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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

lceCube Neutrino Observatory
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Neutrino missions

1. Understand neutrino properties

P-ONE aspiration

2. Probe cosmic neutrino factories

3. Discover new physics using cosmic neutrinos

_ ,
in R&D phase
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Neutrino Sources



Neutrino Sources: natural ones

TUTI

Grand Unified Neutrino Spectrum (GUNS) at Earth integrated over directions and flavors

1()18 evolved from Vitagliano, Tamborra, Raffelt, Rev.Mod.Phys (2019)
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Neutrino Sources: natural ones

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

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

Grand Unified Neutrino Spectrum (GUNS) at Earth integrated over directions and flavors
v Detected " Associated

1()18 evolved from Vitagliano, Tamborra, Raffelt, Rev.Mod.Phys (2019)
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lceCube Neutrino Observatory

Two topological channels

50m

Particle Shower

vﬂ 1450 m i

Tracks

2450 m

' | —Deep Core
Eiffel Tower
324 m
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Measuring high energy muons

Driven by photosensors areas, timing, medium
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PHOTO-ILLUSTRATION: ICECUBE COLLABORATION/NSE
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Cosmic Neutrinos

Event Rates in IceCube:

" For every 1 Cosmic Neutrino,
~10? Atmospheric Muons
~103 Atmospheric Neutrinos

v

1988 2000 2001 2011

Telescope in the AMANDA Atmospheric IceCube
Ice Envisioned Completed Neutrinos Completed

Detected
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2013

Astrophysical
Neutrinos
Discovered

2018

First Source
TXS 0506+056
Identified

Resonance
Neutrino
Identified

2022

Second Source
NGC 1068
Identified

2023

Third Source
Milky Way
Identified
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The cosmic neutrino diffuse signal

The IceCube Coll., PRL '20

The IceCube Coll., Nature '21
The IceCube Coll., ApJ ’'22
14

The IceCube Coll., PRD ‘24 9. 90 excess
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First evidences for source association ..

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

The IceCube Coll. and others, Science 361 (2018)
The IceCube Coll., Science 361 (2018)
The IceCube Coll., Science 378 (2022)
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NGC 1068 (. = 10.1 = 1.8 Mpd)

Neutrinos from an obscured super massive btack-hote

P. Padovani, E.R., et al., Nature Astronomy ‘24
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Super Massive Black Hole as accelerator?

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

lonized particle

-)/ neutral accretion disc \X
N\ \

Z. Stuchlik et al., https://doi.orqg/10.3390/proceedings2019017013
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https://doi.org/10.3390/proceedings2019017013

NGC1068 is not a Gamma Ray Source

The IceCube Coll.,

1 IceCube (this work) ¢

Y. Inoue et al., ApJL'20

K. Murase et al., PRL'20

SSSSSSS

eeeeeeeeee

Science ’22

Electromagnetic observations (26)
+ 0.1 to 100 GeV gamma-rays (41,42)
> 200 GeV gamma-rays (43)

Theoretical v model (44,45)
Theoretical ¥ model (46)

-9
10 N NGC 1068
p+y—n+7mT same IceC
= 1010 ) ceCube
| 0 .— probability
z pt+y—p+m
lE 10—11
; T+ — U=+ Vu
<& 10-12 WE— €=+ vt Ve
!
Q p-13 0 — vy + v (absorbed)
o bou Fermi - MAGIC
10~ - T T T T T T T
10-1° 10—12 10~? 10=¢ 10—3 10° 103 106
Energy [GeV]

Elisa Resconi | 30.01.25 19



Are there similar sources?

& new IceCube results

PRELIMINARY



What about other similar AGN as NGC10687
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
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Emerging of a population of HE neutrino sources?

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

Elisa Resconi | 30.01.25

Declination [deg]

Declination [deg]

Declination [deg]

Declination [deg]
N
o

1.0
0.5 1
0.0 1
—0.5

-1.0 1

5.5 4
5.0 1

4.5 1

wow
o
|

13.0
12.5 A
12.0
11.5 A
11.0 A
10.5 A

27.0
26.5
26.0 1
25.5 1
25.0

24.5 -

NGC 1068
S
{©)
N

42 a1 40

CGCG420-015

ol
7A 75 75
NGC 4992

&

MCG+4-48-2

v

308 307 306
Right Ascension [deg]

= N W b~ U o

@ Source $2 vy Best-Fit
NGC 7469 NGC4151

10.0 Y s0s

9.5 3 400

9.0 @ , 3957 @
8.5 39.0 -

8.0 | 1 o385

751, o 3804

347 346 345

Cygnus A
42.0 A
41.5 A 6
40.5 :
40.0 A
39.5 A

N

4_0{

=251

N

N

=

47 46 45

NGC 3079

57.0 A

56.5 -

54.5 A

[y

151 150

Right Ascension [deg]

184 183 182

4;’
\‘Q(b) i

>
AN
&\

Mrk 1498

53.0
52.5
52.0

51.5

Mrk 417

24.0 1
23.51
23.0 A
22,51

22.0 1

163 162 161
Right Ascension [deg]

_IOQIO (plocal)

_|0910 (plocal)

_IOQIO (plocal)

in preparation

22




Neutrino experiments sensitive to cosmic fluxes
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We need multiple LV neutrino experiments

PLEnuM, https://github.com/PLEnuM-group/Plenum

L. Schumacher et al.,

@O0Ocean Networks Canada

P-ONE

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

KM3NeT

?

NEON)
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https://github.com/PLEnuM-group/Plenum
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Ocean Networks Canada (ONC)

Oceans 3.0 Data Portal

alize data from cabled observatories, mobile platforms and autonomous instruments.
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The Pacific Ocean Neutrino Experiment (P-ONE): pathtinders

July’23 ONC sea expedition

2nd pathfinder

4
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in Ré&D
The Pacific Ocean Neutrino Experiment (P-ONE)

The Element: A 1 km Tall Instrumented Line Compactly Designed to Fit in a Transport Container
P-ONE Coll., Nature Astron. '20

C. Spannfellner et al., PoS ICRC23
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P-ONE System: Oceanography and Neutrino Experiments
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P-ONE System: Oceanography and Neutrino Experiments
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TDR in preparation, material under NDI
P-ONE line: first complete prototype in advanced stage

TUTI

Design parameters:

* Integrated System
Advanced Waterproofing
Precision Data
Environmental Monitoring
Scalability




P-ONE as next generation neutrino experiment
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Challenges for Implementation:

* |ceCube: Impacted by ice scattering

e KM3NeT: Uses PMTs and Time-over-
Threshold (ToT) technology
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P-ONE as next generation neutrino experiment
Gain through boost of Angular Resolution

_— Gain through boost of Timing

X

.......

°°°°°°°
T

standard PMTs

TTS ~1.5-1.7 nsec

22222

zzzzz

Eiffel Tower
324m

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

ANGULAR RES.

Image Credit: M. Deliyergiyev

0
I
.
Z

34

~



In conclusion

* lceCube 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.

e« P-ONE’s ambitious R&D program started.
e 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 lceCube success story while keeping design
and deployment realistic and achievable.

e Wish Us, Good Luck! @
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