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Inclusive Experiment
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Structure functions in the parton model

! 

F
1
(x) =

1

2
ei
2
qi(x) =

i

"
1

2
ei
2
[qi

#
(x)

i

" + qi
$
(x)]

! 

g
1
(x) =

1

2
ei
2"qi(x) =

i

#
1

2
ei
2
[qi

$
(x)

i

# % qi
&
(x)]

! 

A
1
(x) "

g
1
(x)

F
1
(x)

Large x region: valence quarks dominateLarge x region: valence quarks dominate

X. X. Zheng Zheng et al., PRL 91 (2004) 12004et al., PRL 91 (2004) 12004



Quark-hadron duality

  First observedFirst observed
by by BloomBloom and and
GilmanGilman in the in the
19701970’’s on Fs on F22

  Scaling curveScaling curve
seen at high Qseen at high Q22

is an accurateis an accurate
averageaverage over the over the
resonanceresonance  regionregion
at lower Qat lower Q22

I. I. Niculescu Niculescu et al., PRL 85 (2000) 1182et al., PRL 85 (2000) 1182



Quark-hadron duality (cont’d)

Short distanceShort distance Long distanceLong distance

ConfinementConfinementAsymptoticAsymptotic
FreedomFreedom

W>2GeV W<2GeV

Two very different behaving in average the same way !Two very different behaving in average the same way !



Resonance vs. scaling

Scaling ⇒ Q2 independence of structure function moments
            ⇒ resonance region is a part of the scaling regime  

protonproton
neutronneutron

R. R. fatemi fatemi et al., PRL 91 (2003) 222002et al., PRL 91 (2003) 222002
M. M. Amerian Amerian et al., PRL 859(2002) 242301et al., PRL 859(2002) 242301
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World data

Confirmation of duality for the spin-independent SFConfirmation of duality for the spin-independent SF
 Jlab Jlab Hall C for Hall C for FF22

p p and and FF22
dd  

 HERMES for HERMES for AA11
pp

 Jlab Jlab Hall B for Hall B for gg11
p p and and gg11

dd

 Jlab Jlab Hall A for Hall A for gg11
3He3He

Hint of duality for the spin-dependent SFHint of duality for the spin-dependent SF

Figure from Figure from Seonho ChoiSeonho Choi

I. I. Niculescu Niculescu et al., PRL 85 (2000) 1182et al., PRL 85 (2000) 1182

A. A. Airapeian Airapeian et al., PRL 90 (2003) 092002et al., PRL 90 (2003) 092002



The experiment E01-012

  Ran in Jan.-Feb. 2003Ran in Jan.-Feb. 2003

 Inclusive experiment: Inclusive experiment:

 Measured polarized cross Measured polarized cross
section differencessection differences

 Form g Form g11, g, g22, A, A1 1 and Aand A22
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Test of spin duality on the neutron (and Test of spin duality on the neutron (and 33He)He)



The E01-012 Collaboration
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Experimental setup

 Polarized  Polarized ee--  beam at 3.0, 4.0 and 5.0GeVbeam at 3.0, 4.0 and 5.0GeV

  Both HRS in symmetricBoth HRS in symmetric
configuration at 25configuration at 25oo and 32 and 32oo

→→ double the statistics double the statistics
→→ control the  control the systematicssystematics

  Particle ID = Particle ID = Cerenkov Cerenkov ++
EM calorimeterEM calorimeter

Hall AHall A



The CO2 gas Cerenkov counter

Index de refraction:Index de refraction:
n  = 1.00041n  = 1.00041
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Lead Glass Calorimeter

Cuts applied for electron efficiency > 99%Cuts applied for electron efficiency > 99%



Particle identification performance

ππ/e /e reduced by 10reduced by 1044 and electron efficiency kept above 98% and electron efficiency kept above 98%



The polarized 3He target

♦♦ Two chamber cell Two chamber cell
♦♦ Pressure ~ 14  Pressure ~ 14 atm atm under running conditionsunder running conditions
♦♦ High luminosity: 10 High luminosity: 103636 s s-1-1cmcm-2-2

LLtg tg ~ 40cm~ 40cm



The polarized 3He target

♦♦  LongitudinalLongitudinal and and
transversetransverse
configurationsconfigurations

♦♦ 2 independent 2 independent
polarimetriespolarimetries::
     NMR      NMR and and EPREPR



How to polarize 3He ?

