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Motivation
Mission: Systematic exploration of the QCD matter at high baryon densities with high

precision
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Simulated MuCh setup

F A I R 1: Time-Zero Detector & Beam Diagnostics 5: Ring Imaging Cherenkov Detector
2: Silicon Tracking System / Micro Vertex Detector 6: Transition Radiation Detector

== 3: Superconducting Dipole Magnet 7: Time of Flight Detector
4: Muon Chambers 8: Forward Spectator Detector




Gas Electron Multiplier (GEM)

 GEM foil is made of Copper cladded
Kapton foil of thickness 60 um

* Good rate handling capability
(~ 1 MHz/mm?)

* High efficiency (>95%)

* Can be operated in cascaded mode

* Good spatial resolution (~ 100 um)

e Operated with non-flammable gas
mixtures (conventionally Ar-CO,)

* Depending on the photolithographic
techniques used, the GEM foils are
classified as Double Mask (DM) or
Single Mask (SM) GEM foils
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Gas Electron Multiplie

( X \
N \
P \
e
\

M)

B

 GEM foil is made of Copper cladded
Kapton foil of thickness 60 um

* Good rate handling capability
(~ 1 MHz/mm?)

* High efficiency (>95%)
* Can be operated in cascaded mode
* Good spatial resolution (~ 100 um)

e Operated with non-flammable gas
mixtures (conventionally Ar-CO,)

* Depending on the photolithographic
techniques used, the GEM foils are
classified as Double Mask (DM) or
Single Mask (SM) GEM foils

4

Reference : F. Sauli, Nucl. Instr. and Meth. A386 (1997) 531, S. Bachmann et al., Nucl. Instr. and Meth. A479 (2002) 294



Gas Electron Multiplier (GEM)

i Y | e e Sl
- - , ( \ /A \ / /1 * GEM foil is made of Copper cladded
- Kapton foil of thickness 60 um

* Good rate handling capability
(~ 1 MHz/mm?)

* High efficiency (>95%)

* Can be operated in cascaded mode

* Good spatial resolution (~ 100 um)

e Operated with non-flammable gas
mixtures (conventionally Ar-CO,)

* Depending on the photolithographic
techniques used, the GEM foils are
classified as Double Mask (DM) or
Single Mask (SM) GEM foils

5

Reference : F. Sauli, Nucl. Instr. and Meth. A386 (1997) 531, S. Bachmann et al., Nucl. Instr. and Meth. A479 (2002) 294



Gas Electron Multipli((e'rw(GEl\’/'l)]
e 3 P 1SS, o -

i ./ J] ¢ GEM foil is made of Copper cladded

Kapton foil of thickness 60 um

* Good rate handling capability
(~ 1 MHz/mm?)

* High efficiency (>95%)

* Can be operated in cascaded mode

* Good spatial resolution (~ 100 um)

e Operated with non-flammable gas
mixtures (conventionally Ar-CO,)

* Depending on the photolithographic
techniques used, the GEM foils are
classified as Double Mask (DM) or
Single Mask (SM) GEM foils

6

Reference : F. Sauli, Nucl. Instr. and Meth. A386 (1997) 531, S. Bachmann et al., Nucl. Instr. and Meth. A479 (2002) 294



Gas Electron Multipli((e'rw(GEl\’/'l)]
—~ = _ A -

—i

i

/ ?
i\ () TRANSFER 1 20

_p--------l-:
t {] TRANSFER? -
LA OB,

1)

 .-...-..--:

Readout PCB

-

Amphlier

 GEM foil is made of Copper cladded
Kapton foil of thickness 60 um

* Good rate handling capability
(~ 1 MHz/mm?)

* High efficiency (>95%)
* Can be operated in cascaded mode
* Good spatial resolution (~ 100 um)

e Operated with non-flammable gas
mixtures (conventionally Ar-CO,)

* Depending on the photolithographic
techniques used, the GEM foils are
classified as Double Mask (DM) or
Single Mask (SM) GEM foils

7

Reference : F. Sauli, Nucl. Instr. and Meth. A386 (1997) 531, S. Bachmann et al., Nucl. Instr. and Meth. A479 (2002) 294



Gas Electron Multiplier (GEM)
TegE e e

Driftcathode | L .
A
. e_ DRIFT | 3mm
GEM| wumsamsssennmn.
(L (') TRANSFER1 20

p----------:
” TRANSFER 2 —

GEM3 m _IIIIIII..IZ
" ¢ ’l\Fou ECTION 2mm
O
Readout PCB N

-

Amphlier

Y T
! * {
1

I

-
2
&
]
¥

3

EFFECTIVE GAIN

| & TRIPLE GEM | [
DOUBLE GEM
10— | '
10°

360 380 400 420 440 460 480 500 520
AV ON EACH GEM (V)

GEM foil is made of Copper cladded
Kapton foil of thickness 60 um

Good rate handling capability
(~ 1 MHz/mm?)

