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Field Solver Possibilities

v Reduced
dimension

v’ Accurate for both
potential and its
gradient

&

X Complex numerics
X Numerical boundary
layer

X Numerical and
physical singularities

DG

v Nearly arbitrary
geometry

v Flexible

v’ Exact

v Simple interpretation

X Restricted
X 2D geometry

X Small set of geometries

4
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X Interpolation using shape
functions for non-nodal
points

X Solves for potentials and
fields are relatively poorly
represented

X Difficulty in unbounded
domains

y




Solution of 3D Poisson's Equation using BEM

D

« Numerical implementation of boundary integral equations (BIE) based on Green'’s
function by discretization of boundary.

- Boundary elements endowed with distribution of sources, doublets, dipoles, vortices. )

[0

U Electrosiatics BIE

- , [ discretization } & - permittivity of medium
Charge density at r —

Accuracy depends critically on the
estimation of [A], in turn, the
integration of G, which involves

Influence

Coefficient : o .
singularities whenr — r'.

Most BEM solvers fail here.

Matrix
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Conventional BEM

[ Major Approximations }

[0)

D Constant element approach

(@

> Singularities assumed to be concentrated

= While computing the influences of
the singularities, the singularities
modeled by a sum of known basis
functions with constant unknown
coefficients.

= The strengths of the singularities
solved depending upon the boundary
conditions, modeled by shape

functions.

/

il

{Numerical boundary layer }

at centroids of the elements, except for
special cases such as self influence.

Mathematical singularities can be removed:

Sufficient to satisfy the boundary
conditions at centroids of the elements.

—> [ Difficulties in modeling }

physical singularities

boundary
‘geome‘rricsingulari’ry| ‘ condition |

singularity
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Contrast of approaches

nodal versus distributed

Influence of a flat triangular element in Usual BEM

b
Influenced ; ;
- Influence of a flat triangular element in ISLES
k4 Influenced
Point

Z (0.0, zMax) Element (1.0, 0.0)

7 (0.0, zMax)
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Foundation expressions of ISLES

A
A
Inverse Square Law Exact Solutions
Influence of a flat boundary element i 59 w Exact 5
Rectangular element .
4 log
! Influenced 2% (X |Z | x |zj)><ln Di -(X[Z-x] Zj) terms
Point Dm,n _(x | - Xm | Zn)
. = —27Y
2

_ A Ryl S Ry+ily
= +iS |Y|x| tanh | ——— |—tanh | ————
‘ \ D, [z -2 D, [z -2 )
Boundary X121 /
Elem 4+4 complex
2 tanh! terms

X222
Z L Di,j:\/(X—xi)2+Y2+(Z—2j)2

X222

R=Y*+(Z-2)°
O(X.Y,2)=] ik =Y +(Z-2)
(X=X +(Y - y)* +(Z - 2)° = (X=x)Y]
Value of multiple dependent on S;=Sign(Z -z)
Strenﬂtﬁ of/source ancfotﬁerp ﬁys ical May need translation and vector rotation
consideration
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neBEM approach

Analytic expressions of potential and force field at any arbitrary location due to a

uniform distribution of source on flat rectangular and triangular elements. Using
these two types of elements, surfaces of any 3D geometry can be discretized.

Restatement of the approximations
= Singularities distributed uniformly on the surface of boundary elements
= Strength of the singularity changes from element to element.

» Strengths of the singularities solved depending upon the boundary
conditions, modeled by the shape functions

. _ )

D ISLES library and neBEM Solver 7

Foundation expressions are analytic and valid for the complete physical domain
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Before neBEM starts working ...

* The device is created before neBEM begins

its work.
e Simple Constructive Solid Geometry (CSG) is o /
used at present. o |
* Has huge scope of improvement. o0s |

2.004 |

* Device creation can be done by any code ol
that specifies a 2D / 3D geometry in terms ooz |
of few basic primitives — lines, rings, discs,

triangular areas, rectangular areas.

