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Muon beam program:
gluon polarisation,
polarised quark distributions,
polarised fragmentation functions, 
transversity, 
Lambda polarisation,
vector meson production, 
DVCS (future)

Hadron beam program:
Primakoff reaction,
glueballs,
charmed baryons,
exotic charm states.

Bielefeld,Bochum,Bonn,Burdwan/Calculta,CERN,Dubna,Erlangen,   
Freiburg,Lisbon,Mainz,Moscow,Munich,Nagoya,Prague,Protvino,
Saclay,Tel Aviv,Turin,Trieste,Warsaw,  ~240 physicists
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Freiburg,Lisbon,Mainz,Moscow,Munich,Nagoya,Prague,Protvino,
Saclay,Tel Aviv,Turin,Trieste,Warsaw,  ~240 physicists
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for Structure and Spectroscopy
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N

SPS

LHC

luminosity:      ~5 . 1032 cm-2 s-1

beam intensity: 2.108 µ+/spill (4.8s/16.2s) 
beam momentum: 160 GeV/c
beam polarization:   ~76 %
target polarization: ~50 %

• longitudinally polarised muon beam
• longitudinally or transversely polarised 

deuteron (6LiD) target
• momentum and calorimetry measurement
• particle identification

COMPASS
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The COMPASS SpectrometerThe COMPASS Spectrometer

Scifi, Silicon

SM1

SM2
RICH1

Polarised Target

E/HCAL1

Muon Wall 1

Muon Wall 2,
MWPC

SPS 160 GeV
µ beam

Micromegas,  SDC, Scifi

Straws, Gems

MWPC, Gems, Scifi, 
W45 (not shown)

E/HCAL2
Trigger Hodoscopes
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The COMPASS polarised targetThe COMPASS polarised target

 

1m

Two 60 cm long target cells 
with opposite polarisation

Superconducting 
 solenoid (2.5 T)

Target material: 6LiD
Polarisation: >50%
Dilution factor: ~0.4
Dynamic Nuclear Polarisation

2006 - new solenoid
with acceptance 180 mrad
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ContentContent
Motivation and Nucleon spin decomposition.
Inclusive asymmetry A1, structure function g1 and QCD 
analysis for Q2> 1 GeV2 (fits).

Gluon polarisation

Two methods of accessing directly in Compass.
Open charm channel method and results.
High pT hadron pairs method:

- Results for events with low Q2.
- Results for events with Q2 > 1 GeV2.
Conclusions.

G
G∆

G
G∆

d d
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Nucleon spin decompositionNucleon spin decomposition
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Nucleon spin decompositionNucleon spin decomposition

½= ½∆Σ + ∆G + L

A very small fraction of the proton spin is carried 
by the spin of the quarks - put the naive but well-
accepted quark model into serious questioning!
(EMC (1988): a0 = DS = 12 ±9 ±14% while ≈ 60% expected,
confirmed by SMC, SLAC and Hermes : DS= 20 - 30%)

The possible role of axial anomaly:
measured quantity a0 = DS - (3aS/2p) DG

A very small fraction of the proton spin is carried 
by the spin of the quarks - put the naive but well-
accepted quark model into serious questioning!
(EMC (1988): a0 = DS = 12 ±9 ±14% while ≈ 60% expected,
confirmed by SMC, SLAC and Hermes : DS= 20 - 30%)

The possible role of axial anomaly:
measured quantity a0 = DS - (3aS/2p) DG

EMC – 1988 – 18 years ago: An impressive follow-ups:
SLAC E142,E143,E155,E156, SMC, HERMES, JLAB spin physics,
COMPASS, RHIC Spin, JLAB12 GeV Upgrade
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Nucleon spin decompositionNucleon spin decomposition

g1(x) = ½∑ eq
2Dq(x) and Dq(x) = q+(x) - q-(x);

Well defined in terms of quark helicity densities but:
q+ ~ Y (1+g5) gmY,   q- ~ Y (1-g5)gmY fl Dq(x) ~ Yg5gmY

