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Muons from 13.6 TeV pp collision
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SND@LHC timeline

March 2022
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July 2022 March/July 2023

January 2021

Observation of collider muon neutrinos



νμ — collider muon neutrino

Measurement of 

νμ hadronic energy

Measurement of 

μ angle

Measurement of 

 νμ-N cross-section 

paper in preparation

PhD thesis (GS)

Following the observation (PRL 134 (2025) 23, with 2022 data), explore enlarged dataset (2022+2023) 
and detector/analysis acceptance  ☞ Carrying out first full measurements.  



Observation of ν0μ interactions Search for new particles (Dark Higgs)

- 2022 + 2023 + 2024 data (171 fb-1)

arxiv, doi

exploring zero-μ and two-μ events

explore shower-like ν-events

☞  clear evidence of 𝜈e component in the electronic detector data

Search for νe CC interactions 

charm ?

2022 + 2023 dataset (69 fb-1) 

2022 + 2023 + 2024 dataset (171 fb-1) 
Observed events: 19 (expected: 19±5)
Significance binned (unbinned)
Expected: 4.5σ (3.8σ)
Observed: 2.7σ (3.6σ) 

LLP signature:

DH →μμ (collimated)

PhD thesis (RB)
MSc thesis (HS)

CERN-THESIS-2024-307

(CV)

https://arxiv.org/abs/2411.18787
https://doi.org/10.1103/r2qy-9hft
https://repository.cern/records/3jx0y-e7m22


detector calibration

SND@LHC

HCal energy calibration Measuring the muon flux with LIP’s sRPC (sealed RPC detector)

π beams

 

100 GeV

  σ ~ 10%


300 GeV

 σ ~ 12%

JINST, 2504.01716

sRPC

☞ sRPC operating 24/7 for 800 days

first look into simulation

https://iopscience.iop.org/article/10.1088/1748-0221/20/10/P10039/pdf
https://arxiv.org/abs/2504.01716


towards HL-LHC & beyond
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https://arxiv.org/abs/2504.06692

https://arxiv.org/abs/2503.24233

https://indico.lip.pt/event/1924/sessions/998/

attachments/4939/8051/Hidden_Particles_SHiP.pdf

https://indico.lip.pt/event/1924/sessions/998/attachments/

4939/8050/Collider_Neutrinos_SND-LHC.pdf

European strategy for particle physics ’2026

from the Briefing book

from the Deliberation document

inputs to the update process

(2026/04)

(2025/12)

https://arxiv.org/abs/2504.06692
https://arxiv.org/abs/2503.24233
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8051/Hidden_Particles_SHiP.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8050/Collider_Neutrinos_SND-LHC.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8050/Collider_Neutrinos_SND-LHC.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8050/Collider_Neutrinos_SND-LHC.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8050/Collider_Neutrinos_SND-LHC.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8050/Collider_Neutrinos_SND-LHC.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8050/Collider_Neutrinos_SND-LHC.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8050/Collider_Neutrinos_SND-LHC.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8050/Collider_Neutrinos_SND-LHC.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8050/Collider_Neutrinos_SND-LHC.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8050/Collider_Neutrinos_SND-LHC.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8050/Collider_Neutrinos_SND-LHC.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8050/Collider_Neutrinos_SND-LHC.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8050/Collider_Neutrinos_SND-LHC.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8050/Collider_Neutrinos_SND-LHC.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8050/Collider_Neutrinos_SND-LHC.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8050/Collider_Neutrinos_SND-LHC.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8050/Collider_Neutrinos_SND-LHC.pdf
https://indico.lip.pt/event/1924/sessions/998/attachments/4939/8050/Collider_Neutrinos_SND-LHC.pdf


Towards the future detectors
SND@HL-LHC  SHiP @ECN3

Silicon target tracker Silicon calorimeter

Neutrino detector @SHIP

•LIP involved in (Si-based) Target and Calorimeter and Timing/trigger detectors, exploring SND-SHiP synergy  

