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01 Motivation

® Traditional gas detector — Micro Pattern Gas Detector(MPGD)
» adapt to the working environment of high radiation flux and high counting rate on high energy
and luminosity particle collider; o
» adapt to high magnetic and electric field;
» possess better performance

® GEM (Gas Electron Multiplier):

» Good performance: stable and cheaper/lower discharge
damage/less aging problems and longer service life:

» multilayer GEM foils structure: to acquire greater gain, operate
at lower voltage -

» GEM technology is widely used in LHC experiments upgrade N _J oo

2= 1 mm Transfer gap T1
2 mm Transfer gap T2

140 um

GEM foil structure

1 mm Induction gap

® Motivation of quadruple-GEM study :

» CMS upgrade GEM has triple foils. By adding another foil, one
expects to get lower operating voltage; lower discharge CMS Triple-GEM
probability; and lower IBF. structure

» Compare triple and quadruple-GEM performance
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01 Research contents

® Structural design of triple-GEM and quadruple-GEM
»> Study the effect of aligned and misaligned hole-position between different foils

® Simulation study of primary ionization, drift, diffusion, avalanche multiplication,
induced signal readout process (calculate weighting field using Shockley-Ramo
theorem)

® simulation study of the quadruple GEM performance, compare with triple GEM
— Step by step multi-GEM parameterized simulation technique (STEPS)

status (-: on going):

transparency (electron/IBF)

time resolution V v
spatial resolution Vv vV drift study Vv vV
i transport parameters Vv v

energy resolution Vv v
discharge probability - i

effective gain \V v

charging-up effect - -
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02 Simulation study methods

Electric field calculation: ANSYS

build unit model of triple GEM and quadruple GEM by GUI
operation or command flow

GUI operation:

1. generate four random vectors for moving hole positions; (0,0)—(x,y;)
1=1,2,3,4

establish the basic framework of unit model;

assign material attributes and mesh;

apply voltage at the boundary and solve;

generate files containing the list of elements/nodes/materials and
nodal solutions;

Import generated files into garfield++.

ok

o

Copper kapton

gas
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NODAL SOLUTION AN SYS
STEP=1 R15.0
SUB =1 SEP 27 2020
TIME=1 14:19:11
VOLT (2VG)

RSYS=0
SMN =-4800

.
-4300 -3733.33 -2€€6.€7 -1€00 -533.333
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the contour plot of quadruple GEM electric potential
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02 Simulation study methods

Gas simulation: Garfield++

1. Magboltz for gas properties calculation — |

2. Garfield++ for initialization  (gas/field/sensor/particle)

3. Heed for preliminary ionization and calculating energy loss
(primary ionization/drift/diffusion)

4. Garfield++ for avalanche process
(get position/time/energy information from avalanche
process)

5. signal readout process (weighting field)

(an additional electric field to calculate the induction signal)

Data analysis: ROOT

* time/spatial/energy resolution,
* effective gain,

* electron transparency, IBF,

e drift properties, etc)
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Detector Description

material properties

field calculation

e analytic

o field maps
‘ Sensor
. o ,” \\ charge transport

privary ionization / \ ‘ ‘

® microscopic
Track Drift

e MC
¢ RKF

Transport

overview of the main classes in Garfield++ and their interplay



02 Simulation study methods: Calculation of induction signal

. q
+@® 1 1. solve the poisson equation at each step on the drift of the
' electron-ion pair (very complicated)
E z, 2. solution (Shockley-Ramo theorem):

N e T with ¢: charge; E,: weighting field;
L i(1)=q E, v v: velocity

i - t x2
induction charge distribution (1) = ji(T)dT = QJ‘Ewdf
0 x1

How to get the weighting field?
— calculate the electrostatic field for each electrode by:
* removing the signal charge
* setting the electrode to U = 1V and all others to 0 V

current flow begins instantaneously when the charge
beagins to move.

ANSYS e —— ANSYS

R15.0
sEp 30 2020

STEP=1

the amount of charge induced on the readout
electrode is increasing continuously.

