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Impact of LHC Operational Configurations on the Muon Rate



Primary goal of SND@LHC is to study in an unexploredenergy regimeMuons are the primary background to neutrino interactionsMuon rate defines the frequency of emulsion replacements

Downstream
(DS)

Upstream (US)

Veto system — 3x scintillator planes
Target region — 5x Emulsion cloudchambers & SciFi stations Vertex detector and ECAL
Muon system — 8x iron blocks andscintillator planes US — First 5 planes, coarse (HCAL) DS — Last 3 planes, fine (Tracking)Targetregion

Veto Muon system
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SND@LHC (Scattering Neutrino Detector at the LHC)



Muon Track Reconstruction at SND@LHC
Track finding (Hough Transform)
Each detector hit mapped as a curve in parameter (Hough) space.
– Voting mechanism— Each curve votes for all bins in Hough space that it crosses.
– Identification— Bins with highest number of votes are mapped back into a straight line indetector space. Hits that voted for this line are grouped to form candidate track.
Track building
Up to a given tolerance, expand around the candidate line and include additional hits.
– Kalman filter (as implemented in the Genfit package)
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Muon Track Reconstruction at SND@LHC
Muonic Trident Identification with Hough Transfrom

c = −zi · m + xi

x = m · z + c
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Muons at SND@LHC
We are expecting high-energy, low-slope muontracks coming from IP11. Muon energies• Simulations show that muons from PbPb have softer spectrum Puzzle 1: Lower per-nucleon pair collision energy for

heavy-ions (√sNN=5.36 TeV) or EM component of Pb-Pb
interactions?2. Muon angles• Second peak at ~45 mrad onhorizontal (XZ) plane oflow-E muons Puzzle 2:
Proton/Pb losses in LHC
beampipe?Reference protondatawith smaller angles?
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 ppRef with √s=5.36 TeV



Muons at SND@LHC
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Muon Flux Measurement

3. Doubling of muon flux from 2023 to 2024 Puzzle 3:Muon flux doubles from 2023 to 2024. In
2025 still ~30% higher than in 2022/2023.4. Reference proton data from 2024(ppRef with √s=5.36 TeV) Puzzle 4:Muon rate in ppRef larger than in pp

𝛷𝜇 = 𝑁𝑡𝑟𝑎𝑐𝑘𝑠
𝐴 ⋅ ℒ𝑖𝑛𝑡 ⋅ 𝜀

Number of muon tracks

Fiducial area Integrated
Luminosity Tracking efficiency

~2⨯

2⨯

ppRef > pp ??
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+30%



LHC Settings and Proton Losses
Wider TCL collimator half-gaps for ppRef• pp: Half-gaps of 12.3, 14.5, 1.585 mm заTCL4, TCL5 и TCL6 respectively• ppRef: Half-gaps of 25 mm

Simulated proton losses for various LHC settings(provided by FLUKA team)Explains muon flux doubling and secondary peak
Explains whyflux(ppRef) > flux(pp) for 2024

Matching Section (MS)

Long Straight Section(LSS)

DispersionSuppresor (DS)

De-squeezed optics with β∗ of 3,0 m for ppRef, while it is 0,5 m for pp — Less aggressivemagnetic corrections and less proton losses in dispersion suppressor
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Thank you!
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Muon Flux
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Very-Forward LHC Landscape
LHC produces the highest-energy acceleratorneutrinos achieved so far!
Bridges the gap between accelerator neutrinosand high-energy neutrino telescopes.
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On-collision experiments are insensitive
to very-forward, long-lived Light Dark Matter (LDM).
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https://arxiv.org/pdf/2501.10078
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.041101


Neutrino searches
• Measurement of ν interactions in an unexploredenergy region (hundreds of Gev to a few TeV)
• Observation of 𝜈𝜏Lepton flavour universality
• All three flavours → Test of lepton flavouruniversality (LFU)
QCD Studies
• Enhanced flux of 𝜈𝑒 of charm origin →Measurethe very-forward charm production.
Beyond the Standard Model (BSM)
• Sensitivity to new feebly interacting particles.

SND@LHC (Scattering Neutrino Detector at the LHC)

Located 480 m from ATLAS – shielded by 100 m of rock and LHC magnets.
Physics programme

arxiv:2108.05370

Т
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https://arxiv.org/pdf/2108.05370


Detector

HCAL and muon system— Eight 20 сm Fe blocks + scintillator planes.— Last 3 planes have finer granularity to track muons.— 9.5 𝜆𝑖𝑛𝑡NEW in 2025: Drift tube plane.

Veto system— 2 (2022 – 2023) / 3 (2024 - )scintillator planes

Off-axis: 7.2 < η < 8.4Enhances the flux with charm origin.

JINST 20 P07011

Target, vertex detector and ECAL— 830 kg tungsten target— Five walls x 59 emulsion layers+ five scintillator fiber (SciFi) stations— 84 𝑋0, 3 𝜆𝑖𝑛𝑡

2024 JINST 19 P05067
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iopscience.iop.org/article/10.1088/1748-0221/20/07/P07011

