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• Introduction: TeV neutrinos at CERN from the LHC

• Dedicated experiments since 2022: FASER(𝜈) and SND@LHC

• Results on neutrino detection/scattering

• Searches for BSM physics

• Upgrades – short and longer term plans 

• The Forward Physics Facility proposal/ Neutrinos in lake Geneva..

• More ongoing/planned neutrino-related activities @CERN

• Summary and outlook
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The results will have implications for astroparticle physics, FCC-pp cross sections…
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Neutrino Detection at the LHC

~few times 1017 pions,  1016 𝜂 mesons,
1015 D mesons… per year.

High intensity neutrino ‘beam’

High energy neutrinos 



FASER(𝝼)

SND= Scattering and Neutrino Detector

SND@LHC: approved March ‘21

Neutrino Detectors at the LHC
FASER(v): approved March ‘19

FASER= ForwArd Search ExpeRiment

SND@LHC

Run 3: 

expect a few 

to 10K muon-𝝂
events
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7Neutrino Detectors at the LHC

2501.10078

Prospects for Run 3
EPOS-LHC-POWHEG
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8Scattering and Neutrino Detector @ the LHC
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The FASER(𝝂) Detector
Decay Volume & Tracking Spectrometer 

● Dipole magnets separate collimated opposiite charged    

particles and measure the charge and momentum

of the 𝜇 from 𝜈 interactions

● Silicon strip trackers to measure position, charge & 

momentum of the charged particles

Faser 𝜈 Emulsion Detector

● Emulsion cloud chambers with tungsten

for 𝜈 identification via precise vertexing

● IFT tracking station for matching of  

emulsion tracks with electronic detector   

information

Scintillators

● Scintillator  

counters for  

veto, trigger   

and timing

ECAL

● Plastic scintillator   

interleaved with   

lead  

● Measures the total  

electromagnetic  

energy
JINST 19 P05066 (2024)
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First Direct Observation of Collider Neutrinos
●Using of the electronic detector of FASER only & 35.4 fb-1

●Select events with muons produced in the neutrino target

●Veto incoming charged particles. 2022 data 

16𝞼 significance

𝝂𝝁 and anti 𝝂𝝁

Neutrinos with 

energies of up to 

1TeV! 

SND@LHC with 36.8 fb-1
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Kinematics of muon

neutrino candidates

in agreement with

signal prediction

SND@LHC Updated Muon Neutrino Results 

2022+2023 data

12𝞼 significance

Moriond QCD ‘24
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12Observation of 0𝝁 Events in SND@LHC

●Data sample of 68.6 fb-1, select neutrino candidate vertices with no outgoing muon 

but significant EM and HAD activity (→ large “sum of hit-density weights”)

●Background in signal region: 0.3 𝝂𝝁 CC events,  0.01 neutral hadrons events

●9 events 𝝂0𝝁 observed (7.2 expected) -> significance = 6.4𝞼
●Signal region is dominantly 𝝂e CC events -> significance = 3.7𝞼 for 𝝂e CC 2411.18787



13

13Measurement of 𝜈e and 𝜈𝜇 Interaction Cross Sections
● Electron neutrinos: with the emulsion detector using a small fraction of the 2022 data 

● Vertices reconstructed in emulsion films. Electron energy from shower multiplicity.

● Electron neutrinos observed  4( 5.2 𝜎)

● Muon neutrinos: with the electronic detectors using 2022 and 2023 data sample 

● 338 Muon neutrino events  are identified. Muon momentume measured with the 

FASER spectrometer, and first differential cross sections are measured.

2403.12520

2412.03186



14

14

BSM Searches with FASER: Dark Photons

● Dark Photons: U(1) gauge group

Signature: decay into e+e- pair in decay volume

● Selection

● 2 opposite-sign tracks & 500 GeV in calorimeter

● No signal in veto counters

● Signal in downstream scintillators

0 events observed / expected

PLB 848, 138378 (2024)
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BSM Searches with FASER: ALPs

● Currently sensitive to axion-like particles 

(ALPs) coupling to SU(2)L gauge bosons

● Signature:

● decay a-> 𝛾𝛾 with >1 TeV in calorimeter

● No signal in veto counters

● In time with LHC collision

● Background dominated by neutrinos 

interacting in the detector material!

