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Introduction
• FLArE: a noble liquid time projection chamber (TPC) detector to detect very high-energy neutrinos and search for 

dark matter at LHC@CERN
• A central goal of FLArE is to extend the nascent collider neutrino program into the HL-LHC era. With an active 

detector mass of 10 tonnes, 10 times bigger than FASERν, and the enhanced luminosity of the HL-LHC relative 
to Run 3, one can expect 200 times more neutrino events at FLArE than at FASERν.
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• FLArE’s location at the LHC in the proposed Forward Physics Facility (FPF): The FPF will be located 620-680 m 
west of the ATLAS IP along the line of sight (LOS). Also shown is the location of FASER and FASERν, which 
are also located along the LOS, but 480 m east of the ATLAS IP



Physics Goals
Neutrino physics

• Measure the flux of tau neutrinos
• Limit the oscillations of tau neutrinos into other neutrinos 

over the parameter range defined by the energy spectrum 
and distance

• Determine the cross section of neutrino interactions in the 
energy range of hundreds of GeV to few TeV

• QCD physics with far forward neutrinos

Dark matter search sector
• Detection of dark sector photon decays in the 

detector volume 
• Detection of light dark matter scattering in 

detector 
• Search for milli-charged dark matter particles
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Experimental conditions (without sweeping 
magnet) Approximate fluxes, rates of backgrounds

2105.06197

• This rate will be lower at 612 m. 
• Both charged and neutral hadron interactions present 
significant background. 
• Total neutrino interaction rate normalized to per ton 
per fb-1
• Observed nu rate: ~45/ton/fb-1 at 480 m 4



PDF uncertainties in theoretical predictions for far-forward 
tau neutrinos at the LHC
Mary Hall Reno for Weidong Bai, Milind Diwan, Maria Vittoria Garzelli, Yu Seon Jeong, Fnu Karan Kumar, 
MHR (2021/12/9)
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Parameters for the FLArE Detector
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Issues to be resolved in design process
We are seeking resources to support design and R&D
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LAr vs. LKr, Milind Diwan, 1/6/2022

https://pdg.lbl.gov/2012/AtomicNuclearProperties/HTML_PAGES/289.html
https://periodictable.com/Isotopes/018.42/index2.dm.html

Given the high radioactivity in krypton, the LKr option needs further evaluation. 

9

https://pdg.lbl.gov/2012/AtomicNuclearProperties/HTML_PAGES/289.html
https://periodictable.com/Isotopes/018.42/index2.dm.html


CERN R&D facilities for FLARE Pictures and specs for some 
cryostats in building 182, Milind Diwan 11/18/2021

CERN and other R&D facilities will be needed to develop the readout 
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The NA48 Liquid Krypton Calorimeter, Sandro Palestini, CERN, 20 January 
2022
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Measuring Light and Charge Yields in LKr, Dr Aleksey Bolotnikov (BNL) (2021/12/9)

• Both the light and charge signals provide valuable information needed for events reconstruction in TPC
• The total deposited energy is shared to produce UV scintillation photons and electron-ion pairs –correlated signals
• In LXeTPCs, e. g., in nEXO, the light and charge signals are added together to overcome fluctuations of the election-ion 
recombination to improve energy resolution
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Preliminary considerations on light 
collection & detection Marcin Kuźniak,
AstroCENT, (analytic model implemented by Sarthak Choudhary) 

• Adequate light yield (>100 pe/MeV) can be obtained with 
modest coverage

• Need to optimize the design for trigger and pattern recognition
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EM Shower simulation

14

LAr KAr



Electron and tau containment
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LAr LKr



Downstream Hadronic Calorimeter to Improve Containment

These are very preliminary parameters.

Downstream Hadronic Calorimeter:
• 1.0x1.0 meters
• ~100-160 cm of Fe/scintillator panels, 6-10 interaction lengths
• 5 cm Fe, 1-cm scintillator with X view, and 1-cm with Y view
• Resolution for hadronic showers: 20-40%/Sqrt(E) 
• The materials of the cryostat at the down stream will need to be kept <0.1 interaction length 
• Muon ranger not included, can add if needed

16

Possible configuration



Light Dark Matter Search in FLArE
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FLArE search for millicharged particles etc. 
Sebastian Trojanowski, AstroCeNT, Nicolaus Copernicus Astronomical Center Polish Academy of Sciences, 
Dec 9, 2021
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Summary

• Preliminary design for the noble liquid detector for FPF (FLArE) 
• Detector capability and event rate preliminarily studied
• Progress in LAr/KAr choices, photon detection, detector simulation 

and physics reach studies
• Include a hadronic calorimeter to improve detector containment
• The detector geometry will need to be further optimized
• Also working on: overall integrated approach, triggering , and 

background suppression study
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