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* Motivations
 Transverse-momentum dependent PDFs
« Generalized PDFs

« Wigner distributions



Nucleon structure

Non-relativistic picture

dominated by constituents

Mass
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e ~ AQCD

Relativistic picture
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~ o
~11(2) % 33(2) %

== EIC!

*~

~ 25(10) %

~ 40(?) %



Parton distribution functions (PDFs)

Deep inelastic scattering (DIS)

Q? > M?

k ~ xp
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Parton distribution functions (PDFs)

Optical theorem Final-state
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Transverse-momentum dependent PDFs

Going beyond the collinear partonic picture

Quark Wigner operator (contour gauge)
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Transverse-momentum dependent PDFs

Single-spin asymmetries (SSA)

AN VS Xp, in T Production

E.g. pT p— 77X (FNAL 1991)
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Transverse-momentum dependent PDFs

Semi-inclusive DIS Final-state

cut
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Transverse-momentum dependent PDFs

Rich spin structure (leading twist)

Quark polarization
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Transverse-momentum dependent PDFs

Gauge symmetry

System « Factorized » system
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Transverse-momentum dependent PDFs

Process dependence

Nucleon polarization
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Transverse-momentum dependent PDFs

Clear SIDIS experimental signal
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Parton distribution zoo

Nonlocal quark operator 0 ~ O(0)
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Parton distribution zoo

Off-forward amplitudes
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Parton distribution zoo

Generalized
PDFs
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Parton distribution zoo
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Parton distribution zoo

« Mother »
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Generalized PDFs

Deeply virtual Compton scattering (DVCS)

interferes with

Bethe-Heitler

Correlator (in A* = 0 gauge)
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Generalized PDFs

Link with other non-perturbative functions
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Generalized PDFs
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Generalized PDFs

Poincareé constraints

a=q,g
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Energy-momentum tensor

Energy
density

'* 701 702 703

TlO 1
T20
TSO

TH =

~ Shear stress

Normal stress (pressure)

Four-momentum operator P! = / d3r TOH(r) a=4q,9



Energy distribution (3D Breit frame)

Multipole model for the
gravitational form factors

~ F()
() = (1+t/A2)"




Pressure distributions (3D Breit frame)
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Mechanical equilibrium
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von Laue relation Surface tension
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Angular momentum distributions

Orbital vsintrinsic Kinetic vs Belinfante
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Generalized TMDs
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Generalized TMDs
Orbital angular momentum
ﬁz = /dzbj_gj_ X (l?J_)(gJ_)
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Generalized TMDs

~1.0f

u—d quarks
my; = 518 MeV
£=0.39
i m
I - |
SIEIs il "iigiieft
— {1 —
—oco —10 -5 0 5 10
L, «— L, — L,

0.0

~0.5}

[Engelhardt, PRD95 (2017) 094505]




Correlations

Twist-2

Quadrupole

Monopole Dipole
Quark polarization -
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Phase-

space representation




Phase-space representation

I

uu

Density
mode

@ 2

v o g

Orbital
mode

N 1

q

\T/

h #
mode



How to measure Wigner distributions

Many observables sensitive to GTMDs have recently been proposed

« eA scattering

o Dijet production
o Longitudinal SSA

« pA scattering

o Double parton scattering (DPS)
o Ultra-peripheral collisions (UPCs)

- 1N scattering

o Exclusive double Drell-Yan

m(ps)
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7 (g2, A2)

N (Pa; Aa) N'(p, A5)

Typically complicated final state ==

[Hatta, Xiao, Yuan (2016)]

[Hatta, Nakagawa, Yuan, Zhao (2016)]
[3i, Yuan, Zhao (2016)]

[Hagiwara, Hatta, Xiao, Yuan (2017)]

[Hagiwara et al. (2017)]

[Bhattacharya, Metz, Zhou (2017)]

M

Y3

very small cross sections !



Several generalizations of PDFs (TMDs, GPDs, GTMDs, ...)
Multidimensional imaging of nucleon structure
Indirect access to energy-momentum tensor (mass, spin, ...)

Further extensions (gluon distributions, higher spin, multiparton scattering, ...)

So much to learn thanks to the EIC!



