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CEBAFis a superconductive electron

Jefterson Laboratory

accelerator

bbb

continuous beam
high longitudinal polarization
energy range —> 0.75 =5.9 GeV

current range —> 0.1 nA —200uA
Beam polarization 80-90%

Jefferson Lab experiments

Hall A

* £94-010 — Neutron extended GDH
*E97-103 —g2n

* E97-110 — GDH sum rule, spin structure SHe
* E99-117 — High precision A," at large x

* E01-012 — Spin duality

Hall B

* egl — p and D spin structure and moments,duality
* eg4 —low Q2 GDH

* egldvcs — semiinclusive and GPD

Hall C

* RSS — Resonance Spin Structure

* SANE — Spin Asymmetries on the Nucleon




* Longitudinal, transverse and vertical
* Luminosity=10°¢ (1/s) (highest in the
world)

e Effective polarized neutron target

* P=40% with 12uA beam

= — o
P=40-45 % Y/ Diode Laser

d @wl=12p A :
, f Diode Laser
f /1 Diode Laser
-—
3x30W @795nm Photo-Diode for EPR

High Resolution Spectrometers (HRS)
i Angulal‘ acceptance 6 msr
e Resolution 1x10* FWHM e~"beam

Helmholtz Coils

,,,,,,,,, e _beam
* Large momentum range (0.3-4.3 GeV, 0.3-3.3 T
Cell: L=40cm
GeV) windows: ~100um
* Proton Polarimeter _——




Hall B: EG1 and EG4 with CLAS

CEBAF *Six individually instrumented
Large sectors 2 ( )() EG4: Q. =0.015 GeV?

*Toroidal magnetic field

Acceptance
P 'Multi—particle final state

Spectrometer ‘Large acceptance

L
Focus on low Q2 (GDH, ¥PT) => lower

beam energies (up to 3 GeV), new

1998 )()] EGI: Q*=0.05...5 GeV?

Largest possible kinematic coverage Cherenkov for optimal acceptance in

—> inbending and outbending configuration, E outbending configuration, 6, as small as 6
degrees

C 1.6...5.8 GeV

/
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The polarized target

7~ RADIATION SHELD

CL CLAS

EG1/EG#4 target (CLAS):
Polarization up to 0.9 (p) or 0.4 (d)
Luminosity up to ~ 10°*
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Hall C: RSS and SANE

SANE setup
Electron Arm: HMS: High Momentum
® Tracker Spectrometer
¢ Cerenkov e Hall-C Spectrometer
® [ucite o Packing Fractions

o BigCal

Polarized Electron Beam: 4.7, 5.9 GeV

Polarized Proton Target: -L, ||

180°
Ammonia (NH;) Polarized via

DNP in 5T Magnetic Field

o

"BET A" N
Electron Arm [

Helium Bag )

Target

* Polarized NH;/ND; targets

*  Dynamical Nuclear Polarization

e Same as Hall B, but it can be rotated
*  Transverse polarization!

. In-beam average polarization
70-90% for p  30-40% for d )
*  Luminosity up to . o Semou ‘7&

" A=
~ 1035 (Hall C) To Pumps b_'==' To Pumps
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Magnet

NMR Coil
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Beam Target 5T
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JLab experiments

“Everything”

Sum Rules at low Q?
very low Q? - xPT

Q*-dep. of g,

V'8 completed

experiments

3 (+3) approved

with 6 GeV JLab

3 (+1) approved with
K 12 GeV (A/B/C)

Q2
5

25N

O]

B CLAS EGI and EG4
B Hall A E94-010
W Hall AE97-110
B Hall AE97-113
Hall A E99-117
Hall A EOI-012
Hall C RSS
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DIS of lepton off nucleon

Virtual photon probes the structure

Important variables:

2 2 )
Q" =-q  =4EE'sin" &
W?=M*+2Mv -0’

0’
B 2Mv

X

W
d’oc 1 2 .

