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Permanents Project

UDP M. Bomben ATLAS/FCC

A. Kouchner KM3NET

T. Patzak DUNE

A. Tonazzo DUNE & DarkSide

V. Van Elewyck KM3NET

CNRS G. Bernardi ATLAS/FCC

J. Coelho KM3NET & DUNE

J. Dawson DUNE

S. El Hedri KM3NET

D. Franco DarkSide & Borexino

G. Marchiori ATLAS/FCC

C. Mironov DUNE

S. Sacerdoti DUNE

CEA T. Lasserre

Emeritus M. Cribier

F. Vannucci

D. Vignaud Borexino
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Atmospheric+LBL SolarReactor

• 3 masses: Δm2
21, Δm2

31,  mass ordering 

• 3 mixing angles: θ12, θ13, θ23 

• 1 phase: δCP 

• 2 Majorana phases? 

• 1 or more sterile neutrinos?

Current precision on 
oscillation parameters 

|Δm2
31| 1.4%

Δm2
21 2.2%

sin2θ13 3.8%
sin2θ12 4.4%
sin2θ12 ˜5%

Unknowns :
sign (Δm2

31)
δCP
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BEST:  4 σ evidence on Gallium anomaly Toward the solution of the “bump” 
at 5 MeV from reactor neutrinos

but rejected by PROSPECT and STEREO

arXiv:2201.07364

R. Jimenez, C. Pena-Garay, K. Short, F. Simpson and L. 
Verde (arXiv:2203.14247)

Bayesian evidence of neutrino normal hierarchy from 
cosmological observations and ground-based oscillation 
experiments: our main conclusion is that new data prefer 
“Strongly” if not “Decisively” the normal hierarchy, with 
odds over 100:1.

https://arxiv.org/abs/2201.07364
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Borexino ended the data taking in 2021 but analyses are still ongoing

Independent determination of the Earth's 
orbital parameters with solar neutrinos in 
Borexino

Directional Measurement of Sub-MeV Solar Neutrinos

5 σ rejection of no-CNO hypothesis

Low-Metallicity model disfavored at > 3 σ

2205.15975 

https://arxiv.org/abs/2205.15975
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Noble Liquid TPCs dominated the sensitivity Excess in XENON1T



D. Franco - APC

KM3NET/ORCA

8



D. Franco - APC

KM3NET/ORCA

9



D. Franco - APC

KM3NET/ORCA

10



D. Franco - APC

ARGOS

11



D. Franco - APC

Low Energy Analyses at KM3NeT (LEAK) 

12

Characterize supernovae with neutrino telescopes
● Target low-energy neutrinos (~10 MeV) with KM3NeT
● Exploit the complex structure of the Digital Optical Modules (DOMs)
● Catalogue of neutrino spectra from in-house supernova simulations
● Combine neutrino spectra expected at KM3NeT, DUNE, DarkSide-20k

● Collaboration: AIM (CEA), LUTh, APC (KM3NeT, DUNE, DarkSide)

● KM3NeT analysis: identify O(10 MeV) neutrinos using 
dimensionality reduction on single-DOM observables
Presented by G. de Wasseige at VlVNT 2021

● CCSN localization by triangulation: up to 140±20 deg2 precision

● Experimental synergies: determine neutrino mass ordering
Presented by M. Bendahman at ICRC 2021 and Neutrino 2022

Team and current status

The future: magnetic fields and rotating stars
● Add detector efficiency + background for KM3NeT predictions

● From AIM and LUTh: supernova simulations with magnetic fields, 
rotating progenitors, and different flavor evolution models

● Design new observables and enhance KM3NeT’s detection potential 
using machine learning techniques

𝛎
𝛎

𝛎 𝛎
𝛎

𝛎
𝛎𝛎
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Enormous Far 
Detector 

Near Detector 

IllinoisSouth
Dakota

Under construction (expected first data: late 2020s)
● 1300km between FNAL and SURF
● wide-band energy spectrum of neutrinos
● liquid-argon detector technology

● Unambiguous, high precision measurem. of Δm2
32, δCP, sin

22θ13, sin
2θ23 in one experiment

● Discovery sensitivity to CP violation, mass ordering, θ23 octant over a wide range of 
parameter values

● Sensitivity to MeV-scale neutrinos, such as from a galactic supernova burst
● Low backgrounds for sensitivity to BSM physics including baryon number violation

DUNE Physics goals
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● Detector development: 
○ full-scale prototype building @CERN, to test technology feasibility (Proto-DUNE)
○ developing a photo-detection system 

● Analysis:
○ data from ProtoDUNE
○ improvement of neutrino  reconstruction algorithms 

APC: working on the 2nd module, a vertical drift LAr TPC

The Far Detector: four gigantic liquid-argon modules!
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● Photons from LAr scintillation provide the timestamp and trigger of events in LArTPCs.
● Detector modules are very large → improved performance if placed on cathode
● Cathode = surface at -300kV!

Vertical drift LAr TPC

● Need to transmit photo-sensor signal 
using non-conductive materials

● Target: develop an analog-optical 
transmitter that can operate in LAr
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85 institutes, 15 countries, O(350) people

Underground 
Argon (50 t)

Atmospheric 
Argon (600 t)

Titanium 
Vessel

Gd-loaded 
Acrylic

~250,000 SiPMs

The Underground Argon JournyThe Detector
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DarkSide-20k: Science
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WIMPs Supernova neutrinos via CENNS 

Sensitive to 
neutronization
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radiopurity + pulse shape 
discrimination + neutron 
veto: total background of 
<0.1 events in 200 t yr

matched filter
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Selected recent highlights from the Higgs team
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ATLAS and FCC: outlook
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Thank you for the attention

DUNE

ORCA

DarkSide

ATLAS

Liquid Argon

Photosensors

Silicon detectors

Light readout

Atmospheric 
neutrinos

Accelerator  
neutrinos

Dark matter

Higgs

Solar  neutrinos

SN  neutrinos

Earth 
Tomography

Synergies and complementarity in science and technology


