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COMPASS

SPS

LHC

Beam: 2 . 108 µ+/ spill (4.8s / 16.2s) 
Luminosity ~5 . 1032 cm-2  s-1 
Beam polarization: -80%
Beam momentum:    160 GeV/c
 Target polarization: PT = 50%, f ~ 40 %
   for 6LiD  (2002 -2006) 
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   Walls

Trigger Hodoscopes

MWPCs

50 mSM2

COMPASS in muon run
  NIM A 577(2007) 455

• ~ 350 planes
• 180 mrad acceptance 
• π, K, p separation  
(from 2, 9, 17 GeV  up 
to ~ 50 GeV)

The COMPASS spectrometer
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Target material: 6LiD
Polarisation: >50%
Dilution factor: ~0.4
Dynamic Nuclear Polarization

      2006 - new solenoid
      with acceptance 180 mrad
               3 target cells 
       (reduce false asymmetries)

The COMPASS polarized target and PID 

!!""#

!""!"!""$

RICH 2006 upgrade : better PID

        MAPMTs in central region 

 APV electronics in periphery
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C1 calculated behind 3 loops app. 
S.A.Larin et al.,Phys.Lett.B404(1997)153  

Compass on spin                                                               
   Dubna, SPIN 2011                                           Krzysztof Kurek / 29

from Y. Goto et al., PRD62 (2000) 
034017: 

 (SU(3)f assumed for weak decays)
a8 = 0.585 ± 0.025

Compass only

QCD NLO

beyond NLO

7

First moment of g1 structure functions
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quark contribution to the proton spin: ~ 1/3  
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Introduction
Gluon polarization measurement @ COMPASS

High transverse momentum hadron pairs for large and low Q2

Data selection
Artificial Neural Network approach
Data and Monte-Carlo comparison

Systematic studies
Results

N

To select PGF process two methods are used @COMPASS:

• Open-charm D meson production:  
      charm quark pairs produced in PGF, “clean” channel 
      however with huge combinatorial background, low 
      statistics but analysis weakly MC dependent

• High transverse momentum hadron pairs production:
      light quark pairs produced, high statistics but physical 
      background; strongly model and MC dependent analysis,
      requires a very good agreement between data and MC

Direct gluon polarisation measurement
             via tagging PGF process
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Results

N

To select PGF process two methods are used @COMPASS:

• Open-charm D meson production:  
      charm quark pairs produced in PGF, “clean” channel 
      however with huge combinatorial background, low 
      statistics but analysis weakly MC dependent

• High transverse momentum hadron pairs production:
      light quark pairs produced, high statistics but physical 
      background; strongly model and MC dependent analysis,
      requires a very good agreement between data and MC

Direct gluon polarisation measurement
             via tagging PGF process

signal asymmetry from data

from MC
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Introduction
Gluon polarization measurement @ COMPASS

High transverse momentum hadron pairs for large and low Q2

Data selection
Artificial Neural Network approach
Data and Monte-Carlo comparison

Systematic studies
Results

Two kinematical regions:low and large Q2  
• low Q2 - Q2<1 (GeV/c)2  - here pT is a perturbative scale,  also resolved 
photon contribution important (~50%) - COMPASS 2002-2003 data published
                                                          

COMPASS@Low Q2 -  Phys. Lett. B 633 (2006) 25-32
R.D.Carlitz, J.C.Collins and A.H.Mueller, Phys.Lett.B 214, 229 (1988)
Revisited by A.Bravar,D.von Harrach and A.Kotzinian, Phys.Lett.B 421, 349 (1998) 
Applied by SMC, HERMES and COMPASS  

• large Q2 - Q2>1 (GeV/c)2  - scale Q2 - 2002-2006 data, method based on Neural 
Network approach used 

N

LO DIS
QCDC

PGF

Low Q2  : Q2< 1 (GeV/c)2



Compass on spin                                                               
   Dubna, SPIN 2011                                           Krzysztof Kurek / 2910

Introduction
Gluon polarization measurement @ COMPASS

High transverse momentum hadron pairs for large and low Q2

Data selection
Artificial Neural Network approach
Data and Monte-Carlo comparison

Systematic studies
Results

Two kinematical regions: low and large Q2 
• large Q2 - Q2>1 (GeV/c)2  - scale Q2 - 2002-2006 COMPASS data, method 
based on Neural Network approach used
                                                          

R.D.Carlitz, J.C.Collins and A.H.Mueller, Phys.Lett.B 214, 229 (1988)
Revisited by A.Bravar,D.von Harrach and A.Kotzinian, Phys.Lett.B 421, 349 (1998) 
Applied by SMC, HERMES and COMPASS  

• large Q2 - Q2>1 (GeV/c)2  - scale Q2 - 2002-2006 data, method based on Neural 
Network approach used 

