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How is the Proton Charge Density Related to its Quark

Momentum distribution?

D. Mueller, X. Ji, A. Radyushkin, A. Belitsky, ...
M. Burkardt, ... Interpretation in impact parameter space

Proton form factors,
transverse charge &
current densities

Correlated guark momentum
and helicity distributions in
transverse space - GPDs

Structure functions,
quark longitudinal
momentum & helicity
distributions



From Inclusive to Exclusive Scattering

Inclusive Scattering ﬂ[ﬂ Compton Scattering
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GPDs L
H, H E.E 5 = 2-Xg

ﬂ[j GPDs depend on 3 var'lables, e.g. H(x, &, t). They probe
the quark structure at the amplitude level.




Link to DIS and Elastic Form Factors

Form factors (sum rules)

1jole[H“(x,e”;,t)] =F, (t) Dirac £,
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Universality of GPDs

Elastic form factors

Real Compton
scattering at high t

Parton momentum

distributions

'
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Deeply Virtual % Deeply Virtual Meson
i roduction
Compton Scattering - -




How can we determine the
GPDs?



Accessing GPDs in exclusive processes

* Deeply virtual Compton scattering (clean probe, flavor blind)

Sensitive to .
% U\ e e
P—Ep” all GPDs. *
Y 4
ep—e'p L Insensitive to
quark flavor p'

» Hard exclusive meson production (quark flavor filter)

- - e e
Sensitive to H, E
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} Sensitive to H, E
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* 4 GPDs 1n leading order, 2 flavors (u, d) — 8 measurements



Accessing GPDs through DVCS

Cross section of ep—epy at Q?=2 GeV/c? and X5=0.35
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BH-DVCS interference generates beam
and target polarization asymmetries that
carry the proton structure information.

(do/dX /dQ’/dt/do nbGeV/c™

—~
=

10 F

10"

0
—

FE =11GeV/|f

/ DVCS

M

E =6 GeV

(]

1 1 l 1 1 1 l

= 4 GeV

[¢]

0 20

0 20
Bw*’ degree



Model representation of GPD H(x,§,0)

DIS measures at =0
Quark distribution q(x)

Accessed by beam/target
spin asymmetry

-q(-x)




Measuring GPDs through polarization

G"—0o Ac
ocfr+o0 = 2o

A =

Polarized beam, unpolarized target:

Aoy, ~ sindIm{F,H + &(F,+F,)H +kF,E}d¢ iy HE)
f f
Kinematically suppressed § = Xg/(2-Xg)

k = t/4M?

Unpolarized beam, longitudinal target:

AGUL~sin¢|m{Fﬁ+§<F1+F2><H /(14O - Jdo | Im) H(E)
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Kinematically suppressed

Unpolarized beam, transverse target:




Pioneering experiments observe interference
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First JLab experiment with GPDs in mind.

- Polarized electrons, E = 5.75 GeV
- Q2 up to 5.5 GeV?
- Xg from 0.2 t0 0.6

- Hadronic invariant mass W < 2.8 GeV

Q” (GeV?

o
=
N

W




A first view at kinematical dependencies

Ay, ~ SiNGIM{F,H + &(F,+F,)H — t/4m?F,E}dé
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Target Spin Asymmetry (LTSA): t- Dependence from CLAS

Unpolarized beam, longitudinal target:

SiNGIMEF, H+E(F, +F,)(H +.. }
Aoy ~ cosoRe{F;H+E(F,+F,)(H +.. }
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asing+ Fsin2¢

Kinematically suppressed
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Measurements with polarized target will constrain the
polarized GPDs and combined with beam SSA measurements
would allow precision measurement of unpolarized GPDs.




First DVCS measurement with spin-aligned target

Unpolarized beam, longitudinally spin-aligned target:
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Planned experiment in 2008 will
Improve accuracy dramatically.




