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The CEBAF Accelerator
Electron beam
• Energy up to 5.7 GeV 
• Current 1 - 100 µA (Hall B 50 nA) 
• Polarization > 0.8
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Experimental Halls
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Hall A HRS + HRSHall B CLAS

Hall C HMS + SOSPolarized Targets:
H2 and D2 (Hall B + C)
3He (Hall A)



Polarized Targets in Halls B & C
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• Dynamically polarized targets of solid (deuterated) ammonia
• 5 Tesla magnetic field
• 140 GHz polarizing microwaves
• 1 Kelvin superfluid helium
• Longitudinal polariztion

P1 < 0.9 P1 ave = 0.7 - 0.8
P2 < 0.4 P2 ave = 0.2 - 0.3
measured by NMR

• Also transverse 
polarization in Hall C

• Current
3 nA in Hall B
100 nA in Hall C

• Luminosity < 1035 cm-2 sec-1



Polarized Target in Hall A
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• Polarized 3He gas target
• Optical pumping and spin 

exchange
• Longitudinal and transverse 

polarization
P3 < 0.5 P1 ave  = 0.4 
measured by NMR and EPR

• Current 12 µA
• Luminosity < 1036 cm-2 sec-1



CLAS Detector in Hall B

Stephen Bültmann - ODU                                         RHIC/AGS Users Meeting, June 2007



DIS of lepton off nucleon
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Presenter�
Presentation Notes�
DIS with charged lepton beams has been a key tool for probing the structure 

Of a nucleon. An example of DIS process is shown ..

In this picture a virtual photon of 4 momentum q strikes an asymptotically 

Free quark in the nucleon. We are considering here the deep inelastic region which means that Q2 is large while x is kept fixed. For unpolarized scattering we can 

Get access to the unpolarized structure functions F1 and F2. With 

Polarized beam and target the spin distributions are probed.�



Kinematic Coverage
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EG1 EG4



Status of g1
 

(x,Q2)

• Existing data mostly for DIS and low x
• Remaining

– ΔG (RHIC, COMPASS)
– ΔL (COMPASS, HERMES, Jlab)
– Transversity (HERMES, Jlab, RHIC)
– Large x precision measurements 

(Jlab)
– Measurement in non-perturbative  

region (Jlab)
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Presenter�
Presentation Notes�
Due to QCD radiave effects the structure functions possess a significant 

Q2 dependence. At NLO the expression becomes:

Where C are Wilson coefficients and correspond to the polarized photon-quark 

And photon-gluon hard scattering cross sections, calculable in QCD.

It is important to understand these radiative effects for a number of reasons 

Including comparisons of different experiments, parameterizing data and 

Obtaining sensitivity to the gluon spin distribution. As the experiments are 

Taken at different facilities the data span a large range in Q2�



the asymmetries  A1 and A2 can be extracted by 
varying the direction of the nucleon polarization

where D, η, d, ξ

 

are function of Q2, W, E0 , R

the structure functions g1 and g2 are linear combination of A1 and A2
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Asymmetry Measurement

Presenter�
Presentation Notes�
Spin structure function is extracted from measurement of the double 

Spin asymmetry in inclusive polarized ep scattering as shown in the figure.�



Asymmetry Measurement
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Simultaneous extraction of A1 and A2 from measured asymmetry

A|| = D ( A1 + η A2 )     with η =                     and D =ε √
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A1
 

+ηA2
 

for proton

Parametrization of previous world data (including CLAS) by      
S. Kuhn , L. Stuart, et al. including “AO” and “MAID2000” for resonance region
Blue solid line = Estimated contribution from AA22 to AA11 ++ηηAA22

1.7 GeV (proton) 5.7 GeV (proton)
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Presenter�
Presentation Notes�
Results for asymmetry on the proton versus final-state invariant mass W for 6 bins 

In Q2. Arrows indicate the masses of several resonances. The left 3 panels show data 

Obtained with 1.6 GeV beam energy, while the right 3 panels come from the 5.7 GeV

Data. Bands at the bottom indicate the size of systematic error.

Strong dependence of the asymmetry on W is seen particularly at low Q2. The 

Total data set covers 19 bins in Q2, with similar statistics on the deuteron.�



gg11 forfor the pthe protonroton

Parameterization of previous world data (including CLAS)g1 (x,Q2) = [(A1 +´ A2 )+(°-´)A2 ]
F1

1+°2

g1
 

(x,Q2)
 

for the proton

Stephen Bültmann - ODU                                         RHIC/AGS Users Meeting, June 2007

Presenter�
Presentation Notes�
Results for g1 vs x are shown for 8 Q2 bins. 1.6 GeV, 5.7 GeV

At high x g1 is seen to decrease with increasing Q2 as expected from 

QCD evolution. At low Q2 the delta resonance is quite prominent, with 

G1 being negative as expected for a spin flip transition. 

