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Spin Structure Observed



The First Decade
1993    5

• g1 DIS measured for p,
d and 3He

• CERN/HERA/SLAC
• (AAC: hepph0603213)

NLO fits to extract
quark and gluon
distributions

• Notice the hole at high
x and Q2<10 GeV2

• CLAS12 coverage (red)
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The First Decade



The Second Decade 2004   6
• Notice the missing data at high and low x for Q2>2 GeV2.
• Notice the missing A1 data at high x not dominated by the Δ

resonance.
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The Second Decade
• Q2 evolution of moments
• GDH sum rule



What Still Needs to Be Explored?
• High x
• Flavor decomposition
• Higher twist
• Moments

• Ebeam = 11 GeV
• L = 2 x 1035 /cm2/s
• CLAS12 acceptance
• p and d targets
• Pb=85% Pt=80(40)% p(d)
• 80 days of beam time
• Stat ~ syst errors at high x

How Do We Do So?

The Third Decade
2015    7+_



Kinematic Coverage (full)



Kinematic Coverage (DIS)



Models at High x

111/511pQCD (conserved helicity)
111/511σ1/2 dominance
111/1411S=1/2 dominance

-1/31011Suppressed symmetric WF
-1/31011One gluon exchange
-1/31011w/ hyperfine (ES=0 <  ES=1)
-1/32/31/205/9SU(6)
Δd/dΔu/ud/uA1

nA1
pModel for x --> 1

SU(6):



World Data on A1

Measurements (outside of JLab) From NLO analysis on PDFs

p

n



Existing Data from CLAS
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Predicted Data from CLAS12
Proton DeuteronW > 2; Q2 > 1



Quark polarization in the valence limit

Existing Data

Simulated Data for EG12
Extracted from A1

p, A1
d and d/u

• EG1



Improvements in Δu, Δd, ΔG, Δs



Flavor decomposition from SIDIS

• Existing EG1 data show that factorization works remarkably well

•  g1/F1 for inclusive, π+ + π- ,
and π0  are consistent with
each other in the range 0.4 <
z < 0.7, as expected in LO
with factorization and
current fragmentation
dominance.

•No significant z-dependence
seen for 0.3 < z < 0.7; only
weak pT dependence.



• Combined DIS and SIDIS analysis at NLO (e.g.,
Sassot et al.)

• “Model independent” approach (Frankfurt & Strikman):
Solve 2 independent equations for ΔuV and ΔdV:

Flavor decomposition from SIDIS

(Requires that
fragmentation functions
are spin-independent)



Flavor Decomposition from SIDIS



Higher Twist from g1



Higher Twist from Moments

ChPT

GDH sum rule

DIS
pQCD

operator
product
expansion

quark models
Lattice QCD?

Q2  (GeV2)1

Γ1

Bjorken Sum Rule: 

Twist 3:



Higher Twist from Moments

• Example from existing
EG1b data

• Fit Γ1 
p-n to powers of 1/Q2

and extract f2p-n

• CLAS12 data needed to
improve accuracy



Sum Rules
• Coverage predicted

for CLAS12 Γ1
p

• Expected error bars
for CLAS12 Γ1

p



Sum Rules
• Expected errors for

CLAS12 Γ1
d

• Expected errors for
CLAS12 Γ1

p-n



Summary

• There is much to learn in a third decade of spin
structure function measurements

• JLab and CLAS12 will play a key role in this
• Spin structure measurements are flagship

experiments for the 12 GeV program
• Given past experience, this experiment is

technically feasible and of great theoretical
interest


