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Outline

Transverse structure of the nucleon and partonic correlations

*Physics motivation

k-effects with unpolarized and longitudinally polarized target data
—Double spin asymmetries
—Single Spin Asymmetries

*Physics with transversely polarized hadrons and quarks
—k,-effects and SSA in pion production

—Hard exclusive processes and correlations between transverse degrees
of freedom

*Studies of 3D PDFs at CLAS at 6 GeV and beyond
'Summary
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Structure of the Nucleon
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Analysis of SIDIS and DVMP are complementary
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SIDIS kinematical plane and observables

\ (B, P &P ; : . :
Y Cross section is a function of
quy* scale variables x,y,z
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z = (qPp)/(qP)
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en—e’'nX

E06-010: Hall-A Transversity: ,
en—e'KX
IIBS . Polarized 3He: effective polarized neutron target
) World highest polarized luminosity: 1036
\\ |1 o New record in polarization: >70% without beam
BllgBlte 66% in beam and with spin-flip
n l' o ,.f‘/.
1307 &
{78
i
€
6 GeV Beam

HRSL for hadrons (p+- and K+-), new RICH commissioned
BigBite for electrons, 64 msr, detectors performing well

: —
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CLAS configurations

|
Inner Calorimeter I‘

Transversely polarized target

~

> Polarizations:

2) Polarized NH3/ND3 with IC 60 days >Beam: ~80%

olarized HD-Ice (no IC, 25 days) >NH3 proton 80%,ND3 ~30%
>HD (H-75%,D-25%)

. P
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CLAS Longitudinally polarized target run (eg1-dvcs)
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eg1-dvcs: Monitoring polarizations
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Monitoring the time dependence of
the beam polarization using the
single spin asymmetry in ep—e’nX
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SIDIS with JLab at 6 GeV

Scatterin.g of 5.7 GeV electrons > DIS kinematics,
off polarized proton and Q2>1 GeV2, W2>4 GeV2, y<0.85
deuteron targets > 0.4>2>0.7, M, ?>2 GeV?
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Large P; range and full coverage in azimuthal angle ¢ crucial for studies
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k-dependent PDFs and FFs: “new testament”

Baccetta, Diehl, Goeke, Metz, Mulders, Schlegel EPJ-2007

N/q U T
U f; |C_ Diy
L |C el
T | fir H, , His
UeH—)th _ H—q ? geaed Q Dq—)h
q
N/q Ul L

No analog in twist-2

appear in singp moment

of A,y and A,

fTafT

U 1
L | (i)
T

h"l‘ er .}IL @,i, quark-gluon-quark correlations
B, responsible for azimuthal
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moments in the cross section

EINN2009, Sep 29, 2009 @ A 10



Collins Effect: azimuthal modulation of the fragmentation function

FUTOOhIHlJ_
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Tintial quark P (I)
olarization C .
o % D(z,Pp)=D;(z,Pp)+H-H(z.Py) sin(¢y= s
zﬁgiﬁnizmg ¢s’=: TT-(g +— spin of quark flips wrt y-axis Sin((l)h+(j)s)
X A
be=m/24+p, |Y Py
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Fo7 o | s hipHi sin2¢y,
\ X;
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x HT function related to force on

EINN2009, Sef the quark. M.Burkardt (2008)
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Slvers mechanisms for SSA @ ‘

dg Correlation between quark transverse
momentum and the proton spin

Py fasor (@, k2) = (2, k7) — f1(z, k7) sindg

Proton
polarizati

SIDIS Drell-Yan

Sin(hose) o da—a TR |
FU T(¢ ¢S) D i A@M Burkardt (2000)

1ﬁ(SIDIS) = —fif L9(py)

1
@sing _ rlapg . HT asymmetries (T-odd)
UL L 1 )| No leading twist, provide access

to quark-gluon correlations

o * A
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P-dependence of beam SSA

v+ 4 HERMES
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Nonperturbative TMD |_Perturbative tegion