N

LO DIS

QCD-
ComptonPGF

Large Q2  : Q2> 1 (GeV/c)2
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• large Q2 - Q2>1 (GeV/c)2  - scale Q2 - 2002-2006 data, method based on Neural 
Network approach used 

N

LO DIS

QCD

Large Q2  : Q2> 1 (GeV/c)2

PGF QCD-Compton LO-DIS

Same decomposition for inclusive sample to determine A1LO

Q: “clean” (more PGF “pure”) sample with limited statistics or
      less PGF populated but larger sample ?
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R’s are fractions of the sub-processes (LO,PGF, QCDC) in high-pT 
and inclusive samples, respectively
aLL ‘s are so-called analyzing powers for LO,PGF and QCDC 
(the ratio of partonic polarized and unpolarized cross sections for sub-processes)
D is a depolarization factor. 

 Formula for a determination of the       
                gluon polarisation 

Introduction
Gluon polarization measurement @ COMPASS

High transverse momentum hadron pairs for large and low Q2

Data selection
Artificial Neural Network approach
Data and Monte-Carlo comparison

Systematic studies
Results
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R’s are fractions of the sub-processes (LO,PGF, QCDC) in high-pT 
and inclusive samples, respectively
aLL ‘s are so-called analyzing powers for LO,PGF and QCDC 
(the ratio of partonic polarized and unpolarized cross sections for sub-processes)
D is a depolarization factor. 

 Formula for a determination of the       
                gluon polarisation 

• The polarized quark contribution (LO+QCDC) are taken directly from 
  inclusive A1 asymmetry (pure data) 
• To determine ΔG/G (<xG>) from <  ΔG/G>, ΔG/G has been assumed to 
   be a linear function of xG in measured bin 

     ( very well justified assumption )

Introduction
Gluon polarization measurement @ COMPASS

High transverse momentum hadron pairs for large and low Q2

Data selection
Artificial Neural Network approach
Data and Monte-Carlo comparison

Systematic studies
Results
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Introduction
Gluon polarization measurement @ COMPASS

High transverse momentum hadron pairs for large and low Q2
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• large Q2 - Q2>1 (GeV/c)2  - scale Q2 - 2002-2006 data, method based on Neural 
Network approach used 

Large Q2  : Q2> 1 (GeV/c)2

Event selection:

• Interaction vertex with an incoming and an outgoing muons
• Q2 > 1 (GeV/c)2 and 0.1<y<0.9 (inclusive sample)
• Events with at least 2 hadrons in the final state (2h sample)
•The hadrons which form  the high-pT pair: 
               pT1> 0.7 GeV/c   pT2> 0.4 GeV/c 
                             z1 + z2 < 0.95
              these cuts define high-pT sample

Years 2002 2003 2004 2006 all

Statistics 450 K 1.3 M 2.8 M 2.7 M 7.3 M events
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The following factors must be known on the event by event basis:

f, D,Pb 

• f,D,Pb can be directly obtained from data
• Remaining factors have to be obtained from MC
• ANN trained on MC samples, then used on real data
• Input variables for ANN trainning:
   - inclusive case: xBj and Q2

   - high-pT: xBj, Q2,pL1,2,pT1,2

•  Weight used: fDPb β
• Good data description with MC is a „key point” of the analysis  

Introduction
Gluon polarization measurement @ COMPASS

High transverse momentum hadron pairs for large and low Q2

Data selection
Artificial Neural Network approach
Data and Monte-Carlo comparison

Systematic studies
Results

Weighted method to increase  
        statistical precision 
               w = fDPbβ 

β contains fractions & analysing powers
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2 variables o1 and o2 are used (R’s sum up to 1)

Introduction
Gluon polarization measurement @ COMPASS

High transverse momentum hadron pairs for large and low Q2

Data selection
Artificial Neural Network approach
Data and Monte-Carlo comparison

Systematic studies
Results
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• large Q2 - Q2>1 (GeV/c)2  - scale Q2 - 2002-2006 data, method based on Neural 
Network approach used 
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• large Q2 - Q2>1 (GeV/c)2  - scale Q2 - 2002-2006 data, method based on Neural 
Network approach used 