888255
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02 Simulation study methods: Time resolution

Constant Franction Discrimination (CFD) timing method

Amplitude and Rise time Compensated (ARC) timing method

Constant Franction Discrimination CFD
rise times of all signals are the same

tr ! Input Signal Viiaw
: v(t) = xt, 0<t<t, e
£ i —\\_
Vim T) = t> i,
I

1%
Attenuated Signal vfl (t) - f max *t,

tr

0<t<t,

N tr
i . I o sz(f) = fUmaxs t>t,
CONSTANT-FRACTION RATIO : f
i i Inverted and dejaved Signal

~ vay(t) = — s (t—tg), ta <t<tr*tq

Vi
k de(t) = “Vmax t>t +1tg
' Summed Signal for timing

e 5 u5(6) = vz () + va (1)
{ e = fUmar — 2 (t—tg), t < t<t,+tq

vs(tcross) =0
The effect is to trigger a timing

’ tCT’OSS > t?‘
signal at a constant fraction of the

input amplitude, usually chosen to Loross Sl * L @p"mde dep@

be around 20% /\

/

tr S Input Signal Vyiicin

v1(t) =

U2 (t) = Umax»

*t,
-

Vin

s Attenuated Signal

- vmax
Vrq ) =f * €,
T .

Ly
sz(t) = [Vmax»

H
i Inverted and delaved Signal

Lo

|
'
Pty
: '
{ '
g '

ARC timing  For signals with different rise times

i 2 V. .
| /T var (8) = == # (¢ = t),
: \% ¥

-“/ ; " Vaz(t) = —Vmax

§ Summed Signal for timing v(t) = Vrq () + vg,(t)

| : Vs(Leross) =0

|tcross = td/‘(l = f):l rbeross < tr

it's maximum pulse height.

0<t< .

DLELE

St

by KT

+ tyq

t>t +t,

= fImAX o p _TMAX, (b t,), ta<t <t
t; t,

ta< t/(1 = f)

@e tim}é‘& amplitude dependence” >
the time of zero crossover occurg before ed input signal has reached

eliminate the influence of pulse amplitude
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/

eliminate the influence of pulse amplitude and rise time
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02 Simulation study methods: Spatial resolution

Calculated from the position distribution of the end
of the electron trajectories inside the readout gap

center of gravity method

-z [cm]

—0.6 I
-0.05

electron and ion trajectories

— position distribution of the
end of the electron
trajectories inside the
readout gap

counts

Drift: 5600V
Entries = 876205
@0 000 — Mean -0.0002795
g - Std Dev 001905
8 ~[{q um Underfiow 0
000 — B . > Overflow 0
- ’ P «*/ndf 7.8950+04 / 1526
- \ Constant 1674423
4000 — Mean  —0.0002546 £ 0.0000215
avia Sigma 0019 +0000
70 um X axis
3000 —
2000(—
1000
ol | - PRI BT ST B L1
-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 008 0.08 0.1

position [em]

position distribution of the end of the
electron trajectories inside the whole GEM

255528
—0.0002982
00215

o

[1]

1758 r1512
G5 12

LR =0 S & DDA T

0,021 .33 + 0.00003

Drift: 5600V
- Emdes
S0 — tzan
- Sud Dew
C Uit o
i O erlow
00— & F melt
- Canstant
300 |— Spma
200 |—
100 f—
B3~ T60e 008 -—004 —0.02 ] 0.02

position [cm]

X T ) [ [vX:] [y

q The charge induced on the individual
V  strips is now depending on the position
@ z, of the charge.

If the charge is moving there are currents
flowing between the strips and ground.

'q - The movement of the charge induces a
current.

X=Y L AK)

A(X)

X, Y;: Coordinates of the strips
A{X), A{Y) : Charge on strips
A(X), AlY): Total charge

the amount of charge is proportional
to the signal amplitude;
use four electodes.




02 Simulation study methods: Energy resolution

Procedure: 1000 e
signal_amplitude K2 /Indf  419.6/338 | |
) ) Constant  785.1+25 | _|
* energy calibration 800 - sorey Mean  1083:03 [
. =5, e Sigma 94.55 +0.29 | |
* get the pulse-height spectrum of *>Fe X-ray source P : .
e transform it to the energy spectrum *"g’ 600 B
* fit the photopeak and callculate the FWHM S 400 -
(absolute energy resolution AE) and AE/E, -
(relative energy resolution) 200 o
§ oo o] Simulation Quantity % 500 1000 1500 2000
- |t P Iﬁ ADC channel no.
800[— g::/::z:m 1:(5 ;?4511/25;5 55Fe 5.0keV 55Fe spectrum at 4400 V for the GEM detector.
~ [ Mean 205.7 0.1 Main Peak
600—_ Sigma 6.543 £0.066 E(X) — GX + EO
X X : channel number
4001—
! K E : deposited energy
200}— Escape Peak
¥ flﬂ oY When X-rays with different energies are incident, the
S — 00 Wm0 channel values corresponding to the photopeak are
H Primary electron number (generated by single photon) Obtalﬂed get mUlUple grOUpS Of (Xp’ Ep) to f|t |iﬂeal’|v

distribution of simulated 55Fe source.