Check of the higher twist nature of observed SSA critical
SSA test transition from non-perturbative to perturbative region

A ! "—m
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SIDIS (y*p->nX) x-section at leading twist

2 TMD PDFs
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*Measure Boer-Mulders distribution functions and probe the polarized fragmentation function
*Measurements from different experiments consistent

: P
Jefferson Lab EINN2009, Sep 29, 2009 @ & 14



Longitudinal Target SSA measurements at CLAS (E05-113)

W2>4 GeV?
Q2>1.1 GeV?
y<0.85

.!effegon Lab

0.4<z<0.7
M,>1.4 GeV

P,<1 GeV
0.12<x<0.48

A _ 1 N—I_ — N~ *Complete azimuthal coverage crucial for
UL((b) — P, N+ + N- separation of sing, sin2¢p moments
" T
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0 JEy— sin2¢ for ' suggests Sivers dominance
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Kotzinian-Mulders asymmetry

e o sin 2 i Ik Transversely polarized
L .| el —’AUL ¢ ~ hlLHl quarks in the longitudinally
| & | = |nonh polarized nucleon
n il
§ = > éul_;Aghi;JR;léjI;IMINAR
w<30 05 T i ‘ curves, xYQSM
' A T from Efremov et al
o_ | T4//'Al ‘ -
S T T
TA |
-0.05 sl - itk - N
i 4AA4++‘ 4 #4+ - RAARR <+ CLAS 2009 (projected)
L T T T L=1.5.10%4cm2s""
0 0.25 0 0.25 0 0.25 0.5

X

*Provide measurement of SSA for all 3 pions, extract the RSMT TMD (Ralston-
Soper (1979), Mulders-Tangerman (1995)

*Study Collins fragmentation with longitudinally polarized target

.!effegon Lab

A A
EINN2009, Sep 29, 2009 @ & 16




SIDIS: partonic cross sections

JMR model %) R§S > Dq
v'...l 9 2
A 12 (zM + m)
f] u (377 T) X (k% + 22 )Qa ’

/ék U’_(wak2> X @ )
T (k%.'_ R)Qa

dol o< 3" I, kp) @ dog(y) @ ng
l Do flavor decomposition using polarized
do" Z fH—“](x)do-q(y)Dq—”l(Z) proton and deuteron data in P+ bins

' A
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A, P;-dependence in SIDIS

(uo—u%)

2 q q—T 2P2
2.q qul(w)Dl (2) T (u2+22u8) (19 +2245)
Ap(m) 5+ G=T e D D 2
M.Anselmino et al
hep-ph/0608048
TC+ T
~ 0.6 - _ _—T
< 05 | ®CLASE7GeV [ _ﬁf;glg - f{(z, k) = fl(l‘)‘xp( L)
0.4
[ I Z, k? = T X R
0.3 T TRugu g1 (x, k1) = 91( ) p( ’uz)
0.2 B : p
o1 Di(z,pr) = D1(2) 5 €XP (—_T)
71-'LLD ,LLD
0 | PRELIMINARY +
0 T s ' 12=0.25Ge V2
° 05 1 1,2=0.2GeV?

P; (GeV/c)
x10 more data from eg1dvcs

n+ A, can be explained in terms of broader k; distributions for f;, compared to g,
n- A, may require non-Gaussian P;-dependence for different helicities and flavors

Jefferson Lab EINN202®, Sty 2%, 2009 @ & 18



Extracting widths from A,

A1 >~ Fr1,/Fyy  Assuming the widths of f,/g, x,z and flavor independent

Fri(z, 2, Pr) =Y egug] () D] 7 (2)
q

2 pol
exp(—P7/(P7 "))
W(P%’p01>

_ <P2 unp> 2p0l 2 ,Unp
Ay (z, 2, Pr) = Ay (=, Z)—(PQ - exp(—P7/(PpP”)—P7/(Pr""F))
L _
~
ar,r,
2.pol 2, _
(PP = gy + 223 Py = 2 + 22§

doldo, (arbitrary units)

