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ANucleon tomography
APhase space distributions in QCD
AConnection to experimental observables



Electronrlon Collider (EIC)

A future (2025~) higluminosity polarize@dp, eA  collider
dedicated to the study of the nucleon and nucleus structu

Centerof-mass energy 20 = /s = 140 GeV
Luminosity ~ 103%cm 25!
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Nucleon tomography
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1D tomography: Parton distribution function (PDF
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Probability distribution of quarks and gluons with

longitudinalmomentum fractionx __ DPparton

The nucleon is much more complicated!
Partonsalso have transverse momentukn
and are spread in impact parameter spdce




3D tomography:
Transverse momentum dependent distributions (TMD)
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Relevant in semnclusive DIS (SIDIS), etc.
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3D tomography:
Generalizeghartondistributions(GPD)
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5D tomography: S §
Wigner distribution 0 KS aY2 0 KSNJ R

Belitsky Ji, Yuan (2003);
W(z,k1,b1) Lorce Pasquini2011)
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5D tomography: GTMD amktusimi

GTMD Meissner, Metz, Schlegé2009) HusImIi Hagiwara, YH (2015)
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Gluon Wigner distributian there are two of them
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There aregwo ways to make it gauge invaria
Bomhof Mulders (2008)

xr :U+ DominguezMarquet, Xiao, Yuan (201:
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Wigner in 2012 EIC white paper?

Almost no account.
Only briefly mentioned in two places.

Althoughthere is no known way to measure
Wigner distributiondor quarks and gluons,
they provide a unifying theoretical framework
for the different aspects of hadron structure.

A lot of progress since then

Electron lon Collider:
The Next QCD Frontier

Doderstunding the zine

Wigner 7£ TMD+GPD




Wigner distribution and orbital angular momentun

JaffeManohardecomposition
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Lorce Pasquini (2011);
YH (2011)
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Hagiwara,Y H,Xiao,Yuan(2018)

Phase space distribution naturally defines an entropy.
Use the QCBlusimidistribution
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Wigner distribution: Is it measurable?

In quantum optics, yes!
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FIG. 1. Measured Wipner distributions Tor (a),(b) a
squeezed state and {(¢},(d) a vacuum stale, viewed in 3D and as
contour plots, with equal numbers of constant-height contours. a 0.0
Sgueczing of the noise distribution is clearly seen in (b).




Measuring Wigner/GTMD In experiments

Tag two hadrons (jets) in the final state, together with the recoiling proton

YH, Xiao, Yuan (2016); Bhattacharya, Metz, Zhou (20
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Measuring Wigner/GTMD In experiments

Go to smakx (forward particle production)
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Probing dipole Wigner (GTMD) in diffractiet production

YH, Xiao, Yuan (2016ge alsoAltinoluk, Armestq Beuf Rezaeiarf2015)
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In ultra-peripheral collisions, too!

Hagiwara, YH?asechnikTasevskyTeryae2017)

Q)? preferably small

!

Use theWeiszackeiVilliams photons in UPC
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Inversion can be done analytically.
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https://texclip.marutank.net/#s=%5Cnewcommand%7B%5Cnn%7D%7B%5Cnonumber%20%5C%5C%7D%0A%5Cbegin%7Beqnarray*%7D%0A%5Cgamma%0A%5Cend%7Beqnarray*%7D

Factorization at NLO

BoussarieGrabovskySzymanowskWallon(2016)



