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The neBEM Field Solver for MPGDs

Outline of the presentation

Relevance of a field solver in detailed MPGD 51mulat1on
Brief introduction to Boundary Element Method: "
Brief introduction to ISLES library and neEBM solver
Validation of the closed-form exact express10ns used
Important numerical aspects & Dakis, B '
Problem solving'felevant to MPGDs |

Aspects to be implementéd and final remarks i
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The neBEM Field Solver for MPGDs . |
A very brief tour
SINP, Kolkata,:India :
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-.." c 3 ' : < |

An autonomous Institute under the Department of Atomic Energy, Government of Ind‘_ra
Named after the famous scientist Professor Meghnad Saha (Saha’s Ionization equatron)
Small campus with around twenty divisions / sections belongrng to'ten groups / centers..

Approximately 125 students pursuing PhD, 150 faculties pursurng research a,ndntrarn'lng, 3@0
supporting staff helping the Institute to carry on g :

Kolkata, beSrd_e the Hooghly river, is charming during October - March Moreover, both the
Hrmalq:yaﬁ‘and the Bay of Bengal are quite close! S et L T £ SRt
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The neBEM Field Solver for MPGDs

The Field Solver is crucial at every stage
Isolated, at present

Field Solver - (e.g.}
d | L)
Fun amenTG Process Partlcle interaction to charge induction - Garfield
Beam (® lonizations framework
' > Ionization:

-production of

clusters - HEED _ ;
Drift and-Diffusion: el drift velocity a
diffusion— —
DrftVoiume |t & Drftand Diffusion coefficients - MAGBOLTZ X
: ‘ Amplification: Townsend and attachment
‘' coefficients - IMONTE % :
Charge induction: Ir

Amplification and : PG : UL ELIR ¢ raiid
article drift, charge sharin

Amplifiation Gap ' further Difuson ’ GiR:‘IEL & gl

Readout Pads Signal generatlon and acqu151t10n -

Pad Response Almost all the parameters depend on the Iocal electro—
static field. Thus, for modelmg a d’ynamlqally ehangmg
system, a precise and efficient field soxlver should be by

Borrowed from Yukihiro Kato, IHEP, Beijing(7
integrated with all the other srmulatlon Cemponen:ts
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The neBEM Field Solver for MPGDs

A Field Solver for MPGDs

Expected featiires

o
A
........
Rl

GEM Typical dimensions
Electrodes (5 pum thick)

Insulator (50 um thick)

Hole size D ~ 60 pum
Pitch p ~ 140 um
Induction gap: 1.0 mm,
Transfer gap: 1.5 mm

Micromegas dimensions
Mesh size: 50 pm
Micromesh sustained by
. 50 gum pillars

MPGD Workshqg

17 Apr 08, NIKHEFHW:E'.;_'_?:

Variation of field over length scales of a
micron to a meter needs to bepreC|ser
estimated i

Fields at arbitrary Iocati ons should be
availableon demand ‘
Intricate geometrical features— essentlal to
use triangular elements, if needed -
Multiple dielectric devices -

Nearly degenerate surfaces -. -
Space charge effectscan: be very s gnlfl cant
Dynamic charging processes may be ‘
important gt
It may be necessary te calculateﬂeld for the’ :
same geometry, but with di fTerenI electnc i
configuration, repeatedly .
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The neBEM Field Solver for MPGDs

A Solver of Laplace’s / Poisson’s equation

Physical consequence of combining

Primary variable, P; material constant, m; Source,:5:

My
Heat transfer:
Electrostatics:
Magnetostatics:
Groundwater flow:
|deal fluid flow:
Torsion of members with constant cross-section:
Transverse d;efjectl on of elastic members:

. MPGD Workshq@‘ - S. Mukhopadhyay, N.Majumdar,
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The neBEM Field Solver for MPGDs

v' Reduced dimension

v' Accurate for both
potential and its
gradient

X Complex numerics
X Numerical
boundary layer

X Numerical and
physical singularities

- MPGD Worksh
- 17 Apr ‘08, NIK} EEx ,

X Restricted

X 2D geometry

X Small set of geo-
metries

S. Mukhopadhyay, N.Majumdar,

S.Bhattacharya

v earlyarbifrar’y
geometry

v Flexible

X Interpolation for non-
nodal points

X Numerical differentia-
tion for field gradient

x Difficulty in unbounded
domains
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The neBEM Field Solver for MPGDs
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i

TFEM

the automatic-choice?

