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Electrostatics of micromesh based detectors :?-L .

Outline of the preséntation’

Fayd
* Electrostatics of MPGDs and its relation to performance and optlmlzation s
- Available approaches for solving the electrostatic problem Rl ,
0 » Brief introduction to BEM and the nearly exact BEM (neBEM) SV Gt R
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Parameters affecting MPG:D' performance

Large number of design parameters affecfing an equally large number of
performance parameters. A representative set could-be as follows:

L] '\'_I' - .-.I- -
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i wifl o S
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- Efficienc-,jr',"_ : (& i tan
Spacer geometr Count rate i

b .g y Spatial resolution

Drift distance

SR : Gain uniformit g T
2N Cell size . Y - : :

Mesh geometry

Sgie voltages : Y gcilrﬂzﬁc?and- 'effeczgfl"sﬁarks"‘r:-
Drift field ’ ; oUeCt BIAparks oo

Amplification field ) Crose sy SO G Y
~~Resistive layer properties i RO ST B

A 1_‘-.: ._.\:

Gas: e o 4 Ease of fabrication . = T2 47k : &
ml Mechanical strength:~ " Hu f ST L R
One way to interpret the performance and optimize the design of these complex SR
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Nuclear detector simulation
Long and winding road

* Field Solver - (e.q.,
Fundamental Process ) 3
* Particle interaction to charge induction -
Garfield framework
> lonization:

Beam (%) lonizations

production of clusters - HEED

DitVoume Y Driftand Diffusion > Drift and Diffusion: drift
velocity
diffusion coefficients
b MAGBOLTZ
m Amplificaton and > Amplification: Townsend and attachment
PN plEcaRonscy further Diffusion , coefficients - IMONTE
s » Charge induction:
Pad Response Particle drift, charge-sharing
GARFIELD. i
Borrowed from Yukihiro Kato, IHEP, Beijing07 . Slgnal generatlon and vaUISItIOn : o)
'MPGD 2009 & adie S. Mukhopadhyay, N.Majumdar, S.Bhattachary-a"::f-:'-_.:_-;_ 1; NS
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Electrostatics of micromesh based detectors

sﬁ A Field Solver for Nuclear Detectors

Expected features

GEM Typical length scales
dimensions
Erl]iecclz)rodes S arbitrary locations .
Insulator (50 um thick) intricate geometrical features
Hole size D ~ 60 um
_ multiple dielectric
Pitch p ~ 140 pm nearly degenerate
Induction gap: 1.0 mm,
Transfer gap: 1.5 mm ce charge
5 — dl;namlc charging
. . E : same geometry,
SEREE Micromegas different electric configuration
. E I . l _J . . ﬁ/l'mi”s,'onsw — periodic
€sh size: oU Lm structures
£ l I . E . . B Micromesh sustained
llllllll *5’36 I - -
m pillars e e
EE g
. I : . . . . E The de-facto standard FEM s #
i . . . unsatisfactory in- dealing with 1., 2.,.5., 6.,

ERERR I l l 7. and 8. Hence, the search for a new tooI '

 MPGD 2009 : : S. Mukhopadhyay, N.Majumdar, S. Bhattacharya : 1 AR AL
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The Poisson’s equation ;- ' O
*  Physical consequence of combining il .
» A phenomenological law (inverse square laws; Fduriér law in heat conductlon Darcy Iaw
in groundwater flow) _ s ; :
9 » Conservation law (heat energy conservation, mass conservatlon) VLS DL e
<: *  Primary variable (some scalar potentlal) P; material constant m Sourcé S AL oS

Heat transfer: temperature, thermal condugtivity, heat source
Electrostatics: potential, dielectric constant, charge density
i Magnetostatics: potential, permeability, charge density

it Groundwater flow: piezometric head, \permeability, recharge
3 |deal fluid flow: stream function, density, source

Torsion of members with constant cross-section: stress, shear modulus, angle of tW|st L .
Transverse deflection of elastic members: deflection, ten5|on transverse Ioad ' s
Manymore AR i T e G f-,‘

' ihe most important equatlon |n El sSIga{ physms'
,.,:1_"5,-':_-.%‘:_-:“ ; ,_--.- "-s o

- MPGD 2009 “".T,.:"“AQJ{ S. Mukhopadhyay, N.Majumdar, S. Bhattacharya : e
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L

