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The Spin Structure of the Proton

< From NLO-QCD analysis of DIS =3 AS+AG+L, +L
measurements g 9

AT ® 0.2
AG = 1.0£1.2 - probably small?
< quark polarization Aq(x)

—>first 5-flavor separation from
HERMES

“ transversity 8q(x)
—a new window on quark spin

—~azimuthal asymmetries from
HERMES and JLab

—~>future: flavor decomposition
< gluon polarization AG(x)

C=

AG

O

“>RHIC-spin and COMPASS We want to solve this puzzlel >
. started providing answersl! need large range in x and Q2 and
“ orbital angular momentum L high luminosity for precision!

—>how to determine?
- GPD's and TMD's



Topics Jefferson Lab Can Address
* Inclusive DIS

- Spin structure functions
- Valence PDFs at high Bjorken x
- Sum Rules, OPE, higher twist

- duality 08
+ Semi-Inclusive DIS

- Flavor tagged SSF

- Transversity, TMD PDFs -
» Exclusive Processes

- DVCS
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Jefferson Lab in Perspective
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Jefferson Lab in Perspective

g '01\' [ Atlas and OM8
8 [ Atlas and OMS rapidity plateau
:\T‘ 10 7 B0 DO CentralePwd. Jets
O EX83 CDP/D0 Central Jets
0l B w
D zEUS
10 e
BCDMS
10 oo
-
JLa- DIS
10° 7 R N
|| I 21 Future: 12 GeV
0 .\~I‘ P
| ll' l'l |'~\-;~5555’:: N Q?2=1...13 GeV?
|
£ e 1 X=0.06...0.8
10 ",‘ll

W=0.94...4 GeV



Jefferson Lab Experimental Halls

6 GeV pol. e beam §§
Pol=85%, 100pA =&

Nﬁ; & N_D)3 targets

Hall A: two HRS’ Hall B:CLAS Hall C: HMS+SOS



Experimental Hall A

Hall A Floor Plan
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Experimental Hall B




Experimental Hall C
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Inclusive DIS of lepton off nucleon

Virtual photon probes the structure

Important variables:

O’ =-q° =4EE'sin’ ¢

2

W?=M>+2Mv-0°
Q2

=2Mv

X

2 1 2 i 2
do_ _do =4a lz [(E+E'COSH2M]
dQdE' dQQdE' vVvEQ



Large-x behavior of the A; asymmetry

Large x region dominated by valence quarks— can test quark models

Model for x --> 1 Ap An d/u Au/u | Ad/d
SU(6) 5/9 0 1/2 2/3 | -1/3
w/ hyperfine (Eq_, < Eg_,) 1 1 0 1 -1/3
One gluon exchange 1 1 0 1 -1/3
Suppressed symmetric WF 1 1 0 1 -1/3
S=1/2 dominance 1 1 1/14 1 1
0,,, dominance 1 1 1/5 1 1
pQCD (conserved helicity) 1 1 1/5 1 1

0 | ——— — — — — —— — — —

A, uncertanty
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Large-x behavior of the A; asymmetry

Hall A, neutron
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A, at large x : Future
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Quark polarization in the valence region
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Effect of JLAB data on NLO fits of PDFs
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Effect of JLAB data on NLO fits of PDFs
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The spin structure function g,
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Quark-Hadron Duality

SFs averaged over (part of) resonance region = DIS SFs

Long Distance Physics:
hadronic observables

Hall C Data
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Quark-Hadron Duality in g,
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Sum Rules
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Towards the 3 dimensional picture..

