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LHC studies and QCD

We rely on separation of short-distance (non-perturbative) and long-distance (perturbative) physics:
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PDF Ratio to CT18NNLO

PDFs are essential for any LHC prediction
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Intrinsic charm in the proton

PDF of charm quark:

Proton
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[J. Rojo, EIC4ALHC]



Intrinsic charm in the proton
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° 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.
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Can PDFs be calculated in lattice QCD?

[X. Ji, A. Radyushkin]

~

f(] (I 1):‘ (T) =
quasi-PDF

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]
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Longitudinal structure (PDFs) is not the whole story

e |ot of gluons at small x — overlap (in phase space) — gluon fusion —
saturation (implies considerations in transversal direction)

e multi-parton scatterings (again, transversal shape is important)
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Family tree of hadron structure functions
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Graviton scattering off proton

Graviton — proton scattering demsity
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[Okun, Kobzarev, Pagels]
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quasi-PDFs

em: i, =0 (N|LIN) — O 1.602176487(40) x 10~19C
vector Horot 2.792847356(23)un
weak: PCAC (N'|JEakIN)  — g4 1.2694(28)
axial gp 8.06(0.55)
gravity: J Tgrav =0 | gm IN)  —  Mpo 938.272013(23)MeV/c2
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P. Schweitzer et al., arXiv:1612.0672, 2016.

The D-term is the “last unknown global property” of the nucleon




Impossible to measure?

Graviton — proton scattering
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Impossible to measure?

Graviton — proton scattering
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Impossible to measure?

Graviton — proton scattering
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® |nterference with Bethe-Heitler process gives unique access to
both real and imaginary part of DVCS amplitude.




® At leading order DVCS cross-section depends on four complex

Compton form factors (CFFs)
H(E L @), E(E1Q7), H(E Q) (6107

v (—Q%)

® [Collins et al. '98]

P P
® CFFs are convolution:

2
H(E.t. Q%) = / dx C3(x,6, L) Ho(x,n = &,t, Q})
QO a=q,G

® H3(x,n,t, Q5) — Generalized parton distribution (GPD)
[Miiller '92, et al. '94, Ji, Radyushkin '96]



Three classical objectives of GPD studies

® Both meanings are valid:

® “classical’ = well known, venerable
® ‘“classical’” = understandable from non-quantum viewpoint
@ Ji's “sum rule”
1 1
Vg dxx[Ha(x,g, t) + E7(x, &, t)] [Ji "96]
2 J -1 t—0

® 3D tomography

- d2& o i x -
plbi) = ée"b—'Al H(x,0,—A%) [Burkardt '00]
(2)
© Pressure distribution in the nucleon — directly related to
subtraction constant A(t) of CFF dispersion relation —
directly related to GPD “D-term” [Polyakov '03, Teryaev '05]
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Results on pressure distribution in the proton
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Model-independent extraction by neural networks

[Burkert et. al, Nature 2018] . .
consistent with zero. [(K.K.. Nature 2019]




Extraction of form factors from DVCS data:
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Combining DVCS on neutron and on proton:

T ARTICLES

thSiCS hittps://doi.org/10:1038/541567-019-0774-3

Deeply virtual Compton scattering off the neutron

M. Benali®@"2*, C. Desnault?}, M. Mazouz', Z. Ahmed*, H. Albataineh®, K. Allada$, K. A. Aniol’,
V. Bellini®, W. Boeglin®, P. Bertin?'°, M. Brossard?, A. Camsonne'®, M. Canan", S. Chandavar?,
C. Chen®, J.-P. Chen'®, M. Defurne™, C. W. de Jager'>%2, R. de Leo™, A. Deur™@, L. El Fassi'®",
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Separation of flavors: CFFs H, (red) and H (blue)
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New collider in USA to study 3D structure: EIC

Electron lon Collider:
The Next QCD Frontier

Understanding the glue
that binds us all

[arXiv:1212.1701]




Can we study this at LHC?

e pA collisions - enhancement by Z*2

UPC
Ultra Peripheral
Collisions

e There is also an LHeC proposal  amxiv:2007.14491



https://arxiv.org/abs/2007.14491
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such a machine provides a unique opening on new phenomena, particu-
larly in the field of weak interactions: new charged intermediate

bosons, right-handed weak currents, new leptons, subquarks, etc.



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

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



