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The kinematic reach in global analysis of nuclear PDFs

LHC has revolutionized the global analysis of nuclear PDFs in the past 10 years
[KLASEN & PAUKKUNEN, ANN. REV. OF NUCL. PART. SCI. VOL. 74, 2024]
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Nuclear modifications: EPPS21, nNNPDF3.0, nCTEQ15HQ

Nuclear modifications: fPb(x,Q2)/
[
Zfproton(x,Q2) +Nfneutron(x,Q2)

]
up quark strange quark gluon

Roughly similar behaviour in all three but quantitatively significant differences
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Absolute nuclear PDFs: EPPS21, nNNPDF3.0, nCTEQ15HQ

Absolute nuclear PDFs: fPb(x,Q2)

up quark strange quark gluon

Easily factor of two differences within uncertainties
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Electroweak boson production

The CMS p-Pb 8.16TeV W±-bosons [PHYS.LETT.B 800 (2020) 135048] vs. global fits

[KLASEN & PAUKKUNEN, ANN. REV. OF NUCL. PART. SCI. VOL. 74, 2024]

At the parametrization scale these data constrain almost exclusively gluons [EUR.PHYS.J.C 82 (2022) 3, 271]

Probably the “cleanest” process to constrain nPDFs at the LHC
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Electroweak boson production

The CMS p-Pb 8.16TeV Z bosons [JHEP 05 (2021) 182] vs. nuclear PDFs

Large fluctuations around y = 0 =⇒ Forward-to-backward ratio does not tend to unity

=⇒ Clear room for improvement with a higher luminosity at HL-LHC
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Inclusive 5 TeV dijets

A precision dijet observable by CMS [PHYS.REV.LETT. 121 (2018) 6, 062002]

d2σpPb

dpaveT dηdijet

(
dσpPb

dpaveT

)−1/
d2σpp

dpaveT dηdijet

(
dσpp

dpaveT

)−1

A significant gluon constraint at

mid and large-x regions

Jets not particularly hungry for luminosity

=⇒ Measurable even with short

light-ion p-A runs
[PHYS.REV.D 105 (2022) 3, L031504

[ARXIV:2103.01939]
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Open heavy-flavour – our current window to small x

The LHCb Open charm has currently a big impact 5TeV 8.16TeV

in EPPS21, nCTEQ15HQ, nNNPDF3.0
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in excellent agreement with the dijets
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The 8 TeV D0 p-Pb backward data

[PRL 131 (2023) 10, 102301] in contradiction...
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Open heavy-flavour – our current window to small x

Evidence of enhanced baryon yields low pT vs. LEP/HERA

[ALICE COLL, 2405.14571] [ALICE COLL, JHEP 12 (2023) 086]

Could categorize this as a higher-twist effect in baryon production?

If yes, why isn’t it enhanced in p-Pb vs. p-p?

PQCD CALCULATION WOULD BE

A NEARLY CONSTANT CURVE
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Open heavy-flavour – our current window to small x

The 8TeV data [LHCB COLL., PHYS. REV. D99 052011 (2019)] on B-meson

nuclear modifications consistent with nPDFs despite a similar

baryon enhancement as for charm
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HELENIUS, PAUKKUNEN, JHEP 07 (2023) 054 HELENIUS, PAUKKUNEN, JHEP 07 (2023) 054

Room for improvement with a higher luminosity at HL-LHC

The LHCb fixed-target program (SMOG2) could map the A dependence at higher x [FLORE ET.AL. ARXIV: 2503.21531]

PHYS.REV.LETT. 132 (2024) 8, 081901
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Alternative window to small x – isolated photons?

The ALICE FoCal project could measure isolated photons at y ≫ 0

A “cleaner” final state than charm

EPJ WEB CONF. 320 (2025) 00013
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Ultraperipheral Pb-Pb collisions?

Several observables in principle sensitive to nPDFs (exclusive J/ψ, inclusive D0/dijets)
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[ATLAS Coll., Phys.Rev.D 111 (2025) 5, 052006]

[CMS-PAS-HIN-24-003][KLASEN & PAUKKUNEN, ANN. REV. OF NUCL.

PART. SCI. VOL. 74, 2024]]

Theoretical calculations need to deal with the exclusivity condition, neutron classes,

diffractive component, photon fluxes, photon PDFs, MPI,... =⇒ Theory uncertainty in control?
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Neutrino deep inelastic scattering – the case for Forward Physics Facility (FPF)

The proposed Forward Physics Facility at the High-Luminosity LHC has brought

the neutrino-nucleus DIS again on the table – highly relevant for flavour decomposition of PDFs

Inclusive DIS dimuon production =̂ charm SIDIS
[HELENIUS, PAUKKUNEN, YRJÄNHEIKKI, JHEP 09 (2024) 043]

Existing inclusive neutrino DIS data do not always agree and the charm SIDIS data rather scarce

=⇒ Clear room for improvement with FPF
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Electron-Ion Collider (EIC)

EIC will extend the kinematic reach of fixed-target DIS data (neutral-current DIS + charm)
[PHYS.REV.D 96 (2017) 11, 114005]
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Large Hadron-electron Collider (LHeC)

For nPDFs the LHeC would be superior (neutral/charged-current DIS, heavy flavour, jets, . . . )

[J.PHYS.G 48 (2021) 11, 110501]
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Summary

Some key LHC processes – W± & Z production in particular but also bottom & top –

still dominated by statistical uncertainty

=⇒ higher luminosities (HL-LHC) should have an impact almost without new tech

Almost only p-Pb data from LHC

=⇒ Even short LHC p-A runs with light ions could anchor the nPDF A-dependence with dijets

=⇒ LHCb fixed-target program (SMOG2) with various nuclear targets

Neutrino-DIS has been an is important for flavour decomposition of proton and nPDFs

but the existing data not always mutually consistent and charm production scarce

=⇒ Forward Physics Facility at the LHC

Small-x nPDFs depend now crucially on the low-pT heavy-flavour production.

=⇒ isolated photons at ALICE FoCaL complementary/alternative

=⇒ EIC should also teach us much – LHeC would be definitive
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