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Outline:Outline:
• Introduction
• Motivation of the project 
• The detector upgrade: 

- optics
- read-out electronics 
- constructions & monitoring

• Status & prospectives
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6LiD Target

160 GeV µ
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The COMPASS experimentThe COMPASS experiment

Ring Imaging CHerenkov detector

Investigation of the proton structure: 

COmmon Muon Proton Apparatus for Structure and Spectroscopy
(272 physicists, 25 institutes, 11 countries)
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• radiator gas: C4 F10
• mirror: 20 m2 surface
• photon-detectors: Multi Wire Proportional Chamber (MWPC)
• angular acceptance: ± 250 mrad horizontal, ± 200 mrad vertical
• read-out: 83.000 channels (pixels)     

The COMPASS RICH detectorThe COMPASS RICH detector

5 m
5 m

6 m6 m3 m3 m

mirror
wall

vessel

radiator:
C4F10

photon 
detectors:
CsI MWPC



27/06/2006Frank Nerling Imaging 2006 - Stockholm

Upgrade Upgrade motivationmotivation: Experimental : Experimental challengeschallenges

• Present /previous read-out:
Gassiplex-chip, dead time ~3µs

• Experimental environment
- large uncorrelated background

(memory of MWPC + read-out, 
muon halo)

• High rate operation
increased beam intensity:

presently:   40 MHz
goal:         100 MHz

increased trigger rates:
presently:    20 kHz
up to: 100 kHz

no dead time (Luminosity)

At centre: 
overlap of many 
events 

µ halo
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Multi Wire Proportional Chambers:
(MWPC, in use since 2001)

• CsI photo cathodes 
• new read-out system: APV chip

(negligible dead time)
• time resolution (CsI with MWPC + ro):

~ 3 µs  < 400 ns

TheThe upgradeupgrade projectproject forfor 2006 2006 datadata takingtaking

Fast photon detection:

• Multi Anode PMTs (MAPMT, 576 pc)    
• Individual telescopes 
• Read-out

sensitive FE: MAD chip
high resolution TDC: F1 chip

• time resolution: few ns
• no MWPC
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Multi Wire Proportional Chambers:
(MWPC, in use since 2001)

• CsI photo cathodes 
• new read-out system: APV chip

(negligible dead time)
• time resolution (CsI with MWPC + ro):

~ 3 µs  < 400 ns

Fast photon detection:

• Multi Anode PMTs (MAPMT, 576 pc)    
• Indiv. telescopes 
• Read-out

sensitive FE: MAD chip
high resolution TDC: F1 chip

• time resolution: few ns
• no MWPC

TheThe upgradeupgrade projectproject forfor 2006 2006 datadata takingtaking
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theta(mrad) vs p (GeV/c) - pion, kaon
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Upgraded RICH resolutionUpgraded RICH resolution

PID capability 
extended by upgrade
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E. Albrecht et al, NIM A 33 (2003) 127E. Albrecht et al, NIM A 33 (2003) 127

CsI
MAPMT

Expected performances:Expected performances:
• σph = 2.4 mrad (ß~1) - before: 1.2 mrad
• Nph/ring ~ 40  (ß~1) - before: 14
• σ ring ~  0.4 mrad  (ß~1) 

- before: σ ring = 0.6 mrad
• 2σ π/K separation at p ~ 50 GeV/c 

- before: p ~ 40 GeV/c
• PID efficiency > 95% (ß > 0.9993)
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HamamatsuHamamatsu H7600H7600--0303--M16 M16 photomultiplierphotomultiplier

Larger number of detected
Cherenkov photons, 
due to larger wavelength range:

2  cm
PMT

• bialkali photocathode
• 18 x 18 mm2 active area
• 16 pixel
• time resolution 300 ps
• UV transparent 

borosilicate glass window

CsI (160 - 200 nm)
[Hamamatsu]
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HamamatsuHamamatsu H7600H7600--0303--M16 M16 photomultiplierphotomultiplier

Larger number of detected
Cherenkov photons, 
due to larger wavelength range:

PMT

• bialkali photocathode
• 18 x 18 mm2 active area
• 16 pixel
• time resolution 300 ps
• UV transparent 

borosilicate glass window

PMT in 
soft iron box

CsI (160 - 200 nm)
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576 576 telescopestelescopes mademade of of silicasilica lenseslenses

Telescope system consisting of 2 lenses:

• Purpose: Focussing Cherenkov photons
on  MAPMTs (factor 7)

• UV transparent quartz lenses
• large geometrical acceptance
• minimum image distortion
• optimised by Zemax simulation

planar
surface

lenses,  
spherical surfaces

16 channel
MAPMT

aspherical
surface

γ
5 cm
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4 
cm

AnalogueAnalogue readread--outout electronicselectronics: : 
MAD4 MAD4 prepre--amplifieramplifier

MAD4 card

• up to ~ 1 MHz/channel; possible upgrade
next year CMAD ~ 5 MHz hit rate per channel

• low noise (connected to PMT) ~ 5-7 fC
• PMT signal (single photon) ~ 1 pC (at 900 V)
• clear separation signal / noise
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Digital readDigital read--out electronics: out electronics: 
DREISAM card DREISAM card ((DreisamDreisam is a small river in is a small river in FreiburgFreiburg))

• 64 channels per card , compact solution
• data transfer optically (40 MByte/s)
• max rates per channel 10 MHz @ 100 kHz trigger rate
• time resolution < 120 ps
• based on dead time free F1-TDC

8 F1-TDCs

Connector to MAD4
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MAPMTs

MAD4 discriminators

Optical fibre to CATCH 

DREISAM card (TDC-F1)

CompleteComplete FE FE setset--upup
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144 DREISAM 
Cards (DC)

9 COMPASS read-out
interfaces (CATCH)

144 optical fibres

576 PMTs
(4 per DC)

read-out PCs

Data transferData transfer

1152 MAD4 cards
& 144 roof boards
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60 cm

¼ PMT detector

ReadRead--out electronics of 1st quarterout electronics of 1st quarter

MAPMT

MAD4 & roof boards

DREISAM  (TDC-F1)

60
 cm

water cooling
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Monitoring of RICH MAPMT with COOOLMonitoring of RICH MAPMT with COOOL
(COCOMPASS OObject OOriented LLibrary)

• exemplary shown here: hit  map of 
1st quarter test data (LED illumination)

check for dead channels, PMTs, …
• many more histograms for monitoring,

e.g. time distributions, etc
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½ detector

Status & Status & prospectivesprospectives

• Full detector, i.e. all 4 quadrants assembled & tested
• Monitoring software available

ready for beam June 2006
• SPS beam scheduled July 2006

stay tuned for new exciting COMPASS results
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Status Status presentedpresented thanksthanks to to manymany colleaguescolleagues ……
TheThe COMPASS RICH COMPASS RICH upgradeupgrade teamteam::

(Note: Apart from prel. studies, ~ 2 years for constr. & realisation only)


