
Transverse quark–gluon structure of hadrons from elastic form factor data

Describing the structure and interaction of hadrons on the basis of Quantum Chromodynamics (QCD) is a
central objective of nuclear physics. Such a program is possible in the partonic picture, where the hadron
is moving fast and the configurations of its quark and gluon constituents appear “frozen” during their
interaction with an external probe (see Fig.1a). Experiments in deep–inelastic lepton–hadron scattering
measure the basic number density of quarks and gluons with respect to longitudinal momentum. Equally
interesting is their distribution in transverse space, which determines the “shape” of the fast–moving
hadron in QCD. Important information on the transverse distribution of partons can be obtained already
from the form factors of electron–hadron elastic scattering. Their two–dimensional Fourier transforms
describe the transverse density of charge and magnetization in the fast–moving hadron, which offer
insights into the physical size of the configurations in its partonic wave function. Considerable progess
has been made in understanding the properties of the nucleon’s transverse densities and their use for
unraveling the partonic structure; see e.g. [1]

Of particular interest is the transverse structure of the pion, an excitation of the QCD vacuum
reflecting the spontaneous breaking of chiral symmetry. A recent theoretical study uses a dispersion
relation to calculate the pion transverse charge density in terms of the pion form factor in the timelike
region, where it is constrained by precise data from e+e− annihilation experiments [2]. This formulation
allows one to reconstruct the transverse density much more accurately than from the present spacelike
pion form factor data alone [JLab Exp. E-01-004, E93-021], and with controlled errors, and provides
an image of the shape of the fast–moving pion with unprecedented accuracy (see Fig.1b). The singular
behavior of the charge density at short distances reveals the presence of pointlike configurations in the
pion’s partonic wave function, which is suggested by independent theoretical arguments. They represent
a universal property of the pion which can be probed in other high–momentum transfer processes, such
as γ∗γ → π0, and are instrumental in the Color Transparency effect studied in pion electroproduction on
nuclear targets [JLab Exp. E01–107, E12-10-104 with 12 GeV Upgrade].
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Figure 1: (a) Partonic picture of hadron
structure in QCD. The fast–moving hadron
is resolved into its quark and gluon con-
stituents. (b) Transverse charge density in
the pion, ρπ(b), as extracted from a disper-
sive analysis of the timelike pion form fac-
tor data. The steep rise at the center indi-
cates the presence of pointlike qq̄ configura-
tions in the pion’s partonic wave function.
This represents the first precise image of the
pion’s partonic structure based on experi-
mental data.
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