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Observation of collider neutrinos with the 
Scattering and Neutrino Detector 
— at the LHC

Part I

•Intro to SND@LHC and LIP group
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Part II

•First results and νμ observation 

next by C.Vilela
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a new LHC experiment (9th) 
with LIP’s involvement (3rd)

SND@LHC

Goal: fully exploit and 
extend the (HL-)LHC 
physics reach.

• measure neutrinos, and 
• search for new particles 
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Neutrinos at the LHC?
• studies of potential for observing neutrinos at LHC 

date back to the 1990’s

‣ high neutrino energies (⇒ large νN cross-sections)

‣ high luminosity ⇒ large flux in the forward region

• ➥ a small-scale experiment can observe neutrinos!
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/…/
We find that in a relatively small target located directly downstream of the interaction 
point, at about 100 metres distance, a few thousand vτ interactions per year, at the current 
design luminosity of the LHC, could be observed. The number of ve and vµ interactions will 
be a factor of 10 higher. This demonstrates the possibility of a high energy neutrino 
physics program at the LHC (and possibly also at the SSC) that would include a direct 
observation of the as yet unseen tau neutrino.
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Probing the highest-yet energy lab-made neutrinos
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all three neutrinos 
νe, νμ, ντ  
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un-probed energy region 
300 GeV ~ TeV
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ντ

F.Halzen @Moriond’2023
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Location
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Strategy:
! An existing site (avoid major civil engineering)
! Enough material to shield against collision debris
! Use LHC magnets to deflect charged particles
TI18 location:
! Old LEP positron transfer line tunnel
! 480 m away from IP1
! 100 m of rock between detector and IP1

TI18

LHC IP1 
(ATLAS)

Off-axis position:
! Rapidity range: 7.2 < 𝜂 < 8.4
! Enhances 𝜈e and 𝜈𝜏 flux from charm decays
! Complementarity with FASER𝜈, located on-axis 

in symmetric tunnel (TI12)

LOS

SND@LHC
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The SND@LHC concept 
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rock

! Hybrid detector design
! Optimised for the identification 

of three neutrino flavours and 
feebly interacting particles
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Vertex detector 

Emulsion cloud 
chamber (EEC) 
using tungsten as 
passive material 

Tracker and ECAL 

Scintillator Fibre tracker 
(SciFi). Time stamp and 
electromagnetic shower 
energy measurement  

Muon system and HCAL 

Iron walls interleaved  with 
scintillator planes.  
Downstream tags muons. 
Upstream doubles as HCAL. 

Target 

Material: tungsten 
Mass: 830 Kg 
Surface area:  
390x390mm2 

Veto system 

Tags incoming  
charged particles 

Scintillator planes

ECAL ~ 40 X0
HCAL ~10 λ
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Timeline (tight!) — from proposal to construction 
• SND@LHC approved and constructed in 2021

• LIP was proponent and is founding member 
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Aug 2020
Feb 2021

Oct 2021

Apr 2021
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Construction: Muon System
• LIP involved in construction and commissioning of 

the Muon System / HCAL of the experiment 

• Design optimisation and production of mechanical  
components of the detector and the LIP Workshop

• Detector assembly, testing, commissioning at CERN 
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production 
@Coimbra

assembly 
@CERN

G.SoaresL.Lopes

mailto:nuno@cern.ch


    Neutrinos @ LHC,  nuno@cern.ch     

Commissioning & calibration
• assembled detector was first put to test in a test beam
‣ two campaigns (Sep + Oct 2021), pion beams, 4≄energies
‣ LIP involvement in assembly, data taking and calibration analysis    

 ➥ a third campaign upcoming in May 2023
‣ detector mechanics produced by LIP, being assembled at CERN
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G.Soares

TOFPET2 
 ASICs
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Installation in TI18
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Sep 2021 Dec 2021 Mar 2022
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Data taking
• experiment was ready to take data from the start of LHC Run3
• efficient online system, allow normal remote detector operation

• LIP actively involved in operations, set up CERN control room 
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2022

➥ Run3 data taking resuming soon!

