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Abstract

After an introduction to the field of Generalized Parton Distributions, we present the latest Deep Virtual Compton
scattering data recently released by the CLAS collaboration. We then show what is learned from them on the partonic
3-dimensional structure or tomography of the proton.
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1. Introduction

In these short proceedings, we focus on the Deep Vir-
tual Compton (DVCS) process and Generalized Parton
Distributions (GPDs) in the valence region. The GPDs
are the structure functions of the nucleon which are ac-
cessed in the hard exclusive lepto-production of a pho-
ton (or a meson) on the nucleon: lN → l′N′γ for DVCS.
It has been shown [1–4], about 15 years ago, in the
framework of QCD (Quantum-ChromoDynamics) that,
at sufficiently large squared electron momentum trans-
fer Q2 = (e − e′)2 and small squared proton momentum
transfer t = (p − p′)2, the process could be factorized
between a hard elementary scattering of a photon on a
quark of the nucleon and universal structure functions,
namely the GPDs, which parametrize through functions
of a few variables the complex non-perturbative quark
and gluon structure of the nucleon. See Fig. 1-left for
an illustration of this factorization for the DVCS case.

In the quark sector, at QCD leading twist, there are
eight GPDs: H, H̃, E, Ẽ,HT , H̃T , ET , ẼT . In DVCS, due
to helicity conservation arguments, only the first four
can be accessed at QCD leading twist. They reflect the
four independent spin/helicity transitions between the
initial and final nucleons/quarks.
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Figure 1: Left: The DVCS process. Right: the BH pro-
cess.

The GPDs depend on three variables: x, ξ and t (at
QCD leading order, which is the framework of the dis-
cussion in these proceedings, GPDs don’t depend on
Q2). In a frame where the nucleon goes to the speed of
light along a certain direction, GPDs represent the prob-
ability amplitude of finding a quark in the nucleon with
a longitudinal momentum fraction x + ξ and of putting
it back into the nucleon with a longitudinal momentum
fraction x − ξ, plus some transverse momentum ”kick”,
which is represented by t. It can be shown [5] that t,
defined in a momentum space, is the conjugate variable
of an impact parameter b⊥, defined in position space.
Then, at ξ = 0, through a Fourier-like transform, GPDs
can also be interpreted as the probability amplitude of
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finding in a nucleon a parton with a longitudinal mo-
mentum fraction x at a given transverse impact parame-
ter b⊥. One sees then how the information contained in
traditional parton distribution functions (PDFs), as mea-
sured in inclusive Deep Inelastic Scattering, in which
one measures the longitudinal momentum (x) depen-
dence of quarks in the nucleon, and the information
contained in form factors (FFs), as measured in elastic
lepton-nucleon scattering, which contain the informa-
tion on the localization (b⊥) of quarks in the nucleon,
are now combined and correlated in the GPD descrip-
tion. In the forward limit (ξ, t → 0), GPDs actually
reduce to PDFs and their first x-moment are equal to
FFs. In addition, the second x-moment of GPDs gives
access to the quark angular momentum contribution to
the nucleon spin, which is a consequence of this longi-
tudinal momentum-transverse position correlation. We
refer the reader to the reviews [6–9] on GPDs for more
details on the GPD theoretical formalism.

The way to extract the GPDs from experiment is to
measure, at sufficiently large Q2, the spin-dependent
and independent observables of the reaction lN →
l′N′γ. It is necessary to use beam and target (longi-
tudinal and transverse) polarizations degrees of free-
dom in order to disentangle the different GPDs. Indeed,
each GPD contributes with a different weight accord-
ing to each individual observable. For instance, on a
proton target, the GPD H which describes the distribu-
tion of unpolarized quarks in an unpolarized nucleon,
contributes mostly to the unpolarized and beam polar-
ized cross sections while the GPD H̃, which describes
the distribution of (longitudinally) polarized quarks in
a (longitudinally) polarized nucleon, is a major contrib-
utor to the spin asymmetries involving a longitudinally
polarized target.

Kinematically, the 3-body final state reaction ep →
epγ depends on four independent variables. They are
usually chosen as Q2, xB, −t and φ. xB is the standard
Bjorken variable defined as Q2

2mp(E−E′) (where E is the
beam energy and E′ is the scattered electron energy) and
is equivalent to ξ. They are related as follows: ξ = xB

2−xB
.

φ is the azimuthal angle between the electron scattering
plane and the hadronic production plane. Among these
4 kinematic variables, only two are thus connected to
GPDs (in the QCD leading order approximation where
GPDs don’t depend on Q2): ξ and t. This means that the
x variable on which GPDs depend as well is not directly
measurable. This is due to the loop in the DVCS dia-
gram of Fig. 1-left, which inmplies an integration over
x. More precisely, the DVCS amplitude is proportional
to:
∫ +1
−1 dx H(x,ξ,t)

x−ξ+iε + ... (where the ellipsis stand for sim-

ilar terms in E, H̃ and Ẽ). The 1
x−ξ+iε term is the prop-

agator of the quark between the incoming virtual pho-
ton and the outgoing photon. The previous expression
can be decomposed into a real and an imaginary part:
PP(
∫ +1
−1 dx H(x,ξ,t)

x−ξ ) − iπH(ξ, ξ, t). This means that the
maximum information that can be extracted from the
experimental data at a given (ξ, t) point is H(±ξ, ξ, t),
when measuring an observable sensitive to the imagi-
nary part of the DVCS amplitude, and

∫ +1
−1 dx H(∓x,ξ,t)

x±ξ ,
when measuring an observable sensitive to the real part
of the DVCS amplitude. We will call these two quan-
tities Compton Form Factors (CFFs) in the following.
Thus, inevitably, with only DVCS (and DVMP) mea-
surements, a model-dependency is attached to the ex-
traction of the x-dependence of GPDs.

One last experimental concern is that the DVCS pro-
cess is not the only one contributing to the ep → epγ
reaction. There is also the Bethe-Heitler (BH) process
in which the final state photon is radiated by the incom-
ing or scattered electron (see Fig. 1-right) and not by the
nucleon itself like in DVCS. It therefore doesn’t really
contain any new information on the nucleon structure
and the GPDs. The BH, which is rather precisely calcu-
lable, shall thus be taken into account, at the amplitude
level, when extracting GPDs from experiment.

2. The JLab data

The Jefferson Laboratory (JLab), with its ≈ 6 GeV
intense electron beam, is the facility where DVCS and
GPDs are to be studied in the valence region. After a pi-
oneering publication in 2001 of a first DVCS BSA at a
single (< xB >, < Q2 >, < t >)=(0.19, 1.25, -0.19) kine-
matic point from the CLAS collaboration [10], the Hall
A collaboration released in 2006 [11] beam-polarized
and unpolarized ep→ epγ cross sections for a few (xB,
Q2, t) bins. Then, the CLAS collaboration published
in 2006 [12] DVCS longitudinally polarized target spin
asymmetries (lTSA) for three (xB, Q2, t) bins and in
2008 [13] beam spin asymmetries (BSA) for about 60
(xB, Q2, t) bins.

This past year, 2015, has seen the release of three
new sets of DVCS data from JLab. Regarding CLAS,
the collaboration has released lTSAs [14, 15] for 19
(xB, Q2, t) bins and beam-polarized and unpolarized
ep→ epγ cross sections [16] for ≈ 120 (xB, Q2, t) bins.
Regarding Hall A, the collaboration has published [17] a
re-analysis of its earlier data on beam-polarized and un-
polarized ep → epγ cross sections, increasing in pass-
ing the number of (xB, Q2, t) bins.
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