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Inclusive DIS

Unpolarized structure functions F;(x,Q?) 2
and F,(x,Q?)

= Proton & neutron measurements provide
d/u distributions ratio

\\ Nucleon

d’o 8a2cos2(0/2) [Folx, Q%) 2Fi(x, Q%) M
T+ 1) = S ) e (62

Polarized structure functions
91(X,Q2) and 92(X,Q2) ()? :Four-momentum transfer

® Proton & neutron measurements combined z ‘.BEJ'°'"ke“*V°'“i0?'e
with d/u provide the spin-flavor U : Energy transfer

) ) ! M : Nucleon mass
distributions Au/u & Ad/d W : Final state hadrons mass

d2 o E’ 2

L g = 1) = s (B + Eeostlo (o @) - L. )
d? 4o’ sin@ E" : f

T amal= —1=) = Sigap e @)+ 2800 |

April 18, 2007 DIS2007 Munich, Germany 2



12 GeV upgrade kinematical reach

°* Access to very large x (x > 0.4)

= Clean region
= No strange sea effects
= No explicit hard gluons to be
included
* Quark models can be a powerful
tool to investigate the structure
of the nucleon

* Comparison with lattice QCD is
possible for higher moments of
structure functions.

. 0 2 4 6 8 10 12
M,(Q%) = /0 dr "2 Fy(z,Q%) n=24. Mv (GeV?)

1
M(Q?) =/ de 2" gi(2,Q%), n=1,35..

0
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The tools

°* A high duty cycle, high current, polarized 12 GeV
electron beam

* A high luminosity Hall.
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Unpolarized Neutron to Proton ratio

. *Impact:
e > .
In. ‘rhenlargpe.x region (x>0.5) The = determine valence d quark momentum
ratio F, /F," is not well determined distribution
f;ﬂe erfhe lack of free neutron =>extract helicity dependent quark
= A distributions through inclusive DIS
}‘5‘;%:1 " high x and Q2 background in high energy
% particle searches.
i = construct moments of structure functions
[ ] B
‘e sue) |08
| d/u=1/2 ! M. Botje, Eur. Phys. J. C14, 285-297, 2000
. \_ 1
- . 06 _ d/u | 0% =10 GeV?
B Al
ST I ) s\, =
[] 0.4 o I - -~ CTEQ4M (modified)
SLAC data " [ 0.6 -
o helicity - I
= Fermi motion conservation ' I
¢ Fermi + off-shell du=ts K /0-2 0.4
scalar diquark | |
A PLC suppression dominance [ I R 0
d/u =0 » 0.2
O 02 04 06 08 1 »
X 0 = fitted range ———

0 02 04 06 08 *
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Unpolarized Neutron to Proton ratio

Spectator tagging DIS from A=3 nuclei

*  Nearly free neutron target by tagging  » . _ _
low-momentum proton from deuteron at Mirror symmetry of A=3 nuclei

backward angles ® Extract F,"/F,P from ratio of 3He/3H
structure functions

Fp 2R — FyHe /Ry
F§  2FHe|[JH R
=» Super ratio

R = ratio of "EMC ratios" for 3He and 3H
*  Small p (70-100 MeV/c) calculated to within 1%

=» Minimize on-shell extrapolation (neutron
only 7 MeV off-shell)

*  Backward angles (6,,> 110°)
®» Minimize final state interactions

to CLAS12

* Most systematic and theoretical uncertainties
cancel
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Unpolarized Neutron to Proton Ratio

HallB 11 GeV with CLAS12 Hall C 11 GeV with HMS
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A" and Helicity-Flavor Decomposition

1 - —-
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Effect of quark orbital angular momentum

Tunclusive Hall 4 and B and Semi- Tuclusive Hermes
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To be sabmitted to PRL
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Inclusive measurements of asymmetries
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Inclusive measurements of asymmetries
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Semi-inclusive DIS

* Spin-flavor decomposition of valence and sea quarks by
tagging hadron (e.g. 11, K) in current fragmentation region

e'(E’)

e(E)

do = Zf: e?:qf(a:)D?(z)

do;, @ © T Eh/y

p | 24
\J_/

D(z) quark--> hadron fragmentation function

= unpolarized or polarized beam and target
®» mass of unobserved X system, W, > 2 GeV
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Flavor decomposition (2)

April 18, 2007

At JLab 12 GeV with SIDIS

Ad/d
1.2 ————
o HERMES
- @ JLab E99-117
= CLAS12 %

0.6

0 02 04 06 08 1
€T
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Flavor decomposition (2)

E. =11 GeV NH, and °He

| SMC Q*=10.0 GeVv?

+

0.4 [ 4 HERMES 0°=2.5 GeV *

|

* Asymmetry measurements
with different hadrons (m+,
n—) and targets (p,n) allow
flavor separation

g 0.2 I
ot

| ‘.
JH._+._._L+_._._._+_._._._+_._._._+_._._._+_._._._.

¢+ This experiment

..................................

