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 Simulation of gaseous ionization detectors at SINP - more
or less, a chronological view.

* Ongoing activities

 Future projections
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Initial attempts: a cylindrical
proportional counter

Figure 2

—Collocation BEM

Acceptable
potential

Geometry of a cylindrical proportional counter Eield values

not acceptable

Edge effects studied, thanks to numerical implementation

The collocation BEM model found not good

enough even for a very simple geometry!
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Search for a better solution

Influence of a flat triangular element in Usual BEM

b4

Influenced ; :
Béirit Influence of a flat triangular element in ISLES
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Rectangular element
O(X,Y,Z) =

D;; — (X|Z — x;|z;
Influence of a flat boundary element 2 x (X|Z|xi|2) x 1n< ij — (X1Z = xilz) )
Dinn — (X1Z — xm2n)

R; —il; R: +il;
+iS;|Y] x [tanh‘1 <;> —tanh™?! <;>]
Dyj|Z -z Dyj|Z - z|

Influenced —2nY
Point

- X

; 4+4 complex
P tanh! terms

Boundary X121

X222
Z

X2 z2

dX,Y,7) = f f _ dxdz May need translation and vector rotation
X =22+ Y —y)2+ (Z —2)?

x1 z1

Value of multiple dependent on strength of source

and other physical consideration
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Potential

Potential distribution on the element
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Triangular element
% ( (2 Y? — XGLP; + LM, — LP, — LMy)

Influence of a flat triangular element

Y
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- 51X (:.tath [\%J +tanh™! (531:;1 J
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Point

~tanh* (S22 4 tanh (T2 )

26 (f1+%ﬂm—ﬂ]
log| Y—4o—unr

1|i|.'llll + Ei! 1|il."lll + Ei! D..__"l - -E:_'
- (Day — X + 1% .
+;£Zlug(‘£)" _; J J +C

Element ,ﬁ (1.0,0.0)

~7(0.0, zMax)

1z(x)

dxdz

!! VX =224+ Y —y)?2+(Z—2)?

Please note the integration limits: while
any length is allowed in one co-ordinate,
the other can be varied from 0 to 1, only.
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May need translation, vector rotation and
simple scalar scaling




nearly exact BEM (neBEM)

* Anew 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. Functions for wire, ring and
dSisc glements have also been tested. These have evolved into a C library, namely
ISIEES!

* Based on this library, the neBEM (nearly exact Boundary Element Method) solver
has been developed to solve problems of interest in science and engineering
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Momnal Field (KVicm)

Wire chamber

' = 25 pm (10wm ewey from anode)

X-gel=- 1010 Coarfield ---—---
28 = 50 LM NEEEM (polygon)

L= 10 HEEEM iwina)

Cathode
Surface

Y = 251 25mim

Axial deviation of normal electric field at the mid-
plane of an Iarocci chamber with cross-section
10mm x 10mm.

Z (cm)

Two different models of wire have been considered

Despite the proximity of the top line to the wire surface, the normal electric field
is found to be completely free from jaggedness or oscillations.
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Analytic (1 layer)
neBEM (1 layer) =

Analytic (3 layers)
neBEM (3 layers) =

Strip width: 3.0cm, Strip length: 50.0cm
Layer height: 2.0mm

Layer-3 permittivity (g.): 7.75 (~glass)
Layer-2 (middle) permittivity (g,): 1.000513
(~Argon)

Successful validation with Riegler et al.

Ey (Vicm)

31 Jan 2024 First DRD1 collaboration meeting




Induced signal

Drift, Diffusion, using Weighting

Gas, Particle Type, Avalanche

Energy

Gas, Temperature, . Geometry, Material
Field Ma ! ’
Pressure Boundary Conditions

Each and every component is open-source and free

Garfield: garfield.web.cern.ch, Heed: heed.web.cern.ch,
Magboltz: magboltz.web.cern.ch, neBEM: nebem.web.cern.ch
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garfieldpp.web.cern.c
heed.web.cern.ch
magboltz.web.cern.ch
nebem.web.cern.ch

1) Gain, energy
resolution

2 ) Transparency
3) Ion back-flow

Several other ...