2020/11/6 10



02 Simulation study methods

nt
effective — _

N.

Effective gain: G
* N primary electrons generated in drift gap
* n; final electrons collected in induction gap

dn=n£=andr
A

n=n, exp(fz a(r)dr) =n,M

o--Townsend
coefficient

@\@\W}j

I average free path A
C ) )

development of an electron avalanche

diffusion coefficients

Townsend coefficient

attachment
coefficient

Transport parameters

S o

drift velocity

average velocity along the E field lines

diffuse outward from creation point
(Gaussian distributed with a spread)

decide the number of e”/ion along the
drift line at each point
(multiplication/loss)

calculation method:

use class Medium from Garfield++

(member function name)

* ElectronVelocity

* ElectronDiffusion

* ElectronTownsend

* ElectronAttachment

obtain the relationship between parameters and reduced
electric field strength E/p

2020/11/6
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02 Simulation study methods: Transparency

[ B=0 ¥

- Ar-CO27030 | | | Hxtracted|

" AVcem =500V B, = 6kV/cim |
1- " —r 4 I NI SO S W

Let—t—g} ol ls 1y

schematic view of the electric field line, electric
potential through a GEM hole

T. = & ey 1 =1.2,3,4

extr?

electron transparency for /7, GEM foll
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electron transparency for primary electrons: n,
Ng: primary electrons generated in drift gap Ty = n_
N.. primary electrons collected by GEM1 d
IBF (lon Back Flow ratio): n

T : .. : My
n:: final ions collected in induction gap R =—
ng: backflow ions in drift gap n;

Collection efficiency

# electrons into the hole

# generated electrons

Extraction efficiency

# electrons from the hole

# electrons in the avalanche

= e

back flow through a GEM hole

schematic view of the electron flow and ion
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02 Simulation study methods: Drift

* position z dependence of shift&spread (trajectory position deviation/diffusion of electron end points)
of electrons moving in electric-magnetic fields
(no magnetic fields- - >shift is almost zero)

* Independent variable z-->dependent variable x/y/t/e distribution-->shift&spread

(Mx1 My1 UU E1Ox10y’0t’OE~Z)

2 — £ 45 h_dx
2 aooF h_init_z ] 8 F Entries 418
o = — e 40— Mean 0.0009818
= o Std Dev 0.009151
. 350 pean 1.044 35 2 / ndi 22.92/25
E 13 e T T T T T T T T T T T 1 — = - Prob 0.5823
5 N - 300 | Std Dev 1.308¢-07 a0~ Constant 35.94+223
=, L. . E o Mean 0.000499 £0.000456
N L - 250 25 Sigma 0.008793 £0.000328
1.2 |- Electrons - 200 20p-
: : 150— 15—
B T 100~ 10~
1.1~ — "3 S
. —_— o o . . L . . . P ST I I R IR A PR EPRT B
K ] s 02 04 08 08 1 12 ~01 008 -006 -0.04 002 0 002 004 006 008 0.1
init_z [cm] Ax[em]
... — @ 45¢
1 [~ i £ F h_dt t F i h_dy
% 3 3 =
B A C 45.74 - o
B Spread _ - Mean E Std Dev 0.008931
- Std Dev 3.114 35— £/ ndf 20.17/23
- £i8% . 8ol 224 ndf 6.002/6 B Ko oears
0.9~ ] B Prob 0.423 30— Constant 3634238
B =] B Constant 105.6 £6.3 o Mean  —0.001737 £0.000448
o = sol— Mean 45.67 £ 0.16 25 Sigma 0.008772 £0.000384
L 4 B Sigma 3.135£0.114 E
~ A\ 4 -
. B 20f—
0.8 fes: Shift - - -
5 - - 40—
Simulation - ' o
B i 10
1 H 1 1 1 1 i j 20— J -
0.1 0 0.1 Ll 5t
x[cm] obew s 10 Al 1 1 1 | PRI ST U [T Y | i S S [ A S A Loy Loy