0.2

. AAC—03
Q*=2.5 GeV?
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Flavor decomposition: polarized sea

* Predictions:
» Instantons (yQSM):

Au ~ —Ad
*First data from HERMES

At —Ad ="

April 18, 2007

.,.I-z/

At — Ad.

CTEQSM u+d
4 HERMES 2004

"o

JLab @11 GeV

-7 —— Meson Cloud Model

Cago and Signal
PRDGE, 07002 (2003)

I xOSM, Dressler et al.
EPJ C14, 147 {2000}

DIS2007 Munich, Germany
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Color "Polarizabilities”

How does the gluon field respond when
a nucleon is polarized ?

Define color magnetic and electric polarizabilities (in nucleon rest frame):
Xy 2M28 = (PS|Op.5|PS)
where Op = WigBy
O = 4'a x gBy

dy = (Xg +2X5)/8
fz :( Xpg — XB>/2

dy and f, represent the response of the color B & E fields
to the nucleon polarization
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Moments of Structure Functions

1
- Q) = / de g1(z, Q%)
0
M3
9 ()?

(A a2(Q%) + 4d2(Q%) + 4 £2(Q%)] + O (%>

Q4
1 .

— a2(Q2> — 2/ do 12 gfiwist—2(x,Q2) —» target mass correction term
0

= d>(Q?) —» dynamical fwist-3 matrix element

= /0 da 2° {392(56, ) + 2 g1 (=, )}

= [2(Q°) — dynamical twist-4 matrix element

*Both d,and f, are required to determine the color polarizabilities
*To extract f,, d, needs to be determined first.
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d,with 11 GeV at JLab

0.015 -
- O E94010 Neutron
O EI155x Proton
[ O E155x Neutron Neutron
00101 ——- HByPT JLab 11 GeV ]
— MAID
$oo
0.005 | ¢ 4) 7
Q\ ()]
N
0.000
<
—0.005 Lattice QCD |
-0.010 — —
0.01 0.1 10
0" (GeV)
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All Eight Quark Distributions Are Probed in Semi-Inclusive DIS

Transversity "1 =

Sivers fTT=é _

g1L= B @

e

{0+A-y)12e, /() D (z, ;) Unpolarized
q.9
P2
+(1- b cos(200)S 2 h= M (x)H (z, P°
( y)4Z2MNMh ((bh)q%7 L (O HT (2, B,

2

P
—1S, 1(1- =
L ( y)4Z2M

N*""h

sin(29;) S eghy " ()H (2, P},)
q.9

Polarized

P, .
Losin(@y +0s) e b (DH (@B target
4.9

M,

+1S,1(1-y)

1 , P, .

+18, 1A=y +=y*)—=sin(¢, — ¢s) Xe. f7" (0D (z, B)

27 M, 4.7
3

P
+1S.1(1- bl
T( y)6Z3M2M

N"""h

sin(3¢, — ) Te hi 2 (VH " (2, P})
q,9

I
+A,1S, |)’(1_5)’)2_e§g1q (x)D{(z,B,)  Polarized beam
4 and target

P
tcos(9, — Ps) T €8l (DD (2, b))}
9.9

+A,18S; Iy(l—%y)

My

S, and S;: Target Polarizations; A_: Beam Polarization
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Collins asymmetry & Boer-Mulders Effect

(PR12-06-112)

COS 2¢
UuU

Transversely polarized quarks

in the unpolarized nucleon
|

@‘@ A
O_.1 |
0.05 | -
- B
@ o -
: - _ A _ _ _ _
S 5
< L
-0.05 | |.
-0_1 :

CLASI12

P, (GeV)

Non-perturbative TMD

}
sT(pXle)H hL

sin(¢c) =cos(2¢y)

In the perturbative limit 1/P;?
behavior expected (F.Yuan)

N quark-scalar diquark model
(L.Gamberg)

4<Q23<5 (2000h @ 11 GeV with
103%sec-'cm?)

Perturbative region

AQcp € Pr <@

*BM cos2dp moment, sensitive to spin-orbit correlations: the only leading twist azimuthal moment for

unpolarized target

-P.-dependence of BM asymmetry allows studies of transition from non-perturbative to perturbative

description (Unified theory by Ji et al).

*More info will be available from SIDIS (HERMES,COMPASS,ZEUS,EIC) and DY (RHIC,GSI)




quark s ‘ hep-ph/0608048
" 1,2=0.25GeV?
1u;2=0.2GeV?

scattered
quark

14+ (1 —y)? 1 P2 y P T A

aTn = T - ) - 1_ xp | —=—5 h-TF) . Z ) :f:; . 'f (i ) I}i: (%) file k) = [ {r}Tl(z} exp —‘”—2] :
€Tri= J”F_:]' + = @ J”?.) + .:“!’!ﬁ - ( l f

D!(z.pL) = Dl(z) —5 exp (_L)

