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Reduce spark probability in a Micromegas detector

!

Split the gain in two stages

» Double-mesh Micromegas

» Preamplification GEM above the Micromegas mesh
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—————————————————— Drift mesh

3.25 mm 10x10 cm?
| | Standard GEM foil
2.2 mm
Crtimm Yort o et st e e Micromegas mesh
12
YRy Anode

GEM specifications:
Micromegas specifications: > hexagonal hole geometry
» biconical holes
» 140 um hole pitch
» 70 um hole outer diameter
» 50 um hole inner diameter
» 50 um kapton thickness
» 5 um copper thickness

» 45 um mesh pitch
» 18 um mesh wire diameter
» 2.5 cm pillar pitch
» 300 um pillar diameter
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Anode specifications:
» 360 strips

» 250 um strip pitch
» 150 pum strip width

Readout connectors specifications:

» 5 independent connectors
» type ERNI 80 pins
> 8 external pins grounded
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10000 ~

Gas mixture Ar/CF, 90/10

S5Fe source

£ 1000 _ Drift field 0.62 kV/cm
o ]
......... : : Transfer field 0.45 kV/cm
- . | . | . Mesh voltage 500 V
(I) 1(I)O 2(I)O 3(|)0 4(I)O

GEM voltage [V]
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Gain

10000 -
1000 4
04 _ *
400

420

440

| [PERE PR FRR ERE FEEES.
460 480 500

Mesh voltage [V]

520

540

560

T
580

Gas mixture Ar/CF, 90/10

S5Fe source

Drift field 0.62 kV/cm

GEM voltage 325 V

Transfer field 0.45 kV/cm

6/23



2000

Gas mixture Ar/CF, 90/10
1800 -
i >5Fe source
1400 -
= Drift field 0.62 kV/cm
8 1200
1000 - GEM voltage 325 V
800 H
Mesh voltage 500 V
600 T T T ! T

0.5 1.0 1.5
Transfer field [kV/cm]

T
2.0

2.5
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1800 -

1600

1400

Gain

1200

1000 -

Gas mixture Ar/CF, 90/10

S5Fe source

GEM voltage 325 V

Transfer field 1.25 kV/cm

Mesh voltage 500 V

800 I T I T I ) I
0.0 0.5 1.0 1.5

Drift field [kV/cm]
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------------------ Drift mesh

3.3 mm 10x10 cm?

------------------ Micromegas mesh
/ Anode

0.128 mm

Micromegas specifications:

» 45 um mesh pitch
» 18 um mesh wire diameter
» 2.5 cm pillar pitch
» 300 um pillar diameter
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ADC counts

120

100

80 -

[87]
o
1

B
o
|

20 S

Gas mixture Ar/CF, 90/10

S5Fe source

Drift field 1.25 kV/cm

Mesh voltage 500 V

T T T T - T T T
0 500 1000 1500 2000

ADC channel
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Gain

1000

100

|
420 440 460 480 500 520 540 560
Mesh voltage [V]

. 1E A
E

e

L.,wo

Gas mixture Ar/CF, 90/10

Cu X-ray tube

Drift field 1.25 kV/cm
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250 -

200

150 4

100

ADC counts

50 -

55
—— Fe

|
1000
ADC channel

Gas mixture Ar/CF, 90/10

S5Fe source

Drift field 0.62 kV/cm

GEM voltage 325 V

Transfer field 1.25 kV/cm

Mesh voltage 520 V
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10000 —

Gas mixture Ar/CF, 90/10

Cu X-ray tube

Gain

1000 -

Drift field 0.62 kV/cm

100

Sl el e e GEM voltage 325 V

|
400 420 440 460 480 500 520 540 560 580
Mesh voltage [V]

Transfer field 1.25 kV/cm
3 3
s & 04 D 4
3 3
B oty Bt o€ Zizl p;- A Zi=2 A
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ADC counts

Gas mixture Ar/CF, 90/10

232Th source — a

Drift field 0.62 kV/cm

100

80 4

60

40

20

2500

2000

1500 -

ADC counts

1000 -

500 -

—— ®Fe gain 20
Alphas gain 20
— Alphas gain 5

—— Alphas gain 5 -6dB

| BT AR PR TR A ]
0 200 400 600

Energy [keV]

1200

1400

T T R w o T
500 1000 1500 2000

ADC channel
GEM voltage 325 V

Transfer field 1.25 kV/cm

Mesh voltage 440 V
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Alpha count in 10 seconds

140 -

120 -

100

0]
o
1

[e2]
o
|

I
o
|

20 &

Gas mixture Ar/CF, 90/10

232Th source — a

Drift field 1.25 kV/cm

| ¥ | . | ' | y | . | . |
400 420 440 460 480 500 520
Mesh voltage [V]
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—u— Drift
—un— GEM top
— = GEM bottom
—u— Mesh
Anode =

Current [pA]

.\-
L ]

.\_\. /./\

1/

| ' | . | . |
420 440 460 480
Mesh voltage [V]

Gas mixture Ar/CF, 90/10

232Th source — a

Drift field 0.62 kV/cm

GEM voltage 325 V

Transfer field 1.25 kV/cm
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At spark [s]

55 4

50—-
-
40-
35—-
30—-
25 -
20 -

194

Gas mixture Ar/CF, 90/10

232Th source — a

Drift field 1.25 kV/cm

Mesh voltage 525 V

' ' A R R A | . . LT S A R i |
10 100 1000
Current limit [nA]
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= uM+GEM

0.01 - :
> _ :
= - -
3
9 1E-3 -
o A
- :
© < n ]
o 3 =
n

1E-4 -

' L)
1000
Gain
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DV GEM [V]

260 280 300 320 340 360 380
Gas mixture Ar/CF, 90/10
10000
- Cu X-ray tube
S
Drift field 0.62 kV/cm
1000
e Transfer field 1.25 kV/cm
490 500 510 520 530 540 550

Mesh voltage [V]

I-#L,W°Al‘ 112 Pi- Ai ?:1 Ai
- — e
B oty Hot 0 B o€ Zizl pi- A Zi=2 A
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Alpha count in 10 seconds

DV GEM [V]

180 200 220 240 260 280 300
P Gas mixture Ar/CF, 90/10
Y _ : 232Th source — a
140 - ;
- Drift field 0.62 kV/cm
o Transfer field 1.25 kV/cm
80

4é0 I 4é0 I 4;0 I 4é0 I 4SI90 I 5(I)O I 51I 0

Mesh voltage [V]
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Spark probability

0.01 -

1E-3 1

1E-4 -

] ul\/l
UM+GEM @ 325 V
UM+GEM variable

1000
Gain
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» A 10x10 cm? bulk Micromegas + GEM detector has been characterized and its
spark properties have been investigated

» The detector performance has been compared to that of a standard bulk
Micromegas

» A GEM-based preamplification stage above the Micromegas mesh proves to be a
good solution to decrease the spark probability for a given gas gain

> Better performance is achieved increasing the effective gain on the GEM
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DV GEM [V]
240 260 280 300 320 340 360 380

| G Gas mixture Ar/CF, 90/10
800 X
e Cu X-ray tube
600 —
= Drift field 0.62 kV/cm
O 4004
300 - Transfer field 1.25 kV/cm
200 —

 EET SR P AT FEuee [VEY ey T v e yan PYRiyn ey Ry Vi)
480 490 500 510 520 530 540 550

Mesh voltage [V]



