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NEW FRONTIERS IN 
NEUTRINO PHYSICS AT CERN



NEUTRINO PHYSICS AT CERN:

THE SND@LHC EXPERIMENT

2



3

THE SND@LHC DETECTOR

OFF-AXIS LOCATION

‣ Rapidity range: 7.2 < 𝜂 < 8

‣ Enhances 𝜈 flux from charm parents

‣ Complementarity with FASER𝜈, located on-axis in 

symmetric tunnel (TI-12)

STRATEGY

‣ About Existing site (avoided major civil engineering)

‣ Enough material to shield against collision debris

‣ Use LHC magnets to deflect charged particles

https://cds.cern.ch/record/2750060/files/LHCC-P-016.pdf

Operation in Run 3 (2022-2026) to collect ~300 fb-1 

TI-18 LOCATION

‣ Charged Old LEP positron transfer line tunnel

‣ 480 m away from IP1

‣ 100 m of rock between detector and IP1

https://cds.cern.ch/record/2750060/files/LHCC-P-016.pdf
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PHYSICS GOALS 
QCD

• Decays of charm hadrons contribute significantly to the neutrino flux 
in SND@LHC 
    - Measure forward charm production with neutrinos 
             - Constrain gluon PDF at very small x


Flavour

• Detection of all three types of neutrinos allows for tests of lepton 
flavour universality 
    - Charm parentage leads to partial cancelation of flux uncertainties


Neutrino interactions

• Detection of all three types of neutrinos allows for tests of lepton 
flavour universality

- Measure neutrino interactions in unexplored ~TeV energy range

- Large yield of neutrinos will likely double existing data

‣  About 20 events observed by DONuT and OPERA


Beyond the Standard Model

• Search for new, feebly interacting, particles decaying within the 
detector or scattering off the target
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THE SND@LHC CONCEPT

VETO PLANE: 

- two (2022–2023) / three (2024-)              
1 cm-thick scintillator planes

TARGET, VERTEX DETECTOR AND ECAL: 

- 830 kg tungsten target

- Five walls x 59 emulsion layers +

  five scintillating fibre stations 84 X0, 3 λint


HCAL AND MUON SYSTEM: 

- Eight 20 cm-thick Fe blocks + scintillator 

planes

- Last 3 planes have finer granularity to 

track muons

- 9.5 λint


Hybrid detector optimised for the identification of three neutrino 
flavours and for the detection of feebly interacting particles 

 JINST 19 (2024) P05067

VERTEX DETECTOR AND

ELECTROMAGNETIC CALORIMETER

HADRONIC CALORIMETER 
AND MUON SYSTEM

VETO SYSTEM

https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05067
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EXPERIMENT TIMELINE
August 2020

January 2021

March 2021
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DATA TAKING IN RUN3

‣Delivered luminosity in 2022-2024: 195.0 fb-1

‣ Integrated luminosity in 2022-2024: 187.1 fb-1

96% efficiency 
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MUON NEUTRINO OBSERVATION

‣ Display of a νµ CC candidate event

‣ First observation of muon neutrinos produced at colliders 
based on 2022 data published last year


‣ 8 observed νµ candidates  

‣ Observation significance 7σ


‣ Updated results using 2022+2023 data:

‣ 32 observed νµ candidates 

‣ Measurement of the hadronic energy 

PRL 131 (2023) 031802

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.131.031802


10

0µ NEUTRINO OBSERVATION

‣ Display of a 0µ ν-candidate event

‣ First observation of neutrino interactions without a muon 
in the final state based on 2022-2023 data


‣ 9 observed 0µ ν-candidates  

‣ Observation significance 6.4σ

‣ Evidence for νe interactions at 6.4σ 


Submitted to PRL

arXiv:2411.18787 

https://arxiv.org/abs/2411.18787
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EMULSION HANDLING AND SCANNING 
Emulsion scanning performed in different laboratories
1) Bologna: 2 microscopes 
2) CERN: 4 microscopes 

3) Napoli: 3 microscopes 
4) Santiago: 1 microscope installed in 2024

Emulsion handling and chemical development 
performed at the CERN emulsion facility and 
dark room 

Napoli Lab Manager:                 

Daniele Centanni 

11500 emulsion films (415 m2) 
exposed and developed in 
2022-2024

CERN Lab Manager: 
Fabio Alicante

Microscopy expert: 
Andrey Alexandrov
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EMULSION DATA ANALYSIS AND RECONSTRUCTION 
‣High density environment: up to 4x105 tracks/cm2