dOdE" = O yon v + M tan 2

d*o'! d*o'"  4a’E '

AOdE" - AOJE" - VEQ2 [(E + K COSB_ZM ]

d’c'”  dfo'T ~ 4a’E' in 2ME ]

dQAE' dQdE' vVvEQ® @ v '@
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Virtual photon asymmetries

dO’M —d()’“r D, mn, d, T are
Experimentally: A” = do = D(A1 + 77A2) functions of Q2, E’,
unpol E,R=0,/0;
Cl’()'T:> - d()'“: 2.2
—dlA + 2 _ 4M* x

The virtual photon asymmetries A; and A, can be
extracted by varying the direction of the nucleon
polarization

or by varying the beam energy at fixed Q?, v

arge-x behavior of the A1 asymmetry

>
9

* SU(6) D> AI; =—, Arll =0 * In DIS, and in pQCD

v Minimal gluon exchanges

* Hyperfine perturbed QM v’ Spectator pair: quarks have opposite helicities

v makes S=1 pairs more energetic v At large x struck quark carries the helicity of the

than S=0 pairs 9A1 21 nucleon
VA 21

\ Isgur, PRD 59, 034013 (1999) Farrar and Jackson, PRL 35, 1416 (1975) /




g A deuteron for different Q? bins A

A(D) for Q%[0.06, 0.08] GeV? A(D) for Q%[0.08, 0.09] GeV? A(D) for Q*[0.09, 0.11] GeV? A.(D) for Q%[0.11, 0.13] GeV?

A(D) for Q?[0.16, 0.19] GeV ?

AL(D) for Q?[0.22, 0.27] GeV?

!

A(D) for Q%[0.32, 0.38] GeV?

| T — p——

A,(D) for Q%[0.45, 0.54] GeV?

I %

A.(D) for Q%[0.64, 0.77] GeV?

A.(D) for Q%[0.92, 1.10] GeV?

A.(D) for Q%[0.77, 0.92] GeV?

-0.5F 7

AD) for Q%[1.31, 1.56] GeV? A.(D) for Q?[1.56, 1.87] GeV? A.(D) for Q?[1.87, 2.23] GeV?

PR — . b pre— — . o —

A,D) for Q%[1.10, 1.31] GeV?

0.5

0.5

A,D)for Q2 [2.23,2.66]GeV2  A,D) {or Q?2[2.66, 3.17] GeV 2 A,(D) for Q2 [3.17, 3.79] GeV ? A,(D) for Q2 [3.79, 4.52] GeV 2
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Virtual Photon Asymmetry A,

HF perturbed QM
World Data parm Q° = 10 GeV*
Symmetric Q Wave function

- = Helicity 3/2 suppression
Spin 3/2 suppression pQCD
® CLAS-EG1bQ*=10-4.52GeV? R Ao
- LIS « o
A SMC S
O SLAC-E143 i ek
O SLAC-EI55 s gl
¢ HERMES
SuU(6)
) X
43.1‘}
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I
ey
0.1 02 03 04 05 06 07 08 0.9 |
X,
bj

k HP perturbed QM N. Isgur, Phys. Rev. D 59, 34013

'-8 1 T ‘ L ‘ T ‘ T ‘ T T T T L ‘ T R
ot [ ] HF perturbed QM W ]
S-j [~ ---  World Data parm Q* = 10 GeV* ]
5 | WorldData Parm + d WF Q*= 4.2 GeV* ¢ ]
z — Symmetric Q Wave function suppression B
4(—33 o Helicity 3/2 suppression ]
7S ST Spin 3/2 suppression E
Q' ~ @ CLAS-EGIbQ’=1.0-4.52 GeV? {
~ A SMC ]
= O SLAC-E143 ]
< ]
O SLAC-EI155
= ¢ HERMES 1
0.6 =
04 |- SUG) ]
d 4 2
"l kit *
[ 4 @5’ ]
o 6%
02 -
3 I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ]
0 0.1 02 03 04 05 06 07 08 09 1
X

E Close andW. Melnitchouk, Phys. Rev. C 68,035210

* P and d results fall below parameterization of world data at 10 GeV? =2 include in DGLAP fits
*To be used to extract Aq/ q in this momentum transfer region
‘P and d results are in better agreement with the HFP quark model

b

Hall B CLAS, Phys.Lett. B641 (2006) 11
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Virtual Photon Asymmetry A,

L.