Two step process:Two step process:

1.1. Rb Rb vapor is polarized byvapor is polarized by
optical pumpingoptical pumping with with
circularly polarized lightcircularly polarized light

2.2. Rb eRb e--  polarization ispolarization is
transferred to transferred to 33HeHe
nucleus by nucleus by spin-exchangespin-exchange
interactioninteraction



Nuclear Magnetic Resonance

S
PP3He 3He = = κκww S S

1.1. Apply perpendicular RF fieldApply perpendicular RF field
2.2. Ramp holding field (HRamp holding field (H00)) } } flip the flip the 33HeHe  spins under spins under 

AFP conditionsAFP conditions
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κκw w : from calibration: from calibration
with an identicalwith an identical
target cell filledtarget cell filled
with waterwith water



Electron Paramagnetic Resonance

1.1. Polarized Polarized 33He creates an extra magnetic field: He creates an extra magnetic field: δδBB3He3He
2.2. Measure the Measure the Zeeman Zeeman splitting frequency when Bsplitting frequency when B00 and and

δδBB3He3He are aligned and anti-aligned. are aligned and anti-aligned.

κκepr epr : depend of cell density: depend of cell density
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Target performance

NMR analysis done by Vince NMR analysis done by Vince SulkoskySulkosky

Pavg~ 37%

Statistical errors onlyStatistical errors only



Electron Beam Polarization

♦♦ Used Used Moller PolarimeterMoller Polarimeter: measurements performed: measurements performed
by E. by E. Chudakov Chudakov et al.et al.

♦♦ 70 < 70 < PPbeambeam  < 85% for production data< 85% for production data



Analysis scheme
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Elastic asymmetry

Check of the productCheck of the product::
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HRS cross section comparison



Nitrogen cross sections

Modified the QFS model by adding energy dependenceModified the QFS model by adding energy dependence
to the cross sectionsto the cross sections



3He unpolarized cross sections



Radiative corrections
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Radiative corrections

♦♦ Elastic tail negligible at Elastic tail negligible at
all all aour aour kinematicskinematics

♦♦ Used E94-010 data as a Used E94-010 data as a
model for model for radiativeradiative
corrections at the lowestcorrections at the lowest
energy:energy:
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3He Born cross sections



Asymmetries

Preli
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Test of Duality on Neutron and 3He

Used method defined by N. Bianchi, A. Used method defined by N. Bianchi, A. Fantoni Fantoni and S. and S. LiutiLiuti
on gon g11

pp

1.1. Get gGet g11 at constant Q at constant Q22

2.2. Define integration range in the resonance region inDefine integration range in the resonance region in
function of Wfunction of W

3.3. Integrate gIntegrate g11
res res  and g and g11

disdis over the same  over the same x-range x-range and at theand at the
same Qsame Q22

PRD 69 (2004) 014505PRD 69 (2004) 014505
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g1
3He at constant Q2



g1
3He at constant Q2



g1
3He at constant Q2



g1
3He at constant Q2



g1
3He at constant Q2



g1
3He at constant Q2



Γ1
n in the resonance region

Extract the neutron from effective polarization equation:Extract the neutron from effective polarization equation:
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Test of duality on neutron



Spin asymmetries
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A1
3He



A1
3He



A1
3He



A1
3He



A1
3He



A2
3He



Summary

 E01-012 provides precision data of  E01-012 provides precision data of Spin Structure FunctionsSpin Structure Functions
on on neutronneutron ( (33HeHe) in the resonance region for 1.0<Q) in the resonance region for 1.0<Q22<4.0(<4.0(GeV/cGeV/c))22

 Direct extraction of g Direct extraction of g1 1 and gand g22 from our data from our data

 Overlap between E01-012 resonance data and DIS data Overlap between E01-012 resonance data and DIS data
→→ test of  test of Quark-Hadron Quark-Hadron Duality for neutron and nuclei SSFDuality for neutron and nuclei SSF

 E01-012 data combined with proton data E01-012 data combined with proton data
→→ test of spin and flavor dependence of duality test of spin and flavor dependence of duality

 Our data can also be used to extract moments of SSF (e.g. Our data can also be used to extract moments of SSF (e.g.
Extended GDH Sum RuleExtended GDH Sum Rule, , BC Sum RuleBC Sum Rule))



Extra Slides



From 3He to neutron



NMR: water calibration


