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Introduction / Motivations
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Gluons at large x E12-12-007

Large glue density at x > 0.1

PDF from global fits
(F2 evolution, νDIS, jets)

Gluons carry more than 30%
of the momentum for 0.1 < x

3D imaging of the nucleon

spatial distribution of valence quarks :
elastic scattering, DVCS, . . .

Nucleon gluonic radius ?
exclusive φ
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Nucleon gluonic radius at 11 GeV
Exclusive φ electroproduction
as the best probe of gluon GPD
at 11 GeV

Dominance of small-size configurations
at Q2 ∼ few GeV2

GPD = Universal gluon form factor

Gluonic radius as a function of x

Small x : radius grows through parton
diffusion

x < 0.01 measured: J/ψ and φ at HERA
H1/ZEUS and Fermilab

x > 0.1 unknown range : φ with CLAS12
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GPD description of φ production

Goloskokov-Kroll 2008 model

includes finite size of qq̄ pairs
(Sudakov suppression)

Describes well available cross-section data

Gluonic radius at 4 and 6 GeV
from CLAS data consistent with
extrapolation from higher energy

dipole mass m2
g ∼ 1 GeV2
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CLAS12 Exclusive φ electroproduction

Analysis of the cross-section in two steps :

Test the approach to small-size regime, through
model-independent features

When do t-slopes become independent of Q2 ?
How does W -dependence change with Q2 ?
L/T ratio and s-channel helicity conservation

Extract the gluonic radius accross the valence region from the
relative t-dependence of the differential cross-section

Average gluonic radius : model independent
Change with x : use GPD models (e.g. Double-Distribution)

dσ
dt

(t)

dσ
dt

(t=0)
∝ 〈Hg (t)〉2

〈Hg (t=0)〉2
+Eg contribution

�
〈bg 〉2
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CLAS12 experiment
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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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Fig. 1. 3D view of the CLAS12 detector. The beam comes
from the left. The target is located inside the superconducting
solenoid magnet.
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The CLAS12 detector
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CEBAF Large Acceptance Spectrometer

CLAS12 is a package of two complementary
spectrometers

The central detectors in a solenoid field

The forward detectors around a toroidal field
DIS experiments are interested in high Q2 data

Ordinary torus polarity is negative inbending Reactions

with several negative particles in the forward direction

may benefit from negative outbending polarity
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0.05 < xB < 0.8 , 0.8 < Q2 < 14 , 0.01 < −t < 5 , θe > 4◦ , W > 1.5 , E ′ > 0.5
5 cm long target ; Torus Fields : ±1.0,±0.75 ; Sol. Field : 1.0, 0.7
Desired config : torus +0.75 and sol 0.7 (negative outbending)
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Acceptance

Control over acceptance systematic errors using several channels
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Particle identification

Charged hadrons identified with
TOF

2.5σt illustrated, up to 6 GeV/c

Large background essentially
suppressed for the charged kaon
channel

Remaining background in the
neutral kaon mode can be
subtracted
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Extraction of the LT-ratio

dσ
d cos θ

=
3
4

[
(1− r04

00 ) + (3r04
00 − 1) cos2 θH

]
, R =

r04
00

ε(1− r04
00 )
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Extraction of gluonic profiles

Longitudinal cross-section

Corresponding sensitivity in
transverse position space

b = 1/
√
−t

Error propagation study
Skewness ξ 6= 0 neglected
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Projected gluonic radius
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Fully Integrated Acceptances Table, results given in %

Torus -1 / Sol 1 Torus -0.75 / Sol 0.7 Torus 1 / Sol 1 Torus 0.75 / Sol 0.7

Torus -1 / Sol 1 Torus -0.75 / Sol 0.7 Torus 1 / Sol 1 Torus 0.75 / Sol 0.7

single e 28 40 52 54

proton 11 14 20 20

K+ 32 31 14 18

K- 15 19 32 31

Full Excl 0.15 0.37 0.68 0.95

p miss 0.6 1.9 2.4 3.0

K+ miss 0.5 0.8 3.8 3.6

K- miss 1.5 2.1 0.98 1.4

One miss 2.6 4.9 7.1 8.1
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1D Integrated Acceptances

Torus 0.75 / Sol 0.7

Torus 1 / Sol 1

Torus -0.75 / Sol 0.7

Torus -1 / Sol 1
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Projected Results for Deep φ t-slopes

Left column : φ acceptances
used for amplitude extraction in SCHC test

Right column : cosθCM of meson decay
allows separation of σL and σT under SCHC

σL t-slopes extracted for different magnetic fields
Lower field and negative outbending torus are prefered
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CLAS12 preliminary results
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CLAS12 elastic and alignement
Electron inclusive spectrum at 7 GeV
shows a clear elastic peak as well as
higher resonance regions
However the elastic peak location
depends on the track azimuthal angle,
both inside the sectors and from sector
to sector
The main culprit currently investigated
is detector alignement
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Data Selection

Here we only consider Fully exclusive final state ep → epK+K− detected

Analysis based on ep “train”: DST skimmed for identified electron and proton in coincidence

The data presented here corresponds to less than 3% of the PAC approved data All plots shown

next correspond to the same final selection of events EB PID:

Electron: p > 1.75 GeV, θ > 7◦, |vz| < 20 cm, θ > 17◦ × (1− p
7 GeV )

Proton: 0.4 < p < 4 GeV, 15 < θ < 75◦, |vz| < 20 cm

Kaons: 1.1 < p < 2.5 GeV, θ < 35◦, |vz| < 20 cm
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Hadron PID: β vs p

Restricted momentum range to avoid pion contamination

Note: these distributions are obtained only from PID cut
Inbending and Outbending presented together

F.-X. Girod CLAS12 DVφ 23/01/19 25/ 31



Kinematical distributions
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Exclusivity

IMK+K− < 3 GeV MMep→epX < 3 GeV
MMep→epK+X < 2.25 GeV MMep→epK−X < 2.25 GeV

Eep→epK+K−X < 2.5 GeV p⊥ep→epK+K−X < 2.5 GeV MMep→epK+K−X < 0.6 GeV
θ(p, ep → eK+K−) < 40◦ θ(K+, ep → epK−) < 30◦ θ(K−, ep → epK+) < 30◦
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Mass Spectrum and background
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Outlook / Beyond CLAS12
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Outlook / Beyond CLAS12

Deeply Virtual φ production: gluonic radius in the valence region

CLAS12 data taking started, preparation for pass 1 well underway

Observation of fully exclusive φ events

Beyond CLAS12: φ and JΨ at EIC

Simulations for EIC: individual channels, and full inclusive for background estimations

Shared resources for EIC simulations?
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