IS asymmetry A for the proton (Q” > 1 GeV’, W > 2 GeV)

A,D vs. X5

| —— @7 =10 GeV? model 1.2‘ * EGTbdaa 2
E ] EG1b Systematic Erro B E::]Z:r:izlel Q"> 1.09 GeV
1.2 H pQCD prediction 1__ o Ea W > 2.00 GeV
[l SU(6) quark model | - o E1ss P
e - ,‘ I‘G] . &
: | oo lmpy,
B B HER ary,
0.8 EG1b (2001) = Nz
n EG1a (1998) -
0.6 E155 (1997) -
- HERMES (1996) N
0.4} E143 (1994) -
! o SMC (1992) B
o + EMC (1989) -
0'2: E130 (1983) C
E80 (1976, -
O Mg = e
-0.
4 llllllllilll‘lllllllllllIlllllllﬁlllllllllllllllll
) 0-1 0-2 0-3 0-4 0.5 0-6 0-7 0-8 0-9 1 _O IIIIIIII|IIII|IIII|I I|I IIII|IIII|IIII|II
‘b 0.1 0.2 0.3 04 05 06 0.7 08 09 1
X X

* New results from CLAS eglb

* Better statistical precision

* Better systematic errors

o
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n 0.4

CQM
- Statistical Model

- pQCD (BBS, Q? = 4 GeV?)

LSS(BBS), , Q2 = 4 GeV?2

LSS (2001) NLO PDF , Q2 = 5 GeV?

*(Q?=12.7—4.8GeV?
° Large X
* A" crosses zero and becomes

positive ->SU(6) breaking

Hall A E99-117, PRL 92, 012004 (2004)
PRC 70, 065207 (2004)

® This work
¢ E155x [102]

0.2 F

_0.2 PR SN T ST TN TN W A SN NN SN SN N SN N N




a I
Spin Structure Function g, and g,

1 1
8,00 =2 ¢ (Ag+Ag) =5 ei(q"(x) =g (x) +7"(x) =7 (x)
2 S48, =1/2 v

e e
.......

=
e

"~/ + = |
0,,7q (x
*Virtual photon couples to quarks of opposite helicity

q"(x) or q'(x) are chosen by changing the configuration of the incident lepton and target

nucleon spin

*g,(x) ~0O;,,- O3,

g,(x,0") = &V (x,0") + &,(x,0%)

*Not a simple interpretation
gZWW leading twist (twist 2)
*g,VWrelated to g, by the Wandzura-Wilczek relation 8, (0% = -g(x.0) + f & (.0’ )—

K g2 higher twist — quark- gluon quark-quark correlations /




g,P (@ Jefferson Lab

World data on the proton before JLab 3 Z [ I
(without COMPASS) S I S t L] } ..... 0<x<0.0
a,
oo 4 | - - Aﬁ{lg{ ; .- %01.0%30.‘93.0 o
3 ? -'-‘-;;;--:;;-:i-!:’--0.05“-. << 0.08
_________ Bzl - -ononnamnn 0.08<x<0.12
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g,P (@ Jefferson Lab

World data on the proton before JLab
(without COMPASS)