Py, (radians)

Fits to unpolarized data

Anselmino et al

pd = 0.33 GeV?
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A, P-dependence

\—0.6 -

N — 12 =0.10 -
&‘-05 | @ CLAS5.7GeV i m"1'5
o 5 :..,uu§=0.25 _+_
0.4 + i} LR +
0.3 B e n s T e s AR \RRRCRLELTLY L R i P
) i i u%/,uo=0.729+/-0.1194—Anselmino
01 12/u2=0.620+/-0.178+— Collins
. 0 I
0 | PRELIMINARY ®
_0.1 | | | | l ! | ! | _0.5 ! | | | | | | | |
0 0.5 1 0 0.5 1

CLAS data suggests that width of g, is less than the width of f,

A JSA
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\What comes next

Hall-A Transversely Hall-B Longitudinally Hall-B Transversely
polarized *He target polarized proton (NH,) polarized proton target
measurement
£06-010/011 target measurement measurement
(EQ6- ) (E05-113) (E08-015)
Calibrating Currently running September 2011
Fixed bins in x/Q? Wide kinematical coverage , multiple hadronic states
Sivers asymmetry Correlations of transverse and || Sivers asymmetry
longitudinal momenta (P+-
Collins asymmetry with || dependences) in A | Collins asymmetry with
transverse (neutron) _ _ transverse proton target
target Collins asymmetry with

longitudinally polarized (proton)

Shape of proton studies
target

Exclusive asymmetries as
background

Exclusive asymmetries as
background

o A
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Hall A EO06-010: Neutron (3He) Transversity

> First JLab transverse SSA measurement
> First world neutron(*He) measurement

0.3
i N7
[ Neutron =~ AUT I . N7
L o.6 - Neutron = A uT
0.2 -  This experiment -
0.4 - ¢ This experiment
c
qE) € 02
3}
° :
=
7 I boob g
£ e e
5 S | - |
O - 0.2 | .
-0t ___ Vogelsang and Yuon | ¢ LT T Theo - - '
B parameterization
-0.4 |
L PDCQ Model: Ma, Schmidt and Yang
- L [ )
0.2 ~— - Favored Collins F.F. only L || Anselmino etal.
—0.6
Favored and unfavored F.F. | I:I Vogelsang and Yuan
-0.3 PR TR S T A T T S T N ST SN ST S N SN SN SN SO [T SN TN SN U A S 0 — I011I — .oizl — Ioisl — .014I — Iol'5. !
0 0.1 0.2 0.3 0.4 0.5 %
1 " D,
hiHj7 JirPa

Collins: transversity Sivers: Orbital Angular Momentum

: o
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A, P.-dependence in SIDIS EQ05-113

5 q q—T 2_ 2
App(r) o 20991 IDT (2) _opp U9
LL > +q q—T (pF+z2pg)(wpH+2u5) M Anselmino et al
>qeafi(x)Dy T (z) e hep-ph/0608048
T T
s 0.6 — 2 =0.10 ; ,
= i i I --.n2=0.17 uy?=0.25GeV
. 0.5 _‘+| SEECER RS [ . ~..u2=0.25 up2=0.2GeV?
04
1
0.3 | T 0.4<2<0.7
0.2 " ¢las57Gev S|
0.1 [-* GHARgIE S S
0 | PRELIMINARY i ‘ P o Lol
01 L T 2
0 0.5 0 0.5 0 0.5 1] 91(e k1) = gi(@)=mcap(=3)

P. (GeVic)

*‘New experiment with 10 times more data will study the P;-dependence for
different quark helicities and flavors for bins in x to check if p,<u,

G JSA
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cos¢ moment in A -P--dependence

hep-ph/0608048
2= 2
— 122010 ue“=0.25GeV
--.n2=0.17 up?=0.2GeV?
— ui =0.25

0.2 - . .
A CLAS 5.7 GeV ‘
[ * Chrojectea) © | CLAS PRELIMINARY
_0.3 L TR B L I L | L L I L T L I
0 0.5 0 0.5 0 0.5 1
Py