Axial vector current is not conserved due to        
Adler-Bell-Jackiw anomaly ;

g1(x) = ½∑ eq
2Dq(x) and Dq(x) = q+(x) - q-(x);

Well defined in terms of quark helicity densities but:
q+ ~ Y (1+g5) gmY,   q- ~ Y (1-g5)gmY fl Dq(x) ~ Yg5gmY

Axial vector current is not conserved due to        
Adler-Bell-Jackiw anomaly ;

In a consequence:measured quantity = DS - (3aS/2p) DG.
where DS = Du+Dd+Ds , Dq=∫Dq(x)dx and

DG = ∫DG(x)dx is a gluon polarization contribution.

0a
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Nucleon spin decompositionNucleon spin decomposition

- hyperon b decay + SUf(3);

But  - due to         anomaly - = DS - (3aS/2p) DG and
If DG ≈ 2.5  →  DS ≈ 0.6 → can “solve the spin crisis”

‡
Need direct measurement of DG
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Inclusive asymmetry A1 and
structure function g1

Inclusive asymmetry A1 and
structure function g1

d

d
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A1 and structure function g1A1 and structure function g1
dd

A = A|| =                 = D (A1 + h A2 )

|h A2        |á |A1        | ,

A1 = A =                        for nucleon

A1 = A =                         for deuteron

A = A|| =                 = D (A1 + h A2 )

|h A2        |á |A1        | ,

A1 = A =                        for nucleon

A1 = A =                         for deuteron

d d

p,n gN

md

d gd

d,p,n d,p,n

sÆ∞ - sÆÆ
sÆ∞ + sÆÆ

s1/2 - s3/2 

s1/2 + s3/2

s0  - s2

s0  + s2

Ameas ~ A ~ A1 ; 
Measurement of A1 gives access to g1 structure function

g1 = ½ (g1 + g1 ) (1- wd ) > A1 F1 = A1

Ameas ~ A ~ A1 ; 
Measurement of A1 gives access to g1 structure function

g1 = ½ (g1 + g1 ) (1- wd ) > A1 F1 = A1
F2

2x(1+R)

md d

d  p  n  3
2

d  d  d  d
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A1 and structure function g1A1 and structure function g1
dd

A1 and g1 for small Q2 (Q2<1 GeV2):
physics at small x, parton saturation, 
non-perturbative models (Regge,VDM)
poorly known (only SMC data)

A1 and g1 for high Q2 (Q2>1 GeV2):
QCD analysis possible:DG estimation

A1 and g1 for small Q2 (Q2<1 GeV2):
physics at small x, parton saturation, 
non-perturbative models (Regge,VDM)
poorly known (only SMC data)

A1 and g1 for high Q2 (Q2>1 GeV2):
QCD analysis possible:DG estimation

d

d

d

d
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A1 and structure function g1A1 and structure function g1
dd

A1 and g1 for small Q2 (Q2<1 GeV2):
physics at small x, parton saturation, 
non-perturbative models (Regge,VDM)
poorly known (only SMC data)

A1 and g1 for high Q2 (Q2>1 GeV2):
QCD analysis possible:DG estimation

Unfortunately - Q2 and x are strongly correlated for              
small Q2 in COMPASS (fixed target)

A1 and g1 for small Q2 (Q2<1 GeV2):
physics at small x, parton saturation, 
non-perturbative models (Regge,VDM)
poorly known (only SMC data)

A1 and g1 for high Q2 (Q2>1 GeV2):
QCD analysis possible:DG estimation

Unfortunately - Q2 and x are strongly correlated for              
small Q2 in COMPASS (fixed target)
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A1 and structure function g1A1 and structure function g1
dd

x      
-410 -310 -210 -110 1

   
 

d 1
A

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6
 2>1 GeV2COMPASS 2002-03, Q

 (PRELIMINARY) 2<1 GeV2COMPASS 2002-03, Q

2>1 GeV2E143, Q
2>1 GeV2E155, Q

2>1 GeV2HERMES, Q

2SMC, all Q

blue points – Compass 2002-2003 data for Q2 < 1 GeV2

10-20 times lower statistical errors compared to SMC
blue points – Compass 2002-2003 data for Q2 < 1 GeV2