As we move towards high Q2, delta fades and g1 

Becomes slightly more positive�



Proton/Deuteron Comparison

In the ¢(1232) region and at low 
Q2, g1

d/2 is consistent with g1
p

At high Q2, g1
p is significantly 

larger than g1
d/2 , indicating a 

negative contribution from the 
neutron
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Asymmetry Measurement
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• Very preliminary result
• A2 is larger than previously used EG1 model, basing on MAID and AO
• Same result reported by RSS experiment from JLab Hall C (2007)



Asymmetry Measurement in 
Hall C (RSS)

Stephen Bültmann - ODU                                         RHIC/AGS Users Meeting, June 2007

Q2 range from 0.8 to 1.4 GeV2/c2

• Polarized longitudinal and 
transverse ammonia target

• 100 nA electron beam
• Both polarizations average 

between 0.6 and 0.7
• HMS spectrometer at 13.5º
• 160 million events



Asymmetry A1
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g2 from Hall C (RSS)
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Twist-2 Wandzura-Wilcek approximation



g2 from Hall C (RSS)
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d2 = 0.0057 ± 0.0009 stat. ± 0.0007 sys. for 0.29 < x < 0.84
d2 = 0.0029 

at Q2 = 5 GeV2/c2

Compared to SLAC 
d2 = 0.0032 ± 0.0017

Twist-3 matrix element d2 representing quark-gluon correlation



Polarized PDF’s
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• Inclusion of large amount of low-Q2 

data from CLAS EG1 by Leader, 
Siderov, and Stamenov

• Simultaneous extraction of polarized 
parton densities and higher twist 
corrections



Polarized PDF’s
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Error envelopes 

LSS05
LSS06 (EG1)
CLAS12

overall improved 
by EG1 data
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S11
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F15
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Global

Test of Quark-Hadron Duality
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Proton



g1 from Hall C (RSS)
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Q2 range from 0.8 to 1.4 GeV2/c2

Integration over resonance region 
1.09 GeV < W < 1.91 GeV
of NLO PDFs and comparison with 
measurement gives a ratio of
1.17 ± 0.08

Global duality only at 
2 sigma level
Local duality not 
observed



QQ22
 

dependence of dependence of gg11
 

/F/F11
Q2 dependence of g1 at 
fixed x is very similar to F1

in the DIS region

EG1 data show a decrease 
in g1/F1 even in the DIS 
region

Resonance region            
different Q2 dependence 
goes negative at Δ

High Q2 results agree with 
SLAC data
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Presenter�
Presentation Notes�
Ratio of g1/F1 as a function of Q2, averaged over several bins in x. 

Few data points from SLAC and previous CLAS meas.  Are shown as well.

The dashed line represents parametrization of the world data in the DiS region. 

Arrows indicate the conventional limit of the resonance region at W=2GeV.

In the DIS region both g1 and F1 are expected to have only logarithmic scaling violations, 

And their ratio was found to be nearly independent of Q2 in previous expt.

Our data show a clear decrease in this asymmetry with decreasing Q2, in particular for the proton they fall below the DIS parametrizaton around Q2=1 and small x.

The Q2 dependence is more pronounced in the region of nucleon resonances.

This reflects the W-dependence seen in the asymmetry plots.

The data above W=2 can be incorporated into NLO fits of spin struct func

To improve the precision with which polarized PDFs are known�



Assuming the naïve parton model with 
no sea contribution, quark polarizations 
in the valence region can be estimated 
directly from the data:

¢u/u = [5g1
p-2g1

d/(1-1.5wD )]/[5F1
p-2F1

d]

¢d/d = [8g1
d/(1-1.5wD )-5g1

p]/[8F1
d-5F1

p]

¢u /u ! 1 as x ! 1
Consistent with pQCD and QM
Disagrees with SU(6)

¢d /d < 0 up to the highest x ~0.6
Consistent with Hyperfine Perturbed QM
Disagrees with pQCD w/o orbital angular momentum
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Quark polarization in the valence 
region

Presenter�
Presentation Notes�
Within a naïve quark-parton model we and ignoring contribution from 

Strange quarks we can estimate the quarks polarizations deltau/u 

And deltad/d directly from the data by combining the results for g1 from the 

Proton and the deuteron with our parametrization of the world data for F1.

The result for deltad/d has relatively large statistical errors since neither 

A1p or A1d are very sensitive to deltad/d. The result shows no indication 

Of changing to the positive values up to x of 0.6. 

