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Qutline

QCD and spin physics
Polarized DIS and spin structure functions
Experiments at Jefferson Lab for ¢;and ¢

SANE and EG4

Other experiments for ¢»
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Quarks, Gluons & QCD
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From asymptotic
freedom to Non-
perturbative region

One of the major
challenges in
current nuclear
physics

Spin structure is
one of important
tests.



Nucleon Spin Structure

® Explaining nucleon spin in terms of quarks
and gluons (QCD)

® Nucleon spinis |/2

® De-composition is not trivial



Only

1
2

Nucleon Spin Pizza

Jaffe & Manohar

1
AL = 2 Y Ag common to both decompositions!
7



Nucleon Spin Structure

® Explaining nucleon spin in terms of quarks
and gluons (QCD)

® Nucleon spinis |/2
® De-composition is not trivial
® ~30% from quark spins

® |ittle or no polarized gluons



Solving the Puzzle

® Spin structure functions ¢1 and ¢
. . 3
® Electron scattering on polarized targets (p, d, 'He)
® Gluon polarization

® Direct measurement from polarized pp scattering
(PHENIX, STAR)

® QCD evolution from spin structure functions
® Orbital Angular Momentum (OAM)

® Generalized Parton Distributions



All Eight Quark Distributions Are Probed in Semi-Inclusive DIS
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Inclusive e-IN Scattering

Deep Inelastic Scattering

k |
k 0

® Four-momentum
transfer

0
) = —q° = 4EE' sin” 5

® Energy transfer to

the hadron
v=F — E'

® Mass of the hadronic
residual (or invariant
mass)
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Cross Section &
Spin Structure Functions
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WWhat to do with
g and g,

GDH Generalized Bjorken
Sum Rule GDH Integral SumﬂFﬁuIe
lapu(0) Iapu(Q7) [

Burkhardt-Cottingham

Sum Rule
F2(@7)
Spin Polarizabilities Higher Twist Effect
vo(Q?), 617(Q?) do( Q%)
0 1 10 50
Q°

N N N g * ] . * 3
~OonNl \I22TiIiNN2 | NIAN/Qr<ity/



Probe Resolution
and Theory Tools

Models
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Moment of g
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22 and Higher ITwists

® Decomposition of ¢»

22(x, Q%) = g3 " (x, Q%) + g2(x, Q%)

-. jUi M 1
single quark q9 & q3
scattering correlations
T=2 T>2



d> Matrix Element

® Dynamical twist-3 matrix element

1

1(Q?) =3 | g,(x, Q%) dx

J 0

B(Q) = [ [3gax, @) + 23 (1, Q)] d



World Data on ¢ and §»
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Lab Data on g1 and &
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Lab Data on g1 and &
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JLab Data on g and §»
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JLab Data on g

and g2
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CLAS eg4
Proton Spin at Low Q?
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Previous Results
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Experiment Summary

® Beam: polarized electron beam (Jefferson
Lab) at 1.0, 1.3, 2.0, 2.3 and 3.0 GeV

® Jarget:Polarized Proton (NH3) and
Deuteron (ND3) target

® Orientation: parallel (180°)

® Detectors: CLAS of Hall-B

® Scattering angle: ~8° to ~30°



Kinematic Coverage




Kinematic Coverage




CLAS at JLab
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Spin Structure Function g7
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First Moment
Q%)
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Comparison with eglb

Comparison of I', via the same W range
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First Moment with DIS
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GDH Integral with DIS
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pin Asymmetries of the
ucleon -xperiment



Experiment Summary

® Beam: polarized electron beam (Jefferson Lab) at
4.7 and 5.9 GeV

® Target: Polarized Proton (NH3) target

® Polarization: ~71%

e Orientation: parallel (180°) or
“perpendicular” (80°)

® Detectors: BETA and of Hall-C
® Scattering angle: 40° for BETA, 15.5° or 20° for



Electron Arm
Tracker

Cerenkov

Target

Polarized NH;3
with 5T field

"BET A"
\ Electron Arm

Beamline

Chicane
He bag

Monitoring
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Kinematic Coverage
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Kinematic Coverage
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Proton g7 and ¢»
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A7 and A> with HMS
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Proton g7 and g» with HMS
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Proton A> and Model
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Precision Measurement
of d»"



0.01

_,-001

-0.02

-0.03

-0.04

d>" Results

= ' I I ' I ' | -
- [ -

e Mp—
I ;&fﬂ'_f:jfj__‘j_.'_j‘,f_,'..‘..‘ o ."A-'--'--'.'--‘--'~-'-<~‘>1 -- E --- T i
B e oA 7
B ? ] Lattice GCD O E01-012 (Resonance) i
B ¥ Sum Rules '\ EIS5x o
[ X Chiral Soliton ¢ E99-117 + E155x (Combined) _
— EK () Bag Models @ This Work .
__* V RSS (Resonance) A This Work (with low-x) _—
| ..~ Elastic Contribution (CN) -
Bl . | 1 1 | . | _

1 2 3 4 5
2 27.2
Q [GeV~/cT]

Jdlversity



Spin Polarizabilities at
Small Q?
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Neutron Spin
Polarizabilities at Low Q°
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Slifer ™\

EO8-027 : Proton g, Structure Function

Fundamental spin observable has never been measured at low or moderate Q2

_ A" rating by PAC33 Spokesmen: Camsonne, Crabb, Chen, Slifer )

BC Sum Rule : violation suggested for proton at large Q% but found satisfied for the neutron & *He.

Spin Polarizability : Major failure (>80) of %PT for neutron d,;. Need g, isospin separation to solve.

Hydrogen HyperFine Splitting : Lack of knowledge of g, at low Q? is one of the leading uncertainties.

Proton Charge Radius : one of the leading uncertainties in extraction of <R > from u-H Lamb shift.
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Experiment Overview

Polarized proton target

upstream chicane
downstream local dump

Low current polarized beam
Upgrades to existing Beam Diagnostics to work at 85 nA
Lowest possible Q% in the resonance region
Septa Magnets to detect forward scattering Spectrometer

Local Beam Dump

Chicane Magnets Polarized Target

Meller Polarimeter Super Harp

Hall A Beam Dump

Fast Raster Super Harp

Slow Raster

Tungsten Calorimeter

Spectrometer

Y/ Seoul National University



Spin Structure
Functions at |2 GeV



Sawatzky

E12-06-121: d.", g,”

e Hall C: SHMS + HMS
¢  One beam energy
- 11 GeV

° Each arm measures a total
cross section independent
of the other arm.
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1{15 our runs
th sp ectrometer motion
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; QQQD

e  SHMS collects dataat @ = 11°, 13.3°, 15. 5° and
18.0° for 125 hrs each

- data from each setting divided into 4 bins

e  HMS collects data at © = 13.5°, 16.4°, 20.0° and
25.0° for 125 hrs each
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Lab |12 Projection of d»"
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Summary

® Extensive measurements for ¢, over large Q2 region
® Both for the proton and the neutron
® New efforts to go down to very low Q2 ( )
® |imited data for g,, especially for the proton
® Precision measurements of ¢,/d,: higher twists
® Puzzles in generalized spin polarizabilities at low Q2

® Test of XPT calculations: 0,1 puzzle

® New data will be available
® for the proton ( , )
® for the neutron ( : )

® Continues at |2 GeV