BEM Ba51cs
Green’s identities || Boundary Integral Equations

Potential u at any point-y in the domain V enclosed by a surface S is given by,

where y is in V u is the potential functlon q=u, the norrnal derlvatlve of 1 u OI] | "
the boundary, b(x) is the body source, y is the load pomt and x, the freId pomt. U
and Q are fundamental solutions . o) R i
=1 for 2D and 2 for 3D. Dlstanc} fromytoxisr, n denOtéé*ﬂ_;I_e ¢ .‘2;-"' ra
cGmponents of the outward normal vector of the boundarv BT AL "‘- '-I_,'..:;:-ila_f'i "

2D Case 3D Case r- [> 0O, r0

_— Weak singularity Nearly weak singularity

_ Strong singularity Nearly strong singularity

Hyper singularity Nearly hyper- smgularlty & _
e ’H_*"f-ri_

-'.i-‘-L-"h"' WAL T
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Solution of 3D Poisson's Equation _ .
using BEM ;, i E

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.

-

&)

EIectrosta_tics BIE Green’s fct|n

l G(rr)—

B(r) = [, G(r, ) p(r)dS’ —

Accuracy depends critically on. .+
‘the estimation of [A]; in turm, the -
integration of G, which mvolves
smgularltles when g 1

( {p} =[A]{D} ,Most BEM solvers fail here :

Y avhzh = “‘*"J’Safff“ : .

. MPGD 2009 " HEY S. Mukhopadhyay, N.Majumdar, S. Bhattacharya-a_% *"‘ A R Af:‘g o
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Conventional BEM '

Major Approximations a7 {;,’*-7

"Singularities modeled by a sum
of known basis functions with Singularities assumed to be concentrated at

constant unknown coefficients. centroids of the elements, except for special
cases such as self influence.

" The strengths of the

singularities solved depgpdlng Boundary conditions are satisfied at the [
upon the boundary conditions, same nodal points.

modeled by shape functions. pr— 'F-__

l = gt -I--I': . "--L;”‘ 4 "l: E.I;-'I iy
Numerical boundary layer T N
-..“ i';. oy - .-I..._:I ::I.-i‘.-
2 Ild‘:".: . AR R My R DTS § et R0 ,'*'.::;_'_-.

e :
"‘L-h._i'u‘t":‘-: .""._- s Y, PR -:q._lt
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Present 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 she functions

Foundation ‘expressions of the neBEM formalism are analyt.‘lc and closed form
They are valid for the complete physical domain SR
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Influence of a flat triangular element in Usual BEM

Y

Influenced
Point

Contrast of approaches
Conventional BEM (nodal) versus nearly exact BEM (distributed)

~We have derived exact expressions for

the integration of G and its derivative
for uniform charge distributions over
triangular and rectangular elements

Influence of a flat triangular element i ISLES

: i Influenced
)] Point
Element
) . . Element (1.0, 0.0)
Conventionally, charges are assumed to be ' e
concentrated at nodes. This is convenient
since the preceding integration is avoided. B e
Introduces Iarge errors in the near field. S
MPGD 2009 : S. Mukhopadhyay, N.Majumdar, S.Bhattacharya{::f:.;.:'. ﬁ R S
_ '.,:--.-'._.-E.. = i v "." " '

.14 June, KonnLEar[ Cfeté
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Precision in flux computation

comparison with quadrature and multjpole expansions

CentroidZ Vs Fx

6.5

10by10
50by50
100by100
~ 200by200
500by500

IslesLib ——

Distance along Z

Quadrature:with even the highest
discretization:j-‘fa_i_[s!

The quadrupole results are far from precise; quadrature needs very flne

dlscretlzatl_qn

o
8
iL

%

o

o
[+
<

ISLES
Multipole
100 X 100
10X 10
Usual BEM

Comparison of flux along a Ilne paralIeI to Z
axis passing through barycenter il

# _“
..'LZ
L e
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"w:"-lu
t‘,}'" Electrostatics of MPGDS

Micromegas Micro-Wire

E (k¥/cm)

Theoretical considerations
imply better performance by
the neBEM solver which solves
for the charge density on
‘boundary elements rather

- - than potential at a pre-fixed
E e i — set of nodal points.

