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The COMPASS Experiment
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@ Drift Chambers

Florian Haas - TU Miinchen Physik Department E18 PixelGEM Detectors for High-Rate Beam Tracking



Motivation

Motivation
z {prim==0&&abs(z)>2.4 hist
[ {P ( ) } ‘ Entries 80040
C Mean -11.86
3000 — SciFi 3 RMS 211.8
25001 GMO1
2000
C DCO02
1500 — .
- MMO02 SciFi 4
1000 — MMO3
500{— \ ﬁ)cm
C =
o L T i L b L e w

300 -400 -300 -200 -100 0 100 200 300 400 I‘500

Florian Haas - TU Miinchen Physik Department E18 PixelGEM Detectors for High-Rate Beam Tracking



Motivation

Motivation
z {prim==0&&abs(z)>2.4 hist
[ {P C ( ) } ‘ Entries 80040
7 Mean -11.86
3000 — SciFi 3 RMS 211.8
25001 GMO1
2000
C DCO02
1500 — .
- MMO02 SciFi 4
1000 — MMO3
500{— \ ﬁ)cm
C =
C |

o S e b b b L [ i
300 400 -300 -200 -100 ©0 100 200 300 400 500
@ SciFis act as secondary targets in hadron beam
@ Thickness SciFi: x/Xp =1.6-2.8 %
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Motivation

Triple-GEM Detectors:

@ high rate capability 1:2
COMPASS requirements:

| Hadron Beam Rate 2007 [mm? s |

o beam rates: < 10° mm~2
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2[3. Bachmann, S. Kappler, B. Ketzer et al., Nucl. Instr. and Meth. A478(2002)104.]
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Triple-GEM Detectors:

‘ Hadron Beam Rate 2007 [mm? s] |
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Motivation

Triple-GEM Detectors:

@ high rate capability 12
COMPASS requirements: e

e beam rates: < 10° mm—2s7! . —

@ small material budget?
center: x/Xo =0.4 %

Strip Readout I/

¥ strips

@ strip occupancy too high

@ no sufficient beam tracking with
strip readout
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Motivation

Motivation

Triple-GEM Detectors:

@ high rate capability 12
COMPASS requirements:

o beam rates: < 10° mm—2s7!

@ small material budget?
center: x/Xo =0.4 %

Strip Readout

@ strip occupancy too high

@ no sufficient beam tracking with
strip readout

GEM detector with combined pixel/strip readout
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The PixelGEM Detector

The combined Pixel-Strip-Readout

o 3-layer PCB
(base material: Kapton)

@ thickness: 100 um
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The PixelGEM Detector

The combined Pixel-Strip-Readout

o 3-layer PCB
(base material: Kapton)

@ thickness: 100 um
@ 32 x 32 pixels

@ pitch: 1 mm
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The combined Pixel-Strip-Readout

o 3-layer PCB
(base material: Kapton)

@ thickness: 100 um
@ 32 x 32 pixels

@ pitch: 1 mm
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The PixelGEM Detector

The combined Pixel-Strip-Readout

o 3-layer PCB
(base material: Kapton)

thickness: 100 pum
32 x 32 pixels
pitch: 1 mm

1024 strip channels
(512 x, 512 y)

pitch: 400 pum

@ equal charge sharing
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The PixelGEM Detector

The combined Pixel-Strip-Readout

o 3-layer PCB
(base material: Kapton)

thickness: 100 pum
32 x 32 pixels
pitch: 1 mm

1024 strip channels
(512 x, 512 y)

pitch: 400 pum
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@ pixel area: 32 x 32 mm?

@ active area: 100 x 100 mm?
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The PixelGEM Detector

Readout(2)
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The PixelGEM Detector

Analysis of Detector Performance
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GEM Geometries and Settings

@ double-conical etched holes
@ 140 pm pitch
@ 70 um outer hole diameter
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GEM Geometries and Settings

GEM Parameters i N CEM Characteristics

@ double-conical etched holes | | s . @ segmented foils
@ 140 pm pitch - - . @ triple amplification

