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� Strong interaction, running coupling ~1
-- QCD: accepted theory for strong interaction
-- asymptotic freedom (2004 Nobel)

perturbation calculation works at high
energy

-- interaction significant at intermediate energy
quark gluon correlations

αsquark-gluon correlations
-- interaction strong at low energy (nucleon

size)
confinement

� theoretical tools:
pQCD, OPE, Lattice QCD, …

� A major challenge in fundamental physics:
Understand QCD in strong interaction

region
� Study and understand nucleon structure

E

s
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What we “see” changes with spatial
resolution

>1 fm
Nucleons

0.1 — 1 fm
Constituent quarks
and glue

S 1/2

< 0.1 fm
“bare” quarks
and glue

S=1/2 S=1/2 S=1/2
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� 3 valence quarks carry ~50% of the nucleon momentum

� Spin=1/2, quarks contribute ~30% Spin Sum Rule

� Axial charge Bjorken Sum Rule

� Polarizabilities (Spin, Color)
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� 1980s: EMC (CERN) + early SLAC

� Quark contribution to proton is very small

∆Σ = ∆u + ∆d + ∆s ≈ 0 3 ! “ spin crisis”∆Σ = ∆u + ∆d + ∆s ≈ 0.3 ! spin crisis

� Violation of Ellis- Jaff Sum Rule
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� 1990s: SLAC, SMC(CERN), HERMES(DESY)

%3020−=∆Σ

� The rest = gluon and quark orbital angular momentum

LGL gq +∆++∆Σ= )2/1(2/1
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� 2000s: COMPASS(CERN), HERMESS, RHIC-Spin,
JLab,…

≈ 30%
∆G probably small

∆Σ
p y

Orbital angular momentum probably significiant
Transversity

Transverse-momentum dependent distribution
Generalized Parton Distributions

Much more work to do at next decade
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Longitudinal Spin

Spin in Valence (high-x) Region

Moments of Spin Structure Functions

Spin Sum Rules
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� The spin structure of the nucleon in Inclusive DIS
scattering

Longitudinally electron in
lab frame

definition of scattering & polarization angles
The cross section difference between target polarized along
α,α+π
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Transverse Spin

St t F ti d M tg2 Structure Function and Moments
Burkhardt - Cottingham Sum Rule
Color Polarizability d2
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� Three twist-2 quark distributions:

Momentum distributions: q(x,Q2) = q↑(x) + q↓(x)

Longitudinal spin distributions: ∆q(x,Q2) = q↑(x) - q↓(x)

Transversity distributions: δq(x,Q2) = q┴(x) - q┬(x)
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� Quark component of the nucleon helicity is much smaller than
the naive QPM predictions

� g1(x,Q2), g2(x,Q2) are important tools for testing

QCD, models of nucleon structure, and sum rules

� g1 is dominant when the target is polarized along the beamg1 is dominant when the target is polari ed along the beam

direction

� g2 is dominant when longitudinally polarized leptons scatter

from transversely polarized nucleons

� g2 : central to knowledge of nucleon structure but remained

unmeasured at low Q2 and still have limited statistical precision

� Properties of g2 have been established using OPE within QCD
13



• g2 - g2
WW: a clean way to access twist-3 contribution

quantify q-g correlations
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� expression of Wandzura-Wilczek(g2
tw.2)

can be derived from the OPE Sum rules for g1 & g2

at fixed Q2

by keeping an(twist-2) and neglecting the dn(twist-3) matrix
elements
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• 2nd moment of g2-g2
WW
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d2 and g2-g2
WW: clean access of higher twist (twist-3) effect:

q-g correlations
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Color Polarizabilities are linear of d2 , f2BE χχ ,

)2(
8
1

2 BEd χχ +=

Provide a benchmark test of
Lattice QCD at high Q2

at high Q2, d2 measure include

color field by target spin
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� Spin structure study full of surprises and puzzles

� Past experiments on the neutron and proton suggest that the twist-3

and twist-4 are small but finite.

� Precision measurements of g1 and g2 in the range 1 < Q2 < 4 GeV2 are� Precision measurements of g1 and g2 in the range 1 < Q < 4 GeV are

crucial for an improved extraction of the

Average color Lorentz force

“Color polarizabilities”

� We need greater Q2 and x coverage, to have a better interpretation of

g2s behavior and interesting physics.

24



� The behaviour of g2(x,Q2) is more complicated in comparison with the

other structure functions.

� Within experimental precision, specially in DIS region, the g2 data are

well described by the twist-2 contribution, g2
WW.

� T i t 3 t i l t t t d d d t th ti l� Twist-3 matrix elements are extracted and compared to theoretical

predictions.

� More precise data on g2 are needed to make any conclusions

regarding possible twist-3.

� PSFs at low Q2 have physical interpretation. g2(x) provides access to

q-g correlations in the nucleon. The x2 moment of (x) can be

considered as an average transverse force on quarks in DIS

scattering.

2g

25



1. Seonho Choi,Seoul National University, Spin Physics at Jlab, (2009)

2. E143 Collaboration, Measurements of the Proton and Deuteron Spin Structure Function g2

and Asymmetry A2,Phys.Rev.76,4 (1996)

3. Ken Sasaki, Spin Structure function g2(x,Q2) and twist-3 operators in large-Nc,Phys.Rev.D58,

094007, (1998)

4. Philip G. Ratcliffe, QCD Evolution of Transversity in LO and NLO(2002)

5. Matthias Burkardt, The g2 Structure Function, AIP.978-0-7354-0692,(2009)

6. Resonance Spin Structure Collaboration, Proton Spin Structure in the Resonance Region,

Phys.Rev.Let.PRL 98, 132003 (2007)

7. T. Averet, Search for higher twist effects in the neutron spin structure function g2
n(x,Q2),

(1997)

8. Yoshitaka Hatta and Takahiro Ueda, Bo-Wen Xiao, Polarized DIS in N = 4 SYM: Where is spin

at strong

coupling?, JHEP(2009) 26



Mina
27