World data on the proton including
EGI1

:.---.{.------------ 0<x<0.01

i--}---- 0.01<x<0.03

—A—- PR
T i ---5-__- 0.03<x<0.05
f iﬁi—ﬂ--*----- al---T--x---R_ 005<x<0.08
e e eeeeee 0.08<x<0.12
------ rraE Ay et R g 0,12<x<0.18
I j_i_ ______ Edoh kel oo 0,18<x<0.25
; Yywm """'%"" _______ & - 1--___.0_-_2_5 x<0.35
vy 0.35<x<0.45
u E:S’O' 3' o
A EI 30‘ t.-‘.5.1-,.-----1.--------.‘.!.9 :".5.5"5.9.55.
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| 1 P |
1 10




g,P (@ Jefferson Lab

- 7 _
World data on the proton before JLab S.— 6 I i
(without COMPASS) 1— [ 7 S S S S SO S {
034_ %‘i& §f§ %010x 003
World data on the proton includin 3 ’ -:’Y gk & i - 0.05<x<0.08
P g e RRARRRIEIRARNREL S g08<x<0.12

ST WEA AL !‘!‘ "0 12<x<0.18
EGI 5 ! B hae ke llennnQ 1BCX<0.25
! ;! d &‘____‘___-t_--;_.?s_g:_.u::a.ss
; 4 "--‘Ei 0.35<x<0.45
..including resonance B ES !ii :fv
region datal 0 A EI30 :;: goadha g E g
08V EMC ¥
o HERMES,{,! ,?*“' fag-o-- 055<x<0.65
05 * EI43
04® SMC
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0.3 A EI5S ! ii!“ ﬁ Aeoae
VY JLab EGJé
10" 10 10°,
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g1

g,(x,Q?) proton for different Q? bins — egl1

g.vs. x for Q% (0.06, 0.08)

g vs. x for Q% (0.08, 0.09)

g vs. xfor @%(0.22, 0.27) Q“

LY PPN

LA AR N LN RN LR

-0.4

......

g. vs. x for Q2 (0.38, 0.45)

0.4

g.vs. x for Q% (0.54, 0.64)

0.2--

OF=—=
-0.2
-0.4

TTT T TTr oo 7T

g vs. x for Q2 (0.64, 0.77)

0.4, vs. x for Q?%(0.77, 0.92)

0.2k ---43-F-
0
-0.2
-0.4 :

TT T[T T[T T rTT

0.4-9 vs. x for Q%(1.10, 1.31)

0.4

0.2k

0

02" {

2
0.4 glvs.xforQ (3.17, 3.79)
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g, and g, for p and d

Q?=1.3 GeV?

\

W (GeV)
23 20 1.8 1.6 14 1.3 1.2 1.1
L L L B B R T | T | ]
0.25 |- 3
g1 e ﬁ §% .
02 [ i %%i} § | ® RSS <Q>=1.3 R
1 SRR R O eglb(32] <a®>=1.3
015 | H. % : A OE143021 <at> =14 .
- . &% é ]
0.1 A N -
L i%ﬁf: -----
0.05 [ ’ ig ....... .
------------ GRSV 28] | + 3 p o
AAC [301] L TS
i ERESEE BSBI[29] [T §%§!§* """"" .
- : .
-0.05 - O 7
P B S B ! L L
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.05 |
2 -
N
-0.05 |
-0.1 |
-0.15 |-
-0.2 |
0.2

Hall C RSS, PRL 98, 132003 (2007)

0.1

-0.1
-0.2

0.2

IS g, RSS Data
|— g, RSSFit

— g3*NLO PDFs

—— gy*RSS Fit

Proton

1 1 | | 1 1
B .
; L4
= Q#
- i Deuteron
| | | | | |
03 04 0.5 0.6+0%Y0.7 0.8
we
T T T ' T T N I ' I
e gln_smear (180,60mev)
e glp(RSS, smeared)
o gld(RSS)
o v gIn(E97103) Q=1.1,13 |-
3 ¥ A oIn(E99117) Q7=2.7,3.5,4.8
I% ® gln(SLAC E155) Q"=5.0
3
b e ]
I S s I ..... Ll SR I .I.E.T..I m ..... i
IR b .
s | RSS: Preliminary
1 | N | N I N | i | ' | N
1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Xbj

Hall C RSS, arXiv:0812.0031 (2008)
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a N
g, for neutron — Hall A