Handles arbitrary geometry
using triangular surface /
tetrahedral volume elements

Multiple dielectric devices
can be analyzed

Sparse matrices are
generated resulting into very
efficient solution of the
algebraic system of
equations

Very impressive array of
commercial products that are
well documented and
benchmarked

Huge user base .

Solves for'potential at fixed nodal points
distributed throughout the volume

Variation of potential from node to node
represented by low order polynomials

Fields are, thus, represented by even lower-
order polynomlals ' .

Results at arbitrary points, not comc1d1ng
with nodes, can be inaccurate

In regions of fast changing potehtlal and
tfaster changing fields, estlmastes can osc111ate
and be unreliable.

Geometrical features such as. degenerate

. surfaces and extreme aspecteratlos can, be

difficult to analyze
Space charge modeling can be Very d;fflcult

Repeated calculations can be very demandmg%: s .

in terms of computatmnal resources | -

Far-field needs to be tr’uncateet usmg art1f1c1al

boundary condltlons

S. Mukhopadhyay, N.Majumdar,
S.Bhattacharya




The neBEM Field Solver for MPGDs

BEM
a possible candidate’

Solves for the charge densit & '.Relatively COmplicated mathematics

similar source / sink / doub et/ Mathematical and physical
vortex) on the device surface smgulam’aes may occur

Both potential and field can be - Former can be removed bry resorting
estimated using the charge density comphcated mathematics and
distribution — nominally exact adopting ‘special’ formulations :

Essentially Meshless — estimation of The latter results mto the mfamous
values at arbitrary locations in space numerical boundary layer leading to
is possible without necessitating " unreliable near-field estimates -

InfeRe L onlnunicricgly “Densely populated matrices ~ some .

differentiation \ new and promls;mg alg()nthms ex1st R
Reduction of dimensionality — only" though S TR

the surface needs to be dlscretlze g pace charge proble ms can b e
Arbitrary geometries can be analyzed difficult to model R it

by using friangular elements Less ava1lab1hty Qf Commerf:lal
Multlple, d}electrlc devices can be packages ‘... il

studled
Far fleld 13 ﬂa‘furally satisfied

{.;—.’_

t

...rs ‘.
|‘|_'\:

Smaller user base v
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The neBEM Field Solver for MPGDs

BEM ‘Basics

Green’s identities Boundary Integral Equations
Potential u at any point-y in the domain V enclosed by:a surface Sis given by ' |
u(y) = [U (%, y)a()dS(x) - [ Q(x, y)u(x)dS(x) + [U (x, y)b(x)dV (x)

wherey isinV, uisthe potential function, g = u,, the normal derivative ofuon .
the boundary, b(x) is the body source, y isthe Ioad POl nt and x, thefleld pOl U
and Q are fundamental solutions - -

Uyp = (1/2m) In(r), U3D—1/(4nr) 0- (yzmm)r |

o= 1for 2D and 2 for 3D. Distange fromy to x isr, n, denated: the
cemponents of the outward normal vector of the boundary

. MPGD Workshqg S. Mukhopadhyay, N.Majumdair,
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The neBEM Field Solver for MPGDs

Solution of 3D Poisson’s fquatwn
using BEM.:

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.

I Electrostatics BIE

Potential at r

™,

.
€ - permittivity of medium
Charge density at r' TR —
“Acéurdcy dépends critically on the &
estimation.of [A], if turn,; the - '
Influence

Coefficient : ‘m‘regr'm‘lon of G, whlch mvolves
Matrix Bl | -sungular'wles when [P Pl

Mos‘r BEM solver's fall her'e

. MPGD Workshq@‘ - S. Mukhopadhyay, N.Majumdar,
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The neBEM Field Solver for MPGDs ey

Conventional. BEM:,

Major Approximations 3 I Constcmt element approach |

Singularities assumed to be concentrated
at centroids of the elements, except for
special cases such as self influence.

r

ﬁ

>

= While computing the influences of
the singularities, the singularities

modeled by a sum of known basis -
functions with constant unknown Mathematical singularities can be removed:

coefficients. W4 Sufficient to satisfy the boundary
conditions at centroids of the elements.

