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ICECUBE NEUTRINOG OBSERVATORY

- Neutrino telescope sensitive to-
TeV-PeV cosmic neutrinos;

- Data taken (full configuration)
since 2010;
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IceCube Lab__

ICECUBE NEUTRINO OBSERVATORY

- Neutrino telescope sensitive to-
TeV-PeV cosmic neutrinos;

- ‘Data taken (full configuration)
since 2010;

« Up-time 99.9%.

In this talk: |

- Discovery of high energy
cosmic neutrinos; | |

- Evidences for cosmic neutrino i T o
sources; 4

» The urgent need for more
neutrinos.
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- THE BACKGROUND - A\TM@SIPHIEIP&I]@ MUONS AND NEUTRINOS

Atmospheric neutrino fluxes averaged over the zenith angle.

—— SIBYLL2.3c —-- DPMJET-III-19.1 e QGSJET-11-04 Bartol 2004
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- THE BACKGROUND - A\TM@SIPHIEIP&I]@ MUONS AND NEUTRINOS

cosf=-1 Azimuth-averaged zenith distributions at fixed neutrino energies

—— SIBYLL2.3¢ === EPOSLHC —-:- DPMJET-IlI-19.1 =--=- SIBYLL2.1 Bartol 2004
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The Background - Suppression Methods

Atmospheric muons: shield via Earth absorption ~ Atmospheric muons & neutrinos: containment

C. Spiering, EPJ H ‘12 S. Schonert, T.K.Gaisser, E.R., O. Shulz, PRD’'09
T.K.Gaisser, K.Jero, A.Karle, J.van Santen, PRD’1l4
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THE SIGNAL - COSMIC NEUTRINOS

«— Astrophysical
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P t Atm.
The IceCube Coll., PRL’'20 rompt Atm

Muon-Template
— Sum

s aStro. Ve + Ve '+' Exp. Data
astro. v,
mm—— mCsum
atm. p
conv. v,
conv. v,
= prompt Y v
=== 90%UL

o
£
N
<
S
o
o

comEN
ocwowo

S S —. ﬂH

Ereco [GeV] : . ! 103 10 10°

Muon Energy Proxy / GeV

E. Resconi | RICAP-2022




The signal - cosmic neutrinos

The IceCube Coll., PRL’'20
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Few nu_tau candidates identified

The IceCube Coll., ICRC’'19

— v, Double Pulse Waveform
v. Single Cascade Waveform
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F Resolvmg the
02 1 Cosmic Neutrino Flux

The jetted (blazar) AGN case
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Tl“.@. PTLV\&LF?LQ Summar'y. A key step in upfi‘grstar}ding t.he high energy pz?rticle
populations and their emissions in active galactic nuclei and
L L EL LR R P R AR L EL AR L SO REEDI their plasma jets is a thorough consideration of photomeson

production. Utilizing elementary particle physics phenomenology

we calculate here the energy distribution of secondary pions
arising from photon-proton collisions. The highly relativistic
protons necessary for pion production in a radiation field are
expected to be generated in shockwaves by the first-order Fermi
process up to = 10'2 GeV in the hot spots of radio galaxies
and up to ~ 10°GeV in the compact cores (Biermann and
Strittmatter 1987). Due to the pion decay the resulting primary

Resolving the
Cosmic Neutrino Flux

The jetted (blazar) AGN case

R N
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The jetted (blazar) AGN case

leptonic + pe b1 Swift/’ XRT
leptonic + pt ———- Sea e Swift/XRT-high
pe vy RXTE 2008
pn IC neutrino 17 —— 1FGL (2008-2009)
leptonic KVA (min/max 2FGL_Ic (2008-2010

all processes Swift/lUVO' MAGIC (2005-2009) ¢
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lceCube-170922 (~290 TeV, Dec ~5.72 deg) pointing to TXS0506+056

TS Value
100 200 300 100

side view
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nnnnnnnnn ds ——

Random coincidence excluded ~ 99.7%CL (a-posteriori)
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More neutrinos (~10) emission from the direction of the blazar TXS 0506+056

......
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The photon - neutrino Spectral Energy Distribution of TXS 0506+056

* Neutrino alert 179028A - Neutrino ‘flare, 2014-2015
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Photon Spectrum, MJD: 57908-58018 - *  Photon Spectrum, MJD: 56949-57059
IceCube-170922A, 7 =0.5years ' v flare, MJD: 56949-57059
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... limited by too few photons and too few neutrinos
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Is TXS O506+056 special? YES

. Paiano et al., ApJ 2018
K. Murase, F. Oikonomou, M. Petropoulou, ApJ 2018
P. Padovani, F. Oikonomou, M. Petropoulou, et al., MNRAS 2019

cascade y

Originally .classified as BL Lac
Emission line ratios Seyfert-like
It is a high-excitation galaxy|

z =0.3365 |
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TXS0506+056 is a high synchrotron peak FSRQ (Masqueradmg BL Lac)

Meaning: radiation fields external to the jet (i.e. the accretion disc, photons reprocessed in the broad-line
region or from the dusty torus) providing more targets for the protons might enhance’ neutrino production
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Where are the others