E A I Pl PRI PR B

PEENEN B 0
160 180 200 -01 -008 -006 -0.04 —002 0 002 004 006 008 0.1
At[ns] Ay [em]

0 20 40 60 80 100 120 140
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02 Simulation study methods: STEPS

Step by step multi-GEM Parameterized Simulation Technique (STEPS)

Insert Particle — lonization > Drift \

Induction — Multiplication < Transparency

Insert Particle lonization Where are the primary electrons located and how many are there?

0 2 10000 hz
S - he - T S B : - . .
3 1000 eriries ss0 | Simulatio 8 s i Simulation Location f l
|| Mean 188 || stdDev 0.3229 / ]
B J?ztd Dev 40.92 8000 | | x*/ndf 1961 /31 / ] \
/ ndf 35.44 /14 Prob 0
800(—| Prob 0.001264 PO -9.2016+05 £ 2.9936+04
~ | Constant 1003+16.9 55Fe 5.9keV - | 15176406 + 4.784¢404
B Mean 205.7+01 . [ P! —6.195e+05 + 1.910e+04
- |_Sigma 6.543 +0.066 Main Peak so00l_
600}— B
400 — 4000 B
B Argon 2000 T
200— Escape Peak
0;——_&@& | - L M 0 L L L L TR L1 L TR I
(] 50 100 150 200 250 300 0 0.2 0.4 0.6 0.8 1 12 1.4
primary electron [number] Z [em]
B Primary electron number (generated by single photon) B Distribution of primary electron generation position. Fitting with
distribution of simulated %°Fe source. exponential and parabola curves.
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02 Simulation study methods: GEM models

Structure schematic and design parameters of triple- and quadruple-GEM

4.8mm

drift gap 3mm
transfer gapl 2mm
transfer gap2 2mm
transfer gap3 /
induction gap 2mm
copper coating thickness S5um
kapton thickness 50um

Top cover plate

Drift foil
Drift Gap (3 mm)

1st GEM foil Transfer Gapl (2 mm)
2nd GEM foil Transfer Gap2 (2 mm)
3rd GEM foil Induction Gap (2 mm)

Readout PCB

2020/11/6

structure of a triple-
GEM detector

2mm
2mm
2mm
2mm
S5um
50um

T‘
]

Top Cove:

outer radius

35um

T plate ’__,,.---"'/

Dril Gap (4.8 mm)

=)

nsfer Gapl (2 mm)

1

nsfer Gap2 (2 mm)

~schematic design of a
__quadruple GEM detector
(Indian model)

oil and hole parameters

inner radius

25um

140pm

width of rim

Opm
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02 Simulation study methods: Hole alignment

Aligned or mis-aligned hole position between different GEM foils

@ quadruple-GEM unit model with misaligned holes
(completely random)

the positions of the hole center of each
foll are translated by random vector

1 2 3 4
Ax/pm 112.965 73.6804 -125.5574 -85.8721
Ay/pm 65.9124 -71.1602 -69.4351 60.554
2020/11/6

@ quadruple GEM unit model with misaligned holes
(the positions of the center of the holes between two
adjacent foils are staggered by ~ 50 um)

1
2
3
4
1 2 3 4
Ax/um -27.7893 13.4953 -25.4049 10.269
Ay/um 40.8279 9.1926 -28.3703 8.8028
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02 Simulation study methods: Voltage setting

quadruple GEM triple-GEM

induj AH ©

drift electrode

GEML1 top 6/7+A 4200 9/11+C
GEM1 bottom 5.5/7+A 3850 8/11+C
GEM2 top 4.5/7*A 3150 6/11+C
GEM2 bottom 4/7+A 2800 5/11+C
: . GEMS3 top 3/7+A 2100 3/11+C
GEM3 bottom 2.5/T+A 1750 2/11+C
| the resistor chain used for 4,,GEM and/3thGEM voltage divider GEM4 top 1.5/7+A 1050 /
indenpendent _
Drift cathode " GEM4 bottom 1/7+A 350 /
Drift
GEM s sesssssesunnnnn readout 0 0 0
' Transfer 1 electrode
GEM 2m » ,l SRR R
s E,=(B-4200)x10/(4.8x1000)kV/cm

GEM 3
AV4GEM-smg|e: Ax1/14
AVSGEM—single: C+1/11

.
2020/11/6 Amplifier .

