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Inclusive electron scattering
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Dee[:) inelastic scattering

e =(E.k)

High Q2 and W>2GeV: fine resolution = we see Partons
l , asymptotic freedom of the
scalmg ) =

strong interaction

\ 2004 Nobel Prize
D. J. Gross, H. D. Politzer and F. Wilczek
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The resonance region

e =(E.k)

L ow Q% and W<2 GeV - coarse resolution — we clon’t see

individual Partons.

l I The nucleon goes through ditferent excited

states: the resonances
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SCALING, DUALITY, AND THE BEHAVIOR OF RESONANCES
IN INELASTIC ELECTRON-PROTON SCATTERING*

| E. D. Bloom and F. J. Gilman |
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(Received 25 June 1970)

We propose that a substantial part of the observed behavior of inelastic electron-pro-
ton scattering is due to a nondiffractive component of virtual photon-proton scattering.
The behavior of resonance electroproduction is shown to be related in a striking way to
that of deep inelastic electron-proton scattering. We derive relations between the elas-
tic and inelastic form factors and the threshold behavior of the inelastic structure func-
tions in the scaling limit.
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Quark-hadron cluality

I. Niculescu et al., PRL 85 (2000) 1182
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Theoretical interpreta’tions

Lattice QCD

PT P
& Quark models OPE -_>

Q? =0

EQCD (Carlson, Mukhopaclhyag):
- (! dependence o1C transition £orm gactors VS. X &ependence oF Parton
distribution functions
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Theoretical interl:)retations

Lattice QCD

. vPT Quark models

Q? =0

Operator Product Expansxon RUJula Georg), Politzer):

- nglwcr twist corrections are sma“ or cancel
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Theoretical interl:)retations

Lattice QCD

B moces|
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OPE

Q? =0

SU(6) symmetry breaking inthe quark model (Close, Isgur and Melnitchouk):

- inves’cigate several scenarios with suPPression of sPin~§/ 2, helicity~§/ 2or

sgmme‘cric wave function
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Existing data on “spin duality”
g P Y

Indication of dualitg for gﬁHe from Hall A (E94-010)
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Neutron spin duality ?

X. Zheng et al, Phys. Rev. C 70 (2004) 065207
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Quark-hadron cluali’ty: accidental or universal Phenomenom ?

In order to improve our understanding of duality, we need
to explore duality in:

Polarizecl S vs. unpolarize& SF
and

Proton vs. neutron

a dedicated experiment to study spin duality on the
neutron was necessary




The experiment O1-012

=« Ran in Jan.-Feb. 200%

= Inclusive exPeriment: ‘He(e,e')X

> Polarized electron beam:

70<P,___ < 85%
> Hall A in standard equipment

beam

> Pol. ?He target (Para and Perp):

<P >=37%

targ

= Measured Polarizecl cross section

CligCFCﬂCCS ancl Form g ancl gz ‘FOI" He
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= Test of spin duality on the neutron (*He)




The E01-012 Collaboration
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Experimental SCtUP Both HRS in sgmmetric conﬁguration
at 25° and 32°

w Double the statistics

Left HRS I h
w Control the systematics
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3He as neutron target

The Polarized He target

S state D state S' state
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From constant (E, 0 ) to constant Q?

O (GeVie)

301 \
: 5.0 Gev, 32"

i \ 40 Gev, 25°

3.0 GeV, 25

1
2.2

W (GeV)




The structure function g in’He P. Solvignon et al., PRL 101, 182502 (2008)
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SPin clualitg on ?He and neutron

Use partial moments:

lntegrate g"es and gdfs over the same X-range

and at the same QX
rres f greS(x,QZ)dx

idis= : dls(x Q )dx

- I®=L® &uality s veritied




SPin clualitg on ?He and neutron

Use partial moments:

lntegrate g"cs and gdff’ over the same X-range

and at the same Q2

fro - fx ¢ (x,0%)dx

min

el

fwldis _ f: dls(x Q )dx

min

- I®=L® dualitg s veritied

Neutron extraction using the effective Polarization equation:
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P. Solvignon et al., PRL 101, 182502 (2008)

~ 3He ~n P,=86%
[y = P, r," 2P,
1t 1 P,=-2.8%

Target mass corrections were aPPIied on PDFs




\/irtual Photonmucleon asgmmetrg

(xan) = ngz(x,Qz)

Al(x’Qz) = gl F(X Q2)

: 4M°x*
with y* = sz

In the Parton moclel:

g, Q%) el Agi(x,Q?)

A - ~ -
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it Q2 clel:)enclence similar for g, and for F
= weak Q2 dependence of A




A] forHe
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A, for3He
P. Solvignon et al., PRL 101, 182502 (2008)
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A] forHe
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A] forHe
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A] forHe
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A in the resonance regjon

an 91 =G5
4 1 F{l

4 Effective equation Polarization cannot be used for a Pt-to~Pt neutron

extraction in the resonance region

4+ V. Kahm W. Melnitchouk and s. Kulagin are incluclinga Q"uéependence in their
convolution model (arXiv:0809.4508)

4 Goal: test of quark~|1aclron &ualitg on A"and Possible access to higlﬁ X regjon




g,” ancl g{‘ N the resonance region
g
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neutron uncertainties
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The &, structure function

gs = 9;‘ Y+ g

L ead ng twist contribution
determined entirelg from g

through the Wandzura-

Wilczek relation: 9
G (2,0%) = —gi(z,Q -l-/d ) ny)




The &, structure function

_ WW [~
—, 92 +(9‘2

higher twist contribution
| eadi ng twist contribution
determined entirelg from g
through the Wandzura-
Wilczek relation: 9
91 y, Q) )
0" (@.Q) = (0. @)+ | dy 2




s s, 5
ThC structure FUﬂCthﬂ gZ in HC P. Solvignon et al., in preparation
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BurkharcLCottingham sum rule on the neutron

2 . 2
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Higher moment clz

‘ 1 ‘ ‘ ‘
dy(Q)*) = /o - [2 gi(z, Q%) + 3 g2(x, Qz)] dx
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Higher moment clz
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M. Gockeler et al. PRD 63, 074506(2001). hep-lat/0011091.




5ummar9

EO1-012 Provides first Precise data of SPin Structure Functions on neutron CHe) in
the resonance region for1.0< Q%< 4.0GeV?

v OverlaP between EOI1-012 resonance data and DIS data:

first dedicated test of Quark~Ha<:lron Dualit9 for neutron and He SSF
v No strong QLACPendence In resonance AFHC for Q=2.0 Ge\2

w DIS-like behavior

Preliminarg extraction Oan ancl gzn In thC resonance ngiOﬂ - A]n Wl” come soon

Preliminarg results on the Burkhaml(ioﬁtingham sum rule and d,» at moderate @2

and more to come ...




At JLab 12GeV
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