140
120

100 Numerical comparisons

1) neBEM results are as
accurate as FEM results in the
far-field

@ 2) In the near-field, neBEM

FEM g T T T emsemensd performs better than FEM

FEM Segmented
neBEM Mesh -

W S L Sl - 3) No artificial truncation of
e - 7elim Y.l Oopcn domain is necessary
while using neBEM

gap = 75um
gap = 85um

Total E field (V/cm)

MPGD 2009 S T D R Mukhopadhyay, N.Majumdar, S. Bhattacharya"_.._ H . s R
.14 June, Konm,Ear[ Cfeté o '31 _-f_ ‘ e e LR K
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i Flux surfaces in a micromesh device
/ "ﬁ Hole size 50 micron, pitch 60 micron and gap 50 micron; grid @ -400V, drift plane @ 16mm, -3800V
= :

=

<]

'r\ =

Flux surface close to anode : Flux surface midway in hole

[e/e)a]

HOIONO———L
OOOOOOO—=N)

: 5760 80
%9 (mlcron)

Flux surface close to mesh Flux surface in drift volume

ol 20

0 801001 20 i - 60 8010
“20-20 © %9 (micron) \ 00 %Q(mlcron)

20 ©

MPGD 20009 : O S. Mukhopadhyay, N.Majumdar, S.Bhattacharya"'_'_'_:.:i::.:-'I.'_.-j".j- " :
.14 June, Kolynmaﬁ, Qfete ) 'i' D G AU
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i Special attention - Effect of the variation of hole size

Potential along hole axis with Hole size (const pitch) Flux along hole axis with Hole size (const pitch)

hole = 10 micron hole = 10 micron
hole = 30 micron hole = 30 micron
hole = 50 micron hole = 50 micron

2
<
=
C
[0}
o
o
o

Length along axis (micron Length along axis (micron

1. The pltch was kept constant (60 micron). The anode was alse kept unchanged 3
2. The potentlal is closer to parallel plate case for the smaller hole-size - natu.raHy R ]
3. Although ‘the:field is larger for the smaller hole size, it falls off’ more rapldly a3 e i 1
4. The datahas been generated for points one micron apart — the: smooth V.arlatmn 2 0n ! LUy
usually Ob‘serVEd in analyt1cal solutions is typical of BEM, espec1al}y nEBEM

. .

e — g ot A o g ."‘.' ki, W Ty
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The effect of pillars / spacers

Comparison of field w and w/o spacers Comparison of solution w and w/o spacers
0.0002
w/o spacers w/o spacers
with spacers 0.00015 with spacers
N
£ 0.0001
€ S 5e-05
9 = 0
z z
x 9 -5e-05
I S -0.0001
©
5 -0.00015
-0.0002
-0.00025
500 1000 1500 2000 2500
Distance (micron Element number
For the 50 IIllCFOIl hole device discussed in the earlier pages. S AR AT T ke sy
1. The pillars; areassumed to match the mesh crossings — 10 micron cross- sectlon A B '.‘;:7"_- A SRR
2. There is no a,lfoI‘EIICE that seems to be able to affect the performance S A b IO RO R B
3. The reason ‘L'_s ,J:eﬂected in the charge density plot where we can see that the. amount of Charge on the spaeer
material is negiigib_le : R e bhe g, et T
=h-1.- r_ ._ ".. : e e N .1.' b 0 gt y
- 'u."-.'r; oz -':"':"‘-.-'I'I."-I I"IF -.'_.I" cia el ol T
"'A:."'II.‘.__"'\.:-':.. iy ' n X 1*'1" hengay o™ : a
B e ST TS LT TR - T e e . Bl T, T . gt b SRR

St L WL B e B = T P R el i - - b A Lk §
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Twin layer micromegas

Twin layer Potential (prelilminary!) Twin layer Flux (preliminary!)

along axis along axis
off-axis off axis

Flux (kV/cm)

2
IS
—
[
(0]
—
@]
o

20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180
Length along axis (micron Length along axis (micron)

1. Please note that the resilts are preliminary in nature! | QLN S AR '
2. Both amplifiC'é'ti:on gaps are 50 micron; Voltages -250V and -500V ' . SRR N R _
3. The general tr_end is intuitive — no big surprise around N S '_q R ST RS e
4. With someé pagience, it should be easy to make amends to the curious flux shape ST S SR SR T
5. For this caLcu}aﬁon we did not use periodicity - ~13000 elements — four hours 'on-]alaﬂe server' .+ :
6. But, the 1rn]jortaﬁt pomt is, it can be done, if necessary - for example, if you are stud.ymg edge éffects ',

-t 2 ...= el i r o T T
S e e ". g I
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Electrostatics of micromesh based detectors

Please ﬁofé-'thg preliminary nature of these results T SRR e

The importance of edge effects

']
.

