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AbstractAbstract
• The COMPASS Collaboration
• The apparatus:

• The polarised target
• The tracking detectors
• RICH and Calorimetry
• Trigger, on-line and DAQ

• Analysis of 2001 data
• Physics signals from 2002 data
• Conclusions
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The CollaborationThe Collaboration

• 1995: HMC and CHEOPS L.o.I. at CERN
• 1996: COMPASS Proposal
• 1997: CERN approval of the Experiment
• 2000: Technical run
• 2001: Commissioning + 2 weeks of data
• 2002: Physics run

28 Institutes from 12 Countries

220 Physicists
Initial program: 5 years of data taking
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Physics  goalsPhysics  goals

Nucleon spin structure
• Gluon polarization ∆G(x) 
• Flavour-dependent

helicity functions ∆q(x)
• Transverse-spin

distribution functions ∆Tq(x)
• Spin-dependent

fragmentation (∆D Λq)

Spectroscopy
• Primakov reactions

• Polarizability of π and K
• Glueballs and hybrids
• Charmed mesons and 

baryons
• Semileptonic decays
• Double-charmed baryons
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COMPASSCOMPASS

JuraJura Geneva LakeGeneva Lake
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COMPASS in 2002COMPASS in 2002

• CERN SPS µ+ beam:
– Eµ = 160 GeV, PB = -0.80
– Intensity:  2 x 108 /spill,   T = 14.4 s

• 6LiD solid target:
– 2 x 60 cm long, f ≈ 0.50, PT ≈ 0.5

• 2 outstanding spectrometers:
– LAS:   1.0 Tm,    ±70 mrad
- SAS:   4.0 Tm,    ±40 mrad

L ≈ 5 × 1032 s-1 cm-2
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The COMPASS ApparatusThe COMPASS Apparatus

Spectrometer Magnet 1
+tracking

Spectrometer Magnet 2

RICH1

Polarised Target

Calorimetry-1

Calorimetry

Muon Wall

Muon Wall

SPS 160 GeV
µ beam
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66LiD TargetLiD Target

  

1m

Targets

Dilution refrigerator

Superconducting 
        magnet

180 mrad -->  70 mrad

Max. PT :  - 49% , +57%

2 halves 2 halves polarisedpolarised in opposite directionsin opposite directions

Dynamic Nuclear Polarization
Frequency ModulationFrequency Modulation

Dilution factor ~50%
Solenoid: 2.5 TSolenoid: 2.5 T

Dipole: 0.5 TDipole: 0.5 T

Relaxation time: Relaxation time: 
>1000 h for 0.5 T>1000 h for 0.5 T
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The target region in the hallThe target region in the hall
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The Apparatus in “COMGEANT”The Apparatus in “COMGEANT”
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SM2 and the LAS regionSM2 and the LAS region
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Scintillating Fibers HodoscopesScintillating Fibers Hodoscopes

Sensitive area:
77--layers of Kuraray SCSFlayers of Kuraray SCSF--78MJ 0.5 mm Ø78MJ 0.5 mm Ø

SF2SF2

Rate capability > 5 MHz Rate capability > 5 MHz 
per channel9 stations:  21 coordinates9 stations:  21 coordinates per channel

Efficiency:  99%Efficiency:  99%

Space Space resolresol. 130 . 130 –– 250 250 µµmm

Time Time resolresol. < 400 . < 400 psps
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Micromesh
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12 planes   40 x 40 cm12 planes   40 x 40 cm22

Space resolution: 70 Space resolution: 70 µµmm
Time resolution: 8 nsTime resolution: 8 ns
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GEMGEM

amplitude 
correlation

20 triple GEM detectors 20 triple GEM detectors 
with 2 dimensional r/owith 2 dimensional r/o

• Space resolution: 70 µm
• Efficiency ~ 96 – 97%
• Time resolution: 15 ns

(two dimensional)



September 11, 2002 Fulvio Tessarotto    (CERN and INFN Trieste) 15

MWPCsMWPCs

Mean efficiency 99.3%

Total of 34 planesTotal of 34 planes

SAS TrackingSAS Tracking

• Gas mixture:
70% Ar, 20% CF4, 10% CO2

• High voltage: 4.25 kV

• Discr. threshold: 4fC
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Drift   Chambers  for  LASDrift   Chambers  for  LAS

3 chambers with 8 coordinates each
Efficiency: 95 – 99.8 %
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Drift  Drift  
ChambersChambers

forfor
SASSAS
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STRAWsSTRAWs
1 Module = 

6 double layers

Ionising pa rticle

20 m wireµ
6/10 mm tube

0.2-0.3% X/X0

3.2 x 2.4 m3.2 x 2.4 m22

RT relation

residuals

6 and 10 6 and 10 
mm mm diamdiam..
0.3 % X0.3 % X00

Installation of a double layer
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HCAL 1HCAL 1
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Muon 

Muon Muon Wall 1Wall 1

andand

Muon Wall 2Wall 2
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RICH 1RICH 1
• Radiator: 3 m C4F10

• Vessel volume: 90 m3

• 116 mirrors

• Focal length = 3 m

• 5.3 m2 UV detectors:
– MWPC with CsI

photo-sensitive 
cathodes

– 8x8 mm2 pads

• 84k channels

• 10 bits ADC r/o

• Local thr. comparison 
and 0 suppression

mirror
wall

photon
detectorts

beam

3.3 m

5.
3 

m

6.6 m

6 6 eVeV < < EEγ γ < 7.5 < 7.5 eV eV =>  high gas purity =>  high gas purity 
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Photon DetectorsPhoton Detectors



