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Gerasimov-Drell-Hearn (GDH) Sum Rule (Q2 =0)

Iepn = [, = dv = —2m%a(47)”

® Circularly polarized photons incident on a longitudinally
polarized spin-3 target.
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Gerasimov-Drell-Hearn (GDH) Sum Rule (Q2 =0)

]GDH — fyﬁ 2 > dv = —27‘(’2()4(%)2

® 0. (03) photoabsorption cross section with photon helicity
2 2
parallel (anti-parallel) to the target spin.
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Gerasimov-Drell-Hearn (GDH) Sum Rule (Q2 =0)

Iepn = [, = dv = —2m%a(47)”

® Circularly Incident on a longitudinally
polarized spin-4 target.

® 0. (03) photoabsorption cross section with photon helicity
2 2
parallel (anti-parallel) to the target spin.

® The sum rule is related to the target’s mass M and anomalous
part of the magnetic moment «.

® The sum rule is valid for any spin-S target.

.! eff;?SOH Lab —p2i31



Generalized GDH Integral (Q2 > 0)
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Q) = [ |oy( Q) -
01/2 — 03/2 = ?\4]( { (v, QQ) (Cff) g2(v, QQ)}

® Replace photoproduction cross sections with the
corresponding electroproduction cross sections.

® The integral is related to the Compton scattering amplitudes:

and

S1( Q2 fo (z, Q%) dx = —2F1(Q2)

X.-D. Ji and J. Osborne, J. Phys. G27, 127 (2001)

At (Q? = 0, the GDH sum rule is recovered.
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Importance of the Generalized GDH Sum Rule

YPT Lattice QCD pQCD
— —
Q2 =0 QQ — 00
Hadronic Partonic

® Constrained at the two ends of the Q? spectrum by known sum
rules.

#® S, and S, are calculable at any Q~.

® Compare theoretical predictions to experimental
measurements over the entire Q? range.

® Provides a bridge from the non-perturbative region to the
perturbative region of QCD.
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Experiment E97-110

Precise measurement of generalized GDH integral at low Q2, 0.02 to 0.3 GeV?

Q° (GeV?)

Ran in spring and summer 2003

Inclusive experiment: 3ﬁe(eje’)x

= Scattering angles of 6° and 9° o1

= Polarized electron beam: :
65% < Ppeam < 78%

= Pol. 3He target (para & perp):
(Piarg) = 40% 001

Measured polarized cross-

section differences 005 j AIs 2 o
threshold W (GeV)
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Expected Neutron Results

Q? squared four-momentum transfer (GeV/c)”
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Analysis Progress

® Preliminary asymmetries and unpolarized cross sections have
been generated.

® |ssues that still need to be addressed:

o

Beam polarization: check bleedthrough correction with
Compton where available.

Target polarization: track down 15% relative difference
between NMR and EPR calibrations.

Acceptance: some issues need to be worked out, especially
for 3.775 GeV 9° data.

Collimator background.
Elastic analysis as a cross check of systematics.
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Systematic Uncertainties

Source Systematic Uncertainty

Angle 6° g° 3.775 GeV, 9°
Target density 2.0%
Acceptance/Effects 5.0% 5.0% 15.0%
VDC efficiency 3.0% 2.5% 2.5%
Charge 1.0%

PID Detector and Cut effs. < 1.0%

IO raw 6.4% 6.2% 15.5%
Nitrogen dilution 0.2-0.5%

d0exp 6.5% 6.3% 15.5%
Beam Polarization 3.5%

Target Polarization 7.5%

Radiative Corrections 5-10% in A region

Total on Ao 11.6-14.5% 11.5-14.4% 18.3-20.2%
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Cross Section Differences

Ac (nb MeV 'sr?)
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Radiative corrections: formalism of L. Mo and Y. Tsai (unpolarized)
and POLRAD (polarized), work done by J. Singh.

.g eff;?SOH Lab - p.o31



‘He Spin Structure Functions
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The GDH Integrand: ot
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Kinematic Coverage and Interpolation
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Six evenly spaced points 0.04-0.24 GeV? with steps of 0.04 GeV?2.
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Constant Q2 Interpolation and Integral Extraction

Procedure:

9

o o o o

°

First interpolate to constant W for each energy.
Second interpolation with respect to Q2.

Integrals formed from W = 1073 GeV to 2000 GeV.
We could use our own data above W = 2000 GeV.

DIS contribution included up to W = 1/1000 using Thomas and
Bianchi parameterization.

Neutron extraction performed using calculation from Scopetta and
Ciofi degli Atti paper for Q% >= 0.1 GeV?.

Q? < 0.1 GeV? use effective polarization technique (difference ~
5-10%).
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What Needs to be Done

® Check and refine constant Q2 interpolation and integral
extraction (V. Sulkosky).

® Second pass radiative corrections (J. Singh).