0.2
1 e This work Hall A, E97-103 K. Kramer et al.,
g" = P Anthony et al PRL 95, 142002 (2005)
2 X. Zheng et al.
— g/ @ 1.0 (GeVic)®
0.1 | 4 E97-103:
’ “é * Q2 from 0.58 to 1.36 GeV?
A 2R 0
[ !
0l > | ]_ N * Dedicated exp g," in DIS region
‘ at low Q?
i B @® This work
— g"W using BB (NLO
-0.1 L A ,9 A2 — givw using AA((:OSe INLO)
-1 B - = M. Stratmann
10 X 2 0 1 [ _— :\: \?Vteigtel etal.
) B — - M. Wakamatsu
* Measure hlgher twist = 0.08| +
quark-gluon correlations. i +
.. .. 0.06
* Positive deviation from g,"" g — + +
= higher twist contributions 004 —————— — ==
0.02f T T
o I———.

0.6 0.8 1 1.2 1.4

\_ Q2 [(GeV/c)? J
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______

0.75

Au/u

Ad/d

01 02 03 04 05 06 0.7 08 09 1

Avakian et al., Phys.Rev.Lett.99:082001,2007

Assuming the naive
parton model with no
sea contribution, quark
polarizations in the
valence region can be
estimated directly from
the data:

= |

0.25 |

Polarized quark distribution functions

T T T T T T T T T T T T T T T T

T

T

O HERMES
A JLab/HallA

TR S S S—— All

1

0 0.2 0.4 0.6 0.8

|

X
Dharmawardane et al., Phys.Rev.Lett. B641,2006

Au,Ung—2ng1—15ab)

U S5F" -2F¢
Ad 8g'/(1-15w,)-5g!
d 8F‘ -5F?

*Also NLO analysis on this data
*New results for recent data

coming soon!

Orbital angular momentum may

change this picture

/
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Effect of CLAS data on NLO fits of PDFs

LSS'05 [hep-ph/05121 14] —— 18§05
N'; 0.3 o ' Lss'.os ' ! ' ! ' | 001t E:L»: Sc(c)fMl;:\l'ss inel, . 001}
O o2 ® LSS'06 (CLAS EG1/p,d included) I —
o = r 7] 0.00—— 0.00
5/ 0.1F 7] s ] 001} ~ 1
- L i nauran, x(Ad+Ad)
c A ¢ . . . .
0.0 é J 0.01 0.1 x 1 0.01 0.1 x 1
-0.1F ;1 .
_ Proton,
Q' =2.5GeV

0.3 —+—F—+————— ooue :

ozif 4 5

0.1 % - T
0.0 ¢ ® | 55 TR o5 T
-0.1 . 2 2 g1 2
Neutron. 91(2, Q%)exp = 91(z, Q%) L + ¥ (z)/ Q"
0.0 | 012 | 014 | 0i6 | 0.8
X NLO fit by Leader, Stamenov and Siderov,

Hioher Toi bt including both CLAS data and new
K igher Twist contribution to g, COMPASS data on the deuteron /




First momen‘g I', and GDH
I/(0°)= [g,(x.0 Jdv
0

Athigh Q?-QPM  g1(x) = % Eezz Ag: (x) Net Quafk Spin
rp=l(§al+la +a,) a,=AX
b gg 48 0 0
)
Q»0-GDH T, = [g(x,0°) dx—0 >2§4 1,
)
- =8](‘x47f(01/2 —03/2){7‘/= _iKz

A connection between dynamic and static properties.