47 blazars / 16 good candidates

Giommi, Glauch, Padovani et al., MNRAS'20
see also M. Karl poster this conference

Optical spectroscopy of 17 extragalactic sources,
For 9-of them redshift (0.09 <z < 1.6)
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Paiano, Falomo, Treves et al., MNRAS'21
Paiano et al., in preparation
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The non-jetted AGN case
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Panessa, Baldi, Laor et al., Nature Astronomy ‘19

Neupert effect,
L./Lx~ 107
mm-band compact core

diffuse, low brightness,
FIR-radio relation

* corona

* K

collimated,
radio blob speed
high Ty,

outflowing line-emitting gas high polerization
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2.9 O excess

The IceCube Coll., PRL'20

E. Resconi | RICAP-2022

Emergence of NGC10687 ooz

a (Uniform)

10" 10" 101

Figure The gamma-ray and neutrino spectrum of
NGC 1068. The circle, square, and triangle data points
are from The Fermi-LAT collaboration (2019), Ajello et al.
(2017), and MAGIC Collaboration et al. (2019), respectively.
The green shaded regions represent the 1, 2, and 30 regions
on the spectrum measured by IceCube (IceCube Collabora-
tion et al. 2019). The expected gamma-ray and neutrino
spectrum from the corona are shown for 30 < ny, < 3 X 10%.
The darker region corresponds to lower ny. The blue region
shows the expected neutrino spectrum. The orange and ma-
genta shaded region shows the gamma-ray spectrum for the

uniform case and the screened case, respectively. We also
overplot the sensitivity curves of GRAMS (Aramaki et al.
2019) and AMEGO (McEnery et al. 2019) for for compari-
son.

p), 2020 March 10 hitps://doi.org/10.3

On the Origin of High-energy Neutrinos from NGC 1068: The Role of Nonthermal
Coronal Activity
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sion in NGC 1068 have not yet been firmly defined.
ion nh~en ed from NGC 1068 implies that the neutrino
ion can be produced only in the vicinity of th hole in the center of the
eters, such as magnetic field strength and corona i i
the spectral exc i i
similar to those revealed for several ne‘nrb S
cannot be verified by obses



Emergence of a scenario?

P.Padovani, A&A Rev ‘17
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The Galactic ‘guaranteed’ case
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see Giovanna Ferrara this conference

The ‘guaranteed’ signal

Gaggero et. al.

| Measured

Astrophysical Flux

Galactic

log10(Spatial PDF)

The IceCube Coll., ApJd 2017
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The next generation
observatories - a network
Boost Exposure
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Boost Exposure to Neutrinos

Q _ | Q : s}e<e|\é|i:r2c|)\nlee B-il;gi this conference
» -~ — Baikal-GVD

O

. TRIDENT
IceCube & 25 oistoper
- Gen2 |

see https://arxiv.org/abs/2203.08096
Q High-Energy and Ultra-High-Energy Neutrinos

A Snowmass White Paper

E. Resconi | RICAP-2022


https://arxiv.org/abs/2203.08096

P-ONE (Pacific Ocean Neutrino Experiment)
- @EXxisting oceanographic mfrastructure Ocean Networks Canada
' P- ONE

. e | Credit: ONC

(ﬂ

CANADA FOUNDATI
FOR INNOVATION

POUR LINNOVATION .
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P-ONE: > 4 years pathfinder missions

J. Bedard E.R. et al., JINST (2019) - STRAW hardware
N. Bailly, E. .R. et al. -Eur. Phys J. C (2021) - STRAW results

P-ONE

Credit: ONC

éi i ‘ 11 %18’&1 36:57 Heading: 041
u\ I I \ > JE Tully 2018 R2080
: o/ s ) \
r“fb‘ o C=le ‘_;_&*.' ' \ Attenuatlon Length (450nm) 30 meters

~98% up time 4 years
. Resconi | RICAP-2022 ~10% connector failure rate



demonstrator phase started

P-ONE
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SUMMARY

HE Neutrino Astronomy is here

- Diffuse flux of high energy cosmic neutrinos
- Potential assomahons
- Jetted AGN: TXS0506+056 as template source, other tentative
associations published; :
- Non-Jetted AGN::a new (old) scenario emerging;
- Promising: Galactic component as guaranteed flux.

 MORE AND LARGER NEUTRINO TELESCOPES NEEDED



P-ONE PROTO COLLABORATION
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P-ONE proto collaboration |
UVic/ONC, SFU,
TRIUMF

— UoA, Queen’s

O ¥
Q(‘ﬁ R —— TUM, UCL, PAN

MSU, Georgia
Tech, Drexel
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= Astrophysical

=  Conventional Atm.

Muon-Template

— Sum
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—4A— This work
ICRC 2019
ICRC 2017
Ap] 833, 2016

-2

=
o
—_
|
-
L
Qo
o0
—
|
o
Ll
~
—
c
>
(]
=

7, per—

@100TeV

v+
¢

2.3 24
pectral Index yspr.




P-ONE optical module design and deployment strategy
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