10-20 times lower statistical errors compared to SMC
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A1 and structure function g1A1 and structure function g1
dd

g1 - Compass 2002-2003 
data for Q2 < 1 GeV2

F2 taken from SMC param., 
R depends on x:     x>0.12 
SLAC (Phys.Lett.B250(1990)193,
B52(1999)194)
0.003<x<0.12 NMC 
(unpublished)
x<0.003 ZEUS 

(Eur.Phys.JC7(1999)609,sL, sT
cross sections param.)

g1 - Compass 2002-2003 
data for Q2 < 1 GeV2

F2 taken from SMC param., 
R depends on x:     x>0.12 
SLAC (Phys.Lett.B250(1990)193,
B52(1999)194)
0.003<x<0.12 NMC 
(unpublished)
x<0.003 ZEUS 

(Eur.Phys.JC7(1999)609,sL, sT
cross sections param.)
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A1 and structure function g1A1 and structure function g1
dd

A1 - Compass 2002-2004 data for Q2 > 1 GeV2 A1 - Compass 2002-2004 data for Q2 > 1 GeV2 d

~90 mln events (60 inclusive ones), Q2 depends on x bins

x   
-210 -110 1

COMPASS

   d
A

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

x   
-210

   
   

d 1A

-0.06

-0.04

-0.02

0

0.02

COMPASS

PRELIMINARY

1



Gluon polarisation in the nucleon from COMPASS 18Diffraction 2006 Krzysztof  Kurek 

A1 and structure function g1A1 and structure function g1
dd

A1 - Compass 2002-2004 data for Q2 > 1 GeV2

For x<0.03: statistical errors reduced by factor 4;
no tendency toward negative values

A1 - Compass 2002-2004 data for Q2 > 1 GeV2

For x<0.03: statistical errors reduced by factor 4;
no tendency toward negative values
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QCD fitsQCD fits
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QCD fitsQCD fits

Two different codes in NLO MS scheme used:
- grid in (Q2,x) space (Phys.Rev.D58(1998)112002)
- Mellin transform + moments space (Phys.Rev.D70(2004)074032)

World data fit: 9 experiments, 230 points
Two solutions describe data equally well: DG>0 and DG<0, Q2=3 GeV2,

[ ]),(),(),(),( 2
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01
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fitfit
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0.03

0.04
SMC

E143

E155

HERMES

COMPASS

QCD fit
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QCD fitsQCD fits

Comparison of fits - disagreement of data 
with previous QCD fits (LSS05,BB,GRSV)
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Direct measurements of DG/GDirect measurements of DG/G
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Direct measurements of DG/GDirect measurements of DG/G

Open charm „golden channel”
☺ no background asymmetry, less MC dependent.
/ small statistics, NLO corrections can be important

2 high p hadrons (pT
☺ Large statistics

T > 0.7GeV, then selection on SpT
2)

/ physical background: „model” (MC) dependent,
requires very good description of data by MC.

Open charm „golden channel”
☺ no background asymmetry, less MC dependent.
/ small statistics, NLO corrections can be important

2 high pT hadrons (pT > 0.7GeV, then selection on SpT
2)

☺ Large statistics
/ physical background: „model” (MC) dependent,

requires very good description of data by MC.

Photon Gluon Fusion (PGF) probes gluons

BkgG
G

PGFPGF AaRA += ∆
||

LL

Photon Gluon Fusion (PGF) probes gluons
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Direct measurements of DG/GDirect measurements of DG/G

2 high p hadrons:T
Low Q2 analysis (Q2<1GeV2): perturbative scale fixed by pT,    
complicated physical background e.g. resolved g,low pT
High Q2 analysis (Q2>1GeV2): scale Q2 ,physical background
better controlled in the frame of pQCD.

