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OUTLINE

• Introduction

• Experiment E97-110

• Experiment Results
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GDH SUM RULE

• Gerasimov-Drell-Hearn (GDH) Sum Rule

• Spin 𝑆 and anomalous magnetic moment 𝜅

• Relate the helicity-dependent photoabsorption cross sections 

to static properties

• Derived from general principles
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GDH MEASUREMENTS

• Proton, verified: Mainz, Bonn, LEGS (up to 𝜈~3 GeV)

• Neutron, in progress: Mainz, Bonn, LEGS, HIGS

• Measurements on Deuteron and 3He
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GENERALIZED GDH SUM RULES

• Generalized for virtual photon via unsubtracted dispersion 

relation
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FIRST MOMENT OF g1

• First Moment of g1

• Connects to the total spin carried by the quarks in DIS region

• 𝐼1(𝑄
2) + elastic contribution 

• Bjorken Sum Rule

• gA, nucleon axial charge

• Consistent with experimental result in 10%

• Valid in DIS region
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IMPORTANCE OF GENERALIZED 
GDH SUM RULES

• Recover the GDH sum rule for real photons (𝑄2= 0)

• Connect with Bjorken sum rule (𝑄2 = ∞)

• Relate the moments of the spin dependent structure functions to virtual Compton 

AMPLITUDE (𝑄2 > 0), and test the theoretical calculations

• Baryon Chiral Perturbation Theory (IRBChPT, RBChPT)

• Lattice QCD

• Study the transition from non-perturbative to perturbative QCD
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EXPERIMENTAL PROGRESS8



E94-010 RESULTS9

Neutron Helium-3

M. Amarian et al., Phys. Rev. Lett., 89:242301, 2002. K. Slifer et al., Phys. Rev. Lett., 101:022303, 2008.
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E97-110 AT JEFFERSON LAB

• Inclusive measurement,

• Scattering angles: 6⁰ and 9⁰

• Polarized electron beam, Pbeam = 75%

• Polarized 3He target, Ptarget = 40%

• Measured the differences of 

polarized cross sections

• Parallel (anti-parallel)

• Perpendicular
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CROSS-SECTIONS
AND
CROSS-SECTION
DIFFERENCE
RESULTS
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SECOND PERIOD SYSTEMATICS (V. 
SULKOSKY)
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Source 𝝈𝒔𝒚𝒔𝒕 [%]

Target density 1.6

VDC Multi-tracks < 1

Charge 1

Detector Efficiencies

GC,Sh,Scint

1.5 −2

Yield Stability 

𝜈-dependent

< 1.5

Acceptance 3 − 4

Beam polarization 3.5

Target Polarization 3 − 5



COMPARE WITH CALCULATIONS17
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COMPARE WITH CALCULATIONS19



COMPARE WITH CALCULATIONS20



COMPARE WITH CALCULATIONS21



22

SPIN-DEPENDENT
STRUCTURE
FUNCTIONS
RESULTS
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INTERPOLATION TO CONSTANT Q225
Blue: 9 degree

Red: 6 degree

Black points: interpolated data points
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FIRST MOMENTS26

Preliminary



CROSS CHECK WITH E94 RESULTS27

Preliminary



EXTENDED GDH SUM (ITT)28

Preliminary



SUMMARY

• Good agreement with Faddeev calculation for the lowest Q2

data points

• Helium-3 results are consistent with E94 results in the 

overlapping kinematic range

• Observed the expected turning point at low Q2 for the 

GDH sum

• Paper is being drafted
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THANK YOU
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