1 event observed / 0.4 +/- 0.4 expected

Mainly from 

B decays 

2410.10363
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SND@LHC Upgrade Proposal for HL-LHC (~2030)

● Electronic vertex detector

Silicon tracker option being studied

● Improved hadron calorimeter and timing detectors

with a magnetized muon spectrometer

● Better acceptance …

Expected number of 

CC neutrino interactions

for 3000 ab-1

2.104 𝜈𝜇
3.103 𝜈e

3.102 𝜈𝜏

CERN-LHCC-2025-004
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SND@LHC Upgrade Proposal for HL-LHC (~2030)
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FASER Upgrade for Run-3 and Run-4
● A new W-Si Precision Preshower has been added to FASER for the run starting in 2025.

This will be especially usefull background reduction for ALP searches (LHCC-2022-006)

● FASER is approved for Run-4 

Expected luminosity: 680 fb-1

● The target will not have emulsion film 

for Run-4-> too frequent target echange

● Other options: scintillator+ tungsten 

tracking calorimeter (+ silicon detectors)…

arXiv:2503.19775
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● A new underground area with a complementary suite offorward experiments operating     

concurrently with the HL-LHC. Positive outcome of geological drilling studies so far.

Proposal: The Forward Physics Facility
2203.05090

2411.04175
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Neutrinos at the Forward Physics Facility 

Assuming a 10 ton

detector with 𝜂 > 6.9

for 3000 fb-1 of data 

J.Phys.G 50 (2023) 3, 030501
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Instead of digging a new underground area.. Let the LHC neutrinos surface!

….And catch them with a kiloton detector, eg in Lake Geneva… (or Jura mountains)

More Neutrino Experiments@LHC?

Collect more

than 1M neutrino

interaction events

with 3000 fb-1

E.g. UNDINE: a detector 

proposal based on the

CHIPs water Cherenkov

technology

What exactly can we measure, 

apart from cross sections?

2501.08278

2501.06142 



SHiP for the new CERN beam dump facility, foreseen to take data ~2032/33 for 15 years 

SHiP: Search for Hidden Particles

Fixed target collisions with 400 GeV/c 

proton beam    

SHiP includes a neutrino detector: SND

Planned: 4x1019 POT/year

The SHiP Scattering and NeutrinoDetector SND 

based on a similar concept as SND@LHC

Physics Targets: tau neutrino physics, charm 

PDFs, measure  F4 and F5 structure functions…

Expect: O(106/107/105) 𝜈e/𝜈𝜇/𝜈𝜏 CC interactions

SHiP a Future (Neutrino)Experiment @ CERN



• It includes the provision of a facility at CERN to allow the global community of neutrino 
experts to develop and prototype the next generation of neutrino detectors, and 
especially to act as a technology hub for European contributions & participation..

• 2015-now: ProtoDUNES for DUNE, BabyMind & ND280 activities for T2K, ICARUS & 

SND (SBN@FNAL) & ENUBET support…

• “Bringing neutrinos back @ CERN since 2001”…

The Neutrino Platform @ CERN
Support for neutrino experiments at accelerators (ESPPU 2013)



The ProtoDUNEs are 4% size prototypes for the Far Detectors (FD) of DUNE

• Past: horizontal drift prototype results in 2018. Vertical drift is a new concept

• Now: tests with final (?) configurations of HD and VD for FD1 and FD2

• Future: new technologies on the NP for future decisions on FD3 and FD4 

Protodunes at the Neutrino Platform
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arXiv:2304.06765

Use the ProtoDUNE detectors (700t LArTPCs) to hunt for weakly interaction 

LLPs or light dark matter scattering?  The ‘beam’ comes for free!!

The T2 target in the

North Hall ”acts” like

a beam dump for the 

400 GeV SPS beam,

and can deliver 

3.5x1018 POTs/year

Distance T2 to detector = 670m

HNL Sensitivity: 

Competitive for masses

above the kaon threshold      

Experimental feasibility study 

made during 2024

Demonstrator runs in ‘25 & ‘26?

