Toolkit for simulation of Detector’s
Charging Up/Down In MPGDs

RD-51 Collaboration meeting

Michael Pitt!, P.M.M. Correia?, S. Bressler!, L. Arazi®, A.E.C Coimbral,
D. Shaked-Renous?, C.D.R Azevedo?, J.F.C.A Veloso? and A. Breskin?

1 Weizmann Institute of Science, Israel
2 University of Aveiro, Portugal
3 Ben-Gurion University of the Negev, Israel

19 June 2018 M. Pitt — RD 51 Collaboration meeting 1/15



Overview

 Initially developed by Rob Veenhof and Aveiro group (2014 JINST 9 P07025)

« The aim of the tool is to study the effect of charge accumulation on
detector’s insulating surfaces (2018 JINST 13 P01015)

 Available on https://github.com/pmcorreia/Garfpp-chargingup.git

« Based on the superposition principle (see next slides)

« Applicable for any MPGD geometry

e [t’s ac++ class interfaced with Garfield++ simulation
Garfield++

FEM (Ansys® for now) ComponentAnsys123 AvalancheMicroscopic

Electric field maps _Import Electric Avalanche
calculation field to Garfield++ simulation

(see next slides)

nackage:

ChargingUp class
Electric field
modification
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Overview - examples

Gain variation due to accumulated charges can be simulated using
Garfield++ interfaced with the toolkit.

This allows studies of physics performance of detectors incorporating
Insulating surfaces
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Overview - examples

« (Gain variation due to accumulated charges can be simulated using
Garfield++ interfaced with the toolkit.

« This allows studies of physics performance of detectors incorporating
Insulating surfaces C ey
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Overview

Gain variation due to accumulated charges can be simulated using

Garfield++ interfaced with the toolKkit.

« This allows studies of physics performance of detectors incorporating

Insulating surfaces
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Example: Study of initial gain
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Superposition principle

The simulation of charging-up rely on the superposition principle

The tool is able to superpose field maps provided by the FEM program:
(1) Electric field calculation due to applied voltages on detector’s electrodes
(2) Electric field calculation due to electrical charges on detector’s surfaces
(3) Superposing (1) with (2) to obtain a new field map

Drift plane Drift plane Drift plane Drift plane
U e v . s (2) 3
Avmczu_ o\ [ R — ‘ f“ldlw """"""""""""""" Avmccn W\ |/
il S SN
. 1 jii
| Euncuanceo il & [Eon pou / .
‘ Eb;;,‘(:",“m;,':,"’ "o ! Ecuarces il &
Induction plane induction plane Induction plane Induction plane
4 N\ 4 N\
Uncharged Calculate Total
; Avalanche . :
Field Map . . charging-up Field Map
. —| simulation .
Calculation (Garf++) and Gain Update
arf++
(FEM) - (Garf++) (Garf++) )
| (. S/ - ;
L e e e S S e
Iteration (superposition calculations)
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Superposition principle -

example

« Design your detector geometry, calculate field maps when:
1. Voltage is applied on detector’s electrode

2. Aslice is charged with a single unit charge

Example: THGEM divided into 20 slices

Top Electrode

p——

————
——— —Slice 20

Bottom Electrode
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Ansys®

PRNSOL_900V.11is
PRNSOL_slicel@.lis
PRNSOL_slicell.l1is
PRNSOL_slicel2.1lis
PRNSOL_slicel3.l1is
PRNSOL_slicel4.lis
PRNSOL_slicel5.1lis
PRNSOL_slicel6.lis
PRNSOL_slicel7.lis
PRNSOL_slicel8.11is
PRNSOL_slicel9.1l1is
PRNSOL_slicel.lis
PRNSOL_slice20.1l1is
PRNSOL_slice2.lis
PRNSOL_slice3.lis
PRNSOL_slice4.l1is
PRNSOL_sliceS5.1lis
PRNSOL_sliceb.l1is
PRNSOL_slice?.lis
PRNSOL_slice8.1lis
PRNSOL_slice9.1l1s
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Implementation in Garfield++

“ChargingUpAnsys” class allows to manipulate with Ansys field maps:

#include "ChargingUpAnsys.hh"
using namespace Garfield;

int main(int argc, char * argv[]){
double ChargesVector[nSlices];

