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Plan

• QCD analysis of g1(x,Q2) and PDFs
• status of g2

• semi-inclusive scattering and flavour 
decomposition

• transversity h1 and Collins asymmetry
• the hunt for ∆G

– high-pT hadron pairs
– open charm production

• summary
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Status of g1

• Wealth of data g1 data for p, 
n and d

• Data taken at different Q2

• Only weak Q2-dependence in 
overlap region

• Interesting data from JLAB at 
large x for neutron: g1

n > 0
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Q2 Evolution

splitting
functions

non-singlet quark distribution

singlet quark distribution

DGLAP
evolution
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Q2 Evolution 

• non-singlet decouples from gluon evolution, moments
Q2-independent, like ∆u - ∆d = ga

• Evolution of singlet and gluon coupled, moments ∆Σ and 
∆G evolve with Q2

• In principle ∆G can be determined from the Q2 evolution 
of g1(x,Q2)

• Need reasonable range Q2 at fixed x
• We have some Q2 range, but not much, important large Q2

at small x
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g1(x,Q2)

Looks quite nice, but...
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g1(x,Q2)              F2(x,Q2)
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NLO QCD Fits

• choose scheme, usually MS
• choose start value for evolution, Q2

0

• choose parametrisations for

∆Σ, ∆G, ∆ qns(x,Q2
0)

• fit parameters of these parametrisations using the DLGAP 
equations (NLO)

• many groups, an example...

– AAC03    Kumano DIS2004
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AAC03 Fit
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AAC03 with zero gluon at Q2
0

χ2/d.o.f. = 0.915
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Comparsion of PDF Fits
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BB Fit

slightly positive gluon pol.
at Q2=5 GeV2

unpolarised gluon

Blümlein & Böttcher
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First moments
Q2 = 1 GeV2

∆g ∆Σ

AAC03 0.499 ± 1.268 0.213 ± 0.138

LSS 0.680 0.210
BB 1.026 0.138

GRSV01 0.420 0.204

Kumano DIS2004

– GRSV01   [ Phys. Rev. D63 (2001) 094005 ]
– LSS01       [ Eur.Phys.J. C23 (2002) 479 ]
– BB02         [ Nucl. Phys. B636 (2002) 225 ]
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g2
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g2
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Neutron g2 from JLAB

K. Kramer DIS 2004
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),( 2QzDh
fFragmentation Function 

dσh

d z =
1
σ0
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Semi-inclusive DIS

• better: one-particle exclusive final hadron “remembers”
flavour of initially struck!
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Flavour separated polarisation

Asymmetries can in LO be related
to ∆q by

where
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more data

SMC and COMPASS have more
small x data.
Will help to clarify ∆ s

Projection for ∆s  (2002 data)
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Transversity h1
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Collins asymmetries 2002
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Hermes Collins asymmetry
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∆ G from high-pT hadron pairs



G. Mallot/CERN Spin Summer School, BNL, 2004

Hermes high-pT pairs
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Hermes high-pT pairs
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SMC high-pT anaylysis

• Hermes: Q2 not 
reconstructed for high-pT

• SMC: cut on Q2 > 1 GeV2,

theoretical description more 
sound, limited statistics

Selection ∆G/G ± δ(∆G/G)stat <xg>genPGF

-0.07 ± 0.40 0.09
0.07-0.20 ± 0.28

∑pT
2>2.5GeV2

NN >0.26
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COMPASS high-pT hadron pairs

2002 data only, all Q2, 75000 events
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Open charm at COMPASS

• Photon-gluon fusion: 1.2 D0 per PGF cc event

c
c

g

+⇒ π-0 KD BR 4 %

s

s

ππ

π
+

++

⇒

⇒
-

0*

K              

DDor:

D0 from D* about 20 %
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Open charm, cuts

• most of 2002 data, prel. RICH and tracking
• zD > 0.2 (background reduction)

• | cos(θ*) | < 0.85  (background reduction)

• 10 < pK < 35 GeV/c (Rich πK sep.)

• define: 

M(D*) – [M(D0)+M(π)]

)( KKK ss
MMMM ππππππ +−=∆
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++ → sπ
0* DD tagging

 0DK MM −π
cc) (  K      

DD 0*

+→
→

s

s

ππ
π

Choose:
3.1 < ∆MKππ < 9.1 MeV

)( K

KK

s

s

MM

MM

ππ

ππππ

+

−=∆
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tagging++ → sπ
0* DD

 0DK MM −π

3.1 < ∆MKππ < 9.1 MeV

317 D0

)( KK ss
MMM ππππ +−
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Projected precision for ∆ G/G

• 2002 – 2004 data:

• from high-pT: (all Q2)

• from high-pT: (Q2 > 1)

• from open charm:

05.0)/( =∆ GGδ
16.0)/( =∆ GGδ
24.0)/( =∆ GGδ

No systematic error included yet 
(not too big, apart from possible theoretical uncertainties)
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Summary

• Lots to come from:

– Hermes
– COMPASS
– RHIC



• It seems 
SPIN goes 
down very 
far ...
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