® Model and subtract QE contribution (V. Sulkosky).

® Collimator background (T. Holmstrom).

® Finalize target polarization (J. Singh).

® Elastic analysis (J. Singh, V. Sulkosky).

® Finalize acceptance for cross sections (V. Sulkosky).
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Summary and Conclusion

® The GDH integral is an important tool that can be used to study
nucleon spin structure over the full Q? range.

® E97-110 provides precision data for the generalized GDH
integral at low Q%, 0.02 to 0.3 GeV?

® Preliminary results of the *He structure functions and the GDH
Integrand are available.

® Extractions of the GDH integral and moments of the spin
structure functions are in progress.

® These data allow us to check YPT at very low Q2.

® Final results available in about 6 months, then publications.
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He as an Effective Polarized Neutron Target

S state D state S’ state
(~88.2%) (~9.8%) (~1.4%)

P, =86% and P, =-2.8%
J.L. Friar et al.,, PRC 42, (1990) 2310

Extraction of Neutron Results

[H(Q2) = 4 [T1H(Q2) — 2P,I7(Q?)]

C. Ciofi degli Atti & S. Scopetta, PLB 404, (1997) 223
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Inclusive Cross Sections

# Unpolarized cross sections
2 1 2 0
d%ﬁ — OMott [;FQ(% QQ) T MFl(% QQ) tan? 5}

® Polarized cross sections

dQJlﬂ d2aTﬂ

Ao = qgraa — apaa = K {<E+El cos ) g1(z, Q%) — (QTZ) 92(5’%@2)}

2 _|= 2 1= .
AO'J_ = ?ZEO'-W — EZZEO-W = KE/ SmQ [gl(.flf, Q2) + %92(377@2)}
K — _4a’ E
MvQ? E

1, T are for electron spin
1, = are for target spin direction
Fy, Fy, g1, go. structure functions
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Spin-% Targets

]GDH — foo 2 > dv = —27‘(’2()5(%)2

Vih

The sum rule is valid for any target.

M|GeV] | Spin k| Igpu|p b
Proton 0.938 5 | 1.79 | —204.8
Neutron | 0.940 : |-1.91| -233.2
Deuteron | 1.876 1 -0.14 —0.65
Helium-3 | 2.809 % -8.38 | —498.0

1 ub =10"3* m?

® Proton sum rule was verified to ~ 10%, Mainz and
Bonn.

# Measurements for the neutron are in progress.
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Analysis Procedure

De{ector Eff deaéjttlgé% sity

Acceptance and’'targ

PID and
Acceptance cuts

Charge &
Deadtime

="

Araw

iluti — Ncuts L 2pN2
N, dilution O = Ninepeau LT x Acc. o+ pr N, ON,
Radiative
Corrections
)
g1, g2
AO-II , L
GDH
~—
)
A [
[
AJ_
—
Elt,dF_’Ib and Nt N
5 dilution oF LT o-LT-
AjjL

Ny Prg Pp N+ N—
2 g eam Q+LT++Q—LT—

.geff;?son Lab -r2em



Chiral Symmetry

Lqop = — 352G, G6” + @iy Dug — GMq
Lqocp = Lo+ Ly
# Consider the limit where the light quark masses vanish.

# For massless fermions, chirality (handedness) is
identical to a particle’s helicity.

# Extra symmetry to the Lagrangian and obtain left and
right handed quark fields.

qr.r = 5(L Fs5)q,
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GDH Derivation

Based on fundamental physical arguments

9

°

Lorentz and gauge invariance: low energy theorem,
Phys. Rev. 96, 1428 (1954).

Unitarity of the S-matrix: optical theorem.

Causality: dispersion relations for forward compton
scattering.
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He Elastic Asymmetry

Monte Carlo prediction: 1.390%

Preliminary data analysis:

X2/Ndof = 1.08.
Four target and beam

configurations

For seven out of the twelve -1

beam energies, elastic data

Asymmetry (%)
o

Beam+

.~ Target [

were acquired. Py

++$} % ______ %_“"___:Data

(1.403 + 0.044)% (stat. only) ol

} ----Monte Carlo

Beamlé Beam| Beam1
i Target ! Target i Target [

run number (arb.)
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Cross Section Differences
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Cross Section Differences

Ao (nb MeV ™ sr)
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The GDH Integrand: ot
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The GDH Integrand: ot
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Spin Polarizabilities

2 2 2
v =g fy @ (91 - 5 51?292) da
2 2
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M. Amarian etal., PRL 93, 152301 (2004)
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Preliminary Target Polarization
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Spin Exchange Optical Pumping

Collisional Mixing

5P% mjy — —% = +%
Rb 3He
Nonradiative
Quenching .
D, Light . % ‘
(2 (A
£ 2
58, @ ® m,-—-! 20700 m; = +, Rb
Spin Relaxation
SHe nucleus is polarized via with

Rb atoms.
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