At the same data, the result on deltau/u is the most statistically precise available 

At this time, and  shows a consistent trend towards deltau/u of 1 at large x.�



Moments and Sum Rules
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Presenter�
Presentation Notes�
More fundamental information can be obtained from the 

Integrals over the structure function. Gamma1 has a straighforward 

Quark-parton interpretation in terms of spin probabilities weighted 

By the squared quark charges. Assuming no sea polarization, 

The naïve values would be G1p=0.5*5/9 ~ 0.3 and G1n =0

For a less model dependent prediction , can use values of nucleon 

Axial charges extracted from beta decays�



GDH Sum Rule
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1/2  and 3/2 to the nucleon magnetic moment, i.e. a connection between 
dynamic and static properties. Recent measurements at Bonn and Mainz, 
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based on very general principles, as gauge invariance, dispersion 
relation, low energy theorem

at finite Q2 can be related to 
the integral of the spin structure 
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Presenter�
Presentation Notes�
There is another important sum rule that constrains the behavior of G1 as Q2 

Goes to 0. The gerasimov-drell-hearn sum rule originally made a prediction 

About the real photon absorption cross section, which related the difference 

Of these … to the anomalous magnetic moment k

If we assume that the real photon cross sections connect smoothly to the 

Virtual one, we can generalize the rule to make prediction for gamma1 

As Q2 goes to 0.

According to GDH , G1 approaches 0 with a negative slope but must change 

Sign at some low Q2 since G1 at high Q2 is positive. The low Q2 region is dominated 

By nucleon resonances, and contains a transition from the hadronic to partonic degrees of freedom.�



Generalized GDH Integral
A generalization of the GDH sum rule has been suggested by Ji and Osborne by 
relating the virtual-photon forward Compton amplitude S1 to the nucleon structure 
function G1 
X.Ji et al., Phys.Lett.B472 (2000) 1 
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Measurable



ΓΓ11
 

for the proton and deuteronfor the proton and deuteron

Xmin=0.001,  x_max= pion production threshold
shows strong Q2 dependence varying from negative to positive values as Q2 increases

Γ1 Γ1
proton deuteron

Q2(GeV2)
Q2(GeV2)
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Presenter�
Presentation Notes�
The q2 -dependence of first moments of g1 for the proton and the deuteron is shown 

In the left and right panels respectively. The parametrization of the world data 

Was used to include the unmeasured part to the integral down to x =0.001.

Only the Q2 bins where the measured part constitutes at least 50 % is shown.

Open squares - data. Closed- full integral

For the deuteron the integration is carried up to the nucleon pion production 

Threshold at high x, excluding the quasi-elastic and electro-disintagration cont.

2 phenomenological models are shown on the plot, that attempt to 

Interpolate between the DIS region and the real photon point.

The model by Soffer and Teryaev interpolate over the integral over g1 and g2, w

Ith the strong Q2 dependence of the integral coming from the variation ing2.

The Burkert Ioffe model use a parametrization of measured pion electro and 

Photo production amplitudes to calculate contrbutions from resonances �



Low Q2
 

behavior of Γ1
 

- χPT
proton deuteron

preliminary
preliminary
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Presenter�
Presentation Notes�
The low Q2 region is shown in more detail along with the 

Slope predicted by the GDH SR, phenomenological models and 

Chiral perturbation calculations.  The cPT relativistic calc by Bernard et al 

Is shown�



EG4 projection

• Extends to very low Q2 of 0.015 GeV2  both proton and deuteron
• Data taken earlier this year
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Presenter�
Presentation Notes�
The new �



Hall A Measurement on 3He
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Hall A Measurement on 3He E01-012
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Γ1
n

• g1 /g2 and A1 /A2 (3He/n) in resonance region,     1 < Q2 < 4 GeV2

• Study quark-hadron duality in spin structure

Presenter�
Presentation Notes�
The new �



Bjorken Sum Q2 Evolution
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Combined data from
EG1a and Hall A E94-010
A. Deur, et al., PRL 93, 212001 
(2004)



JLab Upgrade: EG12 
projections

W > 2; Q2

 

> 1

Allows access to higher x values
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Summary
A wealth of new data on the nucleon spin structure in the     
non-perturbative regime has been produced at Jefferson 
Lab as part of a broad spin physics program, still in 
progress

These measurements provide new information for 
understanding the transition between hadronic and 
partonic degrees of freedom by investigating spin structure 
functions, related sum rules and moments, asymmetries, …

A new measurement to cover the very low momentum 
transfer region and provide a bridge to the GDH sum rule at 
the photon point has just been completed recently

12 GeV program at Jlab will offer the opportunity to extend 
these measurements into new kinematic regions 
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