
GPDs at EIC Meeting

QCD Theory Overview

Krešimir Kumerički (University of Zagreb, Faculty of Science)

2022 LHC Days in Split
6 Oct 2022



LHC studies and QCD

We rely on separation of short-distance (non-perturbative) and long-distance (perturbative) physics:

PDF

PDF

Drell-Yan 
scattering



PDFs are essential for any LHC prediction

[1905.06957]
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Intrinsic charm in the proton

PDF of charm quark:

[J. Rojo, EIC4LHC]



Intrinsic charm in the proton

● The NNPDF Collaboration

Nature volume 608, pages 483–487 (2022)

https://www.nature.com/articles/s41586-022-04998-2#group-1
https://www.nature.com/


Can PDFs be calculated in lattice QCD?

Not directly since Euclidean lattice can work only with space-like operators.

[Figs. by  I. Stewart]
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Can PDFs be calculated in lattice QCD?

[X. Ji, A. Radyushkin]

IR properties should be same as for PDFs, UV properties can be perturbatively matched.



PDFs calculated from the lattice pseudo-PDFs
[Joo et al., PRL 125 (2020) 23, arXiv:2004.01687]



Longitudinal structure (PDFs) is not the whole story

● lot of gluons at small x → overlap (in phase space) → gluon fusion → 
saturation (implies considerations in transversal direction)

● multi-parton scatterings (again, transversal shape is important)



Family tree of hadron structure functions



Graviton scattering off proton

[Okun, Kobzarev, Pagels]
[Figs. by V. Burkert]



quasi-PDFs



Impossible to measure?



Impossible to measure?
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Three classical objectives of GPD studies



Results on pressure distribution in the proton

[Burkert et. al, Nature 2018]
[K.K., Nature 2019]

Model-independent extraction by neural networks 
consistent with zero.



Extraction of form factors from DVCS data:

[Čuić et al. 2021]



Combining DVCS on neutron and on proton:



Separation of flavors:  CFFs Hu (red) and Hd (blue)



New collider in USA to study 3D structure: EIC

[arXiv:1212.1701]



Can we study this at LHC?

● pA collisions - enhancement by Z^2

● There is also an LHeC proposal arXiv:2007.14491

https://arxiv.org/abs/2007.14491


…



“LHC is a beautiful QCD machine, they just don’t 
know it yet.”

 -- Dieter Mueller (inventor of GPDs), circa 2010