September 11, 2002 Fulvio Tessarotto    (CERN and INFN Trieste) 23

RICH MirrorsRICH Mirrors
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Comparison with Initial layComparison with Initial lay--outout

Detector In. Lay-out 2001 run 2002 run
Target 6LiD 6LiD 6LiD
Solenoid COMPASS SMC SMC
BMS 4 4 4
Scint. Fibers 18 18 21
Silicon 4 2 4
GEM 20 14 20
Micormegas 12 6 12
Drift Chambers 16 8 24
Straws 15 4 9
MWPC 30 30 34
Large DC 0 0 8
Muon Walls 100% 10% 100%
HCAL 100% 10% 100%
RICH mirrors 118 118 118
RICH PDs 8 8 8
RICH radiator 100% 50% 100%
DAQ 100% 50% 100%
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OnOn--line event displayline event display

xx xx
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RICH Event DisplayRICH Event Display
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Trigger conceptTrigger concept
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Trigger coverageTrigger coverage

OT = Outer Trigger: new in 2002

Inner Trigger

Ladder Trigger Middle Trigger



September 11, 2002 Fulvio Tessarotto    (CERN and INFN Trieste) 29

ONLINE and DAQONLINE and DAQ

Layered architecture
– Front end
– Read-out buffers
– Event building stage
– Recording

Hardware:
– Custom COMPASS 

solutions
– Mainstream PC and 

networking
Software

– ALICE DATE
– ROOT (COOOL)
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COMPASS  Computing  FarmCOMPASS  Computing  Farm

Long-distance
Gigabit Ethernet

CPU CPU CPUCPUCPU CPU
CPU CPU CPUCPUCPU CPU

CPU CPU CPUCPUCPU CPU
CPU CPU CPUCPUCPU CPU

CPU CPU CPUCPUCPU CPU
CPU CPU CPUCPUCPU CPU

CPU CPU CPUCPUCPU CPU
CPU CPU CPUCPUCPU CPU

CPU CPU CPUCPUCPU CPU
CPU CPU CPUCPUCPU CPU

CPU CPU CPUCPUCPU CPU
CPU CPU CPUCPUCPU CPU

CPU CPU CPUCPUCPU CPU
CPU CPU CPUCPUCPU CPU

CPU CPU CPUCPUCPU CPU
CPU CPU CPUCPUCPU CPU

CASTOR
Data Server

Data Server

Data Server

Data Server

Data Server

Data Server

On-line events to Objectivity DB
200 CPUs

35 MB/s input rate
300 TB/year

Use of CASTOR (since 2000)

Use of Objectivity/DB 
• Farm parallel access to events
• DST production
• RAW-DST connection without data duplication

Disk/tape
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COMPASS physics data taking efficiency
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COMPASS phys. data taking
eff iciency (per day)

COMPASS phys. data taking
eff iciency (averaged)

Combined phys. data taking
eff iciency (per day)

Combined phys. data taking
eff iciency (averaged)

Machine Developments

Tranverse data taking period

Transverse

Pysic
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Data on TapeData on Tape

237237 TBTB
collected at collected at 
September 7September 7

6 G events6 G events

May 27May 27 September 7September 7
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Primary vertex reconstructionPrimary vertex reconstruction
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Secondary verticesSecondary vertices

Armenteros plot 
of the V0s
reconstructed 
in the target region K0
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From 2001 data:From 2001 data:
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KK00 andand ρρ

From 2001 data:From 2001 data: V0 outside the target

K0

V0 from the target region

ρ

K0

K0 mass  resolution   ≈ 6  MeV 
(close to the value from the simulations)
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LambdaLambda

Armenteros plots 
outside the target 

volume

ZV0 > 10 cm, 20 cm, 
30 cm, and 40 cm 

from the target edge

2001 data2001 data
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PreliminaryPreliminaryPreliminaryPreliminary
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RICH 1 performancesRICH 1 performances

Prelim
inary

Prelim
inary



September 11, 2002 Fulvio Tessarotto    (CERN and INFN Trieste) 39

2002 data2002 data
PreliminaryPreliminary

PreliminaryPreliminary

PreliminaryPreliminary
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Including Including 
the RICH the RICH 

in the in the 
analysisanalysis
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Projected   resultsProjected   results
Statistical accuracy after 80 days of 6LiD data taking 

with 160 GeV muons and SMC magnet

∆G/G
• Open Charm Production

– low systematic error
– 16k reconstructed charm 

events 
d(DG/G)st ~ 0.18

– one data point at <h> ~ 0.1

• High pT hadron pairs 
– Compton background
– low statistical error
– <h> reconstructed: three data 

points 0.04 < h < 0.2
ηη
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CONCLUSIONSCONCLUSIONS

COMPASS  COMMISSIONED  AN
OUTSTANDING APPARATUS

~ 100   DAYS  OF  µ RUN  IN  2002

DATA  LOOK  GOOD

PHYSICS SIGNALS ARE COMING OUT OF THE ANALYSIS

EXCELLENT  PERSPECTIVES  FOR  THE
PRESENT PHYSICS  PROGRAM
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