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2MOTIVATION
Neutrino physics at the LHC
‣Klaus Winter, 1990, observing tau neutrinos at the LHC
‣A. De Rùjula, E. Fernandez and J. J. Gòmez-Cadenas, 1993,  Neutrino fluxes at LHC
‣F. Vannucci, 1993, neutrino physics at the LHC
‣http://arxiv.org/abs/1804.04413 April 12th 2018



3FIRST NEUTRINO INTERACTION CANDIDATES 
AT THE LHC [Phys. Rev. D 104, L091101]

2018 FASERv Pilot run 

‣Analyzed target mass of 11 kg and luminosity of 
12.2 fb-1 
‣18 neutral vertices selected 
- By applying topological cuts 
- Expected signal 3.3+1.7-0.9 events, background 
11.0 events 
‣no lepton ID in the pilot detector, high BG 
‣In the BDT analysis, excess of neutrino signal 
observed 
‣Statistical significance 2.7  from null hypothesis 
‣This result demonstrates detection of neutrinos 
at the LHC

σ



4TWO RECENTLY APPROVED EXPERIMENTS: 
SND@LHC and FASERv

LHC

SPS

TI18

SND@LHC

‣  SND@LHC and FASER located in two symmetric locations: TI18 and TI12 
‣ About 480 m away from the ATLAS IP
‣  TI18 and TI12 tunnels: former service tunnel connecting SPS to LEP

‣ Charged particles deflected by LHC magnets
‣ Shielding from the IP provided by 100 m rock 
‣ Aim: collect more than 200 fb-1 in LHC Run3 (2022-2025) 

Complementarity: 
‣ FASERv on axis: 𝜂>8.8  
‣ SND@LHC off axis: 7.2<𝜂<8.4



5THE FASERv CONCEPT
‣ Emulsion/tungsten detector, interface silicon tracker, and veto station placed in front of the FASER main 
detector 
‣ Allow to distinguish all flavor of neutrino interactions 

- Muon identification by their track length in the detector (8 ) 
- Muon charge identification with hybrid configuration to distinguish  and    
- Neutrino energy measurement with ANN by combining topological and kinematical variables

λ
νμ νμ

more details in the FASERnu poster



6FASERv INSTALLATION IN TI12



7THE SND@LHC CONCEPT

VERTEX DETECTOR AND 
ELECTROMAGNETIC 

CALORIMETER

HADRONIC 
CALORIMETER AND 

MUON SYSTEM

VETO 
SYSTEM

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  
 



8THE SND@LHC DETECTOR LAYOUT
‣ Angular acceptance: 7.2< 𝜂 < 8.4 
‣ Target material: Tungsten 
‣ Target mass: 830 kg 
‣ Surface: 390x390 mm2

Electromagnetic calorimeter 
~40 X0

Hadronic calorimeter 
~10 λOff axis location



9SND@LHC INSTALLATION IN TI18

   ‣ Electronic detector installation completed on December 3rd 2021
‣ Installation of the neutron shield completed on March 15th 2022 
‣ Installation of the first emulsion wall on April 7th 2022

‣ Detector commissioning on surface (North Area @CERN) in September and October 2021 
‣ Installation in TI18 started on November 1st 2021

  



10COMMISSIONING WITH LHC BEAM

LHC beam commissioning 
(April 28th 2022)

FASER

SND@LHC



11NEUTRINO PHYSICS PROGRAMME
‣ Expected neutrino interactions in 150 fb-1 
  More than 200 fb-1 expected in Run3→

[Phys. Rev. D 104, 113008, arXiv:2105.08270]

‣ First detection of TeV neutrinos produced at 
colliders 

‣ Neutrinos produced in the forward direction at 
the LHC originate from the decay of 
hadrons, mainly pions, kaons, and charm 
particles 

‣ FASERv and SND@LHC measurements 
provide novel input to validate/improve 
generators  

‣ First data on forward charm, hyperon, kaon 

Complementarity  
‣ SND@LHC: off axis location (7.2< <8.4)     
‣ FASERv: on axis ( >8.8)

η
η



12FASERv PHYSICS PROGRAMME
‣ Neutrino cross-section measurement of three flavors at TeV energies 

‣ Neutrino CC interactions with charm production ( ): 
- study strange quark content  
- probe inconsistency between predictions and LHC data 

‣ Neutrino NC measurements could constraint non-standard 
interactions 

‣ High energy electron neutrinos (E>500 GeV) mainly produced in 
charmed hadron decays: 
- measurement of forward charm production  

νs → lc



13SND@LHC PHYSICS PROGRAMME

‣ Study neutrino of different flavors at TeV energies 
‣ 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 
‣Measure the charmed hadron yield in an unexplored pseudo-

rapidity range: 
- extraction of gluon PDF in very small x-region 
‣ Test lepton flavor universality measuring  and  ratios

νe

νe/ντ νe/νμ

Neutrinos in SND@LHC acceptance

ηref = [4,4.5]

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

 arxiv:1510.01707



14CONCLUSIONS

‣The LHC provides a unique possibility to measure neutrino production at the TeV scale 
‣SND@LHC and FASERv cover a unique physics program covering LHC Run 3 
(2022-2025) to study all three neutrino flavors  
‣Both detectors currently taking data! The neutrino era at the LHC has begun! 
‣Future projects (FPF) at the HL-LHC are under study



Neutrino Physics at LHC: Future Prospects.

