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Collinear Proton PDFs:

e Status and Perspective —
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C. Gwenlan (UniverSity Of OXfOFd) Note: Usual caveats apply - not comprehensive/ exhaustive
M. Ubiali (University of Cambridge) and personal overview.



Current Status
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e Data: Global PDFs include O(5000) datapoints - more LHC data.
e Methodology: Complex methodology and error analysis (CT, MSHT, NNPDF).

e Theory: State of the art is up to Approximate N3LO QCD PDFs + QED (MSHT,

NNPDF). Include: theoretical uncertainties from missing higher orders (MHOUs).




Data Progress: Global Dataset

HERA - Valence quarks,
some sea, low x gluon.

Fixed Target (and others) -
Flavour decomposition.

LHC - Sea quarks, flavour
decomposition,
medium-large x gluon.

Range of processes and
colliders -> complementary
constraints on PDFs.
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Data Challenges: Global Dataset

Precision + complementarity of collider data
results in reduced PDF uncertainties.

Tensions between datasets + understanding of
experimental systematics -> limits precision.

ratio

More detailed knowledge and info on correlated
systematics vital for PDF precision.

(NNLO) PDF ratios to MSHT20 at Q2 = 10* GeV?
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e Various studies of PDF parameterisation/methodology/uncertainty.
[Ablat et al, arXiv:2408.04020, Constantini et al arXiv:2404.10056, Hunt-Smith et al: arXiv: 2309.01454, etc...]

e (Closure tests - validate PDF fit methodologies + assess faithfulness of PDF
uncertainties (Iower Ieft, ce ntre). [Harland-Lang et al, arXiv:2407.07944, Constantini et al: arXiv:2503.17447]

e Also check the effect of experimental/theoretical inconsistencies and how PDF fits
can absorb/deal with it.
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Theory Progress: Approximate N3LO PDFs
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PDF precision limits key processes, e.g. Higgs:

Need Higher order PDFs + inclusion of theory

uncertainties -> approximate N3LO (aN3LO) PDFs.

MSHT20aN3LO - arXiv:2207.04739, NNPDFaN3LO - arXiv:2402.18635
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Relies on important progress in theory community.
Recent updates with new info -> aN3LO PDFs stable.

FHMRUVYV - arXiv:2410.08089, Ablinger et al - arXiv:2403.00513, etc...
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Theory Progress: aN3LO PDF Combination
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Higgs in Gluon Fusion (PDF + MHOUS)
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Combine two existing aN3LO PDF
determinations -> accounts for both
individual sets’ uncertainties +
differences in central values.

aN3LO QCD + QED PDF sets also
available (most accurate) and combined.
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Proton PDFs are a crucial input for precision physics
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PDFs vital for Standard Model Precision Parameters
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Proton PDFs crucial input for New Physics Searches
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e. g. Heavy Z' search in DY Forward-Backward asymmetry
Ball et al arXiv: 2209.08115

Large-x PDF affected by large uncertainties.

Reducing PDF uncertainties in large-x
region is essential to characterise new
physics and interpret deviations in the tails.

Looking forward: HL-LHC (and FCC-hh).
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Interplay between PDFs and deviations in the tails

Imagine a new physics signal from a W' boson, inject signal into HL-LHC data.

Global Fit-quality is unchanged but ggbar luminosity shifts beyond PDF uncertainties
because anti-quark PDFs at large-x “fit away” the effect of New Physics.
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Complementary constraints on large-x from lower E observables (e.g. from EIC or
FPF) can disentangle this in a global analysis .
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Future Colliders - HL-LHC e DR st 8 BT
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Future Colliders - Forward Physics Facility

Exploit HL-LHC produced neutrinos.

Production -> charm, gluon at high and low x.

Interaction in vDIS -> strangeness.

Significant uncertainty reductions and knock-on

impacts on key LHC processes.

Complementary with HL-LHC. Informs also FCC.

BFKL dynamics,
non-linear QCD, CGC

FPF Snowmass arXiv:2203.05090
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More info on Precision QCD at LHeC in

Future Colliders - LHeC Daniel Britzger's talk in 2 weeks time

Quark-antiquark luminosity at E ., = 14 TeV
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e LHeCclean DIS environment - reduce PDF uncertainties, _ »j=3
particularly at low x (mX). Informs FCChh (related FCCeh).
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1 (NNLO), Q2 = 1.9GeV?

MSHT20 ==

Future Colliders - EIC e

e EIC clean DIS environment - precise, high x
moderate Q. Less sensitive to low Q%/W? corrections.

0.9

e Significant uncertainty reductions in high x quarks, | —aAM —~neDE
smaller reduction in gluon uncertainty - BSM/Higgs. i -_-_CJ -

0.8

e Further constraints from deuteron (or positron) data, 01 SEIC(6m) /5.
. . ., 02 b “rel re
SIDIS, FL etc. Also scope to constrain a,. (seeWintins tak . . .
in 2 weeks' time). EIC Yellow Report: arXiv:2103.05419
e Complementary with HL-LHC and LHeC. £ [ amece

| &> HERA + EIC

1.1 H HERA + EIC + LHeC

e Potential for DIS only PDFs - simpler systematics.

e C(aveats: 1
- Assume consistency of data :
- Different approaches, e.g. inclusion of tolerance -

or not See also EIC Snowmass inputs 100 100 g0t 100 107 g0 s

arXiv:2203.13199, 2203.13923 LHeC Input to EPPSU arXiv:2503.17727 14
e ——



Progress, Challenges and Wishlist
PDFs are fundamental to huge range of key SM/BSM processes + often limit sensitivity.

Progress possible on several fronts:

1. Data - Substantial potential from complementarity of upcoming/proposed colliders.
Challenge - Understanding systematics, correlations, inconsistencies between experiments.
2. Methodology - Many developments on PDF methodology, parameterisation.
Challenge - Complexity and precision of global fits. Understanding origin/need for tolerance.

3. Theory - Moving towards N3LO PDFs, this + inclusion of theoretical uncertainties are crucial
as precision demands increase.

Challenge - Understanding of theoretical uncertainties, higher order calculations.

4, Standard Model/BSM Parameters - PDF precision/accuracy improvements will drive
advances in former.
Challenge - Understanding assumptions of profiling + impacts, need for simultaneous fits.
Separating out BSM from PDFs - aided by complementary data from multiple colliders. 15
S