= The strengths of the singularities R TP
solved depending upon the boundary Difficulties in modeling
conditions, modeled by shape physical singularities

9 functions. _ Sl |
A 1 - boundar'y
B % condition

Numerical boundary layer 48 singularity 2%

. MPGD Worksl"_'}{'__'-zia : S. Mukhopadhyay, N.Majumdar,
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The neBEM Field Solver for MPGDs

= W
i

Present Approach

Analytic expressions of potential and force fielld:.-at any arbitrary location due to a
uniform distribution of source on flat rectangsitar 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

--.'.“'.-
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‘ '_ The neBEM Field Solver for MPGDs

U Contrast of approaches

(! E nodal versus distributed

Influence of a flat triangular element in Usual BEM

¥

Influenced . . '
Point Influence of a flat triangular element in ISLES &

¥

Influenced
Point

Element

Element

MPGD Workshag ' S. Mukhopadhyay, N.Majumdar,
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n The neBEM Field Solver for MPGDs

A Bl Foundation expressions of ISLES nverse Square Law Exact Solutions

Rectangular elements
d(X,Y,Z) =

Influence of a flat boundary element D, ~(X|Z-% |z,

Dm,n_(x |Z_Xmlzn)

2x(X|Z|x |zj)><ln[

Influenced

f30m1 _ SR —il.
+iS|Y|x| tanh ™Y} ——— |-

D,;|Z-z|

4+4 complex
tanh-! terms

= /(X —xiz+2+(Z —zj)2
R=Y*+(Z-2)°
J :(X_Xi)M
S =3S9n(Z-7)

Value of mu[tip[e dependent on strength of May need translation and. vector rotation ..
source and otﬁer pﬁyszca[ consideration G UL R P SRt e

. MPGD Worksho@‘ S. Mukhopadhyay, N.Majumdar,
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The neBEM Field Solver for MPGDs

J i Potential distribution on the element
S A

i

n‘II
g

i 7
1

F (X,Y,2) =1 D
X(!!)_nD

R (X,Y,Z)=

Potential

i

——39gn(Y)x-

2
A,_,f"'c'-o_01
~ 0,005
.-"'/.‘J - 0
¥ 0005

- 001

0015 -0.015 X (inm.)

Fodes hield in the Z directon

Cisaconstantof i ntegratim asfollows

0, if outside theXZextentof theelemen

2, if within, andY >0

—2r,if withinandY <0
- MPGD Works]ij S. Mukhopadhyay, N.Majumdar,
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The neBEM Field Solver for MPGDs

Foundation expressions of ISLES

Triangular elements

Influence of a flat triangular element

Y

Influenced
Point

Element (1.0, 0.0)

0.0, zMax)

<I>(X,Y,Z)=.|l‘2(f) dxdz

Similar: expr,essmns as for rectangular
elements but"mUCh longer

".. e '--_,.-ur..
L
"qa R

.'-.';., 't -., "

0 0 V(X=X +(Y-y)*+(Z-2)?

Two parameters are important:
precision and speed -

For the eval uation-of accuracy we’
have computed the infl uence at a.
given point by further discretizing the
triangular €l ement into'small. *:
rectangular and trlangular elements

.Evaluation of speed has been carrled

out using the: Llnux if: UNIX system
routine gprof R :

May need Tr'ansla’rlori vec‘ror' r'oTa’non
and simple scalar scnlmg s

': E

. MPGD Workshqg S. Mukhopadhyay, N.Majumdair,
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The neBEM Field Solver for MPGDs

Precision in f[ux computation

comparison with quadrature

CentroidZ Vs Fx

10by10
50by50
100by100  * S S S S 10by10
200by200 o 50by50
. 500by500 100by100
+ IslesLib 200by200
+AppFlag -~~~ - 500bys00
S A S — IslesLib ——
AppFlag -~

ApproxFlag

=)
<
L
%
o
2
Qo
Q
<

6 6.5 7
Distance along Z

Quadrature withénly the highest  Quadrature Wlth W the hrghest i
dlscretlzatron produces results discretizatiof f a| I s' T
comparable“tQISLES

".. et '--_ i
L5 _-\.u_i
¥ g
:"._'_\'_.- .,‘ .I

S. Mukhopadhyay, N.Majumdair,

MPGD Workshqg
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The neBEM Field Solver for MPGDs

Precision in flux computation
Comparison with multipoleexpansions

ISLES : ISLES

Multipole Multipole
100 X 100
10 X 10
Usual BEM

Comparison of flux along a line parallel
to the Z axis passmg thirough the

passing through the: barycenter
barycenter - . e

The guadrupole results are still far from pre(:|se

e -

.'-.'3., Yo .‘,‘ .'