—_
=3
=3

~4- Simulation

©
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Amplification Gap: 128 ym
Pitch: 63 um
Mesh Voltage: -410 V
Gas: Ar 90% + Isobutane 10%
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T
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Gas: Ar 90% + Isobutane 10%
Amplification Gap = 128 um
Pitch = 63 um
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——Expt
=& Simulation 0% Penning . .
~4— Simulation 40% Penning —«-Sim., Impure 0.03% O, 1 Amplification Field = 32 KVicm
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Electron Transmission
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Roughness in RPCs

Read-out strips (Y) (R

Resistive electrode (E)

Conductive
coating spacer

© \ ®)

—— 100 nm from ridge tips

1 um from ridge tips

50 um from ridge tips

0.5 mm from ridge tips

- \\/ 77\/‘ \\/7 \/ \/ ,,,\/"‘ \\/7\/ =

250
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EZ [kV/cm]

¥
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High Voltage [V]
3710 3842 3975 4107 4240 4372 4505

Gas: Ar 45% + CO, 15% + CF, 40% I

Drift Time of Electrons [nsec] 2 750 75 800 825 850
Current [pAmp]
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Fast Volume

e Typical problem related to MPGD

* Time to estimate potential and electric
field at each point is significant.

e Complex processes such as avalanche,
Monte-Carlo tracking and Micro-

TraCking take enormous amount of time. Effect of using Fast Volume
e Way out is to use pre-computed values

of potential and field at large number of Computation time Without FastVol
nodal points in a set of suitable volumes. [JEIENCRETaY 15s

e These, so called , are

chosen such that they can be repeated to

represent any region of a given device Field map 6m33s

and simple trilinear interpolation is used [ESSRETTIE. 75

to find the properties at non-nodal

points. Number of avalanche 712

electrons

Hundred avalanches 3 days
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With FastVol

5m16s
(includes calculation
of FastVol)

1s (error 0.3%)
2s
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Spacers cause significant perturbation resulting in increased field
values, particularly in the regions where cylinders touch the mesh
Electron drift lines get distorted near the spacer, some electrons are
lost on it, resulting in a reduced gain

Due to the reduced gain, electron signal strength gets affected
significantly, the signal profile consists of a long tail resulting from
the distorted drift

Due to the dead regions introduced by the spacer, the readout pads
below or close to the spacers are found to be affected which leads to
inefficiencies in track reconstruction

Y-Axis [pm]

Diameter 400 um, Pitch 2 mm

0 =

_ _ _ _ Gap: 128 pm
TR 7 2 o Pitch: 63 pm

== containing dielectric spacer Spacer Dia: 350 um

== =hesides dielectric spacer |

close to dielectric spacer

—— Without Spacer
—— With Spacer

Current [uAmp]

==far from dielectric spacer

| Gas: Ar 90% + Isobutane 10% l

I Track: 25 pm above mesh I

Through center of hole

0.005 0.01 0.015
Time [usec]

Electric Field in kViecm

Amplification Gap: 128 um : :
1 1 i i

0 0005 001 0015 002 0025 003 0035

Axial Position (Z-Direction) in cm

-10

Y-Axis [um]
2

SEEEREN) - = . o W
a .300-
=3 =3 = "
. ® Without Spacer
X-Axis [pm] b *__With Spacer |
i -600  -400 -200 0 200 400 600 800
X-Axis [um]
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Open Multi-Processing
(OpenMP): an Application
Programming Interface (API).
Supports multi-platform
shared memory
multiprocessor programming
in C, C++ and Fortran on most
processor architectures and
operating systems.

Consists of a set of compiler
directives, library routines and
environment variables that
influence run-time behavior.

31 Jan 2024

lelization.

Problem
specification

Number of elements

= 3089

Periodicity = 40
Number of elements

= 3089

Periodicity = 24
Number of elements

— 3089

Periodicity = 16
Number of elements

= 11345

Periodicity = 8
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140 min
23 sec
75 min

4T sec

37 min

FJ l s6eC

46 min

17 sec

Thread
| 2

T0 min

46 sec

19 min

o L A,
D

24 min
99

L 30C

3] S,
35

10 min

0 sec

13 min

16 sec

Table 5.4: Computational time for calculation of potential and field map using code paral

Thread | Thread | Thread
4 6 8

25 min | 22 min

I sec | 13 sec

13min

25 sec

8 min

47 sec

Omin | 11 min

47sec | 14 sec

17



Foil thickness :
Copper thickness :
Hole dia (outer) :
Hole dia (inner) :
Hole pitch :
Configuration :
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50 pm

5 pm

70 um

50 pm

140 pm
3:1:2:1 (mm)

Triple GEM repetitions in X and Y: ~100

The question is:

Can we ignore the variation of charge
density on a virtual GEM that is far away
from the base device?