— 2
e 9 9 7 /J. D /_4'.. D
MO8 D 'IIFJ' - U OVJ"HT ) ! J T 7 W
ArT;'j = 4 : ' , .Pf 2 —= Xp | ————=— hT‘;. 5 E ff_{j.tff\.r} D:rf\ )
<L ry O+ z2=us)= 1< 4+ 22z { {
¢ \Hp 3 D Ha

— —

2

q — 4 1 kT
x, k)= x ex

91(@, k1) = 91(2)_eap(— 5

4q 2 2

P.-dependence of the cosd moment of double spin asymmetry is consistent with
significant difference in k,-distributions of polarized and unpolarized quarks




Generalized Parton Distributions

(1996)

P-A/2 GPD (x,E t) P+A/2
(x + €) and (X - &) : longitudinal momentum fractions of quarks

m) at large Q?: QCD factorization theorem ™ hard exclusive
process can be described by 4 transitions (GPDs) :

Vector : H (x, € 1) Axial-Vector : H (x, € 1)
Tensor : E (x, € 1) Pseudoscalar : E (X, § ,1)

April 18, 2007 DIS2007 Munich, Germany

‘ Czhar'd2 |Gf‘9€ /)/ * l T= A2 /y
i R i - low -1 process :
Ji , Radyushkin x+E x-E Qs
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GPDs : 3D quark/gluon imaging of nucleon

longitud.

Fourier transform of GPDs

pion

valence

quarks

cloud
; ; —
x<0.1 x~0.3 x~0.8

simultaneous distributions of quarks w.r.t. longitudinal

momentum x P and transverse position b

=) theoretical parametrization needed :

double distributions, dual param. (Guzey), conformal param. (Muller)
DIS2007 Munich, Germany
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8

C\.IA 6
>
b

S
2
0

April 1

Large phase space (§,t,0°) and High luminosity required

EIC -Sea/gluon Valence q JLab12

1
region
] -regwn ' If g | I —— High xg only reachable
Hl, ZEUS e with high luminosity
I A\
A - I Z pS

. I g
: ‘)\)9 _
1

FE S
: .60 &
| 1254 R -
: N Upgraded JLab has
A VI complementary
: = & unique capabilities

- 1

1
! L 1 II | | |
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Extracting GPDs from data
global analysis : X-sec, asymm, (p,n), (9g.M)

ep — epy

o"—0"

AZ5%F6 = 25

Ac G = Xp/(2-Xg)
= -t/4M?

Polarized beam, unpolarized target:

AG,, ~ sino{F,H + &(F,+F,)H +kF,E}do

(BSA) I

?

Kinematical suppression

Unpolarized beam, long. pol. target:

Aoy ~ sin¢{F1}T+§(F1+F2)(H + ... }do

()TSA

Unpolarized beam, trans. pol. target:

AG 7~ sind{k(F,H - F,E) +

()TSA

April 18, 2007
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exclusive DVCS : BSA @ JLab 12 GeV

é> p — ep’y Projected results
\ 0.45 ‘ :
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April 18, 2007 ’ t




Projected precision in extraction of
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upgraded CLAS @ JLab12GeV
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Avakian, Weiss
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Exclusive DVCS on longitudinal target @
JLab 12 GeV

Longitudinally polarized target

Ac~sinoIm{F,H+&(F,+F,)H...}do

CLAS exclusive DVCS data

PRL97, 072002 (2006)

04- i l
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Exclusive DVCS on transverse target

@ JlLab 12 GeV

Projected results
Cp—> CpY E=11GeV Q?=2.2 GeV?, x5 = 0.25, -t = 0.5GeV?

Transverse polarized target x 0.2 > 0.2
> L %900y 2| 590
| < LT %@?f
Ao ~ sinoIm{k,(F,H — F,E) +...}d¢ o0® HH&F# 0 ¢ +H+
_02_ ++++ _02_0 +++
A1« Target polarization in scattering plane” T pod
i e
Ay, Target polarization perpedicularto g4 | -0.4 A
scattering plane i L
Asymmetry highly sensitive 06 06 1
to the u-quark contributions to oJu=0.12 oJu=0.12
| -0.8 |- Ju=0.34 -0.8 |- Ju=0.34
prOton Spin. I (A)JU=0.50 i 8Ju=0.50
I ) HNWS N I ) NS B S

0 50 100 150 200 0 50 100 150 200

9 Avakian 0
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exclusive p® production on fransverse target

AUT

AUT'

0.4

0.2

-0.2

April 18, 2007

24 (Im(AB*))/m

AP(1-E2) — [BR(E>+t/4m?) - Re(AB*)2E2

Projected results

______
----------
—'—’

1
0.1 0.2 0.3 0.4 0.5

o0 A~ 2Hu + Hd
B~ 2EU + Ed
A~ Hu- Hd

p*| B~ Ev-Ed

EY, EY needed for
angular momentum

sum rule.

Goeke, Polyakov, Vdh (2001)
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Conclusion

JLab at 12 GeV will provide for a true revolution of
our knowledge of the nucleon structure in the
valence region
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