Decay volume
Spectrometer/Timing/PID

Muon shield

& SND

Background tagger (UBT)
☞ SHiP being re-optimized towards TDR / construction phase 

       ⇒ varying conditions and sub-detector specifications

       ⇒ UBT RPC-based proposal (by LIP) being replaced  

☞ SND to be now installed within the Muon shield system 



Silicon target
preparations for test-beam productions  @LIP

☞  Si-strip sensors     
from re-purposed 
CMS TOB

(LL)



Magnetised calorimeter
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productions by LIP☞ towards integration 
and installation

(LL)

(RA)

preparing 

mechanical

prototype



Trigger planes
•  Required to generate triggers to readout the silicon microstrips

•  And possibly also send triggers to ATLAS (for tagging the HF ν-parent)  

•  Considering 4 trigger planes made of plastic scintillator readout by SiPM  

•  optimising type/shape of scintillator cells 

•  and number/placement of SiPM on cell


•  We are exploring to use the electronics chain developed by LIP for CMS

•  based on the ToFHIR chip designed by PETSYS

•  demonstrated ability to achieve less than 50 ps timing resolution 

•  at SND this would allow to send trigger to ATLAS DAQ for tagging the pp 
collision that generated the neutrino interacting at SND  


•  LIP team has already had two test-beam campaigns   


(TC)

(CV)



S.W.O.T.
Strengths  

• team formed of consolidated researchers

• strongly integrated in the collaborations 

• leadership roles in Detector and Physics      ➥ 
• close collaboration with LIP infrastructures      

Opportunties  

• SND@LHC collecting unique datasets, extending LHC physics reach

• HL-LHC upgrade offers exciting opportunities for LIP

• SND + SHiP facilitate long-term synergies — in detector and physics

• Novel windows in the exploration of Neutrinos and New Particles (FIPs) 


Weaknesses/Threats   

• responsibilities undertaken by the group demand sustainable funding: 
pay collaboration dues; detector construction & operations & upgrade 
R&D; support researcher’s missions; award studentships 


Physics Coordination (CV) 

Upgrade Coordination (TC)

Editorial Board (NL)

Decay Vessel Task Force (AB)

Funding


• last Fundo-CERN call was very favourably evaluated by FCT 

• but withdrawn due to issue in overall LIP's applications

• agreement with LIP management supporting basic functioning     


• applications have been also submitted to other FCT and European calls 

• this year: 2 exploratory projects (1 physics, 1 upgrade)


• hoping for Fundo CERN call soon 




Backup



T. Camporesi

Trigger planes 

15

We will need to generate triggers signaling the neutrino interaction within 
3.5 µs in order to readout the silicon microstrips.
We are exploring using the electronic chain develop by the LIP team of 
CMS based on the ToFHIR chip designed by PETSYS. Such chain has 
demonstrated the ability to achieve less than 50 ps timing resolution.  
Achieving similar timing resolutions in SND could allow us to send the 
trigger to the ATLAS acquisition which would allow tagging the proton-
proton collision which generated the neutrino interacting in SND. 
For our trigger planes we plan to use plastic Scintillators ( EJ200 or 
similar) readout by SiPM. We are optimizing the shape of the scintillator 
cells and the number and placement  of the SiPM on the cell. The LIP 
team has already had two test beam campaigns. 

2



the test beam setup 
• The 4 cells next to the  

two SIPM arrays (2x16)  
 connected to the ‘CMS’  
Tofhir Front End card and  
ready to be glued  
to the 4 Scintillator Cells

• With such setup we can  
study the resolution of the 
hexagonal geometry and validate 
with real data the effect of SiPMs 
placement on the surface of the 
Scintillator Cell

• We also are testing  different type 
of plastic scintillator (e.g. EJ200, 
EJ204)  



Some initial analysis of Test beam 

Δt for pairs of SIPMs Impact point  of muons on 
cells ( tracking done by Delay 
wire chmabers0 