Dedicated DVCS experiment at JLab Hall-A, 2004 - 2005

Dedicated, high statistics, DVCS
experiments

— Detection of 3 particles e, p and y in
final state(cross section difference ~5%)

— Establish scaling laws ( Q2 ~1- 3 GeV?),

—> Measure x-section difference and sum.
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Dedicated CLAS DVCS experiment

— Detection of 3 particles e, p and y in final state
— Large kinematical coverage in x; and t

40% of data taken in 2005
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GPDs - Flavor separation

DVCS

DVMP

longitudinal photons only

-/ \

( H,H,E,E ),

‘ T Y g q&
N N

Photons cannot separate u/d quark
contributions.

M = p%p*, o select H, E, for u/d
quarks o
M= n,n, Kselect H, E



Cross section o, (Y . p = pp.°)
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In the past few years, we have made
a start in the quest to unravel the
Structure of the Proton.

What does the future hold?




Overview of 12 GeV Physics Program

Hall D — exploring origin of confinement by
studying exotic mesons

Hall B — understanding nucleon structure via
generalized parton distributions

Hall C — precision determination of valence quark
properties in nucleons and nuclei

Hall A — short range correlations, form factors,
hyper-nuclear physics, future new experiments




Initial Physics Program in Hall B at 12 GeV

O GPD’s and 3D-Imaging of the Nucleon

3 Valence Quark Distributions
O Form Factors and Resonance Excitations
O Hadrons in the Nuclear Medium

O Hadron Spectroscopy with quasi-real Photons



Deeply Virtual Exclusive Processes -

Kinematics Cover'age of the 12 GeV UEgmde
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0’ (GeVie):

DVCS/BH- Beam Asymmetry

With large acceptance,
measure large Q?, xg, t
ranges simultaneously.
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CLAS12 - DVCS/BH- Beam Asymmetry

E.=11GeV

Q*=5.5GeV?
xg = 0.35
-t =0.25 GeV?

Luminosity = 720fb-!
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CLAS12 - DVCS/BH Beam Asymmetry
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CLAS12 - DVCS/BH Target Asymmetry

ep— epy

Longitudinally polarized 0.45
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Exclusive p® production on transverse target
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Ev, E4 allow to map the
orbital motion of quarks.




Double DVCS (DDVCS)

DDVC rates reduced
by more than factor 200

ep — epe’e

« Qx5



summary

DVCS beam spin asymmetries was extracted from two different
CLAS data sets and for two different samples and was used to study
GPDs.

 DVCS target spin asymmetry was extracted and compared with

GPD based predictions (in publication) .

 Studies of the exclusive =° background performed. Beam and target

SSA extracted.

O High luminosity, polarized CW beam, wide kinematic and geometric

acceptance allow studies of exclusive meson production in hard
scattering kinematics, providing data needed to study GPDs.




Outlook

Upgraded JLab: Combination of full acceptance, (CLAS12) and high
luminosity detector will provide high precision measurements of 3D PDFs
In the valence region.




Deeply Virtual Compton Scattering

ep — epy Kinematics

yy*p plane y /
A

€
ee'y* plane
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JLab Upgrade to 12 GeV

At 12 GeV, CEBAF will be an Add new
Ideal for GPD studies. hall

20 cryomodules

Add 5
cryomodules

Enhance equipment
In existing halls



CLAS12

Increase luminosity to
tenfold to 103° cm-2s-!

Cerenkov

EC

TOF

Drift Chambers 4 '

Cerenkov

Central Detectol

Beamline
Torus




GPD H from expected DVCS A, data
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CLAS12Z - DVCS/BH Target Asymmetry

ep'— epy | E=11GeV
Transverse polarized target E 0.2 r
<
Ac ~ singlm{k,(F,H — F,E) +...}d¢
L -0.2
Ay, Target polarization in the
scattering plane 0.4
Ayry Target polarization perpendicular
to the scattering plane -0.6
-0.8

= Asymmetries highly sensitive
to the u-quark contributions to

the proton spin.

Sample kinematics

Q?%=2.2 GeV?, x5 = 0.25, -t = 0.5GeV?
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