\ /
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First moment I', and GDH - CLAS

[

&

(D)2

L 008 0 EG1b data ——- Soffer-Teryaev
o1 ! R i | = EG1b data+model L ot
sy M [ ] ~ [ EG1b sys data ——— GDH slope
012 . + 0.06 o EG1b sys datavmodel ~—— SomeT
B - T | — Model p’QCD
04— i o ®  CLAS EG1B data+dis -
T ' [ CLAS EG1B sys err 004_— - .
- o7 Model T o, S s, W St
0.08— O' * -------- S:ff:r-Taryaev -
- . ¥ P?‘ -------- Burkert-loffe 0.02—
006 AW g i
- g \XA 0 CLASEGIA _
0 04 - é Qe\' & HERMES 0_.,4 &
W % ¥ SLACE143 _
002 ¥ 0,02
0_.:; ,g !
v 0.04"
-0.02—
_I 111 | | | | L1l | L] | [ I [ I L1l I L1l | | _0 0
0 05 1 15 2 ) 25 3 35 4 45 7 60 05 1 15 2 25 3 35 4
Q%(GeV) Q4(GeV)
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First moment I', and GDH - CLAS

[

&

0.14
0.12
0.1
0.08
70,06
0.04

0.02

-0.02

B CLAS EG1B datatdis
] CLASEG1B sys err
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Soffer-Taryaev
Burkert-loffe
meeve JigPT

0 CLASEG1A

< HERMES

¥ SLACE143

11 I

[ VI I IR A SR I R R R R

B CLAS EG1B data+dis

CLAS EG1B sys err
Model

-------- Soffer-Taryaev
Burkert-loffe
—— GDH slope
“““““““““““ Bernard,xPT
—mie JigPT
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O EG1bdata
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| — Model
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Burkert-loffe
——— GDH slope
s Bernard,PT
------ ~ JiygPT
s DQCD

r'(D)/2

0  EG1bdata

5
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0.08

0.04

0.02

-0.02

-0.04

-0.06

-0.08

-0.1

First moment I', and GDH — low Q°

Neutron
Y JLab E94010 A JLab E97110 Preliminary
HERMES
SLACEI43
W JLab CLASEGla  pQCD leading twist
— Burkert-loffe == Soffer-Teryaev (2004)
""" GDH slope

- =
S -
- -

-~
-~
~
-~
~
.~
~
-~
.~

Xpt Relativistic

Xpt heavy baryons

10°

Hall A

0(GeV?)

Hall A, E94-010 M. Amarian et al.
PRL 92, 022301(2004)

M

| Neutron Fl

-0.02

-0.04

-0.06

=== PT Bernard et al.
— HPT Jietal.

m<O D

E97110 Preliminary
EG1b Prelim
E94010

EG4 Projected

| | | |

|

EG4 syst

1

Q (GeV)

10

EG4 (expect results)




a I
Burkhardt - Cottingham Sum Rule

1
002 - r2 = ngZ(x)dx =0
0 i
o002 © : ] Brown:SLACE155x
B N Red: Hall C RSS
- | | 1 1 I 1 I 1 | I P 1 1 | Il 1 1 1 1 1 l- BlaCk: HallA E94_010
C . Green: Hall A E97-110
003 OCJ © o — (preliminary)
(O o, % 1 Blue: HallA E01-012
® ~ . .
0 -‘—i-*# very preliminar
| F i aa g BT (very p )
™ 1 1. 1.1 l 1 P 1 1 1 1 l 1 1L 1 -1 l- BC : MeaS+IOW X—I_Elastic
0.02 —
f “Meas”: Measured x-range
0 ] i‘i% “low-x”: refers to unmeasured low x part
i | of the integral.
0.02 - ] Assume Leading Twist Behaviour
. ] i Elastic: From well know FFs (<5%)

0.1 1 10

Q’ (GeV?)
\_ J
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Burkhardt - Cottingham Sum Rule

L
L

0.02 |- =
0 " BC satisfied w/in errors for JLab Proton
0.02 © 2.80 violation seen in SLAC data

mT I BT

1
|

0.03}- QC)CD © 5 o -
0 *J*# © (@la) o8 Il BC satistied w/in errors for Neutron
| N TTIT R

X (But just barely in vicinity of Q*=1!)