Computational time for calculation of charge density,
potential and field map with and without AM and estimates
of resulting error

PrimAfter Charge Potential and field Error
density

3m25s 141m2s
4m42s 27m69s

4m?27s 52mb6s

3m26s 71m?28s
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A resistive MMimodule for the LPTPC
sModule size: 22 cm % 17 cm

*Readout: 1726 pads, 24 rows
*Pad size: "3 mm % 7 mm

All modules are identical keystone shaped.
Gap between the modules =3 mm

Distortion in XY plane, B=1T, Z= 0.5cm

distortion in rg [mm]

distortion in X [mm]

-40 -20 0 20 40
row radius [mm] (with an arbitrary reference)

1300 1400 1500 1600 1700
row radius [mm]
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Field non-uniformity and distortion

Extremely difficult problem from the point of view of field solutions:

Copper frame (0 V)

For the B=0T case, distortion in both the cases are
found to be around 0.5 mm, while for the B=1T case,
the distortions are around 2 mm. Thus, the estimates are
qualitatively and quantitatively comparable to the
experimental results.

¥ [mm]
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Drift, Diffusion, Induced signal

: P using Weightin
Primary “SeRToilIbEd  Avalanche S

Gas, Particle Type, Heed
- Alonization

Energy

Gas, Temperature, . Geometry, Material
Field Ma ! ’
Pressure Boundary Conditions

Each and every component is open-source and free

Garfield++: garfieldpp.web.cern.ch, Heed: heed.web.cern.ch,
Magboltz: magboltz.web.cern.ch, neBEM: nebem.web.cern.ch
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garfieldpp.web.cern.c
heed.web.cern.ch
magboltz.web.cern.ch
nebem.web.cern.ch

Ongoing worRk

Charge transport in resistive layers

Space charge effects in general, and also in
TPCs / ATTPCs

Charging up effects in relevant detectors
Avalanche to streamer transition
Discharge probability estimation

Next several slides borrowed from presentation by Purba Bhattacharya et al. in
“Aging and Stability Conference” at CERN during November 2023.
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Total Charging Time 2= 3 funcSon of Surfsce ResEvEy
-

X ax)/ 35

35.]' '3y
— Vip1)/Rx
"_.»-.- = (V, Vi, 1)/ Ry
Ag=1 x At
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. . Current density norm (A/m?)
Insulator  Button Spacer X Readout G G == 1~ T~ =

Electrode

Conductive ~— -
Coating

Electrode

Z direction

150
X direction

o i 4! Qada Qo mmmn T i .
Insulator  Side Spacer Y Readout (a) Dark current in the button spacers.

. 2 kV/em
Current density norm (A/m?) 50.25 kViem
— i e 50.25

| 50,00

49.75

49.50

49.25 E 49.925

Z direction

49.00 o 49.00

200 48.50 200
295 200 225 250 275 300 200 225 250 275 400
X axis (mm) X axis (mm)

(b) Dark current in the side spacer. (a) Ratio of pspacer 10 Petectrode = 10°. (b) Ratio of pspacer 10 Petectrode = 10-

290
X direction

31 Jan 2024 First DRD1 collaboration meeting



Flow of algorithm of pAvalancheMC

Secondary Yes if Primary

In Garfield++, a new class has been added to the existing Secron | — < Becrons>0

framework: )

pAvalancheMC (loosely based on class AvalancheM(C) Whie “ b

Secondary —)
Electrons >0 End

*Yeu

The new class contains several new functions such as
SetNumberOfThreads (20) — carries out OpenMP parallelization.

SpaceChargeEffectOn() If No. of Electrons or
lons > min_value
SetMinSpCharge(1le4,0) - and 4— lon Containter

Electron No. >0
SetGridElements(dthta, dx, dy, dz, dr) Parallel Calculation y
of Space

SetElectrodePropertise(thickness, thickness, gasgap, Charge Field B

epsilon, true);
SetElectrodelLocations(electrode_Centerl alongz, %ﬁﬂgﬁ%?
electrode Center2 alongz, gas_Center_alongz);

GlobalTimeWindow(time); 7 ‘L¢

Th2 Th3
Elc-2 Eic-3

Till now, specific to RPCs.

Step Update  Step Update  Step Update Step Update
and Gain and Gain and Gain and Gain
Calculation Calculation Calculation Calculation

i

Update secondary
Electron /lon €¢————
Container

| | Return
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Without space charge effect

~———— Applied Field 49.85 kV/cm
=== Applied Field 50 kV/cm
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With space charge effect
——— Applied Field 49.85 kV/cm
——— Applied Field 50 kV/cm

negative
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Space charge in GEM

Field difference along hole axis
z-Centre
Top

Half Top
Centre
Half bottom

Particle model (points)
Particle model (lines)
Particle model (areas)

Fluid model

Difference in field values (V/cm)

0.1025 0.105 0.1075

Length along axis (cm)
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Algo 1: Use end-points provided by &

Garfield++ Y
Top view

Algo 2: Assign surface charge Some
densities to elements elements

representing

a GEM hole
For small number of charged stagspoint
particles, algo 1 is good.
For large numbers, algo 2 may be A,
more useful. end point

Kapton
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Ez field through axis

algo 1
algo 2 =—=—=—
none

0 R algo 1
algo 2 ===
none

-10000
0.0 0.095 01 0105 011 0115 0.12 -0.01 -0.009 -0.008 -0.007 -0.006 -0.005 -0.004

Points to be noted:

« Number of charge deposited per element has wide variation — no circular
symmetry for one event.

