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Neutrinos 

Since ‘98 we know neutrinos have mass

• What are the absolute neutrino masses 

and what is the mass ordering?

• Is there CP violation in neutrino 

sector? (matter-antimatter asymmetry)

• Are there > 3 neutrinos? Sterile neutrinos?

• BSM effects in neutrino interactions?

• Cosmological/Supernova neutrinos?

• Is the neutrino its own anti-particle? (THEIA?)

=>    Will discuss here opportunities related to 

experiments with accelerator generated neutrinos



Accelerator Neutrino Experiments

Next generation long baseline experiments 
will collect much larger statistics than
present experiments, namely several 
10Ks of events..



Next Major LBL Neutrino Experiments

Both Collaborations have a large European participation (40/50%)
Expected Start-up: T2HK:  End of  2027       

DUNE  End of  2029  (in 2031 with beam)

Note: 
These near and far
detectors are 
“observatories”

…



The Neutrino Platform @CERN

Support for neutrino experiments on accelerators

• Recommended by the ESPP strategy in 2013

• 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 
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”…



ProtoDUNEs
The ProtoDUNEs are 4% size prototypes for the Far Detectors (FD) of DUNE
The PDs are the largest projects on the Neutrino Platform so far.

• 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 



New: ProtoDUNEs for BSM Searches?

7

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 run in ‘25 & ‘26?

5 years

First “neutrino” in NP04



CERN & DUNE Far Detector

Phase-I: two 17Kt 
modules      

Phase-II: two 
more modules 

Two first cryostats are funded by CERN



T2K Related Activities

• 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++?



T2HK @ CERN
• T2HK is a CERN recognized experiment.
• Electronics assembly & underwater tests set-up on the NP @ CERN
• Water Cherenkov test experiment in the East Hall @ CERN

(T2HK 850m IWCD…)



Auxiliary Experiments @ CERN 



Auxiliary Experiments @ CERN 

Next LBL experiments wil have > O(10K) events -> large statistics
Important to keep the systematics uncertainty O(1%) -> Proposal:

A dedicated neutrino 
experiment and beamline
at the SPS ?…



CERN Neutrino Experiments
Neutrino physics experiments are back at CERN since 2022!!

• NA65/DsTau experiment took their anticpated data sample in 2022-2023
• SND@LHC and FASER(𝜈) started in 2022. Will also take data in run 4
• SHiP approved as 𝜈 and feebly interacting particle search exp. at the SPS



Measuring Neutrino Interactions @ LHC 

SND@LHC and FASER𝝼 are 480m forward of the IPs 

and to study TeV-neutrinos

FASER was approved in 2019. FASER𝝼 (extension with emulsion) in 2020.

SND@LHC was proposed in 2020 and approved in 2021.
Both experiments take now data since the start of the Run 3 at the LHC. 

2501.10078 



Neutrinos @ the LHC: SND@LHC & FASER𝛎

SND@LHC/FASER𝝼 are 480m forward and can study TeV-neutrinos with 

emulsion and tracking+muon/calo detectors

FASER(𝝼)

Prospects for Run 3

SND= Scattering and Neutrino Detector

SND@LHC

FASER= ForwArd Search ExpeRiment



The Forward Physics Facility  

Origin: Letter of intent contributed to the Snowmass21 process.
Based on the FASER experience and studies: propose to have a Forward 
Physics Facility (FPF) experimental hall with room to include large forward 
detectors for new physics searches (and QCD): FASER2, others   

2203.05090

4 experiments?



Future Neutrinos @ the LHC

SND@LHC will upgrade the detector in the tunnel for Run 4 and beyond

Neutrino rates in FASER and SND@LHC during the high luminosity LHC



Future Neutrinos @ the LHC

The forwards measurements will have implications for astroparticle physics/cosmic 

rays, FCC-pp cross sections…



Recently: Instead of digging a new underground area, let the LHC neutrinos 
surface!….And catch them with a detector, e.g. in Lake Geneva…

2501.08278

2501.06142 

Neutrinos @ CERN: Lake Geneva

Event samples with O(106) interactions possible



SHIP: A Future Experiment at the SPS 

SHiP is an experiment for the new beam dump facility for the CERN 
North Hall. SHiP foreseen to take data as of ~2032/33 for 15 years 

SHiP: Search for Hidden Particles
SHIP includes a neutrino detector

Planned: 4x1019 POT/year

The SHiP Scattering and Neutrino
Detector SND has a similar
structure as SND@LHC

Physics Targets: tau neutrino 
physics, charm physics, measure
F4 and F5 structure functions…

O(106/107/105) 𝜈e/𝜈𝜇/𝜈𝜏 interactions



Future Opportunities in Europe

• DUNE technology developments e.g. optical or pixel 

readout LAr & near detector for phase II, water based liquid 

scintilator…

• Physics searches with the ProtoDUNEs during run 4?

• T2HK: near detector ND280++ & Water Cherenkov 

Detector studies

• NA61: low energy run/more targets proposed

• SBN@CERN: New GeV tagged neutrino exp.?

(…maybe aim to KM3NET?)

• TeV Neutrinos at the LHC: Upgrades, 

the FPF(?), surface TeV neutrinos

• Neutrinos in SHiP at the SPS

• …. More new ideas?



SUMMARY

The CERN Neutrino Platform is playing an important role 

for the international/european neutrino community… and 

should continue to do so!

• Suggestion was made for a formal “neutrino center @ 

CERN” for better experiment/theory interaction. 

• Support from the community during the ESPPU for the 

NP will be essential for longer term continuity!

• Other further future opportunities not discussed here. 

– nuSTORM, part of a muon collider demonstrator?

– Neutrino beams from the European Spalation Source?

• …

Neutrino Physics is a very vibrant field &

Neutrinos are back @ CERN!



BACKUP



FPF Projects



DUNE Phase I & II



ProtoDUNEs

Construction and operation of 4% size prototypes of the large forward
detectors fo DUNE.   CERN also committed to build two FD cryostats



DUNE Detetor Technology Studies



DUNE Perspectives



Oscillation Parameter Measurements



FPF & Cosmic Rays



Neutrino Beam Tagging



T2HK Measurements



T2HK Measurements



T2HK



T2HK



ND280++



ENUBET: Monitored Beam



nuSTORM



NA65



FPF Physics



FPF Physics



FPF Physics



FPF Physics



FPF Physics



FPF Physics



SAND Detector 3D cubes printing 



Installation has been delayed till end 2018
Filling and commissioning to starting 2019. Data 2nd part of 2019

MiniBooNE/LSND Excess??


