ANSYS on full 3xGEM
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Cumulated plots (increasing number of simulated tracks)

All guantities tend to reach rather stable estimates when averaged above ~800 tracks
‘ -

. e- drift time and avalanche x/y spreads consistent within statistical
. uncertainties
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Different approaches comparison

Gain Efficiency
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Efficiency = fraction of high energy tracks producing a number of
secondaries collected on the readout plane larger than the given
threshold QTHR

Gain and Efficiency show discrepancies between models
Gain differences between G+E and A qualitatively consistent with

single foil results
- Discrepancy most likely related to the different meshes
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S
Preliminary Garfield++ prediction vs real data
ANSYS-Model

HV=4000 - Module 2 - Relative Gain
Predicted : 2.000 £ 0.013
Real data: 1.70 +/- 0.25

m: o m;;_ 305 ° a0 7 COC % o5 T B 5”mai
Module 2 - Entries: 272487 Ref Module - Entries: 135604
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Summary

Implemented GEM simulations based on:

- Garfield++ (& Heed & Magboltz)

- Programmatic models from both ANSYS Multiphysics and GMSH+ELMER

Compared ANSYS and G+E on single foil response vs mesh size - show

different gain predictions (related to how the mesh is generated ?)

Implemented two different GEM chamber models:

- Multistep 3XGEM+x/y Readout: flexible, permit an easy integration of the
readout plane; no consistent ion drift simulation yet

- Full 3xGEM: ideal readout only

Comparison shows:

- good agreements on drift time, avalanche spread

- discrepancy on gain prediction (but consistent with single foil)

- The multistep approach seems to work similar to the Full GEM;
discrepancy likely related to mesh generation (and/or field solution) (?)

Very preliminary, limited, comparison of relative gain with real data of the

.SXGEM model is encouraging
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