Readout PCB f



03 Simulation results: Electric field calculation

Unit model of triple-GEM(alignhed holes) and quadruple-GEM (aligned and misaligned holes)

NODAL SOLUTION ANSYS NODAL SOLUTION ANSYS
SUB =1 R15.0 STEP=1 R15.0
TIME=1 OCT 31 2020 SUB =1 . . OCT & 2020
VOLT  (AVG) 14:51:59 TIME=1 induction gap(lmm)  os:ze:
RSYS=0 VOLT (AVG) |
SMN =-3356.06 i RSYS=0

SMN =-4680

transfer gap

transfer gap
(Imm/2mm)

(2mm/2mm/2mm)

drift gap(3mm)

\
\
induction gap(1mm) drift gap(3mm)
-335€.0€ -2€10.27 -13€4.48 -1118.€3 —372% -4680 -3640 -2600 -1560 ?
-2583.1¢ -2237.37 -1451.58 -745.791 0 -4160 -3120 -2080 -1040 v]
triplegem s4
the contour plot of triple GEM electric potential the contour plot of quadruple GEM electric potential
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03 Simulation results: Time resolution

—60
. . £ [ 3-GEMAr: CO,=90: 10
time resolution e r
= 55—
- - —eo— 3-GEMAr:CO,=70:30
- 759 Mean : 46.2 ns + 0.4 ns @ -
35— 0.9 ns + 0.3 ns sol-
C N 4
30— 4-GEM 4800V (E = 1.30kV/cm) C
- ! (Indian model; Ar: CO2 = 90:10) - »
25— R @
- I 40—
20— | B ’
E i ARCTiming: %%_lllllllllllllIIIIlIIIll]IIlIIIIIIIIIIIIIIIITIII
15— ! Franction : 0.25 00 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000 5200 5400
- | Delay : 40 ns Q@ s
10— i - 3 3-GEMAr: C0,=90: 10
- | HE —3— 3-GEMAr:C0,=70:30
5E- | 1t
- | 12
O C 1 | 1 | l‘ 1 1 | | 1 1 1 | | 1 1 | | 1 | 1 | | 1 1 ‘ | 1 1 | 1 L 1 E
20 60 80 100 120 140 160 180 200 ng ¢ ¢
CFD time —— without electronic noise error, etc. 10F- ; ~8.8ns
: o : : : . . 9 e
* CFD time:injecting time-->constant fraction timing point o t
5 ¢
7E ¢
s Triple-GEM (Indian)
300" 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000 5200 5400
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03 Simulation results: Time resolution

D 15 G SF
= E § 4-GEMAr:CO,=90:10 £ E —== Ar:C0,=70:30
© 14 -~ 14—
= § 3-GEMAr:C0O,=90:10 - —=— Ar:C0,=90:10
13 13—
3 Hit :
12 12
= ¢ =
1M e
10 ¥ 10—
ofF . oF-
= somewhat worse compared with -
8- : 8
= the triple-GEM detector -
TE 7
6 6— Quadruple-GEM (Indian)
_I | . { I /b ARA I L1 | | | | XL I L1l I | | I 11 | I L1 | | R A | | | I - I L1 | _l | | I s 1 | I 1 s s I 1 1 1 l 1 \ | l | | | l | L L l | | |
3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000 5200 5400 300 3600 3800 4000 4200 4400 4600 4800 5000
Drift Voltage [V] -E- Drift Voltage [V]
@ e
c
= 151 © 15
. E § 4-GEMAr:CO,=70:30 i S e
14 14 e
- § 3GEMAr:C0O,=70:30 - E e
13- 13 + —
- - t
12— + 12— +
nE ¢ $ g b e ¢ ¢
10:— 10:_
= ¢ = ¢ t
o ¥ o ; ®
BE_ é BE_ $
7= ¢ = ¢
= 6
:III||I||||I|IIII|III||III|||||||III|III|III|III :IIIIllI'II!IIllllI||I||IIIIIIIIIIII'IIIII'II|II
3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000 5200 5400 3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000 5200 5400
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03 Simulation results: Time resolution

o, [ns]
N

—_
o

oo

Simulation

} 4-GEMAr : CO2 =70:30

N

“—*\Hﬂ

4

()
Illllll]lllllll'lllllll

Quadruple-GEM

(Indian model Ar : CO2 = 70:30)

