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 Lecture 1 : Spatial distributions
 Lecture 2 : Parton distributions
 Lecture 3 : Wigner distributions
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Mother distributions
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Mother distributions
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Generalized TMDs

dk™ A%k, (p|i1(0,k)|p) GPD(x

[\.'J|"

PDF(z

TMD(z, kl

TN
e

/ L5t (0, k) [p) GTMD(z, k..

[\.'J|"

k Wi ] d4Z ik-z ) Z P z 2
Voperatore 1) = [ G T = YW = hr 4 5+ 5)

Wigner (or phase-space) distribution
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Generalized TMDs

Orbital angular momentum
(., = /deJ_EJ_ X (EJ_>(EL)

Canonical OAM Eq

Kinetic OAM [,

« Outside » the nucleon

>
>

« Inside » the nucleon
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Generalized TMDs
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Correlations
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Correlations

Monopole Dipole Quadrupole
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Correlations

Quark polarization
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Correlations

Monopole Dipole Quadrupole
Quark polarization -
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How to measure Wigner distributions

Quantum optics

pulsed laser

&

trigger beam

doubler

dowii spatial+spectral

- - - - filter
Wigner distributions can be « measured » o ,
using homodyne tomography { Aibater

>
local oscillator A ’
€ /_\
signal beam ;,‘/‘\\
homodyne b

detector

Idea : measure projections of Wigner distributions
from different directions in phase space




How to measure Wigner distributions

What 3D image is hidden in this stereogram?



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

A(I(Qla /\l)

73 (g2, A2)

N(pa, Aa) N'(p, A%)

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)]
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very small cross sections !
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