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HERA Legacy and Perturbative QCD
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QCD vs pQCD

Can QCD be a precision science ?

Should not be confused with pQCD, which already can,
but is not touching the intimate nature of the strong interaction
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Still Surprising Proton

Do we control the proton form factor and radius ?
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The 3D Nucleon Structure
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Physics Channels
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[ SIDIS: rich phenomenology, the most explored so far
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TMD Parton Correlators

Beauty and complexity of the
unique strong-interacting world

{
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SIDIS Cross-Section and TMDs
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Quark parton distribution

Wide kinematic coverage is needed to resolve the convolution
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Unpolarized TMDs
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Spin-Orbit Effect: Sivers
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Sivers from polarized SIDIS
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Spin-Orbit Effect: Collins
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Transversity and Tensor Charge
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Tensor Charge and BSM Physics
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SIDIS Landscape

To solve the TMD puzzle an interplay of luminosity and energy is required
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TMD Baseline

Energy range matching perturbative and non-perturbative regimes
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CLAS12 @ JLab

CLAS12 wide coverage, excellent PID, various polarized targets, high luminosity
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Luminosity upgrade Stage-1: 2x10%® cm2s! 3 years
Stage-2: > 103 cm2s?

CLAS12 Region-| uRWELL Detectors

- Expected rate

+  Upgrade stage 1: average 5 kHz / cm?, maximum rate ~7kHz fem?

+ Upgrade stage 2: average 16 kHz / cm?, maximum rate ~20kHz / cm#?
»  Largest chamber 1500 cm x 50 cm

JLab Upgrade - ECT*, 26t September 2022
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Beam Spin Asymmetry @ CLAS12

CLAS12 proton data (RGA)
S. Diehl et al., e-Print: 2101.03544
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Upcoming @ JLab

SBS: Spectrometer Pair SOLID: Large Acceptance Detector

~
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High-luminosity
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Wide coverage
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Multiplicities @ CLAS12

Color legend

Transverse momentum dependence and phase space

® 0.2<z<0.3
® 0.3<z<0.4
® 0.4<z<0.5
® 0.5<z<0.6
e 0.6<z<0.7

COMPASS, EPJC 73 (2013) 8, 2531
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JLab Future
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TMDs @ High Energy
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TMD Challenge

SIDIS Cross-Section
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The Q2 Game

Wide leverage (at given x) to: isolate higher-twists (1/Q suppressed terms)
probe Q2 evolution
disentangle x dependence

Keep Q2 moderate to: avoid perturbative dilution
Cross section uncertainties (pions)
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TMDs Description

The sensitivity on the relevant parameters changes with center of mass energy
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TMD Evolution

The missing non-perturbative universal piece can be extracted from data

With b as Fourier conjugate of P,/z Complementarity in Q% and b coverage
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Conclusions

The last decade provided many evidences that correlation of partonic transverse degrees
of freedom in the nucleon do exist and manifest in hadronic interactions

[ Next step: Moving from phenomenology to rigorous treatment (predictive power) J

New data coming from JLab++ at high-luminosity and EIC at high-energy should allow to:

e Constrain models in the valence and sea region

Test factorization, universality and evolution

Study higher twist effects

Investigate non-perturbative to perturbative transition (along Py)

Flavor separation via proton and deuteron targets and hadron ID

Test of Lattice QCD calculations

A comprehensive study provides access to the peculiar dynamics of the QCD confined world
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