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WHAT IS COMPASS ?

Fixed-target experiment at SPS

in the North Area in Prevessin

SPS
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COmmon Muon Proton 
Apparatus for Structure and 
Spectroscopy

2 different physics goals:
hadron structure
hadron spectroscopy

2 different set-ups:
muon beam
hadron beam
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Spin Structure of Nucleons
Nucleon spin made up of:
• quark spins
• gluon spins
• orbital angular momentum



5/28

Spin Experiments are puzzling !

Wolfgang Pauli and Niels Bohr, 1955

wondering about a tippe top toy
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COMPASS 
COLLABORATION

230 physicists

ca. 26 institutes

11 countries
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Calendar

• 1996: proposal
• 1997: conditional approval
• 1998: MoU, September
• 1999 – 2000: construction and installation
• 2001: commissioning run
• 2002 – 2004: data taking
• 2005: SPS shutdown
• 2006 – 2010: data taking 
• 2011 – interest in new physics programme
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Spectrometer layout
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• two-stage spectrometer, each stage comprising

small and large area tracking

momentum measurement

particle ID
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COMPASS Detector

60 m

beam
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Beam Line

µ beam:         160 GeV/c, 5·107/s, 80 % pol.
π, K beams:  300 GeV/c,  ~107/s
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Polarised Target

superconducting
magnet (2.5 T)

1m

60 cm long target cells



12/28

Target Spin Reversal
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beam

magnetic field

• need beam and target polarisation
• simutaneous measurement of both polarisations
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Strong magnetic field
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3He – 4He dilution refrigerator

Low temperature
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Dynamic Polarisation

Transfer of 
electron 
polarisation 
to nucleons 
using 
microwave
irradiation
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Level scheme DNP
At the magnetic field and the temperature of the target 100% of (free) electrons 
are polarised but only 0.5% of  protons and 0.1% of deuterons.
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Tracking Chambers

mainly wire 
chambers 
using gas 
ionisation

silicon

scintillating 
fibres
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Scintillating fibres

7 fibre layers with
0.5 – 1 mm diameter

up to 5 MHz/fibre
21 coordinates
4x4 – 12x12 cm2

350 – 550 ps
130 – 250 µm
efficiency  ~ 99 %

Kuraray SCSFKuraray SCSF--78MJ78MJ
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MicroMegas

Micromesh
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3 stations, 12 coordinates
size 40x40 cm2

pitch 360 – 420 µm
time res. < 10 ns
space res. 70 µm
efficiency > 97%
Ne/C2H6/CF4  80/10/10 %
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Magnets for momentum 
measurement
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Drift chamber with GEM

• 3 drift chambers

• 24 coordinates

• size 120x120 cm2

• 7 mm drift cell

• 170 µm space resolution

• efficiency > 95 %

• Ar/C2H6/CF4  45/45/10 %

GEM
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Straws

15 double layers of 6 and 10 mm 
straws

size 325x242cm2

resolution 270 µm

efficiency 85 – 98  %

Ar/CF4/CO2  74/20/6 %

6 mm straws

10 mm straws

10 mm straws

Hole

160 x 230 mm2
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Calorimeters for Energy 
determination

Sampling calorimeter (HCAL):

‘counts’ particle in shower at certain 
locations along the shower

Lead glass calorimeter (ECAL):

collects all light from Cherenkov effect
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Ring Imaging 
Cerenkov Detector

Opening angle of light cone 
measures velocity, if particle 
velocity > velocity of light in 
medium (heavy gas)

Analog to supersonic bang

Energy + velocity ⇒ mass
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Muon Wall 2

• steel drift tubes
3 cm diameter

• 6 double layers
• size 470x220 cm2

• located downsteam
240 cm thick concrete
wall

Muon idendification downstream of absorber wall (concrete)
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FE & DAQ

pipelined readout 
architecture

320k channels

event size ~ 40 kB

used trigger rate: 

5 kHz-20 kHz

central data recording 
via optical fibres in 
computing centre
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COMPASS in Numbers
Dimensions: 6m x 6m x 60m
Data Taking: 1 spill every 14.8s

1 spill: 5 seconds, 2x10^8 particles
1 spill: ~ 2 CDROMS of recorded data
4-5 TByte/day
1 PByte in total (2002-2004)

about 320'000 read out channels
COMPASS setup costs: 25 MCHF 
(without exisiting material and manpower)
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INFOS and CONTACTS

main COMPASS webpage: 
http://wwwcompass.cern.ch

COMPASS picture gallery:
http://wwwcompass.cern.ch/compass/gallery/welcome.html

Muon Beam Line M2:
http://sl.web.cern.ch/SL/eagroup/beams.html#m2

COMPASS infos for guides: 
http://visits.web.cern.ch/visits/guides/tools/manual/english/new_itineraries.html

CONTACTS:

COMPASS: Susanne Koblitz – 76538