(@CMS centre)

NL

June 2023
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Physics case  |  Neutrinos from heavy flavour
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! expect 90% of 𝜈e+𝜈e to originate from charm decays
! forward charm production constrains gluon PDFs at low x(10-6)
! impact on future HE hadron colliders and neutrino astrophysics

 Reconstructed spectrum 
of νe+anti-ve flux in 
SND@LHC acceptance

A 

B 

B 

C C 

pp→νX cross-section Charm hadron production

! measurement of σ(pp→νX)
! in un-probed high energy region
! and o.w. inaccessible rapidity range 

Pseudo-rapidity correlation 
between electron neutrino 

and parent charmed hadron
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Physics case  |  Lepton Universality & FIPs
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! can explore large variety of BSM scenarios, Hidden Sector
! via scattering, eg scalar coupled via leptophobic portal
! via decay, e.g. HNLs, DPs decaying to pairs of tracks      

 νe spectrum in 
SND@LHC acceptance

test LFU search for FIPs

! identification of three neutrino flavors
! offers unique possibility to test LFU 

in the neutrino sector for first time

mass-coupling phase 
space of dark scalar 
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Feebly Interacting Particles: at the LHC and beyond

SND@LHC

• SHiP is a next-generation experiment 
for FIP searches and ντ measurements at SPS  

• general-purpose intensity-frontier experiment 
facilitating comprehensive investigation of the    
hidden sector of particle physics in GeV scale
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from SHiP …

… to the LHC

SND@LHC stems from SND@SHiP
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• LIP is a proponent of SHiP, with direct involvement 
in the Timing + Veto detectors and in physics analysis 

• it shows leading sensitivity and discover potential for 
broad hidden sector scenarios in GeV mass scale  

• Detector re-optimised for ECN3              
existing location at SPS at CERN

• Reducing cost, maintaining physics potential 
• Favourable recommendation by SPSC            

for the intensity upgrade at ECN3 (March 2023)

• SHiP/BDF along with SHADOWS+HiKE            
submitted proposals for installation at ECN3

• Currently proposals being scrutinised           
and iterated towards a decision early next year   

Search for Hidden Particles experiment

Nov 2022
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2020

2021

2023

2022

2022

•  students actively involved
• PhD:  1 ongoing (SND@LHC)
• MSc:  1 concluded (SHiP),  1 starting (SND@LHC)
• Internships: 4 (SHiP), 1 (SND@LHC)
• PICs: 1 concluded, 2 ongoing (SND@LHC)

• several opportunities for student projects/theses
• in various fronts and levels: detector development and 

commissioning, and physics analysis of fresh LHC ν data

Student involvement

2021
µ telescope 
SND@LHC

timing detector 
for SHiP@SPS
JINST 15 (2020) C10017
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SND@LHC = Collaboration
• the new collaboration brings together colleagues from diverse backgrounds

‣ other LHC experiments, fixed-target experiments, neutrino experiments

‣ SHiP (neutrino detector prototype), OPERA (emulsion expertise), FASER (share emulsion facilities), DUNE 
(neutrino simulations), LHCb (ScFi tracker),  ATLAS (luminosity measurements), CMS (shared assembly space, 
control room), CMS/ALICE (upgrade tracker), …

‣ a smaller-size collaboration in the LHC environment where to contribute and learn about detector 
development and operations and physics analysis 

• similarly at LIP

‣ very close collaboration between Lisbon and Coimbra nodes

‣ already existing synergies:  SHiP, RPC, Workshop, TagusLIP/PETsys, … 

‣ backgrounds: detector, collider, fixed target, neutrino, FIPs, machine learning, … 

‣ facilitates framework where LIP members from different groups and infrastructures can collaborate, many 
opportunities in framework of ongoing Run3 and upcoming Phase2 upgrades
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