* Itis important to have primitives with non- R
overlapping materials. This can be a difficult T e
ST ol el izt An MRPC represented by simple
- Specify primitives.
* Potentials on different conductors. Two gas gaps, nine readout electrodes.
* Dielectric permittivity of insulating Necessary glass sheets, graphite coatings,

components. mylar sheets are all there.
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neBEM algorithm

1. Discretize primitives into small elements.
* charge density on each element is considered uniform.

2. Assign boundary conditions on these elements (usually in terms of potential, or
field).

3. Prepare the influence coefficient matrix (potential and field at the j element
due to unit charge density on the it element).

4. Incorporate influence due to charged dielectrics and space charge
accumulation.

5. Solve for the charge density on each element that satisfies the prescribed
boundary condition.

6. Use the charge density on device boundaries and other known charges (space
charge, charging up etc.) to compute potential and field at any arbitrary point.



neBEMprMsingnuplotVlEWER :3 f‘j
1 & 2) Discretize primitives - 0
* Discretize primitives to create elements. o |
* Line primitives give rise to line elements. e
* For area primitives, try to create as many
rectangular elements as possible, since L |
triangular elements are computationally TR
more demanding. neBEM mesh in gnuplot VIEWER
* Try to minimize aspect ratio of the
elements.
e Using knowledge of primitives, specify
boundary conditions on elements. omt |
* Has huge scope of improvement.

Elements from Primitives
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3,4 &5) Influence coefficient matrix
generation, decomposition and inversion

Influence coefficient matrix: Extensive use of ISLES Library. Influence of a flat boundary element
Matrix decomposition using LU, or SVD: GSL and NR.

Solve for charge densities that satisfy the boundary Y

conditions. g

Point

Each step is time-consuming and resource hungry.
Evaluation of many mathematical functions, conditional

Bound tel
statements. Sl
Coordinate transformations (Global to element-local and < X X
vice-versa). . ez

Intense work going on to accelerate all these processes

e OpenMP implemented partially.
 GPU (NVidia, CUDA) in progress.
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2 2008 0

-Axis |

mo' . \LN)' N

sz ¥

Reduced-Order Modelling (ROM)

Y BERaRERI R RSB RERUE. : ﬁypical scenario for a Triple-GEM | \
Fid il Foil thickness : 50 um

Wy 1|l Copper thickness : 5 um §

L || Hole dia (outer) : 70 pm 3

7 ;;__ 1l Hole dia (inner) : 50 pm 2

S5 4 g Jll Hole pitch : 140 pm ©

§ 3s (staggered)
e, 7 Gap configuration:  3:1:2:1 (mm)
A - eretitions in X and Y: ~100 /
E18F Can we ignore the variation of charge

density on a virtual GEM that is far
away from the base device?

Repetitions that are far from the field
point, consider their structure to be
"""""""""" made of primitives, rather than elements:

- g g g g

COOCO0
B T T 2 e

AR )

Has good potential. Present implementation being improved.
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6) Evaluation of electric potential / field

* Large number of field points where
properties are evaluated.
* Influenced by all the elements / primitives.

* Charges due to charging up process and space
charge accumulation need to be considered. . Cathode

* Other physical / chemical processes can
complicate matter further.

Extensive use of the ISLES library (influence
for charges represented as points, lines,

areas, rings, dlscst). | i T -
* Very recently, Heinrich modified a part of the e e
code that has accelerated computation by S
good measure. e Anode
* Intense activity here as well: Fieldfgcﬁqut can be anywhere within the domain.
* OpenMP has been partially implemented. Only primitives are shown, for convenience.

e
—U.0001

Pissenrs
_—0

/7

* GPU computations are under way. e
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Fast Volume is a way out

* Potential and field provided on a
Ca rteSia N 3 D ma p Y White volume is on the base device. Rest are repeated.

* Potential and field evaluated at
arbitrary points by trilinear
interpolation.

* Implementation available but can be
improved further.

* This part of the work will be taken
up once OpenMP and GPU
implementations are in place.

Sorry for the state of the figure — could not locate a better one
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Space charge and charging up

* These additional charges accumulated in the gas volume, or the insulating
boundaries, have the option of being represented as
* Points, lines, rings, discs and, triangular and rectangular areas.
* Different representations (including fluid model) lead to similar results, thankfully!

!
\J

* Especially GPU computation can accelerate this part of the computation
and work in under way.

