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Fig. 6. The Wigner distributions yield a unified description of a nucleon in terms of the position and momenta of its con-
stituents. The uncertainty principle precludes knowing both position and momentum simultaneously, but the three-dimensional
Generalized Parton Distributions (GPDs) and Transverse Momentum-Dependent Distributions (TMDs) provide a powerful
spatial and momentum tomography. The differential variables along the arrows indicate the variable integrated over to move
from the upper to lower distributions.

Past studies of deep inelastic electron scattering of-
fered us merely a one-dimensional view of nucleon struc-
ture where we learned about the motion of partons parallel
to the direction of travel of the nucleon. Their longitudinal
momentum distribution is then described by parton dis-
tribution functions (PDFs). The nucleon was viewed as a
collection of fast moving quarks, antiquarks and gluons,
whose transverse momenta were not resolved. While sim-
ple and elegant, such a description is unable to address
one of the key questions in our understanding of the nu-
cleon, namely how its spin is apportioned between the spin
of its constituents and their orbital angular momentum.
To understand this requires a three-dimensional descrip-
tion.

A representation using GPDs and TMDs is driven by
the overwhelming need to go beyond the one-dimensional
picture of the nucleon structure [34]. Even at large Bjorken
x, where most of the longitudinal momentum of the pro-
ton is carried by valence quarks, seemingly puzzling re-

sults from a first generation of worldwide exclusive and
semi-inclusive deep inelastic lepton scattering experiments
require a GPD and TMD description for their interpreta-
tion. Thus these representations provide us with a unified
view, demonstrating both the importance of this new phe-
nomenology, and the limitation of our previous studies of
nucleon structure.

Knowledge from inclusive, semi-inclusive and exclusive
electron scattering using the 12GeV CEBAF upgrade will
provide information on the transverse position and trans-
verse momentum of quarks for a fixed slice of their longi-
tudinal momentum leading to a three-dimensional imag-
ing of the nucleon both in position and momentum. This
upgrade offers for the first time the tools to unravel the
nucleon valence quark structure by mapping the spatial
position and momentum distribution of the quarks with
sufficient precision to propel our knowledge and under-
standing of the basic building blocks of nuclear matter to
a level unmatched previously.


