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Neutrino missions

1. Understand neutrino properties


2. Probe cosmic neutrino factories 


3. Discover new physics using cosmic neutrinos
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Neutrino missions

IceCube Neutrino Observatory

P-ONE aspiration 

in R&D phase



Neutrino Sources



Neutrino Sources: natural ones
Grand Unified Neutrino Spectrum (GUNS) at Earth integrated over directions and flavors

7

evolved from Vitagliano, Tamborra, Raffelt, Rev.Mod.Phys (2019)

Padovani, Gilli, E.R., 
et al., A&A ’24 Naab et al. 

PoS(ICRC2023)
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P-ONE
IceCube



IceCube Neutrino Observatory
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Tracks

Two topological channels
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medium: IceCube ice

medium: seawater

Measuring high energy muons
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Driven by photosensors areas, timing, medium 

1 PeV

1 PeV
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Cosmic Neutrinos

PHOTO-ILLUSTRATION: ICECUBE COLLABORATION/NSF
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Fortune favours the brave
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Cosmic Neutrinos

PHOTO-ILLUSTRATION: ICECUBE COLLABORATION/NSF

IceCube milestones
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Event Rates in IceCube:

For every 1 Cosmic Neutrino,

~109 Atmospheric Muons

~103 Atmospheric Neutrinos



9.9σ excess

The IceCube Coll., PRL ’20 
The IceCube Coll., Nature ’21
The IceCube Coll., ApJ ’22
The IceCube Coll., PRD ‘24

The cosmic neutrino diffuse signal 

Record events:


‣ 8.7 PeV track-like event


‣ 6.4 PeV shower-like


‣ 7 high-energy double peaked 
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First evidences for source association
The IceCube Coll. and others, Science 361 (2018)
The IceCube Coll., Science 361 (2018)
The IceCube Coll., Science 378 (2022)

IceCube first association: TXS 0506+056 - alert event (~290 TeV) and neutrino flare (2015-2016)

 -0.01°

40.67°

Grid 0.03° x 0.03°

Equatorial Coordinate System

At the NGC1068 location:

➡ Astrophysical neutrino events = 79  

➡ Spectral index = 3.2 ± 0.2


Global significance 4.2σ

110 candidate sources 
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Credit: NASA/JPL-Caltech

NGC 1068 (DL = 10.1 ± 1.8 Mpc)

p-p & p-γ

Ep~100 TeV


target γ∼ X-ray domain 

(Corona component)

Neutrinos from an obscured super massive black hole
P. Padovani, E.R., et al., Nature Astronomy ‘24



Super Massive Black Hole as accelerator?
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Z. Stuchlík et al., https://doi.org/10.3390/proceedings2019017013

E. Boldt and P. Ghosh, MNRAS’99
A. Levinson PRL 2000

https://doi.org/10.3390/proceedings2019017013


NGC1068 is not a Gamma Ray Source
The IceCube Coll., Science ’22
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Are there similar sources?
👉 new IceCube results 


 PRELIMINARY 



What about other similar AGN as NGC1068?

Global significance 3.3σ

Selected a new list of 47 X-ray bright AGN

C. Bellenghi, E. Manao, T. Kontrimas, M. Ha Minh, E.R., M. Wolf (TUM) & the IceCube Coll., in preparation

11+ 1 objects emerging 
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Emerging of a population of HE neutrino sources?
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C. Bellenghi, E. Manao, T. Kontrimas, M. Ha Minh, E.R., M. Wolf (TUM) & the IceCube Coll., in preparation

11+ 1 objects emerging 
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Neutrino experiments sensitive to cosmic fluxes 

IceCube

@SouthPole

GVD
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We need multiple LV neutrino experiments

IceCube 
Gen2

@SouthPole

KM3NeT
GVDGVD

P-ONE 
@Ocean Networks Canada

+ 3 new projects 
proposed in China 
(TRIDENT, HUNT, 

NEON)

L. Schumacher et al., PLEnuM, https://github.com/PLEnuM-group/Plenum
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https://github.com/PLEnuM-group/Plenum


The Pacific Ocean Neutrino Experiment 

@ Ocean Networks Canada

https://www.oceannetworks.ca/

🔻



The world's largest undersea, real-time 
observatory network -

800 km loop of fibre-optic cables, 

8 kW x 6 nodes, 

2 Gbit

-2.6 km
P-ONE Collaboration,  Nature Astron. 2020

800 km loop
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Ocean Networks Canada  (ONC)

https://data.oceannetworks.ca/home
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The Pacific Ocean Neutrino Experiment (P-ONE): pathfinders

1st pathfinder 2nd pathfinder

Deployed 2018

Deployed 2020

Recovered 2023

Papers in preparation

July’23 ONC sea expedition



The Pacific Ocean Neutrino Experiment (P-ONE)

P-ONE Coll., Nature Astron. ’20 
C. Spannfellner et al., PoS ICRC23

The Element: A 1 km Tall Instrumented Line Compactly Designed to Fit in a Transport Container

in R&D



P-ONE System: Oceanography and Neutrino Experiments
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Terrain
View topography and elevation Layers

Map data ©2024 Google, INEGI Germany Terms Privacy Send Product Feedback 1000 km 



P-ONE System: Oceanography and Neutrino Experiments


31

Elisa Resconi | 11.09.23

Terrain
View topography and elevation Layers

Map data ©2024 Google, INEGI Germany Terms Privacy Send Product Feedback 1000 km 

1. Cable and 
Deployment 
Frame: 
MacArtney, 
Denmark

2. Optical 
Modules 
Integration: TU 
Munich

3. Final 
Integration Site: 
TRIUMF (with 
components from 
UoA, SFU, MSU and 
TUM)

4. Sea 
Operation: ONC



P-ONE line: first complete prototype in advanced stage
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TDR in preparation, material under NDI

Design parameters:

• Integrated System

• Advanced Waterproofing

• Precision Data

• Environmental Monitoring

• Scalability
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P-ONE as next generation neutrino experiment

VOLUME

A
N

G
U

LA
R 

RE
S.

2-4

Challenges for Implementation:

• IceCube: Impacted by ice scattering 

• KM3NeT: Uses PMTs and Time-over-

Threshold (ToT) technology
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P-ONE as next generation neutrino experiment

A
N
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U

LA
R 

RE
S.

Gain through boost of Angular Resolution

Gain through boost of Timing 

standard PMTs

R&D on SiPMTs for large 
area, extreme conditions 
and sub-ns

Image Credit: M. Deliyergiyev

TTS ~ 1.5 - 1.7 nsec

NEW TECHNOLOGY REQUIRED



• IceCube discovered astrophysical neutrinos and (first) sources.


• To understand the physics at play in cosmic sites and validate IceCube findings, we 
need more and better experiments/telescopes.


• P-ONE’s ambitious R&D program started.


• The first complete P-ONE prototype line will be tested in 2025.


• Next Steps: Deployment of 3-5 similar or improved lines to demonstrate system 
capabilities and scalability.


• Mission Goals: 
P-ONE aims to continue and extend the IceCube success story while keeping design 
and deployment realistic and achievable.


• Wish Us, Good Luck! 🎯


In conclusion 
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It takes a village ….


36Elisa Resconi | 3.06.24

TUM/ECP, SFB1258, Cluster ORIGINS, IceCube, P-ONE