Tracks reconstructed in 1x1x30 mm3

Reconstructed neutrino-like vertex 

‣ Track multiplicity: 6

‣ Average #segments: 13

‣ Average fill factor: 0.7

‣ Average IP: 0.2 um

Reconstructed electromagnetic shower 

More details in 

Fabio Alicante’s talk

Software development: 
Valeri Tioukov
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NEUTRINO PHYSICS AT THE ENERGY FRONTIER:

SND@LHC IN HI-LUMI ERA 
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Motivation

• Exploit the High-Lumi LHC to perform neutrino physics measurements in the TeV energy range with unprecedented statistics 

• Upgrade the SND@LHC detector to cope with high background rates 

• Improve detector performances in energy measurement and charge separation


SND IN THE HI-LUMI ERA

Main features of the detector 

• Electronic vertex detector

• Silicon tracker as vertex detector 

• Iron-core muon spectrometer 

• Improved hadron calorimeter and timing detectors.

Letter of Intent: https://cds.cern.ch/record/2895224

Addendum: https://cds.cern.ch/record/2909524/

https://cds.cern.ch/record/2895224
https://cds.cern.ch/record/2909524/
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SND IN THE HI-LUMI ERA

LHC Run3 HL-LHC

LHC Run3
 HL-LHC


100 time more 
statistics 

Physics performances 


• Measurement of charm production with neutrinos

• Constrain gluon PDF at very small x 

• (Tau) neutrino physics with high statistics

• Beyond Standard Model searches  



SND UPGRADE: DETECTOR LAYOUT
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TARGET

‣ Active surface: 40x40 cm2

‣ Material: W

‣ Total mass: 1.3 tons

‣ Sensitive layers: Silicon strips 

MAGNETIZED HCAL

‣ Active surface: 40x40 cm2

‣ Material: Fe

‣ Sensitive volume mass: 2.1 tons

‣ Sensitive layers: Silicon strips 

IRON CORE MAGNET

‣ Horizontal magnetic field 1.75 T

‣ Coil mass (copper): 0.86 tons 

‣ Overall mass: 12 tons 

More details in Daniele 

Centanni’s talk



SND UPGRADE: TRACKING SYSTEM
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‣ Re-use of CMS Tracker Outer Barrel (TOB) modules

‣ Design of new mechanics and electronics for the Tracker performed at INFN Napoli   

TOB modules used in CMS First prototype of the Si tracker 
for the SND Upgrade 

Meccanica design: 
Alcide Bertocco

Electronics design: 
Riccardo De Asmundis, 

Paolo Di Meo
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NEUTRINO PHYSICS AT THE INTENSITY FRONTIER  

THE SHIP EXPERIMENT 

SHiP



SEARCH FOR HIDDEN PARTICLES (SHIP) AT A 
DEDICATED BEAM DUMP FACILITY (BDF)

19

BDF/SHiP approved by the CERN Research Board in March 2024

http://cds.cern.ch/record/2007512/files/SPSC-P-350.pdf Technical Proposal in 2015

EPJC (2022) 82:486 

http://cds.cern.ch/record/2007512/files/SPSC-P-350.pdf


20

SND@SHIP

New concept for SND:

• Detector embedded in the last section 
muon shield


• Closer to the target, higher neutrino fluxes 

• Magnetized Iron interleaved with trackers 
and used as HCAL

• Emulsions combined with Silicon trackers for 
the target 


• Scintillators and SciFi as trackers in 
Magnetized HCAL

• Profit of the experience gained in SND@LHC 
with emulsions in high-density environment


• R&D and prototyping for Silicon detectors 
in common with the SND Upgrade for HL-LHC

• Neutrino physics (10÷100 GeV) with unprecedented 
statistics, complementary to the LHC programme 
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SHIP TIMELINE

• ~2.5 years for Detector Technical Design Reports (TDRs)

• Start data taking in 2031



SHiPprese
nt future

It’s time for neutrino physics at CERN



CMS TRACKER DECOMMISIONING AND RECOVERY 
OF TOB MODULES 
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Extraction of the tracker Removal of the inner tracker 

Extraction of the TOB

Extraction of ladders 
Modules dismantling

Mounting on new detector



SHIP/BDF DETECTOR TECHNOLOGY
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SHIP/BDF DETECTOR TECHNOLOGY
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SHIP/BDF DETECTOR TECHNOLOGY
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SHIP/BDF DETECTOR TECHNOLOGY
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SHIP/BDF DETECTOR TECHNOLOGY
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SHIP/BDF DETECTOR TECHNOLOGY


