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Spin physics at Jefferson Lab
P Jefferson lab:
* high quality polarized beam
* high luminosity polarized targets
* large acceptance spectrometers

m) high precision spin structure data in
the high xp; valence quark region.

What is special about the high—XBJ-

region ?
Nucleon wave function dominated by
valence quarks.

« A good place to test quark models;
understand quark-gluon dynamics
and SU6 symmetry breaking
mechanisms.

« Firm pQCD predictions for x->1




Inclusive Electron Scattering
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Virtual Photon Asymmetry
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Nucleon Structure at large Xg;
Neutron Wavefunction (Spin and Flavor Symmeftric)
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SU6 symmetry breaking terms in Valence quark models: higher
energy for axial-vector spectator di-quark pair terms compared to
scaler di-quark pair terms due to hyperfine interaction.
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pQCD: as x->1, the struck quark has the same helicity as the parent
nhucleon.
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Experimental Hall A
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Experimental Hall B
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Spin structure functions at large x
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Spin structure functions at large x
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Moments of spin structure functions

« Related to matrix elements of local operators - in principle accessible to
lattice QCD calculations

« Sum rules relate moments to the total spin carried by quarks in the
hucleon and to the axial vector coupling g, of the nucleon

« At high Q?, can be expanded in a power series (higher twist, OPE)
« At low Q?, amenable to Chiral Perturbation Theory; constrained by GDH

Sum Rule
1
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...and y, 8,1 (connection to Compton scattering) GDH sum rule
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Why is g, interesting ?

« tests twist-3 effects = quark-gluon correlations.
« d2 matrix element from the HT part of the g2.

do = 3/01 dra’gs(x) = /01 dxz? [3g2(x) + 291 ()]

« Test predictions for d, from lattice QCD, QCD sum rules and quark
models.

« d,related to transverse color Lorentz forces on the struck quark
(Matthias Burkardt) - "chromodynamic lensing”: Phys. Rev. D 88, 114502
(2013).

* sign of d2 related to sign of transverse deformation (anomalous k9 )
* polarizabilities of color fields (with twist-4 matrix element f2)

N
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Fp = — 1 XE = — 1 _g (2(12+f2)_
M? M2 1

B 5 XB : 3( do — f2)

- : 7




Moments of g,: BC sum rule
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Moments of g,:d."
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Moments of g,:d.P
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12 GeV: NEW Capabilities - Hall A
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» Large acceptance (2n) Collmatey

« Kinematic coverage out to
moderately large P+

« Capable of quite high
luminosity (1036 cm-2s1)



Possibilities with Bigbite and Super-Bigbite
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12 GEV: NEW
CAPABILITIES - HALL B

Future longitudinally polarized
target for CLAS12 (11 GeV

program at Jefferson Lab)
* Horizontal “He evaporation cryostat
« 5T B-field provided by central detector

 VERY large acceptance

. Full PID (K and x)

(K ID requires major new -
funds for RICH) R—

« Moderately high -
luminosity (103° cm—?s1)
(matched to NH;, ND5)

{ 11
A T —1]

ey

Polarized Targets

« Standard DNP longitudinal
NH,;, ND targets
(funded by NSF MRI, under
construction)

« HD-Ice target —
(suitability for e- beam
remains to be demonstrated)




Hall B experiment E12-06-109: A,P
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Hall C experiment
E12"06"110: Aln

* SHMS + HMS pair
* 60 uA, ~ 90% polarized 11 GeV beam
* Polarized 3He target

* 60% polarization

-+ 850 hours (35 days) of data




Hall C experiment E12-06-110: A,"

HMS+SHMS, DIS, 684 hours
HMS+SHMS, RES, 48 hours
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Summary

» Jefferson lab polarized beam combined with high luminosity
polarized targets and large acceptance spectrometers in halls A,
B and C provides a unique opportunity to probe nucleon spin
structure in the valence region with unprecedented precision.

* recent results on Ay A,, g;, g, forproton and neutron
- Au/u, Ad/d

- crucial steps in understanding valence nucleon structure

* New results on g2 and d2 for both neutron and proton

* Much more to expect with 12 GeV