Feed the class with the s
Iist Of map files \ChargingUpAnsys file(mapfilesdir, nSlices, ChargesVector, gasstr, vgem, npe):

if ('file.checkSlicesFieldMaps()) {
std::cout<<"Error 1, files don't exist"<<std::endl;

exit (0) ;

}

CaICUIate the Charges to file.loadSlicesFieldMaps () ;
be added to the slices |, . o

//for loop over iterations

[/ (...) atter avalanches calculation and calculation of the

// number of accumulated electrons and ions
Update field map Nfile.DownCharge(DownChargeLanﬂoda)

file.UpdateFieldMap (simulatedCharges) ;

file.SaveKaptonChargesFile (iter);
file.printCurrentCharges() ;

//end of the for loop

}

In a new Iiteration, modified field map will be used
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Simulation setup: THGEM case

In the GitHub entry an example for THGEM is provided

In the example, n; avalanches simulated, and charge that end-up
on the insulating surfaces (0
The actual amount of charge = U

simlatedCharges[ nSlices];

) is stores in e
| O (ep next slide)

ST T T T T T T T Drift plane
e} C . . p ]
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i k 1% jonization pair ~___...e-e--mettTTTT
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L I A Top electrode
S F . .
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| T |+>| JHaq
10°E E Bottom
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Simulation setup: THGEM case

 Since the total charge accumulated on the slices is small

to significantly modify electric field, then one can:

- Continue to iterating, adding charges (Millions of iteration)
- Multiply charges by constant value to speed up the process

« Step size Is a fixed parameter usually large for high

VOItageS 0 2 4 6 8 10 12 14 16 ”‘Inf-;8[2r:|]in]
- =1 = - 800 T T T T T T T T
Gain stabilization as a function of the § F THGEM: Ne/CHA(S?);pen-04

t=0.4;a=0.1;d=0.5;h=0.1
Epgier = 0.5kV/iem, E = 0.5kV/iem
AV=700;nAV=192
F{ate=10[Hz];ET=5.9[keV]

number of the simulated iterations can 7
be converted to actual time by: '

600[, |

4v i [ 0°QnN . N Fundiess ousermtam
_Ir " - ~ . 500‘_-' _ 1=3.18+0.44[min]; step=50K
€ Y Oa FNed
400:— * ¢“ p
Gives the ability to compare to : ROSRC T
300 P

experimental reSUltS :I 111 | L1111 | L1l | L1l | | | L1l | L1111 | L1l | 117
0 5 10 15 20 25 30 35 40
lteration
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Down charging — Motivation

Measurement in pure noble gases showed that after a sable
gain is achieved, further changes in irradiation rate are not
affecting the detector’s gain (furthermore, the stable gain value

IS rate independent — see slide 15) :
S0 | | ‘Measured gain
WORK IN PROGRESS _ 5
* High rate (800 Hz/mm")
6000 | THGEM; t = 0.8mm; a=Imm; d = 0.5Smm | * Low rate (15 Hz/mm?)
gas: Argon; @30scem + HV ON; X-ray OFF 2h; LR
5000 Drift gap = 5 mm; Ind. gap=2 mm; - - Stable gain |
EDRIFT=[I.2kV/cm; EIND=[I.SkV/cm
k= T AV =1420 V; 8 keV x-ray source
< 4000
&)
3000 .
|
2000 §,
B R A R S A 1 m = = m A
1000 | 1 | | |
0 50 100 150 200 250 300

time [min]
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Down charging — Motivation

« With the same operational detector condition, BUT different
gas mixture — gain stabilization is no longer rate independent.

« This might be attributed to charge evacuation via electro-
negative gas molecules.

_Measured gain

7000 | j . ! :
WORK IN PROGRESS * High rate (720 Hz/mm’)
] 2
6000 - THGEM; t=0.8mm; a= Imm; d = 0.5mm " Low rate (10 Hz/mm")
gas: Ne/CH ,(65%); @30sccm i HV ON; ?('ray OFF 4h; LR
i 4 ' = Stable gain at HR
5000+ Drift gap = 5 mm; Ind. gap =2 mm; = Stable gain at LR
= I Eppp=0-2kV/em; E =0.5kV/em
= T AV =12500 V; 8 keV x-ray source
5 4000 \
= —i
=

0 200 400 600 800 1000 1200 1400 1600
time [min]j
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Charge evacuation model

Introduce down-charging mechanism: YO 0 ¢ |
Charge evacuation rate is currently fixed by a user
iifT%.?Toifj:irai;iiizzzzscalcula:ion and calculation of the