* The symmetry may be regained due to overlap of a large number of events.

* Accumulation due to large number of events need to be considered.
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Time=12ns  Multislice: Electric field norm (V/m)

A 1.01x10’

Charge is accumulated more
towards the induction / transfer
volume.

Hardly any charge is found on
surface towards drift volume.
More negative charges towards
induction / transfer volume.
Some positive charges around
the middle of the hole.

Note that only collection is
simulated at present. Modelling

This will, hopetully, also lead us to a long term model 1(;?8 of charges will need further
etforts.
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Time=0 ns Surface: Concentration (mol/m?)

x107

18
16
1.4
12 »

1
0.8
0.6
0.4
b z Simulated streamer

2 mm

1) In simulation, use different number of primaries for each
voltage. Find out whether streamer occurs, which is defined

by the situation that the electrons have reached the cathode. Voltage ~ From experiment From

2) Find out the probability of occurrence of that number of (in V) simulation
electrons from the HEED primary electron information. Add 0.00087 +/- 0.00011

up the probabilities. i

3) For experiment, first find out whether more than one 0.00091 +/- 0.00015

pulse has come or not, if yes then whether the amount of 0.00411 +/- 0.00181

charge is more than 20 pC or not, which is equivalent to 0.02681 +/- 0.00052

Raether Limit.
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Avalanche to streamer
transition in GEM

Collimator Mylar
Drift
241Am
alpha .
L Drift gap - 3 mm
radiation gap
e - &

Inductiongap - 1 mm

Experimental setup 3D model in Comsol

Fast simulation of avalanche and streamer in GEM detector using hydrodynamic
approach, Rout et al., JINST,

Numerical estimation of discharge probability in GEM-based detectors, Rout et
al,,

Axis-symmetric model
(incorporating appropriate
corrections)
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Single GEM
--&-- Experiment tBachmann—e*t-m-['I

%T """ |

--¥--- Simulation

Discharge probability

= = =
- = =

=
)

Number of ions

40 &l 30 100
Time [ns]

(a)

120

D¥ischarge probability

10°
10—

10 330 382 384 386 388 390 302 304 396 398 400

AV gy [Volts]

— —
= = 2

.
I

Number of electrons

40 L] 30 100
Time [ns]

ib)

Dise harge probability

=
[

=

=
9

1) Comparison of
discharge probability
estimates in single GEM
2) Comparison of
discharge probability
estimates in triple GEM
3) Comparison of
discharge probability
estimates with
asymmetric distribution
of voltages

Triple GEM :
4 Experiment (Bac hmaﬂﬂ—c{ 21
¥ Simulation

Simulated transition from avalanche to
streamer modes for SYM configuration in
Triple GEM: (a) evolution of number of ions
and (b) evolution of number of electrons. The
avalanche mode is maintained for OA and OB
configurations at this drift voltage.

Discharge mechanisms and their prevention in the gas electron multiplier (GEM), Bachmann et al.,

Charge sharing in single and double GEMs, Promita Roy et al.
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https://iopscience.iop.org/volume/1748-0221/16
https://iopscience.iop.org/issue/1748-0221/16/07

Future plans

o The ongoing set of activities need to be further validated and implemented into
Garfield++ in a user-friendly manner.
o Attempt to model some amount of (plasma?) chemistry leading to aging.

o Device specification and mesh generation have been implemented in a rather
simple manner; rigorous but user-friendly implementation is a necessity.

o Implementation of better algorithms to handle these huge and dense matrices can
make wonders, complex and transcendental functions also may benefit.

o Computational effort should be optimized — use of symmetry, adaptive mesh
generation can help reducing the computational expenses by a significant amount.

o Parallel computation, GPU computation can help the overall detailed simulation.
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Deb Sankar Bhattacharya
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Tanay Dey

Jaydeep Dutta
Abhik Jash

Anil Kumar

Vishal Kumar
Mohammed Salim
Muzamil Ahmad Teli
Nayana Majumdar
Sandip Sarkar
Supratik Mukhopadhyay
Pralay Das

Prasant Kumar Rout
Project students
Promita Roy

Saikat Ghosh
Shubhabrata Dutta
Sridhar Tripathy
Subhendu Das
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