
THE SCATTERING AND NEUTRINO DETECTOR AT THE LHC

A. Di Crescenzo 
CERN, Università Federico II and INFN 

On behalf of the SND@LHC Collaboration

4th Forward Physics Facility Meeting -  2022 January 31st

ADVANCED SND@LHC



2OVERVIEW

‣The SND@LHC experiment 
‣Advanced SND@LHC 

‣Neutrino physics program  
‣QCD measurements 
‣Detector layout 

SND@LHC installed in TI18 
Ready to take data in Run3



3LOCATION

‣Charged particles deflected by LHC magnets 
‣ Shielding from the IP provided by 100 m rock 

‣ Angular acceptance: 7.2<𝜂< 8.6 

‣ First phase: operation in Run 3 to collect 150 fb-1 

‣ About 480 m away from the ATLAS IP 
‣ Tunnel TI18: former service tunnel connecting SPS to LEP 
‣ Symmetric to TI12 tunnel where FASER is located

IP1 
ATLAS

LHC
TI18

SND@LHC



4THE SND@LHC CONCEPT

VETO PLANE:  
tag penetrating muons  

TARGET REGION + ECAL:  
- Emulsion cloud chambers 

(Emulsion+Tungsten) for neutrino 
interaction detection  

- Scintillating fibers for timing 
information and energy measurement  

MUON SYSTEM + HCAL:  
iron walls interleaved with plastic 
scintillator planes for fast time 
resolution and energy measurement 

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

Electromagnetic calorimeter 
~40 X0

Hadronic calorimeter 
~10 λ

Angular acceptance: 7.2< 𝜂 < 8.6 
Target material: Tungsten 
Target mass: 830 kg 
Surface: 390x390 mm2
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Neutrinos interacting in SND@LHC

NEUTRINO EXPECTATIONS
‣ Expectations in 150 fb-1 

‣ 50/50 upward/downward crossing angle

‣ Neutrino production in LHC pp collisions 
performed with DPMJET3 embedded in 
FLUKA 

‣ Particle propagation towards the detector 
through FLUKA model of LHC accelerator



6PHYSICS PROGRAM IN RUN 3

1. Measurement of the pp⟶νeX cross-section   
2. Heavy flavour production in pp collisions  
3. Lepton flavour universality in neutrino interactions 
4. Measurement of the NC/CC ratio

Physics with neutrinos:

Beyond Standard Model physics:

Large variety of BSM scenarios describing Hidden Sector

Detection: χ elastic/inelastic scattering off nucleons of the target 

Production: scalar χ particle coupled to the Standard 
Model via a leptophobic portal

arXiv: 2104.09688



7ADVANCED SND@LHC
‣ Upgrade of the detector in view of an extended run during Run 4:         

•AdvSND-Near: 4< <5     
  Overlap with LHCb pseudo-rapidity coverage 

     Reduction of systematic uncertainties  
     Provide normalization for neutrino physics studies  
     Neutrino cross-section measurements 

η •AdvSND-Far: 7.2< <8.4 
  Acceptance similar to SND@LHC 

     Charm production measurements 
     Lepton flavour universality   
    

η

‣ Two off-axis forward detectors:



8ADVANCED SND@LHC - Near detector 

AdvSND-Near: 4< <5    η

Expectations in 3000 fb-1 

Generator: Pythia8

‣ Contribution from W/Z decays negligible 
‣ Average energy for neutrinos form charm and beauty decays: ~30 GeV 

‣Measurement of neutrino cross-section for three flavours, given the measurement of the 
neutrino flux provided by LHCb  

‣ Expected statistical error: a few % for electron and muon neutrinos, ~10% for tau 
neutrinos  



9ADVANCED SND@LHC - Far detector 

AdvSND-Far: 7.2< <8.4    η

Expectations in 3000 fb-1 

Generator: Pythia8

‣ Contribution from W/Z decays negligible 
‣ Average energy for neutrinos form charm and beauty decays: ~400 GeV 

‣ Test of lepton flavour universality measuring there ratio R13 
‣ Statistical uncertainty reduced to 5% 
‣ Systematic uncertainty given by charm quark hadronisation factor: 20%   

‣ Test of lepton flavour universality measuring there ratio R12 
‣ Statistical uncertainty: a few % 
‣ Systematic uncertainty given by contamination of pion/kaons



10QCD MEASUREMENTS

ηref = [4,4.5]

‣ Extraction of gluon PDF in very small x-region 
relevant for:            

1. Future Circular Colliders 
  2. Reduction of uncertainty on the flux of very-high-
energy atmospheric neutrinos

Ratio between the cross-section measurements at 
different pseudo-rapidities, normalised to LHCb 
measurements 

‣ Electron neutrinos measurements can constraint the 
uncertainty on the gluon PDF in x<10-5 region

•AdvSND-Near: 4< <5: 
reduce systematic uncertainties in the correlation 
between neutrinos and charmed mesons comparing with 
LHCb direct charm measurements  

η

•AdvSND-Far: 7.2< <8.4: 
reduce statistical uncertainties  

η

‣ Electron neutrinos mostly produced by charm decays 
‣  ca be used as a probe of charm production in a 

region where charm yield has large uncertainties
νe

 arxiv:1510.01707



11ADVANCED SND@LHC: Detector layout
1) Target region: 

•Vertex identification and electromagnetic calorimeter 
•Thin sensitive layers interleaved with Tungsten plates       
•Replace emulsions with compact electronic trackers to cope with high intensity muon rates        

2) Muon ID system and hadronic calorimeter 
•10 interaction lengths  

3) Magnet with two high-resolution tracking stations   
•measure charge of the muon  
(νµ/anti-νµ, ντ/anti-ντ in the τ⟶µ channel) 

•1 Tesla over 2 meters



12BEYOND STANDARD MODEL 
Large variety of BSM scenarios describing Hidden Sector

Detection: χ elastic/inelastic scattering off nucleons of the target 

Production: scalar χ particle coupled to the Standard 
Model via a leptophobic portal

1. Scattering 

2. Decay of dark scalars, HNLs, dark photons  

solid - inelastic, dashed - elastic

Detection: Decays in a pair of charged tracks or monophotons

Production: dark scalars produced in the decay of B 
mesons, HLNs in the decay of B and D mesons, dark 
photons via leptophobic mediator 
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CONCLUSIONS
‣SND@LHC aims measuring neutrinos produced at the LHC in an unexplored pseudo-rapidity 
region and search for feebly interacting particles  

‣Detector installation completed, ready to take data in Run3 

‣ Extensions beyond Run3 with two detectors, rich physics program  
AdvancedSND-Near: 4< <5  
AdvancedSND-Far: 7.2< <8.4 

‣AdvSND-Far would highly benefit from the development of a Forward Physics Facility 

η
η