ANN results - stability

prob. NN
0 0.2 0.4 0.6 0.8 1

pr
ob

. M
C

0

0.2

0.4

0.6

0.8

1

COMPASS PRELIMINARY

LP

prob. NN
0 0.2 0.4 0.6 0.8 1

pr
ob

. M
C

0

0.2

0.4

0.6

0.8

1

COMPASS PRELIMINARY

QCDC

prob. NN
0 0.2 0.4 0.6 0.8 1

pr
ob

. M
C

0

0.2

0.4

0.6

0.8

1

COMPASS PRELIMINARY

PGF

prob. NN
0 0.2 0.4 0.6 0.8 1

pr
ob

. d
iff

. M
C-

NN

-0.1

-0.05

0

0.05

0.1

COMPASS PRELIMINARY

LP

prob. NN
0 0.2 0.4 0.6 0.8 1

pr
ob

. d
iff

. M
C-

NN

-0.1

-0.05

0

0.05

0.1

COMPASS PRELIMINARY

QCDC

prob. NN
0 0.2 0.4 0.6 0.8 1

pr
ob

. d
iff

. M
C-

NN
-0.1

-0.05

0

0.05

0.1

COMPASS PRELIMINARY

PGF



Compass on spin                                                               
   Dubna, SPIN 2011                                           Krzysztof Kurek / 2918

Introduction
Gluon polarization measurement @ COMPASS

High transverse momentum hadron pairs for large and low Q2

Data selection
Artificial Neural Network approach
Data and Monte-Carlo comparison

Systematic studies
Results

• large Q2 - Q2>1 (GeV/c)2  - scale Q2 - 2002-2006 data, method based on Neural 
Network approach used 

ANN results - stability cont.
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• large Q2 - Q2>1 (GeV/c)2  - scale Q2 - 2002-2006 data, method based on Neural 
Network approach used 

MC Simulation

Two MC samples have been used:
• inclusive one
• high-pT 

Full chain of MC simulation: 
LEPTO+JETSET + GEANT (apparatus)  + Reconstrucion (as for real data)

• PDF - MSTW2008LO 
• high-pT sample:
 - LEPTO Parton Shower on 
 - MC tuning to improve hadron production description: 
                          shapes (momenta)               and   multiplicity (fragmentation) 
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Comparison: MC/data for high pT sample; x,y and Q2

Introduction
Gluon polarization measurement @ COMPASS

High transverse momentum hadron pairs for large and low Q2

Data selection
Artificial Neural Network approach
Data and Monte-Carlo comparison

Systematic studies
Results

MC vs data 2004
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Comparison: MC/data for high pT sample; 
transverse momenta of leading and
 sub-leading hadrons

Impact of MC tuning
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Gluon polarization measurement @ COMPASS
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Results

MC vs data 2004
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Introduction
Gluon polarization measurement @ COMPASS

High transverse momentum hadron pairs for large and low Q2

Data selection
Artificial Neural Network approach
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• large Q2 - Q2>1 (GeV/c)2  - scale Q2 - 2002-2006 data, method based on Neural 
Network approach used 

MC vs data 2006 

No effect of tuning - inclusive variables
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Introduction
Gluon polarization measurement @ COMPASS

High transverse momentum hadron pairs for large and low Q2

Data selection
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• large Q2 - Q2>1 (GeV/c)2  - scale Q2 - 2002-2006 data, method based on Neural 
Network approach used 

.MC vs data 2006

effect of tuning clearly visible
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• large Q2 - Q2>1 (GeV/c)2  - scale Q2 - 2002-2006 data, method based on Neural 
Network approach used 

Systematic summary
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Large Q2 high-pT 2h results:
            3 xG points

All events have been divided, for the first time, for 3 independent 
 subsamples, having each one its own xG

These 3 points show no xG dependence (within errors)
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pT

PYTHIA generator for low Q² + 
spectrometer simulation.

RPGF ≈ 30%

RRes.Phot ≈ 50%
Data/MC

Data & MC

Cuts used – cut on ΣpT
2 > 2.5 (GeV/c)2

Here LO processes as well as low pT part have been
neglected in the analysis

Introduction
Gluon polarization measurement @ COMPASS
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Resuts for low Q2  : Q2< 1 (GeV/c)2

90% of statistics!
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Data   (ΔG/G)(xg) stat exp.syst MC.syst resolved photon

02-03 0.024 0.089 0.014 0.052 0.018

02-04 0.016 0.058 0.014 0.052 0.013

2002-03 results published:  Phys. Lett. B 633 (2006) 25-32

Cuts and asymmetry used for
ΔG/G extraction

ΣpT
2 [(GeV/c)2 ]

2
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Resuts for low Q2  : Q2< 1 (GeV/c)2
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Gluon polarisation@LO:
             summary
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Spares
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• large Q2 - Q2>1 (GeV/c)2  - scale Q2 - 2002-2006 data, method based on Neural 
Network approach used 

Systematic summary

For first time gluon polarisation @ 3 different points in xG have been determined;
here the systematic summary point-by-point is given:



Compass on spin                                                               
   Dubna, SPIN 2011                                           Krzysztof Kurek / 2935



Compass on spin                                                               
   Dubna, SPIN 2011                                           Krzysztof Kurek / 2936