L+ (L—y)? 1 Pir ) 2 2a0\ b Acosqb ~ er Hi-
0 = ——Nxp [ ——— - f1(x) Dy (2) L
7 /1;)+:\1)( > cq fi@) Dy LL 1

2 2 | .2,2
ry Wp + 2715 p

COS 1 D
A cos o \‘l —Y /l:; )hT . ‘F)/‘ET 2 qq. ) By Al_l_ ~ gL 1
(TLL = —4 - s WG (‘:\1) 5 5 9 Z(({ (/l(l) [)(] (_.')
ry () (W +2°p3)° I+ 22y

2 q

P.-dependence of cos¢ moment of double spin asymmetry is most sensitive to k-
distributions of quarks with spin orientations along and opposite to the proton spin.

(.
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CLAS transversely polarized HD-Ice target

HD-Ice target vs std nuclear targets

Heat extraction is accomplished
with thin aluminum wires running
through the target (can operate at
T~500-750mK)

Material

-
gm/cnm”

mass fraction

HD 0.735 77%

Al 0.155 16%

CTFE 0.065 7 %
(C*CIF: )

Pros | 0.24<X;<0.30 0.4<Z_.<0.7
1. Small field (/Bdl~0.( i= ‘ ‘ ‘ | -
2. Small dilution (frac 4.5§ Multiple scattering and attenuation in
3. Less radiation lenst 4 nuclear environment introduces
4' Le lear b kg 25| additional P;-dependence for hadrons
. €SS nucicar Dackgr - ; : : : :
5. Wider acceptance 3

much better FOM, es)  *°
Cons 2
1. HD target is highly '°
long polarizing time 15

2. Need to demonstrat  °°F i : i
B |

1 1 l L 1

electron beam wit 0 02 04 06
3. Additional shielding o1 ivioller electrons necessary

Jefferson Lab EINN2009, Sep 29, 2009
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Collins SSAs CLAS E08-015 (2011)

U L T val u L T
5 by U £, h,
24 hﬁ | = hLiL
fLJ:F £ 1 h, hLiT fLJ__r 2 q h, h_LL’r - 5
\ - //' - (1 x)
. sin(3¢—a¢g) 1* L S
SN S ~
- 01 - . ’ = 0.1
S | ol <
s Abidlyg HHH - 44444 % s
< o0.05 | = - ’ < oo |
| | R —
o el ol e
o |ct Af. 0 Adddd lllll SHESNE
7 F'Lﬁj J#T i T TT, TTTTT, L \
-0.05 |- B Llﬁ jJ 0.05 - B B
I A S I hoasmonee | |
015 02 04 O 0.2 04 o 02 0.4 015 0.2 0.40 0.2 0.40 0.2 0.4
X X

Anselmino et al H.A.,A.Efremov,P.Schweitzer,F.Yuan

g17.(z, k) — hi(x, k) = /k}zth(x,kT)dzk} helicity-transversity=pretzelosity |

CLAS with a transversely polarized target will allow measurements of
transverse spin distributions and constrain Collins fragmentation function
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Measurement of Sivers function and GPD-E

DvCs BH

—~_~ 1 1 (DVCS)

/ N \\

505 |
<< |
04 [ *HERMES
0.3 | Jy Jq
: W .06 -0.6
0.2} A 06 0
0.1 [ Y .06 06
- Oo .06
- Oo o
0 - Ao 06
- so o
-0.1 i ) q}g.g 006
0.2 | * 06 0.6
03| ++++++++H
_0.4 :\ AR T T N NN A TN NS TN AT MY TNt AN A YT AN N A

(SIDIS) - CLAS EO08-015

0.15

Asin(tb-d)s)

/
01  / - - /
/

0.05

[ a CI:AS (7prrojecte i)
= COMPASS (preliminary)

-0.05

02 04 o 0.2 04
X

0 02 04 O

DVCS Transverse asymmetry
(function of momentum transfer to
proton) is large and has strong

sensitivity to GPD-E

CLAS will provide a measurements of
Sivers asymmetry at large x, where the
effect is large and models unconstrained
by previous measurements.