@ 70 um outer hole diameter s @ asymmetric gain sharing

il
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The PixelGEM Detector

GEM Geometries and Settings

i CEM Characteristics

@ double-conical etched holes B¢ B @ segmented foils

@ 140 pm pitch = | Sl @ triple amplification

@ 70 um outer hole diameter i @ asymmetric gain sharing

foil size: 330 x 330 mm?
no gas amplification in outer
region

big holes (& 0.5 mm) only
for gas exchange

il
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The PixelGEM Detector

GEM Geometries and Settings

GEM Parameters GEM Characteristics

@ double-conical etched holes UL e SR @ segmented foils

@ 140 pm pitch - st . - @ triple amplification

@ 70 pum outer hole diameter X | T 4 @ asymmetric gain sharing

foil size: 330 x 330 mm?

no gas amplification in outer
region

big holes (& 0.5 mm) only
for gas exchange

i
[A. Bondar, et al., Nucl. Instr. and Meth. A 556 (2006) 495]
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The PixelGEM Detector

Assembly
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The PixelGEM Detector

Complete Detector
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The PixelGEM Detector

FrontEnd-Electronics

e APV25 S1 ASIC!
@ 128 channels per APV

@ average noise:
~ 1300 - 1500 electrons

@ used for Silicon, GEM and RICH
at COMPASS

1M.J. French, et al. Nucl. Instr. and Meth. A 466 (2001) 359
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The PixelGEM Detector

| Gain Measurement via Pulseheight Spectrum |
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Setup in COMPASS

\ 7 w SHEVAVE @ Sacw.
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Analysis of Detector Performance

Beam Profile - Muon

| Occupancy in % |
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Analysis of Detector Performance

‘ Beam Profile - Hadron

Occupancy in %

beam parameters

@ 7 beam: 100 s !

@ max rate: 4-10* mm—2s~!

Florian Haas - TU Miinchen Physik Department E18 PixelGEM Detectors for High-Rate Beam Tracking



Analysis of Detector Performance

Cluster Size Distribution -
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Analysis of Detector Performance

Residuals -
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Analysis of Detector Performance

Residuals -
Residual Y A 1.004e+04
Eooo | x -0.002487
g L sigma 0.01766
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Conclusion and Outlook

@ stable operation (no discharges) in high intensity muon/hadron beam

@ Pixel readout allows tracking in a high rate beam
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Conclusion and Outlook

Conclusion

@ stable operation (no discharges) in high intensity muon/hadron beam

@ Pixel readout allows tracking in a high rate beam

@ Analysis is ongoing

@ Optimisation of design to minimize crosstalk
@ thin GEM detetcor: x/Xp = 0.2 %
@ 6 PixelGEM detectors for COMPASS

A
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Conclusion and Outlook

Conclusion

stable operation (no discharges) in high intensity muon/hadron beam

Pixel readout allows tracking in a high rate beam

Outlook

Analysis is ongoing

Optimisation of design to minimize crosstalk
thin GEM detetcor: x/Xp = 0.2 %

6 Pixel GEM detectors for COMPASS
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‘ Occupancy Pixel Region
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Conclusion and Outlook

Readout Chain

Bus Card ADC
AR Card CM corr. _
TP cable 10bHADC = Zerosupp. = ]
12C Interface  *———— §
TRG&CLK §
Optical fibre
Hotlink
-up to 40 MB/s
ROB -up to 500 m
Pe VME <— wme GeSiCA
Interface
Encoder
TCS e
i -TRG
Spill buffer receiver Ek
v
Optical fibre Merge Optical
pS'Link <« FIFO < pansceiver
-up to 160 MB/s
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Conclusion and Outlook

Spatial/Time Resolution

Spatial resolution Time resolution
* Test beam/low intensity: * 3 analog samples per trigger
(o, )~ 50m + Rising edge of signal
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[B. Ketzer et al., NIM A535, 314 (2004]]
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Conclusion and Outlook

Efficencies
Low intensity beam: 5+10° p*/s Standard physics beam: 4107 p'/s
« All detectors reach plateau (£>98%) « Background correction
- Gain ~8000 £, =ct+({1-£)-b
+ SNR ~18 » Single plane: (&) =912%
« Losses due to spacer grid: 1.2-1.5% + 2D (space point). (gy,)=95.6%

20 Efficiency
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[B. Ketzer et al., Nucl. Phys. B 125C, 368 (2003)]
[B Ketzer st al., NIM A535, 314 (2004}
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