MPGD Workshqg S. Mukhopadhyay, N.Majumdair,
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Comparison of flux: along S dlagonal 404 %



The neBEM Field Solver for MPGDs ey

Need for Speed!

We carried out asmall performance analysis o .
Following table reflects the initial information which seems'_to be quite encouraging ...,

Element Evaluation  Time Element Evaluﬁﬁ'atibn | - Time

Rectangular Exact 0.6 us Triangular = Exact : " 08us
Rectangular 1by 1 SO | 5) 0 Triangular 100 by 100 - 200us

L
|

Rectangular 10 by 10 2 us Triangular 500 )% '5‘001_“‘:-:‘ j: 5 ms A “.-:" “

& o
i A g B
ks
#
-

- So, for a prescribed accuracy, the gain in speed is enormous
- This is especially true if near field computations are of interest

MPGD Workshqd o S. Mukhopadhyay, N.Majumdar,
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The neBEM Field Solver for MPGDs

Neeo[fé;f Speed

A closer study on.errors

Exacl : o 5K5
5¥5 Usual BEM
Lisual BEM

Morm Ermor

.00
0.1

Along d| agonals; 5 by 5 discretization produces error tess than 1% beyond 1 unlt
Along axes the errorsislessthan 1% only if the dlstance |s 3 unlts or more

For far fteld points (> 5 units), usual BEM should be used to mlnmmze
computahonal expenses ) L R S

\. - '_.r (8
L
'\;.- iy

:"-..'."'.- e ." ;
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The neBEM Field Solver for MPGDs

Precision and Speed

a detour on important numggical aspects

To err is computational, unfortunately

Approximation flags — a temporary easure!

Other Issues

R

_MPGD Worksho@iig - - S. Mukhopadhyay, N.Majumdar,
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The neBEM Field Solver for MPGDs

Away from the realm of mathematics
Requirements for MBGDs

A new set of closed-form exact solutions for precise estimation of potential and
flux due to singularities (sources, sinks, doublets etc) uniformly distributed over
rectangular and triangular elements has been found. These have evolved into a C
library, namely ISLE i | fo o ey

Based on this library, the neBEM (nearly exact Boundary Element Mé’thé'd) solver
has been developed to solve problems of interest in science and engineering .~

Since Poisson's equation is one of the most important one in classical: physics.(an = -
integral expression of the inverse square law and the laws of conservation) ..c = . %
governing much of gravitation, electromagnetics, structural mechanics, ideal fluid . = *
mechanigs, Stoke’s tlow, acoustics, optics and so on, these solutions can have vast i
applications. S R RS T BORAE s

Lo Pl |
- @

But what:about problems related to MPGD simulation? = * i 7l om0 o

Ry M
.'-.';C‘.‘.-- .‘,‘_""'l Frg oy
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The neBEM Field Solver for MPGDs

o
A
........
Rl

Review |
Expected features of A fie[o[So_['verfor MPGDs

GEM Typical dimensions
Electrodes (5 pum thick)

Insulator (50 um thick)

Hole size D ~ 60 pum
Pitch p ~ 140 um
Induction gap: 1.0 mm,
Transfer gap: 1.5 mm

Micromegas dimensions
Mesh size: 50 pm
Micromesh sustained by
. 50 gum pillars

MPGD Workshqgi

17 Apr 08, NIK’HEF

Variation of field over length scales of a
micron to a meter needs to bepremeely
estimated

Fields at arbitrary Iocan ons should be
availableon demand

Intricate geometrical features— essentlal to
use triangular elements, if needed -
Multiple dielectric devices

Nearly degenerate surfaces - -
Space charge effects can: be very: s gnlfl cant
Dynamic charging processes may be ‘
mportant b
It may be necessary to calculatefleld for the“ :
same geometry, but with di fTerenI el«ectrlc 4B
configuration, repeatedly ~-

S. Mukhopadhyay, N.Majumdair,
S.Bhattacharya




The neBEM Field Solver for MPGDs

Length scales

A micron in a meter

' X i 4 Z

0

0.4
0.45
0.49
0.499
0.4999
0.49999
0.499999

Charge density distribution at one of the corners

. MPGD Workshqg - S. Mukhopadhyay, N.Majumdar,
- 17 Apr '08, NIKHEF : S.Bhattacharya