Edge effects - potential Edge effects - flux

central hole

central hole
edge hole

edge hole

Distance (micron

1. Not mmseh'difference in potential e AL IS L

Bk St o Bl T s . '
L Yot 3 -
i i b L o

o
ey, e e L %
i

2. Flux, however, shows significant differences, especially in the first a_rppl;;flﬁla:tmljl,_%ﬂﬁ RN

e TR ]
= 3 i A -
Nk, e Al LA ey R e f .
r, :_._I- o, S, Ty o = e R L PR T,
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How do we go about it?
Example analysis of a“ThGEM

TrignguEar mash ganamton on difersnt surfaess in B ThiE EM alemant

Preprocess :

*Device definition using various
primitives / surfaces

*Discretization of primitives into
triangular or rectangular elements
*Preparation of input files for neBEM
with  geometrical and electrical
parameters of the elements

A]
Aeztarguiar meah ganamtion on diffement aurfeess in 2 ThGEM alamant - = h THE _' %
L 1
250 :
200
150
100 3
&0 o
a0 i
Am !
180 |
-2m .
K
i
I'h
" -
»
S e R s R el S
oy o A e R ey ey
e P T R A TR L T "
i PR SRl Ll i R us ;
S, i Ty s A -
X RS SR, E ‘
-"_J::, e, 1o, oy by, ey



Electrostatics of micromesh based detectors

B
i

Interfaces — available, under development and planned ':

Wi

1. neBEM is written as a tool-kit — the user can supply one driver foll_tine and one
interface routine. They can be together, but is more convenient kept apart. .

2. Several examples are available — the results presented here _ L
constitute a part of the repertoire e

3. Setting up the device geometry is the maif challenge. It can be don\'ﬁSmg i

a stand-alone code. ) - Bl ety R

4..The code has an interface (already working, thanks to Rob!) with Garfield: /7% [0 ":

5. Simpl?e.'_{i[evice geometries can now also be set up using RQOT._ ERE e s
R A e * ROy

6. It i&ﬁasslble to use experimentally measured device geometry and u’se 11: t@ R R
estlm‘t{te.the (hopefully more realistic) electrostatic conflguratlgn -;'f AL .-jIL_';;;.- WY
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Particles on Surface (ParSue)
An improved model to represent space cliarge !

¥
L

o .

* RPC 2007, NIMA . - e S B e e

MBS SO B L SR TR soth, Wing

o Fie e - Rl s R T Ve R TR Rt e BN ACRACTCA X S
AR S. Mukhopadhyay, N.Majumdar, S.Bhattacharyari:t:;_;‘-ﬂ__ IR _ﬂ_‘ SRR
AR RO AR R S L
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% E Space charge

Particles on Surface(ParSue)

P and PApprox FY and FYApprox

Potential

- Both potential and field within the cell has been estimated far
more accurately by ParSue than the PIC
PARtches on SUrfacE (PARSUE) seems to be the new model to pursue” o idE e
g RPC 2007 NIMA*
E'“‘ﬂh S. Mukhopadhyay, N.Majumdar, S. Bhattacharya i -i;;-;* ",,_”.1'"_ 5 BE
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Conclusions and future plans

*neBEM can provide us with one of the 1mportant missing pieces in the

projected simulation framework '

“Written in a toolkit fashion, it is avallable for users to he used in a stand—

alone fashion, or interfaced / integrated with other codes - i

Present version seem to provide Gs with reliable and precise estlmatlon of
electrostatic configuration -5 '

*Efficiency issues need to be resolved — especially those related to the

evaluation of the foundation expressions near branch-cuts
“Dynamics charging is an issue that can be tackled using the sam \'e'.'.fermﬁ.lati_dh'. :

in a quasi-static fashion - needs lot.of work though Aina) ki epd T
*Space charge can be modeled in a more accurate fashior uslng ParSue Ll
proof-of- -concept seems to be successful. Needs 1mplementat10n : S i
'Magnetostatlcs is another aspect that should be easﬂy tackled usmg a slrm]:ar Yot

formulat}{m DR ! 8 't
’“Docuntentatlon is in a very bad shape — we plan to put good effm‘t th ‘thls LR
w1thmthe Comlng couple of weeks AN -_-_;:fé;_ B
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