Field difference along hole axis

800
E
0.106 | Ions o 600
0.1055 | =
0.105 | o — 400
.1045 | 4 z-Centre w0
@ .
Top o ) —
- - >
. - 0
I ) 0.102 | / —E“‘hr——m___ i Half Top A=)
Electrons o~ — | Z | centre £ 200
106 & - /ﬁ é——t—\—> Half bottom c /
ey T e g 0/
4 + gl 0005 -0.01 Bottom =
f%%& OoTRO1E — E -600 Particle model (points)
L /S : @ Particle model (lines)
// = -800 Particle model (areas)
(m)] Fluid model
é[lﬁ -1000
0,055 0.1 0.1025 0.105 0.1075 0.11

Length along axis (cm)
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Resistive materials :

* This is one aspect that we have not worked upon using Garfield++.
* FEM packages have been used to compute the effects of such materials.
* The necessary governing equations will be implemented in neBEM.

* Excellent work has recently been done in the community on signal
induction through resistive materials.
* Hope to implement such models in neBEM. External support welcome.

Current density norm (A/m?)

Insulator ~ Button Spacer X Readout . . mm i Graphite coatine ]
e e — — —_ 1 RPC material studies 8 '
w1 using FEM (Comsol) 5 R outEE R
, Electrode SIRE | 1 | ER e ¢
Conductive (as Ca Sl [ DL
Coating - Dark current through N g
N\ Electrode a button spacer Y
7 - 145 & 4L30,. 155 mm
direction
Insulator Side Spacer Y Readout (a) Dark current in the button spacers.
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RPC space charge using OpenMP

* In Garfield++, a new class has been added to | Flow of algorithm of pAvalancheMC 6
the existing framework: oo :
B .. PO g Without .spac.e charge effect 'l
. pAv?lanﬁheM)C (loosely based on class co TGP - Bl e A e |8
AvalancheMC e 270" [
Retumn While No E . !
_ _ £ o semay S £ 60 Without space charge |
* The new class contains several new functions - £ !
. 550" |
SUCh as If No. of Electrons or 2402_ l"
¢ SetNumberOfThreads(20) — carries out OpenMP - T mcomn '§30— !
parallelization. i A Z20- /
+ SpaceChargeEffectOn() Mo 10,
) Parallel For LOOP e s stvasonn Gromeamonie o[t aps g T 5 weEis g g O
« SetMinSpCharge(1e4,0) ey Y23 1§imet(3ns)10 12 14
¥
* SetGridElements(dthta, dx, dy, dz, dr) Tt Tt Tt rJL
* SetElectrodePropertise(thickness, . S—— f CE. 498 KViom
thickness, gasgap, epsilon, true); Seplpdue  SwpUpdiie  SepUpdate i Ut 200" .
. Cacuaion  Cakculaion  Cacuatkn Ceculaton g § Ealz 51.0 kV/cm
* SetElectrodelocations(electrode Centerl l l s | Ik PR -
alongz, electrode Center2 alongz, shamia 8150~ ‘-;:, ajz 21
gas_Center _alongz); e .g [ . Space charge
* GlobalTimeWindow(time); | fm | [ _men Ewo: =, +
E .. hegative ions
* etc... | Z 50- "
: P § N\
» Till now, specific to RPCs. QpenMP IrTIp ementat.lon in neBEM - G\
o is undergoing further improvement. 0% 15 20 25
Parallelization of AvalancheMC Time {ns)
18

11 June 2024 RPC Gas Simulations Working Group Meeting



GPU-CUDA In neBEM

* Garfield++ built using CUDA.

e OS: Ubuntu 22.04, GPU h/w: NVidia Quadro K2200, Libraries: cuda,
CuBLAS.

* Impressive initial performance observed in matrix multiplications
within neBEM.

* One PhD student working. Expect several interesting developments in
the near future.
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Present team

* Bhattacharya, Purba
* Dey, Tanay
e Dutta, Shubhabrata :
Happily acknowledge support from
. Majumdar’ Nayana members of the RD51 / DRD1 collaboration.
* Mukhopadhyay, Supratik
e Schindler, Heinrich
* Veenhof, Rob
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* Thanks a lot for your patience!
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