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Nucleon structure studies with CLAS

Parton distributions, twist decomposition from the
studies of inclusive polarized and unpolarized
structure functions

Transversity, quark orbital angular momentum from
semi- inclusive meson electroproduction

GPD studies : 3-dimensional image of nucleon, full
access to guark total angular momentum, mass and
‘pressure’ distributions in the ground nucleon state

The studies of excited nucleon state (N*) structure
through the data on transition N-N* form factors




Dressed quark properties and transition from non-
perturbative to perturbative regimes of strong
Interactions

» ~few MeV current quark mass 1s approached at Rapid acquisition of mass is
) ﬂeffect of gluon cloud

—’—
’
& ,/ /

asymptotically high momentum p running over quark
* sharp mass evolution at p<2.0 GeV reflects transition

between non-perturbative/perturbative regime of strong
interaction
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CEBAF Large Acceptance Spectrometer

Torus magnet
6 superconducting coils

Liquid D, (H,)target +
vy start counter; € minitorus

Drift chambers
argon/CO, gas, 35,000 cells

Time-of-flight counters
plastic scintillators, 684 PMTs

Large angle calorimeters
Lead/scintillator, 512 PMTs

Gas Cherenkov counters
e/m separation, 216 PMTs

Electromagnetic calorimeters
Lead/scintillator, 1296 PMTs
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CLAS12 — Central Detector SVT, CTOF
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LO extraction of quark polarization
Effect of these data on NLO analysis

x(ad+ad) errars

Q@ =25GeV

= CLAS 06
4 JLab/Hall A

—— L5506 {EG1 data insl.)
—CLAS12

— High discriminating power of the different models
— High sensitivity to AG even if probes the valence region



- 30 days on NH, (P=0.8)
- 50 days on ND; (P=0.4)
-L=10%/cm?s @ 11 GeV W >2 GeV. Q>>1GeV?*
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- Semi-inclusive DIS allows separation of different quark contributions
- Also gives the transverse momentum distribution of quarks
- Spin-orbit correlations through azimuthal distributions

x 2(1—y)cos2¢p Z Eiﬁ:l!hf_q[:ZII:}Hqu(E}
0.9

— Mesure single & double spin asymmetries on pions
— Large acceptance needed (CLAS12)
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- 30 days on NH, (P=0.8) » )
- 50 days on ND, (P=0.4) oy enxhy (X H;(2)
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Observables are integrals, in x, of GPDs

Deconvolution
needed

. - “Ordinary” parton distributions
Elastic form factors Ji's sum rule

= | x(H+E)(x,§,0)dx

[ H(x,E,t)dx = F(t) wg
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Introduction to GPDs

GPD
Form factors Parton distributions

0z, ?

Correlation between
longitudinalmomentum
& transverse spatial distributions

Transverse charge
distribution
(coordinate space)

[Longitudinal momentum
distribution
(momentum space)



E&H

Nucleon matrix element of the Energy-Momentum Tensor of QCD
contains three scalar form factors (R. Pagels, 1965) and can be written
as (X. Ji, 1997):

P,P, L W(Pyovp + Pooup)AP

(p2|T2,|p1) = U(p2) [Mg(t) i

/ drx

t=0: Ji's Angular' Momentum Sum Rule

small and large




- Deep Virtual Compton Scattering is the most suitable process to probe GPDs
- Factorization theorem states that the « handbag » diagram is the only

contribution to the DVCS amplitude in the suitable asymptotic limit

Interference gives direct access to DVCS amplitude



Extraction of GPDs
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Kinematically suppressed
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Kinematically suppressed




- 80 days of polarized beam on LH, target (BSA)
-L=10% /em?/s @ 11 GeV

_. & independent
- bval = 1.0, bsea =10

100 200 300
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— Extraction of H
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Ground state and P11(1440) electrocouplings & quark model
expectations

Ground p state P11(1440)
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The studies of excited nucleon state

structure 1n meson electroproduction with
CLAS

OEPVAYa Seminar (led by B.S.Ishkhanov) June
23, 4pm, Bld #19, room #215
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Conclusions and outlook

«first data on DVCS asymmetries allowing us to access GPD structure
functions
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Overview of Technical Performance Requirements

%U The GlueX/Hall D Project

Hall D Hall B Hall C Hall A
excellent luminosity energy reach installation
hermeticity 10 x 1034 space
polarized photons | hermeticity precision
E,~8.5-9 GeV 11 GeV beamline
108 photons/s target flexibility
good momentum/angle resolution excellent momentum resolution
high multiplicity reconstruction luminosity up to 1038

particle ID




DOE critical decision schedule

CD-0 Mission Need MAR-2004 (A)
CD-1 Preliminary Baseline Range FEB-2006 (A)
CD-2 Performance Baseline NOV-2007 (A)
CD-3 Start of Construction SEP-2008 (A)

-4B Experimental Equipment Project Compl@

Now split in two to ease transition into operations phase

(A) = Actual Approval Date
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sLung O Bartel ® CLAS Preliminary
A Xu A Anklin 0 CLAS12 anticipated
OKubon ¢ Arnold

93-027

99-007

E04-108 preliminary
GEp(4)/SHMS

GEp(5) E12-07-109

Iachello,Bijker
VMD, Lomon
pQCD, Belitsky
CQM, Miller

— — 1.0587-0.14265*Q*®

Nucleon structure at 12 GeV GHPO09, 04/29/2009 S.Procureur



Deeply Virtual Exclusive Processes -
Kinematics Coverage of the 12 GeV Upgrade

Study of high x; domain 3
requires high luminosity [E

The 12 GeV Upgrade is well
matched to GPD studies in
the valence quark regime.
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