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® The discharge phenomena in gaseous detectors is a complicated process.
® There are several factors responsible for it.

® Such regions may influence the discharge in direct or indirect ways.

® This study aims to develop a numerical model for discharge
® To apply it for Micromegas geometry

® The fine structures in MPGDs may give rise to localised high electric field.
|| ® A systematic field study on different Micromegas geometry

Deb Sankar Bﬁattacﬁarya, MPGD 2019, La Rochelle, 5-10 ‘May 2019
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Using COMSOL Multi-Physics for discharge modelling in full 3-D for Micromegas.

It worked quite good in 2D-axis symmetric geometry for GEM

But, Micromegas is not 2D-axis symmetric...

-50 50

a 0 - JN whereas Micromegas is not rotational symmetric
2D-axis symmetry is a good approximation for GEM _- O\ Um

100

50 100

Filippo Resnati - RD-51 Open Lectures - 12/12/17 - CERN
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Let's start by solving the field in a parallel plate:

»|copper cathode at -600 V (hot shown)

¢

drift gap 1Tmm.

v

another electrode,

» |30 um thick
steel at -540 V.

> amplification gap 128 pym

|20 pm thick copper anode

Deb Sankar iBﬁattacﬁarya, MPGD 2019, La Rochelle, 5-10 Q\/lay 2019

at Ground potential
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Electric field (on the YZ plane)

Surface: Electric field (kV/cm)

The electric field is uniform through out.
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Buifcﬁ’ng the cﬁ’scﬁarge model

Deb Sankar 3ﬁattacﬁarya, MPGD 2019, La Rochelle, 5-10 ‘May 2019
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Building the physics model : (a simple approach)

_— — VV (electric field from given potential)

D — IO’U (for space charge)

0C;
ot

[Electrostatics]

-V - (_DZVCZ) + U - VCZ — Rz ‘i" is for electron and ion species

Di = diffusion tensor in
Ci = number density.

R’i — ne’UJ(CV _ AC - X) u= electron _drift velocity

charge transport
and multiplication
(time dependent solution)

Ri = production rate.

the transport parameters | iIs Townsend coefficient

depend of the electric field. . . .
hence, to take into account | AC is attachment coefficient

the space charge effect, the coupling | X is for recombination
is important.

A full physical model can be found : RD51-Note-2011-005/14-03-2011, by P Fonte
However, the present model (diffusion assisted streamer) was well discussed in RD-51, Dec 2017

v

Deb Sankar $ﬁattacﬁarya, MPGD 2019, La Rochelle, 5-10 ‘May 2019
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Solving it for parallel plates

Cathode at -V’

Anode at ground potential

Gas Ar:C02=70:30, penning 50

Deb Sankar $ﬁattacﬁarya, MPGD 2019, La Rochelle, 5-10 ‘May 2019
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at-700 Vv
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starts with 100 primary electrons
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at-740 Vv
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at-760 Vv

10000 ! ! T T T T 1] ! ! T T T T T
9000 [mrr v APUOUNE WO SO SO 0 O O O S— AU SO O

8000 oo VPSRN TR TON OO OS5 5 O — An— e b

number of electrons
&
(=)
(=)

starts with 100 primary electrons time (ns)

11 Deb Sankar Bhattach
Deb Sankar Bﬁattacﬁm’ya, MPGD 2019, La Rochelle, 5-10 ‘May 2019 €V Sankar Bhattadiarya



Julius-Maximilians-

UNIVERSITAT
WURZBURG

at-780V
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at -800 V
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at -850 V