One of the majdr unsolved problems of |
electrostatics = A unit conductmg cube .
raised to unit Volt | ¢

NIMA 519 neBEM

Potential

0.999990 .
0. 9?996

5 0:99986 °
5510018 ¢
5 11.0048;

Potential
*1.000001

",‘,.0.99“94_362
0.9995018
09991151?.__ 2
0.9987600." .’

i tioozasos:

0995135

; e ol
¥ L ’Nf‘—. % ; e o
. g o = | 7 s Yoy
i L] " £ - B W
R 09945 64-
. e E £ Py .-
At e "
. - - .
= i [ = i 5




The neBEM Field Solver for MPGDs

Arbitrary locations

Very close to the wire of anJarocci tube

Y = 35um (10um away from anode)

X-sec =10x10 NEBEM (p%f;g'ggf;' Axial deviation of normal electric

2a = 50pm NEBEM (wire) field at the mid—plane of an Iarocci
A =10 chamber with cross- sect1on 10mm X
10mm.

£
O
S
<
o
o}
LL
T
£
o
Z

Y = 2 5125mm Two different m'q‘de’ls of ere ‘ha\‘/?

been considered

Y =4.990mm (10um away from cathode)

Desplte the proximity of the top line to the wire surface, the normal electrlc fleld
is.tound to be completely free fr aggedness or oscﬂlatlons BEA St tT D A
Unfbxiu,nately, we do not have FEI\/E packages (they are expensweJ ) Hence' 1t st
has‘notbeen possible for us to compare results on this case R R

.._'_\:ﬁ. s --, I"
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The neBEM Field Solver for MPGDs

Intricate geometries

The Micro Wire Detector

E (k¥icm)
600 N Voo .| 200
500 | 150
400 o . | 100
500 e Seme—mennt T Y ()
200
100

80 400 B0 0 B0 100 150

A (pmy

Total electric field:contourg on the central plane Variation of total eléctric field. along an ax1s ,
across cathode:angd ‘ahode passing through the mesh hole - A

Ty

.'.|, =

- The MWD has an intricate design. In this case:’ M thaed
Dmft plane 785um from the anode strip at 1. 11kV e ik

. MPGD Workshqg“ S. Mukhopadhyay, N.Majumdair,
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The neBEM Field Solver for MPGDs

Intricate geome tmes

Sharp corners

Charge density on L-shaped plate
Y (1 m)

X inem)

El ectroiatlcs of both inner and outer corners have been estimated

It has been pOSSI ble to estimate field to within 5% for a point Wlthln a mlcron of aconv-ex
corner ot |
For a cc)néave corner, usabl e estimation could be made upto Wlthln 10 mICIOHS.Of 90O
corner:: o Ll B

"‘L

MPGD Workshqg S. Mukhopadhyay, N.Majumdair,
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The neBEM Field Solver for MPGDs

2] rwmgu[onf element

Corner charge density of a-ynit square plate

Method + . Order of singularity

+ Rectangular
o Triangular
—— Fitted line

Numerical - 0.7034 '
shooting

Walk on spheres 0.7034 -

=
)
=
@
©
@
=
m
-
2

Surface charge 0.704

Ficehra’s theorem * 0.7015 -
Inthwt'ch—- from ¢ or_ﬁer} : : i

i Walk on plane ‘_'0.7()3‘4" 4

Variation of Charge density with SRR A

Increasmg“dlstance from the corner neBEM | 0 7057 (tﬂangular) o
SRR 2 ';‘;.“,;E—.:O 7068 (rectangular) S el

MPGD Workshqg S. Mukhopadhyay, N.Majumdair,
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The neBEM Field Solver for MPGDs

Multiple Dielectric

Complicated by the presence of degenerate surfaces

Ratio of dielectrics = 10

Multiple Dielectric Geometry Location DBEM | Present
+\ T ——
| 24.0,16.5 |0.514489 | 0.52181 | 0.5247903

22.5,6.0 3638855 | 0.34638 | 0.3451232 |8
4.0,3.5 0.1108643 | 0.10623 | 0.1058357

6.5,12.0 0.2301575 | 0.23801 | 0.2398346
.5,6. 0.

