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Projection for 12 GeV
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JLab12
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GPDs in DVCS program at JLab12
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Hall-A DVCS at 12 GeV E12-06-114
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Hall-A DVCS at 12 GeV E12-06-114
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Hall-A DVCS at 12 GeV E12-06-114

k = 6.6 Q2 = 3.0 2 xBj = 0.36
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Only highest Q2 shown
Long lever arm

Rosenbluth separation
of I and DVCS2

High-precision scaling test
on both Re and Im
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Hall-A DVCS at 12 GeV E12-06-114
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Upgraded apparatus
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Upgraded apparatus
Forward Central
detector detector

Angular range
Tracks 5− 40◦ 35− 125◦
Photons 2.5− 40◦ n.a.

Resolution
δp/p < 1% @ 5 GeV/c 5% @ 1.5 GeV/c
δθ < 1 mr < 10-20 mr
δφ < 3 mr < 5 mr

Photon detection
Energy > 0.15 GeV n.a.
δθ 4 mr @ 1 GeV n.a.

Neutron detection
Efficiency < 0.7 under dev.

Particle ID
e/π Full range n.a.
π/p Full range < 1.25 GeV/c
π/K Full range < 0.65 GeV/c
K/p < 4 GeV/c < 1 GeV/c

π → γγ Full range n.a.
η → γγ Full range n.a.
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CLAS12

Higher energy
Higher luminosity
Better hermeticity

EPJ manuscript No.
(will be inserted by the editor)

CLAS12 and its Science Program at the Jefferson Lab Upgrade.

Selected Topics

Volker D. Burkert

Jefferson Lab, Newport News, Virginia, USA

July 29, 2008

Abstract. An overview of the CLAS12 detector is presented and the initial physics program after the
energy-doubling of the Jefferson Lab electron accelerator. Construction of the 12 GeV upgrade project is
anticipated to begin in 2009. A broad program has been developed to map the nucleon’s 3-dimensional
spin and flavor content through the measurement of deeply exclusive and semi-inclusive processes. Other
programs include forward distribution function to large xB ≤ 0.85 and of the quark and gluon polarized
distribution functions, and nucleon ground state and transition form factors at high Q2. The 12 GeV
electron beam and the large acceptance of CLAS12 are also well suited to explore hadronization properties
using the nucleus as a laboratory.

PACS. 1 1.55.Fv, 13.60.Le, 13.40.Gp, 14.20.Gk

1 Introduction

The challenge of understanding nucleon electromagnetic
structure still continues after more than five decades of
experimental scrutiny. From the initial measurements of
elastic form factors to the accurate determination of par-
ton distributions through deep inelastic scattering (DIS),
the experiments have increased in statistical and system-
atic accuracy. Only recently it was realized that the par-
ton distribution functions represent special cases of a more
general, much more powerful, way to characterize the struc-
ture of the nucleon, the generalized parton distributions
(GPDs) [1–4].

The GPDs are the Wigner quantum phase space dis-
tribution of quarks in the nucleon – functions describing
the simultaneous distribution of particles with respect to
both position and momentum. in a quantum-mechanical
system, representing the closest analogue to a classical
phase space density allowed by the uncertainty principle.
In addition to the information about the spatial density
(form factors) and momentum density (parton distribu-
tion), these functions reveal the correlation of the spatial
and momentum distributions, i.e. how the spatial shape
of the nucleon changes when probing quarks of different
wavelengths.