High efficiency (>95%)
Can be operated in cascaded mode
Good spatial resolution (~ 100 um)

Operated with non-flammable gas
mixtures (conventionally Ar-CO,)

Depending on the photolithographic
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classified as Double Mask (DM) or
Single Mask (SM) GEM foils
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Triple GEM chambers prototype

Double Mask (DM) triple GEM chamber Single Mask (SM) triple GEM chamber




Triple GEM chamber prototype under testing at Bose Institute




Characteristics studies of triple GEM prototypes
at Bose Institute
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Characteristics studies
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Schematic of the High Voltage distribution of the SM mask
triple GEM chamber of dimension 10%10 cm?

Dimension of the chamber: 10x10 cm?
GEM: SM & DM triple GEM chamber

Source: Same Fe> X-ray (5.9 keV) source is used for irradiation and
monitoring the spectrum

Gas mixture: Ar/CO, (Continuous flow mode)

Preamplifier gain: 2 mV/fC (charge sensitive)
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Schematic of the High Voltage distribution of the SM mask
triple GEM chamber of dimension 10%10 cm?

Dimension of the chamber: 10x10 cm?

GEM: SM & DM triple GEM chamber

Source: Same Fe> X-ray (5.9 keV) source is used for irradiation and
monitoring the spectrum

Gas mixture: Ar/CO, (Continuous flow mode)

Preamplifier gain: 2 mV/fC (charge sensitive) 13
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Schematic of the High Voltage distribution of the SM mask
triple GEM chamber of dimension 10%10 cm?

Dimension of the chamber: 10x10 cm?

GEM: SM & DM triple GEM chamber
Source: Same Fe> X-ray (5.9 keV) source is used for irradiation and
monitoring the spectrum

Gas mixture: Ar/CO, (Continuous flow mode)

Preamplifier gain: 2 mV/fC (charge sensitive)
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Fe® spectra at AV ~ 400 V and with Ar/CO, gas mixture at
70/30 volume ratio 14
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Studies so far at Bose Institute...

Stability Single Mask Double Mask
750 h; ~12.0 mC/mm?; Gain fluctuation 8.6%; 1200 h; ~6.5 mC/mm?;
No ageing (Measuring Anode Current) Gain fluctuation 12%;
Energy resolution fluctuation 18%;
350 h; ~0.85 mC/mm?; Gain and energy No ageing (From Fe>> spectra)

resolution fluctuation ~5%;
No ageing (From Fe>> spectra)

Spark ~107° at gain 5000-8000 with 150 GeV/c pion ~1078 at gain 5000-8000 with 150 GeV/c
probability  beam pion beam (** earlier result)

Charging 0.2-1.0 hours 1.4-2.4 hours

up effect (*depends on gain and irradiation rate etc.)

Uniformity  Gain ~10%, energy resolution ~13%, count Gain ~10%, energy resolution ~20%,
rate ~10% count rate ~20%

S. Chatterjee et al. NIM A 977 (2020) 164334, 2020 JINST 15 T09011, NIM A 1014 (2021) 165749,
NIM A 1049 (2023) 168110, S. Biswas et al. NIM A 800 (2015) 93 16
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Stability study Ar/CO, : 70/30
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Stability study Ar/CO, : 70/30

gain

10000 —
E gain = A+BT/p A:9.95¢-02+9.35e-05
9000 — B:1.65e+01+3.10e- 02
- Xx?/ndf: 5.66e + 05/628
8000 —
7000 —
6000 —
5000 |=
4000 —
3000—
sogobE Lo v v Ly o e e L L
299 299.5 300 300.5 301 301.5 302 302.5
T/p (K/atm)
c 2
g 18i norm. energy resolution = mx + ¢ m:2.66e-03+8.80e- 04
° - c:-8.27¢-01+6.31e-01
@ C
w0 16— X?/ndf : 2.58/164
© = .
€ 14
5] = - :
- R "
S 12 RENC LN o
= - YRR T T o
- PR R YU .
- R
0.8 B
0.6—
0.4—
02—
bl e e
695 700 705 710 715 720 725 730 735

current (uA)

- 20 =
'g « norm. gain 1735 3
- 1 Br . = norm. energy resolution =
E { s+ current 730 GtJ
© 1.6 3 >
£ - ©
g 1.4 ! —725
1.2 720
1.0]
—715
0.8]
—710
0.6
0.4 —705
i
0.2—"i 700
0 | | | | | | | | |
CO 50 100 150 200 250 300 350 400 450 500
time (h)
2.0 2.0
S e bias current corrected norm. gain
g 1.8— m  bias current corrected norm. energy resolution| ] 1.8
2 1.6— —1.6
el
[}
© 1.4 & —1.4
S
S 12—, . —1.2
£ ts [T
Pl0rg s - v R 10
@] - L
% 08_- H = F - '-. _08
2
0.6— —0.6
0.41— —0.4
0.21— —0.2
0.0 | | | | | | | | | | 0.0
"~ 0.00 0.15 0.30 0.45 0.60 0.75 0.90 1.05 1.20 1.35™

S. Mandal et al., NIM, A 1064 (2024) 169389

accumulated charge per unit area (mC mm~2)

—1.4

bias current corrected norm. energy resolution

normalised energy resolution

19



Summary

* No ageing observed for GEM chamber
* GEM is a good detector for future high-rate experiment

‘ /.%‘

Dr. Somen G0pe
Prof. Supriya Das
. Saikat Biswas

Thank you for your attention!!!
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