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Double polarized inclusive electron scattering
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Virtual photon asymmetries
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Q? evolution of the spin structure function g,

» Q% — « quarks behave as free particles
1 )
9,(x) = 2ZerAq(><)

> At finite but large Q?additional
corrections

eDescribable in pQCD

eDistribution functions in DGLAP equations

*Slow logarithmic Q? dependence

NLO

» At moderate Q? higher twist effects
e|Interactions between the struck quark and

the other quarks in the nucleon
e|Inversely proportional to Q> — large at small
Q2
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Jefferson Lab

Continuous Electron Beam
Accelerator Facility (CEBAF)

20 cryomodules

Energies between 800 MeV to 5.8 GeV
Typical beam polarization ~ 75%

20 cryomodules

CEBAF Large Acceptance P 7’
Spectrometer (CLAS) -
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Hall A : Talk by N. Liyanage
Hall C : Talk by S. Tajima

TOF
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calorimeters measure the dilution factor
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Experimental Status of Spin SF g.

mLarge x, moderate to low Q?
w4 different beam energies
1.6, 2.5, 4.2 and 5.6 GeV
mQ? coverage 0.05-4.2 GeV?
mResults of 1.6 and 5.7 GeV
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Spin structure function g, for the deuteron

ﬁbﬁ' [ IE ' ' I ]

05 @®=02GeVv? i @For aresonance A, (and g,) can
— A-A, parameterization . . . .
- /LL | be written in terms of helicity
1 | ] ] ] 1 ] ] ] ] | H
— i ] amplitudes 2
TAEL | P O, > A L
O3/, > Ay
1 (AL =TA, [
1/2 3/2

— 1 |A1/2 |2 +|A3/2 |2

@For a pure magnetic dipole

] transition
i W =2 GeV - N A(1232)
- Q2=1.7 GeV? :
= : W
1 | _1 | | | 1 | | | | | M1+
10 1 -
X SU(6) — Pure spin flip
A.-A, parameterization from the code "AO” & “MAID2000” A1 — 05

together with a fit of the world DIS data and old JLab data



Q? dependence of g,/F.

@®Q? dependence of g, at

fixed x is very similar to F,

in the DIS region

@Our data show a
decrease in g,/F, evenin

the DIS region

@Resonance region
mdifferent Q2
dependence

®»goes negative at A
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Virtual photon asymmetry A, at large x

P
DIS region X
o
minimal Q? dependence L
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Virtual photon asymmetry A, for the proton

@SU(6) 5
AP =",
9
@®Hyperfine perturbed QM
®» makes S=1 pairs more
energetic than S=0 pairs

WAt large x struck quark

carry the spin of the nucleon
N. Isgur, Phys. Rev. D 89, 34013

A" =0

@Duality
suppress transitions to specific

resonances in the final state
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states in 56* and 70
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Virtual photon asymmetry A, for the deuteron
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Polarized parton distributions

@Not well known at large x

@Predictions for x— 1
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Ad/d

Polarized parton distributions

1 WL .
: | | | ] @Contribution from the s quark is
075 | . ignored
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@Our data for the Au/u are the
statistically most precise available

@A.° or A9 not very sensitive to
Ad/d

& JLab Hall A and Hall B results
for Ad/d show no indication of a
sign change

0 02 04 06 08 1 »Disagree with pQCD
predictions (assume hadron
helicity conservation)




First moment of g,(x,Q?)

Single partons

x(W=1.07) : T Bjorken Sum Rule
2y 5 Elastic contribution Jor
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Generalized sum rules for I

Spin structure function dParton description

g,(x,Q?) is related to the Operator Product Expansion
i p (Q°
forwarq virtual gompton (o’ )—*Q S (0,0° )= =
scattering amplitude S, v (Qz)
(X.Jietal., J Pnys. G 27, 127) r (Q )=T(0°)-T (el)

= Twist-2 part is known
; =Higher twist terms yet to be evaluated
) 8 ,
S, (O,Q‘ ): 2jfgl(x,Q‘) dx
(O "Transition between parton and hadron
degrees of freedom

T T = calculable in Lattice QCD
Calculable Measurable dHadron description
Inelastic part of S,
Includes the elastic contribution . ) ’
S (0,0 )=——+cO" +..........
c calculable in yPT
I Q S (0,
(Q7)= (0,07)



First moment [, for the proton and deuteron

Xmin =L @Phenomenological Models
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[, for the proton : low Q2

QZ 2 .
I = {— |\Ij|2 +S(00)Q?2 +}
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@®Expand in chiral

perturbation theory in a

power series of pion mass
=»Calculations at next-to-
leading order in momenta

@For the proton-neutron
difference the ChPT expansion
should hold for higher Q2
®In the proton-neutron
difference A(1232)
contribution drops out.
Other resonances are
reduced as well
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SUMMARY

@A broad physics program to study the spin structure of the
proton, neutron and their excited states in progress at Jefferson
Lab Hall B.

@9, and I', cover a wide kinematic range

@Results for 1.6 GeV and 5.6 GeV data show strong Q?
dependence and have better precision than existing data
wlLow Q? I', results agree with HByPT calculations

®»|mprovements in the precision of the polarized parton
distributions at large x

@2.5 and 4.2 GeV data will fill in the intermediate Q2 region with
more precision
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Comparison of kinematics for A,
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Deuteron as a proton+neutron target

L=2 D state

w, ~0.056

S,=-1

L=0 S state

s.=1

=Deuteron can be in a S state or a D state

=In the S state the spin of the proton and the neutron are aligned with
the deuteron spin

=The probability of being in the D state = 0.056

oI = (1 - ; o, j(rlp i)



From asymmetries to spin structure function g,
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Models

= A,— Wandzura-Wilczek relation in the DIS region and the code MAID 2000 in the

resonance region
= [, — Fit to world data

= A, — Fit to DIS data and AO in the resonance region
EG1a data to optimize the parameters



Asymmetry A.+nA, for the proton
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@For aresonance A, can be

written in terms of helicity
amplitudes
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@For a pure magnetic dipole
transition N A(1232)




Exlo B
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1'2C data were used to simulate
>N background
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Background subtraction
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Dilution Factor
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