x10°

starts with 100 primary electrons time (ns)
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this we know
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Figure 5.14. Current oscillograms of static breakdown
in methylal, Optical method. Efp — 64*4, pd — 230
Torr ey, & = ('8 cm, 7. — 90 nsec RC — 5 nsec™*
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Time=0.2 ns Surface: Electric field norm (kV/cm) Contour: ni*(ni=0) (mol/m?)
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How the space charge is changing the field;
applied voltage -780V ( ~61 kV/cm)
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Time=0.5 ns Surface: Electric field norm (kV/cm) Contour: ni*(ni=0) (mol/m?)
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How the space charge is changing the field;
applied voltage -780V ( ~61 kV/cm)
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Time=0.9 ns Surface: Electric field norm (kV/cm) Contour: ni*(ni=0) (mol/m?)
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How the space charge is changing the field;
applied voltage -780V ( ~61 kV/cm)
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Time=1.2 ns Surface: Electric field norm (kv/cm) Contour: ni*(ni=0) (mol/m?)
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How the space charge is changing the field;
applied voltage -780V ( ~61 kV/cm)
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Time=1.5 ns Surface: Electric field norm (kV/cm) Contour: ni*(ni=0) (mol/m?)
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How the space charge is changing the field;
applied voltage -780V ( ~61 kV/cm)
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Time=1.9 ns Surface: Electric field norm (kV/cm) Contour: ni*(ni=0) (mol/m?)
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How the space charge is changing the field;
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Time=2 ns Surface: Electric field norm (k\/em) Contour: ni*(ni=0) (mol/m?)
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How the space charge is changing the field;
applied voltage -780V ( ~61 kV/cm)
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With different primaries

EI L | L L | L | L | L | L | L | L | L IE
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I 7 0, VU S S p——— R
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at 700 vV
The effect of adding 1000 ppm of water (which is 4 % r.h.)
10000 x10’ T — T T T T 1 T ! | T T T 1]
 no water 5 : -
9000 | =00 feeedeedendesdedesdede. T ................................................................. _,E
8000 | °© 1000 ppm water |.... ... ... ....i.igi _:

number of electrons

107"
starts with 100 primary electrons

Deb Sankar Bﬁaﬁacﬁarya, MPGD 2019, La Rochelle, 5-10 ‘May 2019
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Ar:C02=70:30
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Ar:C0O2=70:30

® townsend-noH20

townsend-1000pppmH20
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10000 V/cm * 128 pm
=128 V

x10°
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So[ving rﬁisfor ?\/licromegas
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18/45 Calendared-like :

drift gap = 200 pm
amplification gap = 128 pym

j\ The wires are taken as inter-penetrating

Yy

mesh voltage = - 330V
drift voltage = - 350 V

e Wire diameter 18 pym
e Edge to Edge 45 pm y‘i’x
e Axis to Axis 63 pm

2 Deb Sankar Bhattach
Deb Sankar Bﬁattacﬁarya, MPGD 2019, La Rochelle, 5-10 ‘May 2019 8 ev sankar Bhattacharya
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o just below the wire X107 m

__ ___—::j;r:ﬁif——-_""'-::-,_.:L____l 0.5 Resulit :
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Results:

along a perpendicular line just below the wire (18-45)

Line Graph: Electric field norm (kV/cm)

A 1A [ |
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.,’4'!/ 37 £ 38
// 972 S 36 |
© 34 -
% 7 = 32
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A I
) 26
0 ?/ -100 .50

z-coordinate (um)

mesh voltage = —330V

Deb Sankar @ﬁattacﬁarya, RD-51 ‘Mia@weeﬁ, 4-7 Feb 2010, CERN
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Results:

probing the charge l_-_: -

transport on a plane

The probing plane

mesh voltage = -330V
drift voltage = - 350 V

Deb Sankar Bﬁattacﬁarya, MPGD 2019, La Rochelle, 5-10 Q\/lay 2019
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Results:
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Time=0 ns Surface: ne*(ne>0) (mol/m?)

mol/m°
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x10%

total electrons, n =10
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Results:
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Results:
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Results:
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Results:
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Time=1.5 ns Surface: ne*(ne>0) (mol/m?)
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Results:
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Time=2 ns Surface: ne*(ne>0) (mol/m?)

mol/m?
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6

total electrons, n = ~54
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Results:
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Time=2.5 ns Surface: ne*(ne>0) (mol/m?)
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Results:
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Time=3 ns Surface: ne*(ne>0) (mol/m?)