2 high pT hadrons:
Low Q2 analysis (Q2<1GeV2): perturbative scale fixed by pT,    
complicated physical background e.g. resolved g,low pT
High Q2 analysis (Q2>1GeV2): scale Q2 ,physical background
better controlled in the frame of pQCD.

QCD-Compton

resolved g (Q2<1)

Physical background:
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DG/G from open charm channelDG/G from open charm channel
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DG/G from open charm channelDG/G from open charm channel

D0 → K+ π (untagged)         D* → D0+ π → K+ π+ πD0 → K+ π (untagged)         D* → D0+ π → K+ π+ π

)( gLL x
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S ∆
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ALL = Scale: <Q2> º 13 GeV2
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]2)[MeV/c
lit

0)-m(D0m(D
-400 -200 0 200 400

2
N

 /
 2

0
 M

e
V

/c

20

40

60

80

100

3
10×

 candidates in 2002-20040D

=1051 +- 18effS

COMPASS preliminary

 candidates in 2002-20040D

) 0N(D  104±  3869 

Mass     2 0.8 MeV/c±  4.9 
Sigma    2 0.9 MeV/c± 28.6 

]2)[MeV/c
lit

0)-m(D0m(D
-400 -200 0 200 400

2
N

 /
 2

0
 M

e
V

/c

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

D* candidates in 2002-2004

) 0N(D  104±  3869 

Mass     2 0.8 MeV/c±  4.9 
Sigma    2 0.9 MeV/c± 28.6 

=1966 +/- 51effS

COMPASS preliminary

]2)[MeV/c
lit

0)-m(D0m(D
-400 -200 0 200 400

2
N

 /
 2

0
 M

e
V

/c

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

D* candidates in 2002-2004



Gluon polarisation in the nucleon from COMPASS 29Diffraction 2006 Krzysztof  Kurek 

DG/G from open charm channelDG/G from open charm channel

)( gLL x
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 (Neural Network parametrisation)LLa
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ɑLL – calculated with help
of MC and parametrized
by  measured quantities
(Neural Network used)

ɑLL – calculated with help
of MC and parametrized
by  measured quantities
(Neural Network used)



Gluon polarisation in the nucleon from COMPASS 30Diffraction 2006 Krzysztof  Kurek 

DG/G from open charm channelDG/G from open charm channel

G
G∆

= -0.57 ≤ 0.41(stat.)
@ xg º 0.15,
scale º13 GeV2

D0 + D* result 2002 – 2004:
The studies on the systematical
uncertainty are ongoing

2002 2003 2004 02-04 0D*+D2002 2003 2004 02-04 0D*+D

G
/G

∆

-4

-3

-2

-1

0

1

G/G∆COMPASS Data 2002-2004 G/G∆COMPASS Data 2002-2004 

2002 2003 2004 02-04 0D*+D2002 2003 2004 02-04 0D*+D

G
/G

∆

-4

-3

-2

-1

0

1

G/G∆COMPASS Data 2002-2004 

preliminary

2002 2003 2004 02-04 0D*+D2002 2003 2004 02-04 0D*+D

G
/G

∆

-4

-3

-2

-1

0

1

G/G∆COMPASS Data 2002-2004 

preliminary

2002 2003 2004 02-04 0D*+D2002 2003 2004 02-04 0D*+D

G
/G

∆

-4

-3

-2

-1

0

1

G/G∆COMPASS Data 2002-2004 

preliminary

2002 2003 2004 02-04 0D*+D2002 2003 2004 02-04 0D*+D

G
/G

∆

-4

-3

-2

-1

0

1

G/G∆COMPASS Data 2002-2004 

preliminary

2002 2003 2004 02-04 0D*+D2002 2003 2004 02-04 0D*+D

G
/G

∆

-4

-3

-2

-1

0

1

G/G∆COMPASS Data 2002-2004 

preliminary

2002 2003 2004 02-04 0D*+D2002 2003 2004 02-04 0D*+D

G
/G

∆

-4

-3

-2

-1

0

1

G/G∆COMPASS Data 2002-2004 

preliminary
D*

0D



Gluon polarisation in the nucleon from COMPASS 31Diffraction 2006 Krzysztof  Kurek 

