Energy Frontier Topical Groups 5, 6 & 7
Precision QCD, Hadron Structure
Forward QCD & Heavy Ions
Planning a joint report, highlighting in particular
●
●
●
●

Strong connections between different areas of QCD
Importance of QCD for other topical groups (Higgs, top, …)
Cross-cutting aspects with other frontiers (Neutrino, Theory, Computing, …)
Opportunities in ongoing and future experiments (HL-LHC, FPF, EIC, …)

QCD is not the driving force for
many future experiments, but it is
crucial for understanding them!

QCD at Colliders

EF05, EF06

1. What is the ultimate precision for 𝛂S
2. Which precision QCD calculations are needed
to support measurements in all sectors of the
Standard Model (Higgs, top, …)
3. What are the requirements
for Monte Carlo development
4. Guidance/support/developments in jet substructure
5. New developments in (groomed) event shapes
and energy-energy correlators
6. Physics opportunities at forward physics experiments
7. Fragmentation functions & modeling of hadronization
transition from low to high energies
8. Opportunities for precision tests of QCD
at the HL-LHC, EIC, FCC-ee, FCC-hh
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Hadron structure

EF05, EF06, EF07

1. Feasible strategy to obtain N3LO PDFs
2. Understanding of sources of PDF uncertainties: experimental,
theoretical, methodological, parametrization
3. Reduction of experimental and theoretical systematic uncertainties
4. Nuclear, meson, transverse-momentum dependent PDFs
5. Interplay between phenomenological and lattice PDF studies
6. Role of QCD resummations in the PDF analysis
7. Non-traditional contributions to PDFs: intrinsic heavy quarks,
electroweak partons
8. Benchmarking studies of PDFs and combined PDFs (PDF4LHC
recommendation)
9. Optimal delivery formats for PDFs
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Forward QCD

EF05, EF06, EF07

New forward QCD experiments: LHCb, Forward Physics Facility, forward
diffractive scattering, central exclusive production, LHC as a photon-photon
collider
(TMD) factorization formalisms and evolution at small x
Best observables to look for small-x factorization (BFKL) and parton saturation
Incisive measurements and predictive models for diffractive scattering
Saturation in the nuclear medium (ALICE, EIC, …)
QCD dynamics at very large x (intrinsic charm)
Precision of Monte-Carlo programs for forward particle production
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Heavy Ion Physics

+

Origin of collective flow and QGP like phenomena in a small system

EF07

5

EF07

Heavy Ion Physics: EW/BSM studies
Use of heavy-ion beam for new physics
ALP

Tau g-2
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Electron-Ion Collider

EF05, EF06, EF07

the only new large-scale accelerator facility
planned for construction in US in the next few
decades
polarized electrons with polarized beams of proton
and light ions

many new opportunities for high energy physics (QCD and beyond):
❏
❏
❏
❏
❏

Precision 3-dimensional tomography of hadrons and nuclei
Physics of QCD jets
Physics of heavy flavors
Partonic saturation
Electroweak and beyond standard model physics
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Electron-Ion Collider: EW and BSM physics
weak mixing angle arXiv: 2203.13199

EF07

SMEFT Wilson coefficients arXiv: 2203.13199

heavy neutral lepton searches arXiv: 2203.06705
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Electron-Ion Collider: opportunities for HEP

how can HEP community actively
engage with this flagship facility of
the US nuclear physics program?
one possible model – similar to NP’s
engagement in ATLAS & CMS
heavy-ion programs

NC neutrino-nucleus DIS cross
sections arXiv: 2203.13199
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