// number of accumulated electrons and ions
),file.DownCharge{DownChargeLambda)
file.UpdateFieldMap(simulatedCharges) ;

file.SaveKaptonChargesFile (iter) ;
file.printCurrentCharges () ;

//end of the for loop

~

In the absence of charging up, 0 U QF2
Then one can extract the down-charging parameter using gain
stabilizationtime t , by
o) | 0Qnp
! T e OY'Oaq i
Work Is ongoing to determine evacuation rate for various gas
mixtures
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n

Gal

Charge evacuation model

e Introduce down-charging mechanism: YO 0
» Charge evacuation rate is currently fixed by a user

//for loop over iterations

a

// (...) after avalanches calculation and calculation of the

// number of accumulated electrons and ions

120
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_III|III .III|LII|III|III|III|III|III|III|III|I
140-Pre hm;nary THWELL;1=0.4;a=0.96;d=0.

-
-'.-..-l.:_llFlllllllll

Ne/CH4(5%);pen=0.4
AV=450;npe=100,,=0.05

+« step=100K[avalanches], 1=15.34[step]

III|III|III|III|III|III|III(l).l

Simulation

0

20 40 60 80 100 120 140 160 180 200 220
Step

> file.DownCharge (DownChargeLambda)

file.UpdateFieldMap(simulatedCharges) ;
file.SaveKaptonChargesFile (iter) ;

file.printCurrentCharges () ;

//end of the for loop

7000 T T T T T T
| * R=1.05kHz/mm’ WORK IN PROGRESS|
#* X = 2
60007, R =15 Hz/mm , | THGEM; t = 0.8mm; gas Ne/CH,(20%)
.7 R=13.5Hz/mm E, .. =02kV/em; E = 0.5kV/em
5000 _—:_ Drift gap - Smm; Induction gap = 2mm
= T4 8 keV x-ray source
5 +
40001 %_ﬁ;

3000 §

2000
0
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Summary

* The toolkit is available for the study of charging
up/down in detector elements incorporating insulating
materials

o Applicable to any MPGD geometry

e The Tool has been used in studies of GEM and
THGEMs.

o Permits electric field variations within Garfield++
package.

* Down-charging is currently tested, up to now It is up
to the user to fix the rate.
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Back up
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Principle of superposition

The simulation of charging-up rely on the superposition principle

Drift plane

AViycem YN

Y RN /
b [V s/ =
\—/,.’ [ T EuncHARGED
/ ‘\

L
Induction plane

( Uncharged |
Field Map
Calculation

(FEM)
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" Calculate
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| |

Induction plane

Total
Field Map

and Gain

\ (Garf++)

Update
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Simulation setup: Limitations

« Step size Is a fixed parameter usually large for high
voltages, one should scan different steps untill the
correct range iIs found

g _IIIIIIIIIIIII|III|III|III|IIIIIIIIIII_
@ [ THGEM; Ne/CH4(5%); pen=04 ]
O30 t=0.4:2=0.1:d=0.5;n0Rim 1
400F- Eprer = 0.5 kV/EM, E, = 0.5 kViem
. AV=500;n, =400 ]
350f- Rate=10[Hz] E =8[keV] =
¥ G;'=211.44; G["=143.73 1
300F Fit y2/n.d.f.=0.64 ]
i 1=13.36+2.02[min] 1
250 step=500K E
200f ]
150 NN KRNI PNITHPTTP
L ¢ ]
100F -
S W EEEE B N T S N PR e

0 20 40 60 80 100 120 140 160 180

time [min]
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Simulation setup: Limitations

« Step size Is a fixed parameter usually large for high
voltages, one should scan different steps untill the

correct range iIs found

-5450_I|II|IIII|IIII|IIIIIIIII|IIII|IIII|I|III|_

) - t=0.4,2=0.1d=0.5,n0RIM o 1.0 100K[av], t=11.38+3.57[min]
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A step=200K[av], 1=13.55+2.57[min] |
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350 =
” Rate=10[Hz];E=8[keV] step=300K[av], =12 48+2.25[min]
300(— -
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250 :— O step=500K[av], t=13.22+2.85[min] —:

SU:IIII|IIII|IIII|IIIIIIIII|IIII|II |I I:

b 5 10 15 20 25 30 35 40
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" ® Simulation
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0.25)
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015

0.05f
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20 30 40
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