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Electron-Ion Collider (EIC)

2 possible realizations

A future (2025~) high-luminosity polarized               collider 
dedicated to the study of the nucleon and nucleus structure. 

Center-of-mass energy
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Nucleon tomography



1D tomography: Parton distribution function (PDF)

Probability distribution of quarks and gluons with 
longitudinalmomentum fraction  

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



3D tomography:
Transverse momentum dependent distributions (TMD)

Relevant in semi-inclusive DIS (SIDIS), etc.



3D tomography:
Generalizedpartondistributions(GPD)

Fourier transform 

Deeply Virtual Compton Scattering (DVCS) 

distribution of partonsin impact parameter space



5D tomography:
Wigner distributionτǘƘŜ άƳƻǘƘŜǊ ŘƛǎǘǊƛōǳǘƛƻƴέ

PDF
Form factor

charge

Belitsky, Ji, Yuan (2003);
Lorce, Pasquini(2011)

TMD GPD



5D tomography: GTMD and Husimi

PDF
Form factor

charge

TMD GPD

Gaussian smearing in k, b 

GTMD HusimiMeissner, Metz, Schlegel(2009) Hagiwara, YH (2015)

Wigner



Gluon Wigner distributionτthere are two of them

Weizsacker-Williams (WW) distribution

Dipole distribution

There are two ways to make it gauge invariant

Bomhof, Mulders (2008)
Dominguez, Marquet, Xiao, Yuan (2011)



Wigner in 2012 EIC white paper?

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

Almost no account.
Only briefly mentioned in two places. 

A lot of progress since then

Wigner        TMD+GPD



Wigner distribution and orbital angular momentum 

vǳŀǊƪǎΩ ƘŜƭƛŎƛǘȅ
DƭǳƻƴǎΩ ƘŜƭƛŎƛǘȅ

CanonicalOrbital 
angular momentum 
(OAM)

Jaffe-Manohardecomposition

Lorce, Pasquini, (2011); 
YH (2011)

ȫt5CΩ ŦƻǊ h!a



ȫ9ƴǘǊƻǇȅΩ ƻŦ partons
Hagiwara,YH,Xiao,Yuan(2018)

aŜŀǎǳǊŜ ƻŦ ȫŎƻƳǇƭŜȄƛǘȅΩ ƻŦ ǘƘŜ multipartonsystem.
Saturation of entropy due to the Pomeron loop effect?
/ƻƴƴŜŎǘƛƻƴ ǘƻ ǘƘŜ ȫƧŜǘ ŜƴǘǊƻǇȅΩ ƛƴ ǘƘŜ Ŧƛƴŀƭ ǎǘŀǘŜΚ

Phase space distribution naturally defines an entropy.
Use the QCD Husimidistribution

cf. Kutak (2011)
Kovner-Lublinsky(2015)

Neill, Waalewijn(2018)



Wigner distribution: Is it measurable?

In quantum optics, yes!



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 (2017)

Relative momentum between the two hadrons

Recoiling proton momentum



Measuring Wigner/GTMD in experiments

Go to small-x (forward particle production)

Approximate

``Dipole S-ƳŀǘǊƛȄέ

correlation expected

ȫ9ƭƭƛǇǘƛŎ ²ƛƎƴŜǊΩ ŘƛǎǘǊƛōǳǘƛƻƴ



Probing dipole Wigner (GTMD) in diffractive dijet production

Jet 1

Jet 2

GTMD 

YH, Xiao, Yuan (2016), see also, Altinoluk, Armesto, Beuf, Rezaeian(2015)

Ὡ



In ultra-peripheral collisions, too!

preferably small   

Use the Weiszacker-Williams photons in UPC! 

photon flux

Hagiwara, YH, Pasechnik, Tasevsky, Teryaev(2017)

Inversion can be done analytically.

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
Boussarie, Grabovsky, Szymanowski, Wallon(2016) 