0.02 |- f
0 ! i ij_% BC satisfied w/in errors for *He

0.02 |- —




I, of p-n — Bjorken integral

L ® GIb
02 JLab Hall A E94010/CLAS EGla
CLAS EGla
HERMES
0.15 El43 El55 A
- pQCD leading twist SR
, o Jieto S
Bernord et o
0.1
0.05
—— Burkert-loffe
------- Soffer-Teryaev
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® L£G1b, PRD 78, 032001 (2008)
O E94-010 + EGla: PRL 93 (2004) 212001
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Structure functions averaged over f 8 (x,07)dx 6\60 :
resonances behave like DIS < gl(Q2)> =N . [ Includes elastic ]
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: I
2 particles final state
He,e'T0)p o(W. Qz,ﬁ*, ¢*) xo +Po,+Po,+PPO,

H(e,e’t )n

® Different sensitivities to resonant and non resonant

) _
D(e,e pm)p contributions for the double (0,) and target (0O)
rho production polarization terms
cta productlon ® Polarized measurements to provide new constraints to

phenomenological models which are based on previous

unpolarized photo— and electro—production data

10 Virtual
\ Proton ey
\ Incoming [ c p ——>e’ p X

/ Electron

/ ® Struck quark of different flavors produce

j | — the hadron with different probabilities —>
SIDIS can help to separate contributions

ot X

Semi-inclusive

from quark flavors

Scattered Electron ® Access to orbital angular momentum of

Proton quarks

\ ® Transverse momentum distributions /
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Aﬁl n2¢

Study of the semi-inclusive pion

production (E05-113) %z,

TMDs and Collins fragmentation function as well as DVCS
xt . Expected Precision for sin¢ and sin2¢
202 i moments of target SSA
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Study of spin orbit correlations in semi

inclusive DIS and Sivers distribution function

(E08-015)

HD target

Asin(¢-¢s)
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Potential to add to world data on g,
and A,
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CLAST 12 GeV program
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Conclusions

® Broad spin program at Jetferson Lab.
® Complex look at the structure of the nucleon.

® Many observables asymmetries, structure functions, sum

rules, moments

® New information to understand the transition between

hadron and partonic degrees of freedom

® Plenty results from Jefferson Lab, large acceptance and access

to resonance region

® Much more to come COMPASS+RHIC, Spring8, JLab @ 12
GeV, |-PARC, FAIR, ... EIC?

Thanks to Sebastian Kuhn, Nevtzat Guler, Yelena Prok, Keith Griffioen, Jiang-Peng, Karl Slifer,
K Narbe Kalantarians, Oscar Rondon, K. Adhikari




Overview

® Spin Physics

® Experiments at JLab

® Nucleon Structure Functions results
® Future experiments

° Summary




: Extracting A,/ g, - CLAS

| A/D: electron(NH ), 0.077 < G* <0.156 | | A/D: electron(NH ), 0156 < 0 < 0.317 I | A/D: electron(NH ), 0317 < 0* <0.645 |
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Large-x behavior of the A; asymmetry

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

*SU(6) QM: Exact SU(6) symmetry

Equal probability for S=0 and S=1 di-quark configuration

* Hypertine perturbed QM

° Duality

Isgur, PRD 59, 034013 (2003)
makes S=1 pairs more energetic than S=0 pairs

Suppress transitions to specific resonances (56 and 70°)

* In DIS, pQCD: Minimal gluon exchanges

Spectator pair: guarks have oppo
I x p g B U §

ite helicities Farrar and ]

Close and Melnitchouk, PRC 68, 035210 (2003)

Model for x --> 1 AP A d/u Au/u | Ad/d
Su(6) 5/9 0 1/2 2/3 | -1/3
w/ hyperfine (Eq_ < Eq_,) 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
O, ,, dominance 1 1 1/5 1 1
pQCD (conserved helicity) 1 1 1/5 1 1

~
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Parton Distributions Functions and NLO pQCD

e Two effects modify simple parton picture:

*  pQCD evolution makes PDFs Q?- .
dependent (NLO DGLAP equations) —

mild logarithmic dependence

® (Gluon) radiative corrections change
elementary Cross section generating a :;( " ;;:b<
contribution to gl due to the gluon

polarization

8" (x,Q%) = gl + ()3 e[Aax. Q) @C, + Ag(x,Q)®C,)

we can extract information on the gluon from DIS

\ /




4 N
Jefterson Laboratory and CLAS

CEBAF *Six individually instrumented

sectors
Large

*Toroidal magnetic field

Acceptance *Multi-particle final state

Spectrometer *Large acceptance

CEBAFis a superconductive e ron
accelerator

continuous beam
high longitudinal polarization
energy range —> 0.75 =5.9 GeV

current range —> 0.1 nA -200mA

bbb

Beam polarization 80-90%




a I
Experiments EG1 and EG4 with CLAS

EG1: Q2= 0.05...5 GeV? EG4: Q*,,,=0.015 GeV?

' i i te: m,> = 0.02 GeV?
Largest possible kinematic coverage note: my e

— inbending and outbending configuration, E

=1.6...5.8 GeV

194 - 2001

Focus on low Q2 (GDH, ¥PT) => lower

beam energies (up to 3 GeV), new

Cherenkov for optirnal acceptance in

outbending configuration, 6 as small as 6

A 1)6/

degrees
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o.(x,Q?) proton for different Q? bins
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Virtual photon asymmetries

do 2) .
TEa0 [|o7 +e0; + P,P|\N1-¢" Ao cosy + 1/25(1 - E)AZO'T SInYy
A, - 01/ =03, A, - O
< GT GT
()
— the asymmetries A, and A, can be extracted by
P, varying the direction of the nucleon polarization
or by varying the beam energy at fixed Q?, v
nucleon w
A = D(A1 + 17A2)
A, =d(A +EA,)
[where D, n, d, T are functions of Q?, E’, E, R,
e.g.: ,
1-¢E'/E
2 D=—""'=
Eei Ag; (x) 1+ &R

Alz i . "= 3@' R=ﬂ |
Eei q;(x) E-¢E Oy

i EG1 used parameterization of world data on A, to

extract A, (1) is usually small)




The asymmetry analysis

N~ / O -N * / Q+ " N*/-Yield for electron/target spins

antiparallel (-) or parallel (+)

A4 -/ - + / A+ -
N /Q + N /Q IQ"‘/‘gatedFC

raw —

Physics asymmetry A| |

°P, Beam polarization

C ba ckAr aw °P, Target polarization
L= e DF Dilution factor
P eP ; X DF * C,.aBackground processes
(pion contamination & pair symmetric)
Ay
A +ndy = 1-E' 0’
-E¢e/E £
D D = ;N = R=—=
1+ &R E - E '
A;,g, can & extracted
the structure functions g, and g, are linear combinations of A; and A,
NI e _ T (A ( 1 )
§(x.0) = (A + L A)F, = 1”(1) (Fonln
2 T T=—%
. 2,(x,0%) = m(x/?Az - A)F, 0?
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A;D vs. X5
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Outlook: The Future at JLab

® Remaining experiments at 6 GeV
e HallA
E-06-010: Transverse target single spin asymmetry in n{ (e,e'T")
E-06-011:Transverse target single spin asymmetry in n{ (e,e'Tt")
E-06-014: Precision measurement of d, on the neutron —a
E-08-027: g,, and O, 7
e HallB

E-08-015: Semi-inclusive pion production (and DVCS) on p

e Hall C
E-07-011: High precision g, ; in DIS region
E-07-003: SANE (SSFs on p, with emphasis on g,)

* Approved experiments for 12 GeV

e HallA/C
E12-06-122: A, at high x with 8.8 GeV and 6.6 GeV beam in Hall A
E12-06-121: Precision measurement of g, and d, on the neutron

e HallB
E12-06-10: SSFs on longitudinal target with CLAS12

E12-07-107: Semi-inclusive pion production on p—>