——
~8ns

OO

experiment 16— |

£A0¢

2020/11

Ed [kV/cm]

III|III‘I\IEIIIE\I\|II\

other"’7 8 ns

—— Ar/CO 70: 30 106Ru

III|III‘I\IEIIIE\I\|II\

00

4350 4400

HV (V)

4450

4500 4550

201
18— —=— Experiment
16— —=- Simulation
e %
12—
‘o r
L. 10—
v
8
61—
4
g
0: 1 1 | 1 I I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 I 1 1
0 0.5 3 35 4

5 2 2.5
Eq kViem] —— drift E-field strength

% Simulated electronics noise (~10ns) has been added
Into simulation results. Error bars are not shown in this

figure.

% The simulation results are somewhat close to the

experimental results.
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03 Simulation results: Spatial resolution

x and y position zoom out zoom in X and y position
2500 F= 500

= ---¥--- x (3GME Ar/CO2 70:30), 50evt W\ % ---¥--- X (3GME Ar/CO2 70:30), 50evt

B 450 P\

: —¥— y (3GME Ar/CO2 70:30), 50evt - '~‘ ' —¥— vy (3GME Ar/COZ2 70:30), 50evt
— 2000 — 400",
E = ---¥--- x (4GME Ar/COZ2 70:30), 50evt E - -=--¥--- X (4GME Ar/CO2 70:30), 50evt
= - S, 350 N\
c B —¥— y (4GME Ar/CO2 70:30), 50evt c - —¥— y (4GME Ar/CO2 70:30), 50evt
O | L)
2 1500 2 300/~
= > - T
(@) B O - .
2 : § 250 : »— —-:
= 1000 = 20F 000000 """ ""777
S - : © =
o - - T 150F
% N N o C

500 — ‘~.::. ? 100 —
_I | L1 | L1 ‘ L1 ‘ Ll | e I e I e | e | i I L1 E' 1 1 | | 1 1 1 | 1 1 1 ‘ | 1 1 | | 1 1 | 1 | 1
220 240 260 280 300 320 340 360 380 400 0300 320 340 360 380 400
delta single GEM V [V] delta single GEM V [V]

* At very low voltage, the spatial resolutions calculated by method one are poor and has large fluctuations,

* At very high voltage, quadruple-GEM's has worse spatial resolution.
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03 Simulation

results: Spatial resolution

zoom out zoom in
C 1000
2000 — ---0-- x(50um misalignment), 50avt
= 900
1800 — —B— v (50um misalignmant), 50aw
—_ - — 800
£ 1600 ---@-- x(not50um misalignment), S0evt = ~
=, - =, 700
= 1400 —&— v (not 50um misalignment), SDevt - -
O - @) —
s 12001 = 600;
= C B —
$ 1000 S 500f
v = 2 400F
it - — L
= - © 300
o Bm: % C . ___X
D soE 200 -
200 S 100 —
:I i I | I O I I | I T | I T | I i i I il I il I | T | I | I T | I "I | I B 0 ; L | 1 1 1
dbﬂﬂ 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000 5200 5400 4000 4200

---M--- x (50um misalignment), 50evt
—— y (50um misalignment), 50evt
---@--- X (not 50um misalignment), 50evt

—@&— y (not 50um misalignment), 50evt

drift voltage [V]

4600 4800 5000 5200

drift voltage [V]

* At very low voltage, the spatial resolutions are poor and has large fluctuations,

At very high voltage, the spatial resolutions of hole mis-alignment model(1) are somewhat better than
model(?), spatial resolutions in y are better than in x direction.
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03 Simulation results: Spatial resolution

zoom out

¥ (S0um misalignment), S0evi

¥ (50um misalignment), SO0evi

¥ (mot SOwm misalig nment), S0t
¥ (mot SOwm misalig nment), S0t
x (perfect alignment), S0evt

¥ (perfect misalignment), SOewvi

S.EDD 3400 SEDD SBDD 4000 4200 4400 4600 4800 5000 5200 5400

3000 O
2500 :—
E -
_E. -
= 2000 g
S .
= C
8 1500 g
E -
-__% 1000
= -
@ C
2 C
500 —
$boo
% 1200
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At very low voltage
— poor spatial resolution + large fluctuations