The concept of GPDs has led to completely new meth-
ods of “spatial imaging” of the nucleon, either in the form
of two-dimensional tomographic images, or in the form of
genuine three-dimensional images. GPDs also allow us to
quantify how the orbital motion of quarks in the nucleon
contributes to the nucleon spin – a question of crucial im-
portance for our understanding of the “mechanics” under-

lying nucleon structure. The spatial view of the nucleon
enabled by the GPDs provides us with new ways to test
dynamical models of nucleon structure.
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Region 3

Fig. 1. 3D view of the CLAS12 detector. The beam comes
from the left. The target is located inside the superconducting
solenoid magnet. Bx
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CLAS12

Higher energy
Higher luminosity
Better hermeticity

F.-X. Girod
JLab Hall-B DVCS studies at JLab HUGS 2012 11/ 28



Proton BSA DVCS ALU E12-06-009
80 days @ L = 1035 cm−2s−1 with 85% polarized beam ALU ∝ F1H + ξGMH̃ − t

4M2 F2E

Projections for CLAS12

Statistical uncertainties :
from 1 % (low Q2)
to 10 % (high Q2)

Unprecedented statistics
over the full φ range
up to high x = 0.6
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Proton DVCS TSA AUL E12-06-009
120 days @ L = 2× 1035 cm−2s−1 with 80% polarized NH3 AUL ∝ F1H̃ + ξGM

(
H + ξ

1+ξ
E
)
− · · ·

Projections for CLAS12

Statistical uncertainties :
from 2 % (low Q2)
to 30 % (high Q2)

Unprecedented statistics
over the full φ range
up to high x = 0.6
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Proton DVCS TSA AUL E12-06-009
120 days @ L = 2× 1035 cm−2s−1 with 80% polarized NH3 AUL ∝ F1H̃ + ξGM

(
H + ξ
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E
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− · · ·

Projections for CLAS12

Sample kinematics
for target asymmetry

Change of t-slope with xB
↔
imaging ∆q(xB , b⊥)
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HDice DVCS proposal
HDice target !

•  HD targets condensed, polarized and aged to 
the Frozen-Spin state  in HDice Lab 

•   transferred as solid, polarized HD  between 
cryostats 

•   In-Beam Cryostat (IBC) operates in  Hall at 50 
mK, 0.9 tesla 

•  g14 ran from Nov/11 to May/12 with 15mm Ø 
×50mm long HD cells 

•   γ-beam lifetimes ~ years with 108 γ/s 

• HD targets used for eHD tests in Feb/12 and Mar/12!

   H polarization does not appear to suffer radiation damage 
with 1 nA; D does 

   heat removal needs improvement – faster raster, larger 
diameter cell,  shorter, additional cooling wires, … 

H. Avakian, JLab PAC39  13 

g14 days 

e- 
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HDice DVCS proposal
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HDice DVCS proposal

Deeply Virtual Compton Scattering
The cleanest GPD probe at low and medium energies
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Projected impact on GPD extraction methods

Using simulated data
based on VGG model.
Input GPD H extracted
with good accuracy
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Parton density in a transversly polarized nucleon :

ρX (x , ~b⊥) =

∫
d2 ~∆⊥
(2π)2

[
H(x , 0, t)− E(x , 0, t)

2M
∂

∂by

]
e−i~∆⊥·~b⊥

is not experimentally accessible
What is directly accessible is the Fourier transform of GPD(x = ξ, t) :
overlap between active quark initially carrying momentum fraction 2ξ and finally almost 0
(not a probability, relation to density requires specific models/parameterizations)

Momentum space

GPD(x = ξ, t) are fitted with

Position space

corresponding to the overlap function

Hexp(x, t) = NHeBHt

Eexp(x, t) = NE eBE t

Hdip(x, t) =
NH(

1− t
MH2

)2

Edip(x, t) =
NE(

1− t
ME 2

)2
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4πBH
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16πMBE 2
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3
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−
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3

8πM
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−
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Precision tomography in the valence region
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Summary

A unified framework for nucleon tomography has been established

The first dedicated results on Compton Scattering suggest precocious handbag dominance

Accurate information on Generalized Parton Distributions in the valence region and at
moderate momentum transfer was gathered

The long range plan to extract GPDs has begun

Interplay between spin and flavor decompositions requires also other reactions

JLab 12 GeV will precisely test scaling and carry out the tomography of valence quarks

Future measurements are planned at CERN/Compass and DESY/Panda

The EIC will expand the reach and probe the sea and gluons

Essential for QCD backgrounds at LHC and beyond
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