DG/G from 2 high pT hadronsDG/G from 2 high pT hadrons
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DG/G from 2 high pT hadrons (low Q2 )DG/G from 2 high pT hadrons (low Q2 )

Low Q2: Q2 < 1 GeV2

ALL/D = Rpgf ∆G/G aLL
pgf

+ Rqcdc ∆q/q aLL
qcdc

+ Rqq ∆q/q aLL
gq (∆G/G)γ

+ Rqg ∆G/G aLL
qg (∆q/q) γ

+ …

Resolved g

MC event generator PYTHIA is used for low Q² analysis

50%

30%
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DG/G from 2 high pT hadrons (low Q2 )DG/G from 2 high pT hadrons (low Q2 )

pT

Q²
Data & MC Data/MC

pT

Q²

Example of good description of the data by the simulation
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DG/G from 2 high pT hadrons (low Q2 )DG/G from 2 high pT hadrons (low Q2 )

Problem: polarized PDF’s of virtual photons not measured!

-qγ,npert(xp,µ0²) < ∆qγ,npert(xp,µ0²) < qγ,npert(xp,µ0²) 

measured

⇒ Allows us to obtain a range 
for (∆q/q)γ and (∆G/G)γ

→ Adds a limited uncertainty to the estimation of (∆G/G)(xg)

∆qγ,pert(xp,µ²) calculable

Resolved photon asymmetry



Gluon polarisation in the nucleon from COMPASS 35Diffraction 2006 Krzysztof  Kurek 

DG/G from 2 high pT hadrons (low Q2 )

Values used for extraction 
of ∆G/G

DG/G from 2 high pT hadrons (low Q2 )

Scale: 3 GeV2

0.0130.0520.0140.0580.01602-04

0.0180.0520.0140.0890.02402-03

γMC.systexp.syststat(∆G/G)(xg)data

071.0
035.0085.0@ +

−=gx 2002-2003 published:PLB 633 (2006) 25-32
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DG/G from 2 high pT hadrons (Q2 >1)DG/G from 2 high pT hadrons (Q2 >1)

Statistics smaller than in low Q2 analysis (10%)
Background better controlled – pQCD (QCD-C, LP)
LEPTO MC generator has been used for data   
description (tunning similar to SMC)

SpT
2 > 2.5 GeV2 used.

Statistics smaller than in low Q2 analysis (10%)
Background better controlled – pQCD (QCD-C, LP)
LEPTO MC generator has been used for data   
description (tunning similar to SMC)

SpT
2 > 2.5 GeV2 used.

Preliminary 2002-2003 data result:Preliminary 2002-2003 data result:

G
G∆ = 0.06 ± 0.31(stat.) ± 0.06(syst.) @ xg = 0.13 ± 0.08
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DG/G from 2 high pT hadrons (Q2 >1)DG/G from 2 high pT hadrons (Q2 >1)

Analysis is ongoing; 2002-2004 results expected soon
Scale is determined by Q2 and – in contrast to low Q2

analysis – the cut Sp 2 > 2.5 GeV2 can be released to  T

smaller value to optimize „working point” 
(question: higher fraction R and small statistics orPGF
lower fraction and higher statistics?)

Analysis is ongoing; 2002-2004 results expected soon
Scale is determined by Q2 and – in contrast to low Q2

analysis – the cut SpT
2 > 2.5 GeV2 can be released to  

smaller value to optimize „working point” 
(question: higher fraction RPGF and small statistics or
lower fraction and higher statistics?)

Neural Network is tested to improve selection of PGF 
subprocess and optimize „working point”. 
The significant improvement is expected. 

Neural Network is tested to improve selection of PGF 
subprocess and optimize „working point”. 
The significant improvement is expected. 
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CommentComment

MC based high-pT LO analysis often
criticized but: 

NLO corrections partially simulated
via so-called parton shower
Part of the NLO effect taken into account
via modification of fragmentation function
(internal kT)
NLO fit: 
de Florian, Navarro,Sassot,Jiang;
Compass results not taken in the fit!

