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Motivation — collider neutrinos

@ m, = 0 in the SM

@ Uy <> vg = m, # 0 and very light:

e Observed Am2, &Am?,,,, => 2 neut. mass eigenstates have m # 0
@ Concrete evidence of BSM physics

@ Detected neutrinos from various sources over a wide energy range:

Solor  Reactor Supernova Beam Dumps  Atmospheric Cosmic
~ MeV ~ MeV ~ MeV GeV — subTeV  subGeV — PeV  TeV — EeV

@ See Zhenjie Wang's talk for an overview of high-energy neutrinos

@ Recently observed collider neutrinos for the first time:
highest-energy ever human-made neutrinos (100 GeV — multi TeV),
complementary to the other sources

@ Sources: decays of m, K, A, D, A, W, Z, ...
@ Dominantly forward flying at the LHC
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https://indico.ihep.ac.cn/event/26922/contributions/206560/

SND@LHC

LHC neutrino experiments

SND@HL-LHC

FASER/FASERv

Z 4
Ariga et al. 2501.10078 = -


https://arxiv.org/abs/2501.10078

FASER

FASER main detector
[LOI: 1811.10243, TP: 1812.09139]
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e FASERv: LOI 1908.02310 and TP 2001.03073
e FASER: LOI 1811.10243 and TP 1812.09139
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https://arxiv.org/abs/1908.02310
https://arxiv.org/abs/2001.03073
https://arxiv.org/abs/1811.10243
https://arxiv.org/abs/1812.09139

SNDOLHC
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SND@LHC in 2025 and Beyond
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https://doi.org/10.1134/S1063778825700498

Production and Detection

pp-collision

Extracted from F. Kling's talk
Production dominantly from light and charm hadrons

Detection via CC interactions, with TeV-energy neutrino interactions
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https://indico.cern.ch/event/1528564/contributions/6642733/attachments/3129361/5551265/25-09-05-Neutrino@NuFact.pdf

Estimated neutrino numbers at FASERv
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FASER
@ v,'s from decays of charged pions and kaons
@ v.'s from decays of kaons and charm baryons
e v;'s from Ds — 7 and T decays
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https://arxiv.org/abs/1908.02310

First experimental results

= First observations of collider neutrinos:
153 events (FASER) & 8 events (SND@LHC)
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= First cross-section measurement (FASER, FASER)
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First flux measurements FASER
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https://arxiv.org/abs/2303.14185
https://arxiv.org/abs/2305.09383
https://arxiv.org/abs/2403.12520
https://arxiv.org/abs/2412.03186
https://arxiv.org/abs/2412.03186

Probing QCD from charmed-hadron decays
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@ Uncharted kinematic regimes in QCD probed with neutrinos from
forward charm production FPF 2022

e Constraining gluon PDF at x ~ 10~ FPF 2024
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https://arxiv.org/abs/2203.05090
https://arxiv.org/abs/2411.04175

Astroparticle physics
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= Cosmic-ray muon puzzle: observed 8¢ excess of muons compared to
predictions from hadronic interaction models; need strangeness enhancement

= Forward charm production at the LHC places constraints on PDF and thus
prompt atmospheric neutrino flux at IceCube
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https://arxiv.org/abs/2411.04175

BSM physics
Kling 2020: constraint dark gauge bosons with v production rates
Ismail, Abraham, Kling 2020: measure NC (vN — vN) cross sections
and place limits on NSls
Cheung, Ouseph, Wang 2021: NSI and Z modify XS predictions
Cheung, Ouseph 2022: v — N transitional magnetic dipole moments
with a Z, and displaced decays of N inside FASERy or FASER
Cheung, Nguyen, Ouseph 2023: a vector leptoquark modifies XS
predictions
Abraham, Abari, Kling, Tsai 2023, Kelly, Kling, Tuckler, Zhang 2021,
Francener, Goncalves, Gratieri 2024... ...
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https://arxiv.org/abs/2005.03594
https://arxiv.org/abs/2012.10500
https://arxiv.org/abs/2111.08375
https://arxiv.org/abs/2205.11077
https://arxiv.org/abs/2302.05461
https://arxiv.org/abs/2301.10254
https://arxiv.org/abs/2111.05868
https://arxiv.org/abs/2411.04253

Probing lepton number violation
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= Small CC interaction rates & strong helicity-flip suppression: no O(1) results,
even with EFT Mao, Wang, ZSW 2023
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= Displaced search for long-lived N with LNV: meaningful results
Mao, Wang, ZSW 2023

See the talk of Ramsey-Musolf for discussions o
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https://arxiv.org/abs/2305.03908
https://arxiv.org/abs/2305.03908
https://indico.ihep.ac.cn/event/26922/contributions/206561/

Collider neutrinos at future colliders

@ Larger forward neutrino fluxes at future Muon colliders and FCC-hh
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Up to O(10%) neutrinos
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https://arxiv.org/abs/2508.00761
https://arxiv.org/abs/2409.02163

Summary

Lots of neutrinos esp. from decays of =, K, D, A,
Current experiments: FASERr and SNDOLHC, detection with CC int.
First observations of collider neutrinos (FASERv and SNDOLHC)

Cross-section and flux measurements (FASERv)

Physics applications:

e Reducing uncertainties of proton and nuclear PDFs
e BSM physics

@ Orders of magnitude more collider neutrinos expected at future muon
colliders and FCC-hh

Thank You! EXHIEEAR!
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