\f’le’ase note that all the distances are in microns = i -
PSR Eh e N

-MPGD Workshqgfﬂ; S. Mukhopadhyay, N.Majumdar,
+17 Apr 08, NIKHEE -5 - S.Bhattacharya
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The neBEM Field Solver for MPGDs

Multiple dielectric

Resistive plate chainbers

Field at Y = 1.0mm in triple layer geometry Analytic (1 layer)

neBEM (1 layer) %
Analytic (3 layers) -
neBEM (3 layers) o
neBEM (7 layers)

N-RaogagaRele ol o Rz RoRalla Sae e o=

Ey (Vicm)

Analytic (3 strips)

neBEM (1 strip)
neBEM (3 strips)
neBEM (5 strips)
neBEM (7 strips)

Strip width: 3.0cm, Strip length: 50.0cm Layer-4,5 height:: 200pm (~PET). - = 5

Layer-6,7 height: 20g4m (~Graphite) o

Layer-3 permittivity (c.): 7.75 (~glass) Layer-4,5 pgrmnﬁnw'ry (5) 3. 0
Layer-2 (middle) permittivity (c,): (~PET) omise 3
1.000513 (~Argen) Layer-6,7 permlﬁ'wrry (e) 12 O
Successful vahcf&ﬁo‘n wn‘h Riegler et al. (~Gr'aph|1'e) SRR DAL

o

;--__-_\'_ _'.' .,‘ R

. MPGD Workshqg S. Mukhopadhyay, N.Majumdair,
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Layer height: 2.0mm
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LA The neBEM Field Solver for MPGDs

Nearly degenerate surfaces
Too many BEM formulations!

f
5
s

h

[ A

Geometry of the Model MEMS Structure

Present
Bao (2004)
Harrington {1993)

_MPGD Worksho@iig - -
- 17 Apr '08, NIKHEF <25 2,

h/L
(for d/L 0.2)

Enhanced

BEM
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Repetitive estimations
Weighting field in RPC

Model RPC

——___Zreadout Strips BB b2 HoM

_.,.»""'éraphite

. Schematic representation of the model INKE Plot of normal Wéigh’tiﬁg field for all ._
'- The X-readout strips: at the mid- sectlon','l

Note that, since the geometry of the problem remains unchanged
the influence coefficient matrix needs to be Created and mverted ;
onIy once i i
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Space charge

Particles on Surface (ParSue)

P and PApprox FY and FYApprox

Points ' Points

PIC PIC

Points Points
PARSUE '

Potential

Create two sets of surfaces within the relevant volume placed perpendlcular to the average ,
direction of the negative and positive particles in a given avalanche 45

Divide these surfaces into smaller elements il
Attach each positive and negative particle to its nearest surface element
Compute the resulting surface charge density on each elemental sutface.
The effect of the particle distribution can now be computed as the combmed effeet of these
surface eLements { e -_ _' A e : b
More preelse and more efficient variants of ParSue are being explored ‘1;??&_-.' aedinhy
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PARﬁéles on SUrfacE (PARSUE) seems to be the new ihlng t'o pursue“
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gas

and how to get rw[ of them

The problem of dynamic charging has not be-en addressed.
ParSue needs to be explored and integrated properly.

Mesh generation has been implemented in a rather ad. hoc manner; rlgorous but
user-friendly implementation is a necessity — should be related’ to the Geant4
approach, if possible. ; -
Minimum use of triangular elements (without losing on the precision front) néeds
to be ensured since the computation for triangular elements is Con51derably mOre
than that for rectangular elements. y 7 ™

Implementation of better algorrthms to handle these huge and dense matrlces can-'
make wonders. - g 3

Cemputational effort should be optimized - use of symmetry, adaptlve mesh Y
generatton can hielp reducing the computational expenses bya srgmfroant amount; };
Parallel computatron can help the overall detailed srrnulatlon it STt Ll

Interfatgg‘to Garfield and ROOT needs to be developed to m‘cegrate neBEM mto
the detaﬂ.ed detector simulation and Geant4 frameworks AR s
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Final remarks
A lot needs to be ofone}in futuve

A precise and etficient field solver neBEM; based on the

ISELS library, has been introduced : -

[t already has most of the' major features necessary to carry.

out detailed MPGD simulation, mcludmg capab111ty of iy
simulating space charge

Improvements necessary to make it more approf)“rlate to the
detailed detector simulation framework seems stralght— '
forward but is likely to take some time N e R e
It can.pe easily provided as a toolkit to the developer / user 50 %
that:in addition to detailed detector 51mulat10n 1t Can be :
used fzgi‘ Geant4 and other simulation studles Ty
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