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Introduction

Garfield++ is an open-source Monte Carlo toolkit developed for detailed simulations of particle detectors, utilizing ionization

measurements in both gases and semiconductors.
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Introduction

Garfield++ is an open-source Monte Carlo toolkit developed for detailed simulations of particle detectors, utilizing ionization
measurements in both gases and semiconductors.
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Introduction

The Ramo-Shockley theorem is used to induce signals on readout electrodes by charge movement. Weighting potentials are
calculated using built-in analytical solutions or numerically via FEM solvers.
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S. Ramo, PROC. IRE 27, 584 (1939). Garfield++ example: https://gitlab.cern.ch/garfield/garfieldpp/-

W. Shockley, Journal of Applied Physics. 9 (10): 635 (1938). [tree/master/Examples/Silicon?ref type=heads.
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Interfacing COMSOL with Garfield++ for Silicon 'l UCLouvain

Similar to the silicon example in Garfield++, a 3D p—n junction of a silicon photodiode was defined along the y-direction in
COMSOL Multiphysics.
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COMSOL interface updates for solid-state field maps are curtesy to Khalil El Achi (khalil.elachi@uclouvain.be) (UCLouvain). 4




Interfacing COMSOL with Garfield++ for Silicon ‘W UCLouvain

The electric potential map and mesh information can be exported as .txt files and later imported into Garfield++. The same
procedure applies to the weighting potential, which is used in the signal induction calculation during charge-carrier drift.
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Symmetry Conditions for 3D Sensors

To reduce the simulated cell size in TCAD for 3D sensors, a triangular symmetry was implemented to replicate the electric field
mayp across the full active area. This approach is now being used to optimize the design for the VELO Upgrade Il.
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Simulation performed by A. P. Gomez (alfonso.puicercus.gomez@cern.ch) and V. Coco (victor.coco@cern.ch) (CERN). 6




Charge Sharing in Planar Pixel Sensors

Prototype planar n-on-p pixel sensors for the VELO Upgrade | (55 um pixel pitch). Comparison of average cluster size versus
incidence angle between TCAD + Garfield++ simulations and Timepix3 test-beam data.

The next step is to incorporate radiation damage effects by using the trap-occupation probability from TCAD.
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Simulation performed by Pedro Nogarolli (pedro.nogarolli@cern.ch) (CERN). 7
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Space-charge Calculations Methods Under Development in DRD1

For the simulation of gaseous detectors, different approaches are being developed for the include the interplay between
avalanche development and space-charge field modifications. Two distinct approaches are under development in Garfield++:

B D

Field recalculation using charged rings Field recalculation using numerical Poisson solvers Field recalculation using hydrodynamic approx.

Electric field at 12.46 ns
Electric field at 12.96 ns

xi0 b)t=0.17ns x102  C)t=0.28ns x10° _d) t=0.42ns Pl Viem
14 wg 5 10-5 10 10'§ | Iaoono
g:g : electrons 18 2 .§ 4 18 _‘>_(‘ .;9.; 8t 18 _\>_¢' E —0.0‘13 ‘\ R 127500 §-0.0#5 o "
2 gt {62 g 3¢ 162 @ 6f 62 g -0 w {25000 §-0.060 ; |
> 6k = =2 = = b = 2 -0.0B | 5-0.075 3
s 14 o ® 2} i 4o w4 4 o g 7 22500 2
S 4k E 5 B B > -0.10 | 3-0.090 e
of pos 12 8 1 ; 12 8 2F 12 8 — = 0-03 20000 _0_13%4
ion © ° : i © P 000~ ( . = = _— -004
roiy o) I NS R £ [ ()] S PR [ Pogjy 000~ — 00w Y 000 =——p,
0001 oz o3 0 01 02 03 0 01 02 03 i gy 003 700 ion PSition, 008 008 gpon <
gap [mm] gap [mm] gap [mm] (a) ! (b)ﬂw
a,
=0.93n X i i
x105 )1=0.93ns - x105 0)t=1.42ns h) the induced signal s i s L
1ok EE 1ol bog T 12f Fld Viem
16 £ £ E 1} 35000
g‘ 8t = .‘% 8t 162 & 1 . | I
‘Bh 6 12 = g 12;. g 0.8¢ 3 o0 1 30000
] s 2 S°F 2 3os} £ L 1
g 4 electrons 8 § E 4F 38 ; 2 04k ; F i
© 5} neg.ions a3 © ' 4 8 8- o ~0% me 25000
0 pos. ions._., B 0 % 2¢ % E 02f 'O’ﬁ’., i
1 1 '3 =2 1 RinatanaAdealiail -0.04 — 20000
0 01 02 03 4 3 0562 65 12 16 Vi, 000 _ e o
aap [mml aap [mml tInal Iho"’n% 0.04 008 \,o;\\v“‘“ o
‘.
(c)

rrrrrrrrrr

- Cathode ]

25000 94.59 40

79.33 30

. ca0s 20
48.83 0
33.58 10
18.33 -20
3.08 -30

Electric In(Electron
Field (in Density (in

L — Anode ~—1 kV/cm) 1/m3))

Time=1ns Time=19 ns

- @ Charged rings: C. Lippmann, W. Riegler, NIM-A 517 (2004) 54-76.

neBEM: T. Dey, et al., Comp. Phys. Comm. 294 (2024) 108944.

FEM: P. Petkov, et al., Nucl. Instrum. Meth. A 1077 (2025) 170550.
Hydrodynamics: J. Datta, et al., JINST 15 (2020) C12006.



Space-charge Calculations using Charged Rings

Assuming a cylindrical symmetrical system and a linear material, the distribution of point charges are binning into a set of line

charge rings confined in a parallel plate configuration
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Space-charge Calculations using Charged Rings

When introducing the two parallel electrodes, each ring will have an infinite number of mirror rings. These boundary conditions
especially affects the electric fields close to the electrodes (where the gain layer is).

For every ring between the Dirichlet boundaries, a set of 4L + 1 mirror rings and a correction factor are used:
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Charge amplification in LGAD

To simulate the development of an avalanche in high-field regions inside the sensor, such as a highly doped p+-type layer in
an LGAD, one can:

« Use the Van Overstraeten - de Man model (for impact ionisation coefficient in silicon)
« Import a map of transport data from TCAD

* Import carrier lifetime data from TCAD
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Space-charge Calculations using Charged Rings

The simulation is divided into multiple time slices, at the end of which the space-charge field is updated for the next slice. A
significant difference in the electric field within the LGAD gain layer is observed when Dirichlet boundary conditions are
neglected.
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Space-charge Calculations using Charged Rings

Still some work to do ... In addition, a comparison with a TCAD transient simulation should be made to check if neglecting the
influence of the sensor currents is significant.
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Summary

Garfield++ is an object-oriented toolkit for detailed simulations of particle detectors, based on ionization measurements in
gases and semiconductors.

What's New in 20257

« COMSOL Interface for Solid-State Field Maps — The COMSOL Multiphysics interface has been extended to support the
import of both electric and weighting field maps for solid-state sensors.

« Triangular Symmetry — A triangular unit cell (e.g., for 3D sensors) can now be imported and replicated across the full
active area.

Under Development in 2025

« Space-Charge Field Modifications — Ongoing work aims to include first-order feedback from charge-carrier transport
and amplification on the local electric field configuration.

Thank you for your attention!
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