Felix Kling
Neutrino 2022
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On behalf of the FASER 
and SND@LHC Collaborations
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ATLAS
UJ12

beam axis

LHC

SPS

The proposal: create a dedicated Forward Physics Facility 
(FPF) for the HL-LHC.

FASER and SND@LHC are highly constrained by 
1980’s infrastructure that was never intended to 

support experiments

LHC Neutrino Experiments.
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The FPF would house a suite of experiments that will greatly enhance the LHC’s physics potential
 for BSM physics searches and neutrino physics and QCD. 

FASER2
magnetized spectrometer

for BSM searches

FORMOSA
plastic scintillator array for 

BSM searches

FLArE
LAr based

neutrino detector

AdvSND
electronic 

neutrino detector

FASERv2
emulsion-based
neutrino detector

Forward Physics Facility.
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Forward Physics Facility.

FPF workshop series:
FPF1, FPF2, FPF3, FPF4

FPF Paper: 
2109.10905

~75 pages, ~80 authors

Snowmass Whitepaper:
2203.05090

~450 pages, ~250 authors
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https://indico.cern.ch/event/955956/
https://indico.cern.ch/event/1022352
https://indico.cern.ch/event/1076733/
https://indico.cern.ch/event/1110746/
https://arxiv.org/abs/2109.10905
https://arxiv.org/abs/2203.05090


Forward Physics Facility.

Cavern: 65m long, 8m wide/high. 

Shaft: 88m-deep, 9.1m-diameter.

Surface Building

CE Services Experiments

Physics
Construction end of this decade

Operation in the 2030s
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Neutrino Detector at the FPF.

AdvSND
electronic detector 

near detector at η~5 
far detector at FPF

FLArE
liquid noble gas detector 

FASERv2
emulsion neutrino detector
followed by FASER spectrometer
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LHC provides a strongly collimated beam of TeV energy neutrinos of 
all three flavours in the far forward direction. 

Neutrinos Physics.
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FASERv and SND@LHC will detect O(10k) neutrinos. 

LHC provides a strongly collimated beam of TeV energy neutrinos of 
all three flavours in the far forward direction. 

Neutrinos Physics.

SND@LHC
SND@LHC

SND@LHC
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Neutrinos Physics.

FASERv and SND@LHC will detect O(10k) neutrinos. 

Proposed FPF experiment have potential to detect O(1M) neutrinos. 
(including a few thousand tau neutrinos)

LHC provides a strongly collimated beam of TeV energy neutrinos of 
all three flavours in the far forward direction. 

* only statistical uncertainties shown
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QCD using LHC Neutrinos.
Where do the LHC neutrinos come from? 

LHC neutrinos = probe of forward particle production 

kaons

pions
charm
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QCD using LHC Neutrinos.

g,q

g,q

intrinsic 
charm

cc

D

BFKL dynamics

large x PDFs: 
x~1

ultra low-x 
PDFs: x~10-7

forward charm 

color glass 
condensate

charm
fragmentation

p

p

v

Forward Particle Production 11



g,q

g,q

intrinsic 
charm

cc

D

BFKL dynamics

large x PDFs: 
x~1

ultra low-x 
PDFs: x~10-7

forward charm 

color glass 
condensate

charm
fragmentation

q

neutrino DIS at TeV 
scale

nuclear PDFs

shadowing

strangeness

hadronization in 
nuclear medium

color 
transparency

EMC effect

p

p

v

184W

l

Forward Particle Production

TeV Energy Neutrino Interaction

QCD using LHC Neutrinos.

12



QCD using LHC Neutrinos.
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forward charm production at the LHC 

constraints on prompt atmospheric
 neutrino flux at IceCube

cosmic ray muon puzzle:
observed excess of muons compared

 to hadronic interaction models

forward pion/kaons fluxes will provide 
crucial input

Astroparticle Physics.

14



BSM Physics.

BSM neutrino physics

dark sector searches
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Summary.
FASER and SND@LHC just started to
take data in LHC’s forward direction.
 
The FPF is proposed to continue this 
program during the HL LHC era. 

Significant extension of the 
LHC’s physics program.

We invite the Neutrino community 
to participate in this program.
You are welcome to join!
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Backup.



Long-Lived Particles.

For details on many more 
models see 1811.12522 and 
2203.05090.

13

https://arxiv.org/abs/1811.12522
https://arxiv.org/abs/2203.05090


Neutrino Fluxes and Rates.

Large spread in current generator predictions 

Event rates at LHC neutrino experiments
estimated with two LO MC generators: SIBYLL / DPMJET

LHC Run3

HL-LHC 

Challenge: 
For neutrino physics measurement we need to 
quantify and reduce neutrino flux uncertainties

Opportunity: 
Forward neutrino flux measurement can help to 

improve our understanding of underlying 
physics.
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QCD.
Forward particle production is poorly constrained by other LHC experiments. 

LHC neutrinos fluxes measurement will provide novel complimentary information.

pions & kaons: nonperturbative QDC → improve MC generators

charm: perturbative QCD →  test BFKL dynamics, constrain low-x PDFs,
            probe gluon saturation and intrinsic charm

22