At very high voltage
— aligned model < model(1) < model®)
— y position < x position
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03 Simulation results: Effective gain

> BGEM-MOD, ArICO2ICF4 45.15:40 x - B
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electronegative gas — effective gain decreases
aligned or mis-aligned hole layouts has almost no effect on gain.
a magnitude difference between the simulation and experiment results Is observed.
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03 Simulation results: Effective gain

Step by step multi-GEM parameterized simulation technique(STEPS) method:

Ecoll,geM1 X GaiNgemy X Eexir, GEM1
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v ]
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—=p- = Effective Gain!!!

B The fluctuations of gain can be described pretty well
by the Polya distribution!?], but it lacks any physical
interpretation.

(1+6)1%9 (a

6 G
TS :) exp[—(1+6) E]

P(G) = C, =

B Where G is the average gain and 0 is the parameter
related to relative gain variance % = 1/(1 + 0).

B obtain gain tuning factor on the basis
of specific experiments

B tune the simulation parameters through
comparing with experimental data

B Simulation calculate again
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03 Simulation results: Transparency

Transparency of the GEM foil contain 2 parts:

( -2.03
* how many electrons can be collected by the holes 0.016 x (Eext> Eext _ 0 016753
* how many electrons can be extracted out of the holes  coll. = Eho;e . Enote )
0.016203,—= < 0.016203
\ Ehole
19 o Collection
oo Extraction _
. r0.016X<EM>1 203 g - 0 01625s
n m— Parameterization , . .
1 — - Extr.— | 0.221 Eh},;e . Ehote 1
ext ext -_—
X , < 0.016203
0.8 \ 0.22 <Ehole) Ehole

* figure shows how the electron transparency of one
GEM folls change with electric field ratio;

* E..Isthe electric field strength outside the holes/E, .

0.2 s the field strength inside the holes;

Collection Efficiency [Coll.]; Extraction Efficiency [Extr.]

L L e B * transparency is the product of collection and

0.12 0.14 0.16 0.18 0.2 0.22 . -
Electric Field Ratio E_,/ E extraction efficiency.

ext hole

)
o
®
o
—
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03 Simulation results: Drift
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04 Summary and outlook

® \Ve have studied triple-GEM and quadruple-GEM with aligned and misaligned hole
positions at various voltage settings, simulated the primary ionization, drift, diffusion,
avalanche multiplication and induction signal readout process.

® Calculation methods of various performance characteristics have been researched:

time/spatial/energy resolutions, effective gain, electron transparency, lon Back Flow ratio,
drift properties, transport parameters

® Simulation results of some performance characteristics of quadruple-foils GEM detector
were obtained, various comparisons have been performed:

»> between triple-GEM and quadruple-GEM;
» between hole aligned model and two different misalignment models of quadruple-GEM;

» between simulation and experiment results of triple-GEM and quadruple-GEM.
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04 Summary and outlook

v" Time resolution:

the simulation results are consistent with experiment. Quadruple-GEM has somewhat
worse time resolution compared with the triple-GEM at present detector structure model.

v" Spatial resolution:

at higher voltage the simulation results are consistent with experiment. Quadruple-GEM
have worse spatial resolution than triple-GEM at present detector structure model. No
obvious difference was observed for the three hole alignment models.

v' Effective gain:

electronegative gas causes the decrease of effective gain. Results of three quadruple-GEM
hole alignment models are similar. There is a magnitude difference between simulation
and experiment results using the full simulation method .The STEPS method gives more
consistent results with the experiment.

2020/11/6 30



04 Summary and outlook

B To optimize the calculation methods and increase the statistics to improve the GEM
performance simulations, research and understand the reason of the differences between
experiment and simulation (as in effective gain);

B To carry out simulation study of other performance characteristics such as energy
resolution / IBF..., and to research the analysis strategy of more performance characteristic
-s such as charging-up/discharge...

B More simulations on different detector layouts, to identify the key factors which may have
major influences on the performances, and to optimize quadruple-foils GEM structure
design;

B Study the performance characteristics of other MPGD technique, such as resistive
electrodes:
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* All the experiment figures in these steps are obtained from the ALICE TPC 4-layer-GEM detector
model(5200V, Ar:CO2=70:30)