Julius-Maximilians-

UNIVERSITAT
WURZBURG

Results:
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Time=4 ns Surface: ne*(ne>0) (mol/m?)
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Results:
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Results:

x10™* F
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mol/m?

A 6.01x10%
x 1012
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Time=15 ns Surface: ne*(ne>0) (mol/m~)
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Results:
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28/50 - Calendared-like :

S~ 100

-50

100

Electric field norm (kV/cm)

mesh voltage = —330V

44
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Line Graph: Electric field norm (kV/cm)
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ReSUItS: 28-50 calendared, mesh voltage - 330 V
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Results:
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Field in some other Micromegas (around 30 um wire diameter) is also studied

150

~ 10

Iy,
10

-50

| le28/50 Calendared

i

Deb Sankar iBﬁattacﬁarya, MPGD 2019, La Rochelle, 5-10 Q\/lay 2019
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o 28/50 St. Woven
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o

30/
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to order to generalise, all meshes are set to -540 V for this field study

Amplification gap 128 ym

geometry Maximum Average

(um)
18/45

22/56

25/67

28/50

30/70

30/85

Calendared
(kV/ecm) | (kV/cm)
89.2 ~40.5
88.3 ~40
88.5 40
79.9 ~40
84.2 ~40
88.0 39.5

£ = (max/ave)

2.2

2.2

2.2

1.9

2.1

2.2

symmetric Woven

18/45 112.0 ~38.7 2.9
"""" w6 1100 380 29
"""" 567 1000 375 29
"""" )50 1040 w82 27
"""" 070 040 2 ng
"""" G085 1060 365 29

Calendared would be a better choice over woven for HV stability

Deb Sankar Bﬁaﬁacﬁarya, MPGD 2019, La Rochelle, 5-10 ‘May 2019
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Conclusion:

e the occurrence and development of spark in 128 pm gap parallel plate is modelled
dependence of humidity is shown in it

e regions with high electric field in different Micromeas geometry are identified

e a narrow voltage scan is performed to observe spark in 18-45 and 28-50

e influence of geometry is observed primarily; 28-50 and 18-45 show similar behaviour

4
Deb Sankar Bﬁattacﬁarya, MPGD 2019, La Rochelle, 5-10 ‘May 2019 9
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Many many thanks to

Filippo Resnati
and the RD51 colleagues (specially Leszek, Fabio, Paul, Supratik)

for discussions and encouragement
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Backup slides

1
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The weaving is some times not svmmetric (mesh thickness

200 2pp

-100

P The weaving amplitudes are different by 10 pm
e Wire diameter 30 pm

e Edge to Edge 70 pm

rest of the geometry is same as the last one

e Axis to Axis 100 pm

2
Deb Sankar Bﬁattacﬁarya, MPGD 2019, La Rochelle, 5-10 ‘May 2019 o
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The field through the centre of the hole The field contour (on the YZ plane, at X=0)

36
34
32
30
28
26
24
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20
18
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14

Electric field norm (kv/em)

12
10

o N &~ o
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Line Graph: Electric field norm (k\V/cm)
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Surface: Electric field norm (kv/cm)
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The maximum field is ~ 7% higher

than standard woven
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if there is anv defect on the mesh surface

P R &7 y . =\
- <L : ,

2 e Wire diameter 30 pm
L., e Edge to Edge 70 pm
e Axis to Axis 100 um singly{oint defect '“\Z\‘Q

: A metallic

X \\> "/,
/
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The field through the centre of the hole The field contour (on the YZ plane, at X=0)

Line Graph: Electric field norm (kv/cm)

Surface: Electric field norm (k\/cm)
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this remains as before A Véry high field is

55 localised around the defect
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18-45
mesh= -350 V

1800
1600
1400
1200
1000
800
600
400
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Electron Number

Time (ns)
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