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= What do we know about the transverse
structure (imaging) of hadrons from
phenomenology and lattice QCD ?

@ Light-front charge densities <-> elastic nucleon Form Factors

@ Shape of hadrons <-> higher e.m. moments of transverse charge densities
(systems of spin 1 or higher)

® Deformation of light-front charge densities in external e.m. field (polarization)
<-> nucleon Generalized Polarizabilities

@® Resonance structure / transition charge densities
<-> N -> N* Transition Form Factors

@ Quark densities in both transverse position and longitudinal momentum
<-> nucleon Generalized Parton Distributions
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proton e.m. form factor
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new JLab/HallC recoil pol. exp. (spring 2008) :
new MAMI/A1 data up to Q2= 0.7 GeV? extension up to Q2% 8.5 GeV?
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quark fransverse charge densities
in hucleon (T)
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quark ftransverse charge
densities in nucleon (IT)

% transversely polarized nucleon
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empirical quark transverse densities
in deuteron
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tfransversely polarized deuteron

experiment :
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E.M. moments of W bosons

for spin-1 point particle
Gy (0) =2 and 64(0) = -1
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natural values for e.m. moments
of point particle with spin |

Gro(0) = 1
Lorcé (2008) GMl(O) = 2
Gea(0) = —j(2j—1)
1,

Gus(0) = =352 - 1)(25-2)
J Gro(0) Gr1(0) Gr2(0) Gns3(0) Gra(0) G s(0) Gre(0)
0 1 0 0 0 0 0 0
1/2 1 1 0 0 0 0 0
1 1 2 -1 0 0 0 0
3/2 1 3 3 1 0 0 0
2 1 4 -6 -4 1 0 0
5/2 1 5 -10 -10 5 1 0
3 1 6 -15 -20 15 6 -1

==) transverse charge densities depend only on anomalous values
of e.m. moments — reflect internal structure
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e.m.Ato Atransition : lattice results

o quenched Wilson, m_= 410 MeV
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lattice analysis :

Alexandrou, Korzec, Koutsou, Leontiou, Lorcé, Negele, Pascalutsa, Tsapalis, Vdh (2008)
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Hadron shape : e.m.AtoAtransition
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tfransversely polarized A(1232)
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quark transverse charge densities in A(1232)
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Induced polarization in proton
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induced polarization
In proton
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Transverse transition
charge densities

for
N ->A(1232), P,,(1440),
5,1(1535), D45(1520)



"
->A(1232) transition
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empirical Transverse transition densities
for N -> A(1232) excitation
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empirical e.m. fransition FFs
for p -> N'(1440) excitation
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empirical transverse transition densities
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empirical transition FFs for

p -> 511(1535) D13(1520) excitations
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Generalized Parton Distributions
(GPDs) : 3D picture of nucleon

DIS Unifying concept Elastic Scattering

longitudinal transverse quark

quark distribution m—)> < distribution in

in momentum space coordinate space
fully-correlated

quark distributions in both
coordinate and momentum space

pion valence

cloud quarks

' ¢

longitud.

x<0.1 x~0.23 x~0.8
Burkardt (2000, 2003),

Belitsky, Ji, Yuan (2004)



QCD factorization : tool to access GPDs

world data on proton F,

\ T ,':..’:_:
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m) af large Q%: QCD factorization theorem :

hard exclusive process described by GPDs
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GPDs : transverse

GPDs : quark distributions w.r.t.
longitudinal momentum x and
Transverse position b,

Hu(x, b, )
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lattice QCD : moments of GPDs

X" moment of Hu-d
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Guidal, Polyakov, Radyushkin, Vdh (2005),
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LHPC Coll.