(1

/dQETE%ff'T(SE, /Z%) = —eseq
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SSASs In exclusive pion production

Transverse

photon matters

twist
Mowzs++ ~ eg

Ji—e2 Hazrg_ o HP gl

Ahmad,Liuti & Goldstein: arXiv:0805.3568

Gloskokov & Kroll : arXiv:0906.0460

observable dominant amplitudes low ¢/
interf. term behavior

ASIN(@=s) LL IMIM}_ o Moy o+] —
Ao TT IMMo_ 1Mo+ ++] —t

ASIN(39=0s) TT IMIME_ _ Mog 4] | o (=t))3/2)

_A?}g@s LT IMMG_ 4+ Moy 0+] const.
AZn? LT Im[M;g_ 4 Mo_oy] —/
Asne LT Im[M§_  Mo_ o4] —
AS95¢ LT Re[/\/lo_’ 4 Mo_ o] —t

squ/Asmgb ~ \/(1 . e)/(l +6)

*HT SSAs are expected to be very significant
*CLAS12 can measure Q2 dependence of HT SSAs
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Summary

Measurements of azimuthal dependences of double and single spin
asymmetries in SIDIS (TMDs) and hard exclusive processes (GPDs)
indicate that there are significant correlations between spin and
transverse distribution of quarks.

Sizable higher twist asymmetries measured both in SIDIS and
Exclusive production indicate the quark-gluon correlations may be
significant at moderate Q-.

Upcoming JLab SIDIS experiments at 6 GeV will significantly improve

the statistical precision of longitudinally polarized target data, and will
provide new data on transversely polarized target, also allowing studies
of correlations between longitudinal and transverse degrees of freedom

Measurements of TMDs at JLab in the valence region provide important
input into the global analysis of Transverse Momentum Distributions (involving
HERMES,COMPASS ,RHIC,BELLE,BABAR+JPARC,GSI,EIC)

G & JSA
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Support slides....
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Run Conditions

Beam polarization: >80%
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e1&eg1-dvcs: Monitoring and calibration

pA; L
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|C operating in high
background was stable.
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|IC time and energy resolutions resolutions
after calibration using 2 photon events.
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SSA with long. polarized target

quark polarization

N/q| U | L T N/q| U L T
U fp | hi U f+ g h,e
L (e)| M L | fi 9i hy, e
i 1LT gvlT h, hllT /T//fT, fr | 8r.97 | hr,er, by, er

' zfiD
uL =y g7z AR 1\
g/h| U |/ L T o/ U | L T
Ul D/ Dp Dr, Dy U | Dy D{;
L (¢D)] Gi Gr,G7 L GiL | Giy
T | K| Hy, B, | Hy, By, H, E- T | Hi | Hip | Hi Hip
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SSA with long. polarized target

quark polarization

N/q] U L | T Nja] U | T T
U | f L U= e
L g1 | (i) L Lo hy, e
T | fir | oir | P hip T | fofr | gosl | hroen by er

Sin ¢ 1 | 1
h| U L T
q/h| U T }Xé\ D) I
U | D L Dr, Dy ! L
L | TV aG Gr, G L\\ G | Gip
T (H)) Hy, By HTaET>H7J:>EjL_ i Hl HlL H, HlT

