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Motivations

4 Access to neutron spin structure functions

4 Sum rules work for nuclei even when extra disintegration
channels and nuclear excitation are added

4 Test of sum rules without worrying of nuclear corrections
4 Light nuclei measurements important to test EFT

4 True understanding of QCD means being able to describe
nucleon and nuclei in terms of fundamental degrees of freedom




Implementations of QCD

Due to complexity of QCD we often employ approximations or effective
theories

SOt Perturbative QCD

Operator Product Expansion (OPE)
2 :
Q Lattice QCD

(Quark models

o 0 Chiral Perturbation Theory (yPT).




Inclusive electron scattering
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GDH Sum Rule and extention to finite Q?

Real Photon Scattering

/OO ( ) dv 2a7°
O1/0 —03/9) — = — K
. 1/2 = 03/2) — Ve

[,GHD = 204ub
I.OPH = _234ub

[GPH = _0.65ub
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GDH Sum Rule and extention to finite Q?

Real Photon Scattering

/OO< ) dv 2am?
O1/2 —03/2) — = — K
” v M?

Extension to finite Q2

] 1
510.Q°) = g5 | 91(@.Q%)de
0
Ji and Osborne, J. Phys. G27 (2001) 127
S, calculable (in principal)

Reduces to GDH sum rule as Q>— 0

Qirtual Compton Scattering/




The g, structure function

Wandzura-Wilczek relation PLB 72 (1977) 195
1 2
g1 (yaQ )
V@) = (.Y + [ P
xr

Leading twist determined entirely by g,

gzzgyw @

Higher twist




Burkhardt-Cottingham Sum rule

1
go(x, Qz)d:p = ()

H.Burkhardt, and W.N. Cottingham
Annals Phys. 56 (1970) 453.

0

Relies on the virtual Compton scattering amplitude S, falling to zero
faster than 1/vasv — o




Overview of available kinematic range at Jlab
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Jlab Hall A: E94-010
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Jlab Hall A: E01-012
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JLab Hall B: EG1b g e 7
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JLab Hall C
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SHe: low Q2 Structure functions and sum rules
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SHe: low Q2 Structure functions and sum rules
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K. Slifer et al., arXiv:0803.2267
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3He: low Q? Structure functions and sum rules Hall A

K. Slifer et al., arXiv:0803.2267
(submitted to PRL)
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Deuterium: Structure function g,? (per nucleon) HallB
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Deuterium: first moment
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Quark-hadron duality

J. Arrington, et al., PRC73:035205 (2006)

First observed by Bloom and Gilman
in the 1970's on F»:

iy

Scaling curve seen at high Q? is an
accurate average over the resonance
region at lower Q?

F.b/2

In nuclei, the averaging is
in part done by the Fermi
motion.

F,Fe/56




Spin Duality

Bianchi, Fantoni and Liuti, PRD 69 014505 (2004)

1) Determine g s at constant Q?
2) Integrate over region of interest (local or global)
3) Compare to DIS result evolved to same Q2

X max

©@)=[""g" ar

xmax re dis

Q)= [""g dx I

dis

[(©)-T"(@") = Duality




Spin duality on 3He Hall A
P. Solvignon et al., arXiv:0803.3845
(submitted to PRL)
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Spin duality on 3He Hall A
P. Solvignon et al., arXiv:0803.3845
(submitted to PRL)
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Spin duality on 3He Hall A
P. Solvignon et al., arXiv:0803.3845
(submitted to PRL)
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Hall B
Spin Duality on deuterium

P. Bosted et al., PRC75 (2007) 035203
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Spin Duality on deuterium Hall €
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Structure function g,’"¢ at moderate Q? Hall A
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Structure function g, at moderate Q? Hall €
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Virtual photon-nucleon asymmetry

gl(xan) - ngz(xan) ) 2 4M*x?
F(x,07)

Al('x’ Qz) =

In the parton model:




A, for 3He Hall A
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A, for 3He
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P. Solvignon et al., arXiv:0803.3845
(submitted to PRL)
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P. Solvignon et al., arXiv:0803.3845
(submitted to PRL)
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P. Solvignon et al., arXiv:0803.3845
(submitted to PRL)
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A, for deuteron Hall B
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A, for deuteron Hall €
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Low Q? Structure functions: g, and g, Hall A
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JLab Hall B: EG4 E, = 1.3, 2.0 GeV
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JLab Hall B: EG4
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Summary

< Rich study of 3He spin structure in the resonance region for
0.04<Q%4.0 GeV?
v Precision test of the extended GDH and BC sum rules
v Observation of spin duality for Q% down to at least 1.8GeV?
v A; shows no strong Q?-dependence above Q? # 2.06eV?

<+ Same coverage for the study of deuterium spin structure in the
resonance region, except for the lack of coverage for the perpendicular
data:

v First moment of g; shows the turn over required by the GDH slope

v Observation of spin duality for Q% down to at least 1.5GeV?

v A; shows same trend as DIS data for W above the A(1232) region

All these results have the advantage to be free from
nuclear corrections