5 years

First “neutrino” in NP04

New: ProtoDUNEs for BSM Physics



• CERN is a member of T2K and contributed to the ND280 near detector.

• Much of the assembly and testing of the new ND280 components from 

Europe was done @ CERN, before shipping to Tokai. 

….Repeat this 

for ND280++

for T2HK?

T2K Related activities

….as well as



Auxiliary Experiments @ CERN



Plan after LS3 shutdown ->
Lower energies? New beam/Targets?

High statistics samples

collected in ’23 -> ‘25

Particle identification

with de/dx and TOF

Hadronic interaction 

studies with a large 

acceptance 

spectrometer

DUNE

NA61/SHINE



Next LBL experiments wil have > O(10K) events -> large statistics

Important to keep the systematics uncertainty O(1%) -> Proposal:

A dedicated neutrino beamline 

and experiment at the SPS ?…

A New Experimental Proposal: NuScope

First collaboration

meeting @ CERN on 

October 13-15 2025

https://indico.cern.ch/event/1548855/
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The Dawn of Collider Neutrino Physics has arrived!

● Two dedicated experiments are taking data since 2022: FASER(𝜈) and SND@LHC

● 2023: both experiments observed (muon) neutrinos for the first time at a collider with 

the electronic detectors

● Now: observation of other flavours, and first cross section measurements.

● FASER presented first results for searches for BSM particles: dark photons and axions

● Upgrades are planned for next both experiments, for run4-run5 at the LHC, subject to 

approval for SND@LHC. Samples of 105 – 106 neutrinos events should be collected

● A facility is being studied for the neutrino –and other physics- at the LHC: the Forward 

Physics Facility FPF. Or maybe use the neutrinos that exit close to the surface?

● In addition: The CERN neutrino platform as a central point for neutrino experiment   

development; The SHiP experiment planned for data taking in early 2030’s; auxiliary 

experiments such as NA61; A new experiment with tagged neutrino beam (NuScope?)…

Conclusions and Outlook



Backup
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POSTERS:

Recent FASER Results and Development of Neutrino Energy Reconstruction for the FASERnu

Detector - Jeremy Atkinson  #270

The muon measurements at the FASER experiment - Ken Ohashi #136

Momentum measurement in the FASERν detector in the LHC-FASER experiment - Haruhi Fujimori #387

FASER SND@LHC
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Neutrino Event Reconstruction Strategies 

Initial analyses of both experiments used

only the electronic detector data
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Identification of the Neutrino Flavor
● Both FASER and SND@LHC use a tungsten/emulsion film target for the neutrino    

interactions -> Emulsion Cloud Chamber (ECC) technique a la OPERA

● An instrumented target is key to flavour tagging!

● In Run3 the target needs to be exchanged a few times per year …       (2022/2023)   



Neutrino beam

monitoring  

and tagging

A New Experimental Proposal: NuScope
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Production: consider a scalar χ particle coupled to the Standard 

Model via a leptophobic portal, 

‣Eg. SND@LHC sensitivity for light dark matter

Proton 
bremsstrahlung 

Meson 
decay 

Drell-Yan 
process

Detection: χ elastic/inelastic scattering off 

nucleons of the target 

JHEP 03 (2022) 006

More BSM Searches Channels to Come…

● More channels to explore by SND@LHC and FASER

Higgs-like scalars, Heavy Neutral Leptons, final

state radiation effects, Quirks, LFV with tau 

excess, exotic interactions…  
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Emulsion Detector Data Analysis 
➢Significant parts from 2022 data have been 

already scanned. 2023 data to start

➢Examples of vertices found based on 

predictions from electron detectors 

➢FASER released a first analysis based on

the emulsion data 

➢Performance affected by muon background… 

➢Concern: Due to change in machine optics the muon background is 2x larger in 2024!  
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‣The majority of the background from muons from pp interactions

➢Muon flux measurements in situ during physics runs 

➢Compare with the Monte Carlo (FLUKA)  predictions 

‣

Data-MC difference ~ 25%

Timing studiesReco. track slopes
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