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Motivation for PixelGEM

Hadron Beam 2008

intensity up to 2·107 s−1

flux density > 105 mm−2s−1

SciFi act as secondary target:
x/X0 = 1.8−2.6 %

COMPASS GEMs

x/X0 = 0.4 %

no gain drop due to space charge
⇒ high inherent rate capability

strip readout
⇒ occupancy too high
⇒ centres deactivated
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Solution: GEM with pixel read-out
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PixelGEM Overview
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Read-out Circuit

Read-out: 450×450 mm2

3 conducting layers
Cu 5 µm

2 intermediate layers
Kapton 50µm

Centre: 32×32 mm2

32×32 Pixels

pitch: 1 mm
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Front-End Electronics

APV card

analogue APV25 S1 ASIC1

38.88MHz sampling frequency

128 channels

160 samples pipeline:
up to ∼4 µs trigger latency

Read-out Scheme

16 APV cards per detector

bus card to 12 bit ADC

total equiv. noise charge:
1300-1500 electrons

1
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The fully assembled Detector
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Material Thickness in h of radiation length X0

centre periphery
[X0/1000] [X0/1000]

Honeycomb Support 0.0 2.9
Drift Foil 0.5 0.5
3 GEM Foils 2.1 2.1
Readout Circuit 1.0 1.3
Shielding 0.2 0.2
Gas 0.1 0.1

Total Thickness 3.8 7.1

centre: r < 15 mm, periphery: r > 15 mm

Cu layer thickness 5µm
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Gain-Voltage-Dependency

measured with 55Fe source for 5 µm Cu GEM
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Setup in COMPASS
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Beams from SPS

SPS Tunnel Occupancy [%]
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Crosstalk Suppression

beamspot with crosstalk
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Efficiency Scan

Low Intensity: ∼2·103 mm−2s−1
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Efficiency Map

Low Intensity: ∼2·103 mm−2s−1
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Spatial Residuals

Low Intensity: ∼2·103 mm−2s−1
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Temporal Residual

Low Intensity: ∼2·103 mm−2s−1
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Conclusion and Outlook

Conclusion

GEM with pixel read-out

radiation-hard in-beam tracker

stable operation in muon beams up to 1.2·105 mm−2s−1

extremely thin: x/X0 = 0.2 % and λ/λI = 0.07 %

Outlook

ongoing work on analysis/reconstruction

deployment of 5 PixelGEM detectors in COMPASS in 2007/2008
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Efficiency: Roadwidth Scan

Low Intensity: ∼5·103 mm−2s−1

Roadwidth [mm]
0.2 0.4 0.6 0.8 1 1.2

E
ff

ic
ie

nc
y

0.8

0.82

0.84

0.86

0.88

0.9

0.92

0.94

0.96

0.98

1

High Intensity: ∼2·105 mm−2s−1

Roadwidth [mm]
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 20.8

0.82

0.84

0.86

0.88

0.9

0.92

0.94

0.96

0.98

1

preliminary



Motivation PixelGEM Design Characterisation Conclusion

Crosstalk: Design of Read-out Circuit

first version

improved layout
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Readout Chain
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Production: Gluing GEM foil onto Spacer Grid
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Spatial/Temporal Resolution Strip-GEMs
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Efficencies Strip-GEMs
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