. o
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SSA with unpolarized target

quark polarization

N/q| U L T N/q| U L T

U fp | hi U f+ g h,e

L G L[ £ | o | bhpe

1 1LT g1 h, th 1 fTaffZJ; 8T, (JT/WTJL%,GT
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E
-
-
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rd
=
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-
—

q/h ~ L T T
U (DL) DE Dr, D% [\\ D, Diy
L Gi G, GL L - Glf GITL
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SSA with unpolarized target

quark polarization

N/q] U [ L | T Njq| U | L T
U f; hi U f+ g h,e
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SSA with unpolarized target

quark polarization

N/q| U | L T N/q| U L T
U <\f.1/> hil U fj ,/gj h,e
L \ | &1 | Mg L | 91 h,er
T flJfT aqT hl hf_T T ) fff; gT, (/% hTu €T, h%—a 6%
ASiﬂ(b o th GJ_ . M ZCQLD/
LU ! < Mp,
Jh] T T T q/h \U L T
U | DT | DI Dy, D7 U | D, Dir
L | GE | Gi G, GL 7 G | Gip
T |HE|Hy Ey | Hr, Er, HE, Ef T | Hy | Hy | Hy Hip
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SSA with unpolarized target

quark polarization

Nfa[ U L] L Nfa] U [ T T
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L GL 4/ Gf GT. (Jf L \\ GlL GILT
T 7E HL,EL HTJETaH'fL?E%_ T HlJ_ HlJ_L H]- Hf_T
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it multiplicities in SIDIS

ep—e'nX

do" o 3" f79(2)dog(y) DI (2)

M
4.0 3.5 3.0 25 2.0 1.5
o N 10 F M.Aghasyan
*“’!-:, ~_ Hal-C © E ® HERMES 10, <Q%=2.5 Gey? | 9NASYE
e T e \.\ % SLAC n°, <Q°>=4 GeV’
CRE Y "in,. Z | S, O EMCK <Q%=25GeV
> RS N TR © ® e, ® CLAST, <Q’=2.13 GeV’
S 10 Qo o R Meun® - Ol
3 2o “(n = (7)) 1 g PRELIMINARY
G 804 3 - E
= +’_0' BQQBDD " z 2= 2
7 a, < l. (Q*=2.5GeV?)
%" ’*0’,‘ ‘ QD‘F{DDDDD DDDDDI\]\E}‘ : ‘
N Q0 e e s oo ‘\\
:q. ‘%qf\‘l)o\o "i‘. o ) “A
= e oo 0 -1 B, .
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> QQ O > \’\.\0... N -
~ Qo‘oqqg\o . ‘\\Oooé‘\\' / .' 1
~2%0000 0% O N
0T N ok DSS (Q2=25GeV?) ([ - |
. o ,S ys. uncert.: ;;l;;
0.6 0.7 0.8 0.9 10 4 ES (9%)’ SITAC (|1|0| 15%) | |E'|V||C (<13%|) [ |‘. I
Z
02 03 04 05 06 07 08 09 1
Z

m*- multiplicities at large z diverge from SIDIS predictions
n¥ multiplicities less affected by higher twists
0.4<z<0.7 kinematical range, where higher twists are expected to be small
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Beam SSA: A |, from CLAS @ JLab

0.5<z<0.8

Beam SSA from
hadronization (Collins
effect) by Schweitzer et al.
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Spin densities from Lattice (cpsr and ukacd coliaborations)
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Pasquini, Cazzaniga & S. Boffi (2008)
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H-Dasa potential target for electro-production experiments at JLab

° v+ H-D spin-relaxation times: months —to- years at ~0.5"K and 0.01 —to- 0.9 tesla
< 10 times higher temperature than conventional frozen-spin targets

. e+ H - D depolarization mechanisms:

(i) beam heating: 5 nA of 10 GeV electrons = 5 mW heat in 2 cm of HD

<< heating than C ,Hy,OH, due to lower Z
- ample cooling power due to higher holding temperature

(ii) spin-diffusion of paramagnetic centers:
- e brem creates free radicals with randomly oriented nuclear spin;
absolute number are small, but these can be sinks for polarization

- spin-diffusion time measured at 2 K: ~ 9 for D,
~1dfor H at 2°K; >> longer at lower T

e potential advantages:
< low fields ideal for transverse polarization experiments < beam not in detector
<> no dilution in a pure target, very low backgrounds
< small bremsstrahlung background due to low Z

e e+ H-D test scheduled for Spring, 2011, in CLAS at JLab
.!effegon Lab E|NN2[D.@Q),,$ED/%, 2009 @ (JSA 42