Phys.Rev.D71, 094018 (2005),Phys.Rev.D71, 094018 (2005),
hephep--ph/0602236ph/0602236
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Results for DG/G - summaryResults for DG/G - summary

5.2)( =∆∫ xG

62.0)( =∆∫ xG

16.0)( =∆∫ xG

Open charm

Only statistical errors plotted
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Results for DG/G - summaryResults for DG/G - summary

x   -210 -110

G
/G

 
∆
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-0.4
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0.8

2=3(GeV/c)2 scheme, QMSG>0,  ∆fit with  
2=3(GeV/c)2 scheme, QMSG<0,  ∆fit with  
, prel.2=13(GeV/c)2µCOMPASS, open charm, 

, prel.2<1(GeV/c)2, Q
T

COMPASS, high p
, prel.2>1(GeV/c)2, Q

T
COMPASS, high p

2>1(GeV/c)2, Q
T

SMC, high p
2, all Q

T
HERMES, high p

COMPASS  fit
PRELIMINARY

DG/G from QCD fits
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OutlookOutlook

→ No resolved photons!

→ No physical background!

More results soon available with 2004 data for 
Q2 >1 GeV2 high pT events.
For the future:
Optimization of event selection with a neural network,
Bins in xg (requires improvement of xg reconstruction),
NLO + resolved g in open charm analysis.

More results soon available with 2004 data for 
Q2 >1 GeV2 high pT events.
For the future:
Optimization of event selection with a neural network,
Bins in xg (requires improvement of xg reconstruction),
NLO + resolved g in open charm analysis.

2006 data with new COMPASS magnet (larger xg)
Expected precision with 2006 data (stat.error):
open charm - 0.28,
high p Q2>1 GeV2:  0.14,T
high pT Q2<1 GeV2:  0.045.

2006 data with new COMPASS magnet (larger xg)
Expected precision with 2006 data (stat.error):
open charm - 0.28,
high pT Q2>1 GeV2:  0.14,
high pT Q2<1 GeV2:  0.045.
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SummarySummary

New measurements of A1, g1 have been presented.
Good agreement with results from previous
experiments in the region of middle and high x.
Improvement in statistical precision factor 4 for x<0.03.
No tendency toward negative values at x<0.03.

New measurements of A1, g1 have been presented.
Good agreement with results from previous
experiments in the region of middle and high x.
Improvement in statistical precision factor 4 for x<0.03.
No tendency toward negative values at x<0.03.

d d

Disagreement of data with previous QCD fits (small x)
Existing QCD parametrization need to be revised.
Disagreement of data with previous QCD fits (small x)
Existing QCD parametrization need to be revised.
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SummarySummary

New measurements of DG/G have been presented.
Small DG is preferred or ∆G(xg) has a node 
around 0.1.
Ellis-Jaffe sum rule seems to be violated if large DG
is excluded (axial anomaly).

New measurements of DG/G have been presented.
Small DG is preferred or ∆G(xg) has a node 
around 0.1.
Ellis-Jaffe sum rule seems to be violated if large DG
is excluded (axial anomaly).

DG º 0.4 not excluded and scenario when L is small
still possible.
DG º 0 indicates the important role of angular orbital
momentum in nucleon spin decomposition described
in the frame of parton model and pQCD.

DG º 0.4 not excluded and scenario when L is small
still possible.
DG º 0 indicates the important role of angular orbital
momentum in nucleon spin decomposition described
in the frame of parton model and pQCD.



Venus de Milo Venus de Milo 
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Spare 1 – QCD fitSpare 1 – QCD fit
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COMPASS  fit
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protonproton
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Spare 2 – parameters of QCD fitSpare 2 – parameters of QCD fit
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Spare 3 – parameters of QCD fitSpare 3 – parameters of QCD fit
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Spare 4 – data takingSpare 4 – data taking
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Spare 5 – R for Q2<1 GeV2Spare 5 – R for Q2<1 GeV2
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