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Inclusive e-IN Scattering

® Four-momentum transfer

(
Q? = —¢°* = 4EFE'sin® 5

® Energy transfer to the hadron

v=F —FE'

® Mass of the hadronic residual (or
invariant mass)
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® Bjorken scaling variable
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Cross Section &
Spin Structure Functions
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Spin Structure Functions

® (Ji:easy to understand, relatively easy to
measure

&1(x, Q) Ze 9] (x, Q) — qf (x, Q%)
® J2:more complex

® g>=0in naive quark model

® sensitivity with target polarization
perpendicular to beam polarization



Moments of Spin
Structure Functions

First Moments

GDH » Generalized > Bjorken
Sum Rule GDH Integral Sum Rule
Chiral Perturbation Theory Operator Product Expansion

Bjorken result for (p-n) at finite Q2

Burkhardt-Cottingham

N Sum Rule >
Higher Moments
Spin Higher twists & color
Polarizabilities Polarizabilities
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Higher Twist Effects
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single quark
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quark-quark &quark-gluon

scattering correlations
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Moment of Spin Structure

Function g;
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leading twist  higher twists
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ga=1.257, ag= 0.579 are the triplet and octet axial charges
A2 = singlet axial charge

gan = Au — Ad
as = Au+ Ad — 2As
AY = Au+ Ad+ As

pQCD radiative corrections



Moments of Structure
Functions

1
a9 (QZ) — 2/ dx xz th&’t Q(x Q ) Target mass correction term
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do (Q‘z) Dynamical twist-3 matrix element
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g2 and quark-gluon
correlatlons

W H
”a — G- + J2

A twist-2 term (Wandzura & Wilczek, 1977)
dy
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A twist-3 term with a suppressed twist-2 piece (Cortex, Pire & Ralston, 1992)
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Color Polarizabilities

Response of the gluon field under polarized nucleon (X. i, E Stein et al., 95)

Color magnetic and electric polarizabilities (in nucleon rest frame)

xB.52M?5 = (PS|Op g|PS)
where 63 - QpTgéw
Op = ¢'d x gEY

dy = (XE + 2xB)/4
fo=XE — XB

d> and /2> represent the response of the color B & E fields
to the polarization of the nucleon



Lorentz Color Force

For a charge e moving at speed of light along -z direction, the EM Lorentz force
can be written as

L =T
Fy:e[E—l—’D'x B] = ¢(EY — B®) = —eV2G Y

Color Lorentz force reads:

FY(0) = = 25 (P SIa(0)y* G (0)4(0)|P.S)
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Average Color Lorentz Force

1 1
dz 2° Go(z) = =do = P, S|g(0)y*G*¥(0)q(0)|P, S
[ dza? ga(a) = 3d2 = —— (P, 81201 G (0)q(0)|P,5)
a measure for the Color Lorentz
force acting on the struck quark in SIDIS
at the instant after being hit by the
virtual photon
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Previous Kinematic
Coverage for Proton g>

g" measurments
NP A" S 1 "¢ SLACEI43g2p
NO’ ' ' ' ' ¢ SLACEIS5S g2p
— & SLACEI55x g2p
¢ SMC g2p
HERMES g2p
RSS g2p
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Previous Measurements &
Predictions for Proton d>
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Previous Measurements &
Predictions for Proton d>
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Experiment Summary

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

® Target: Polarized Proton (NH3) target

® Polarization: ~71%

® Orientation: parallel (180°) or “perpendicular’
(80°)

e Detectors: BETA and of Hall-C

’

® Scattering angle: 40° for BETA, 15.5° or 20° for
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Jefferson Lab

>

CEBAF

2 Linacs with
recirculation

Electron beam of
energies up to 6 GeV

3 Experimental Halls
in simultaneous
operation



"BETA"

Electron Arm




Polarized NH3
with 5T field

"BETA"

Electron Arm



Beamline

Chicane
He bag

"BETA"

Electron Arm



Electron Arm

Tracker
Cerenkov

Lucite
BigCal

"BETA"

Electron Arm



HMS

Monitoring

Packing fractions %

"BETA"

Electron Arm




ig “lectron lelescope Array

® Electron detector without magnet
® Should provide
® Tracking information
® Forward tracker, Lucite hodoscope, BigCal
e Particle identification
® Cerenkov detector
® Energy measurement

® BigCal (Lead glass calorimeter)



BETA




Kinematic Coverage
® 2<(2<6 GeV2

® 03<x<0.8
e W > |4 GeV
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Polarized NH3 Target
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Data Taking

® For 2 beam energies: 4.7 and 5.9
® ) different orientations of polarizations

® perpendicular: target polarization at
80° with respect to the beam
polarization

e parallel: 180°
target

beam tafget

\'\\’?



Data Analysis

® Beam spin asymmetries

1 NI —-Nv
fPBPT NT + N+

A 41, =

® Physics asymmetries

E — E' cos 6 E’sin 6
A== AP

A\



Data Analysis

® Structure Functions

11
81 14 ’)’2 ( 1T 2)
Z 2 1

® />, matrix element

1
ds(Q*) = /0 dz z° |29, (2, Q%) + 3g2(x, Q%)
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Asymmetries
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Results for Spin
Structure Functions

0,08""[""]" ""I""|"”I""I""’I""|1";
" 4 SLACEI43 — Stat 2015 —*—(Q)=1.6 GeV]
[ v SLACEISS — BB . (QY=29 GeV]
2 0i06)- ¥ B« - Lss200
2°07 [ Qhens.on’
1 | o (QY)=6.1 GeV™
- O COMPASS 1
0.04F & cras N
0.02
0
-0.02F 7
0 01020 04 05 06 07 08 09 1

X



Results for Spin
Structure Functions
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Results on Proton d>
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Summary

SANE measures double-spin asymmetries, Ajj and A | of ep
DIS

Kinematic coverage of 2 <(Q2 <6 GeV2, 0.3 <x <0.8,

New non-magnetic detector BETA used for electron
detection

Proton’s spin structure functions g; and g> measured

Two values of d> extracted at near constant (Q2

Possible indication of a scale dependence of the color
Lorentz force.