W, U(k,ry) "Mother” distributions

y

Measure momentum
transfer, t, to target

Flpu(T):FZpu(T )

f14(x), .. h“(x)

- on TMDs
X fieckn), fir (k) . hitGxcky)
X
Hie,6t) Y B0 L
XP'_ v H% Hg" E% E%
GPDs
: Z
y/ \%
e
Form Factors PDFs

Measure momentum
transfer, x, to quark

Hard exclusive and semi-inclusive measurements provide complementary information
about the transverse structure of the nucleon




TMDs measured in SIDIS

quark

In the collinear approximation:
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* Different hadron species

* Spin-momentum correlations
_, (Sivers function, Boer-Mulders

Wil function, "pretzelosity")
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Hall B: SIDIS asymmetries with longitudinally polarized
NH; and ND; targets (preliminary results)
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Hall A: Target Single-Spin Asymmetry in SIDIS
Reaction on a Transversely Polarized 3He Target
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GPDs through
DVCS and DVMP

pl
DVCS
DVCS: Meson | GPD flavor
* the clearest way to access the GPDs composition
* Only y; photons participate in DVCS T Au — Ad
* Interference with BH process 0
p H.E|| ~ 2Au + Ad

DVMP: 7 2Au — Ad
* Factorization proven only for o, P 2u + d
* Meson distribution amplitude w 2u — d

* Gluon exchange required

* Vector and pseudoscalar meson production
allows to separate flavor and separate the
helicity-dependent GPDs form helicity
independent.



Constraints on J, and J

06" JLab Hall A /n-DVCS :

* AHLT GPDs
W Lattice QCDSF (quenched)
-0.2|" [JLattice QCDSF (unquenchod)
. [CJLHPC Lattice (connected 'erms)

0.4 WA W. Thomas

0.6/~  GPDs (Double Distributions from VGG)
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J
u
Helicity-dependent Jlab Hall-A neutron and HERMES transversity polarized proton data constrain

in @ model dependent way on the total up and down quark contributions to the proton
spin.
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6 GeV Experimental Results

Hall A: Proton DVCS, helicity dependent and independent
cross sections were measured at
Q2=(1.5,1.9,2.3) GeV?, -1=(0.17,0.23,0.28, 0.33) GeV?, x,=0.36
Neutron DVCS, helicity dependent cross section on deuterium

Hall B: Proton and deuterium DVCS and DVMP, helicity dependent and independent
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Future of GPD measurements at 12 GeV

CLAS12: A comprehensive map Hall A: Detailed Precision Measurements
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Conclusions

« Jefferson Lab has produced a multitude of
precision data on polarized structure functions,

PDFs , GPDs, and TMDs, moments, higher
twist and duality..

Study of the spin-structure of the nucleon is one of the
main driving forces behind the upgrade of Jefferson Lab

« Jefferson Lab at 12 GeV will complete the 3-dimensional
quark picture of the nucleon for x> 0.1
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Status of g,(x,Q?)

1
g0 Q) = g+ (¢)) Y €1 [Aq(x, Q) O C, +Ag(x,Q") C,]

%F—ﬁ— X =0.007
+ Data mostly for DIS and low : %
* Remains to be done: B e o

- AG (RHIC,COMPASS) W X =0.25

- AL (DVCS: COMPASS, R e
HERMES, JTlab) s N

e

5

¢ X =035
- Transversity(HERMES, Jlab,
RHIC)
- Large x precision measurements
(Jlab)

- Measurement in non-perturbative
region (Jlab)




M. Anselmino et al PRD74:074015,

0 1

A, - Pr dependence @ 12 GeV
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A, P;-dependence provides access to helicity dependence of k{-distributions of quarks

Deuteron and hydrogen data required for P+-dependent flavor decomposition.
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Spin Structure Function g,

Oy0 = q¥(X) O30 = q°(X)

Virtual photon couples to quarks of opposite helicity

I,(0°) = [g,(x.0 )i



Semi-inclusive DIS:
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prdependence of x A,
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broader k; distributions
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The CLAS Detector

‘High luminosity, polarized CW beam
‘Wide physics acceptance, including
exclusive, semi-inclusive processes,
current and target fragmentation
‘Wide geometric acceptance, allowing
detection of multi-particle final
states
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~ 200 physicists
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DC: Drift Chamber
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Forward CALO

H. Avakian, Trento, June 10
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Quark-Hadron Duality in g,

Valid for spin structure functions?
Not so obvious - can change insign: s
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1.4

1.2

Existing Data from CLAS

Tsgur, PRD 59, 034013 (2003)\

Close and Melnitchouk, PRC
68, 035210 (2096)
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