HDice Timeline

HDice Lab — complete design of building modifications — Nov’08
Building construction — Feb — June’09

Install Cryogenic equipment into HDice Lab — beginning June’09
Polarize sets of targets for E06-101 — Mar-June’10; Aug-Dec’10

Design/construct new In-Beam Cryostat for CLAS — May’08-July’10
Installation in Hall B — July-Sept’10

E06-101 run: y + H-D - Sept’10-April’11

e+HD test — April’11
polarized targets for e+HD DVCS - June-Oct’11

E08-021run: é+H-D — Nov-Dec’11

Jefferdon Lab EINN206®, Skgy 25, 2009



Single hadron production in hard scattering

Target fragmentation

Current fragmentation

Xg>0 (current fragmentation)

i

Lgh

Xg - momentum
in the CM frame

semi-inclusive semi-exclusive exclusive
| h
% DA & DA
-1 0 1 Xp

Fracture Functions

k-dependent PDFs

Generalized PDFs

Wide kinematic coverage of large acceptance detectors allows studies
of hadronization both in the target and current fragmentation regions

.!e TeTSOIT CdD

ETNNZ2ES, Sk 25, 2000
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CLAS vs CLAS12?

Jefferson Lab EINN206®, Skgy 25, 2009

Existing inconsistencies between HERMES and COMPASS require new
independent input. CLAS data will be crucial in developing global analysis of
3D parton distributions, TMDs GPDs and Wigner distributions.

Study the Q2 dependence of different SSA at fixed Bjorken-x will require
measurements with different beam energies, including 6 GeV.

Virtual photon has some angle with beam direction, so measurements with
longitudinal and transverse target are important for each other.

Enables early understanding of higher order corrections and higher twist
contributions.

CLAS data at 6 GeV will be important to analyze future CLAS12 data
(different systematics).

Reaction asymmetries from events ray traced back to vertex gives
tomographic decomposition of target polarization vs e running time.

-> essential to optimize plans for 12 GeV experiments
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Transverse force on the polarized quarks

N/g| U T
U | f hyex~_
L ﬁ hLaeL
T | fr.f7 hr,er, hy, e !
— [ Al
= |, deaz“e(x)
. M*
f’/(()) — €9 Quark polarized in the x-direction with
2 K; in the y-direction

Force on the active quark right after scattering (t=0)

Interpreting HT (quark-gluon-quark correlations) as force on
the quarks (Burkardt hep-ph:0810.3589)

Jefferson Lab EINN2G®, Skey 25, 2009 @ & 46



Transverse momentum of hadrons

do’ Zq(fb, k) & de(y) X Dq%h(zapL)

do™ o 3" q(x) @ dop(y) @ DT (2)

(s —h
T Dl L [ @13 FiGe k) DY (2, Pr—2ke)
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Beam SSA: A, from CLAS @ JLab

Ap® ~ g Di(2)

Photon Sivers Effect Afanasev & Ail(n](b ~ h{‘ (aj) E(z)
Carlson, Metz & Schlegel
| ep—oen X Beam SSA from initial
0.08 j. 5.7 GeV m* distribution (Boer-Mulders
v 9 43Gevm 0.5<z<0.8 TMD) F.Yuan using h,*
- _ from MIT bag model
g 0.04 - +\\: L
tn<_l ._‘+ __________ *_-_+*d.__
0.02 ; Sin ¢ 1
i ALU ~ e(x)Hl (2)
o [MCGLASPRELIMINARY = N
| | Beam SSA from

hadronization (Collins

0.2 0.25 0.3 0.35 0.4 effect) by Schweitzer et al.

Beam SSA for n° and «* are comparable indicating small Collins type contributions
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Inbendin/outbending configurations

K/K"

04 [
0.3 [
0.2 |-

0.1 |

negative hadrons.

Different polarities increase the acceptance of positive and

.!effegon Lab
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