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Neutrino telescope(s) sensitive to TeV-PeV cosmic neutrinos: ONE

Data taken since 2010
IceCube@SouthPole

https://icecube.wisc.edu
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The discovery of  
Cosmic Neutrinos01
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The Background - Atmospheric Muons and Neutrinos
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Atmospheric neutrino fluxes averaged over the zenith angle. 
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A. Fedynitch et al., PRD ‘19



The Background - Atmospheric Muons and Neutrinos
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cos 𝜃 = 0 

cos 𝜃 = -1 

cos 𝜃 = 1 

Azimuth-averaged zenith distributions at fixed neutrino energies 
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A. Fedynitch et al., PRD ‘19



The Background - Suppression Methods
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Atmospheric muons: shield via Earth absorption  Atmospheric muons & neutrinos: containment 

Atmospheric Cosmic

S. Schönert, T.K.Gaisser, E.R., O. Shulz, PRD’09
T.K.Gaisser, K.Jero, A.Karle, J.van Santen, PRD’14 

C. Spiering, EPJ H ‘12



The signal - cosmic neutrinos
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The IceCube Coll., ApJ’22
9.9σ
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The IceCube Coll., PRL’20

5.6σ



“I have done a terrible thing, 
I have postulated a particle 
that cannot be detected.”  

-- Wolfgang Pauli

Did IceCube do it again by 
detecting a cosmic neutrino flux 

that cannot be resolved?
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Resolving the 
Cosmic Neutrino Flux02
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The jetted (blazar) AGN case
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Resolving the 
Cosmic Neutrino Flux02
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The jetted (blazar) AGN case
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K. Mannheim, P. Biermann, A&A (1989)

The principle



The jetted (blazar) AGN case
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P.Padovani, E.R., MNRAS’14
M.Petropoulou, S.Dimitrakoudis, P. Padovani, A. Mastichiadis, E.R., MNRAS’15
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PG 1553+113

The order of magnitude - plausible candidates



IceCube-170922 (~290 TeV, Dec ~5.72 deg) pointing to TXS0506+056
“Multimessenger observations of a flaring blazar coincident with high-
energy neutrino IceCube-170922A”, The IceCube, Fermi-LAT, MAGIC, AGILE, 
ASAS-SN,  HAWC,  H.E.S.S,  INTEGRAL,  Kanata,  Kiso,  Kapteyn,  Liverpool 
telescope, Subaru, Swift/NuSTAR, VERITAS, and VLA/17B-403 teams. 
Science 361, 2018
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Random coincidence excluded ~ 99.7%CL (a-posteriori)

P.Padovani,P. Giommi, E.R., 
T. Glauch, B. Arsioli, MNRAS (2018)



More neutrinos (~10) emission from the direction of the blazar TXS 0506+056 
“Neutrino emission from the direction of the blazar TXS 0506+056 prior to 
the IceCube-170922A alert”, IceCube Collaboration: M.G. Aartsen et al. 
Science 361, 147-151 (2018). 

13E. Resconi | γ-2022 
3.5σ evidence (a-priori following predefined tests procedures) 



The photon - neutrino Spectral Energy Distribution of TXS 0506+056
P.Padovani, P. Giommi, E.R., T. Glauch, B. Arsioli, MNRAS (2018)
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Neutrino alert 179022A Neutrino ‘flare, 2014-2015

… limited by too few photons and too few neutrinos



Is TXS 0506+056 special? YES
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TXS0506+056 is a high synchrotron peak FSRQ (Masquerading 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  

S. Paiano et al., ApJ 2018
K. Murase, F. Oikonomou, M. Petropoulou, ApJ 2018

P. Padovani, F. Oikonomou, M. Petropoulou, et al., MNRAS 2019 

• Originally classified as BL Lac 
• Emission line ratios Seyfert-like   
• It is a high-excitation galaxy!  
• z = 0.3365  

Springer Nature Limited 



Where are the others
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Springer Nature Limited 

Dissect 
IceCube 

alerts

Identify 
counterp

arts

Get 
optical 
spectra

Classify 
& Model

Test on 
neutrinos

Test on 
more 

neutrinos

Giommi, Glauch, Padovani et al., MNRAS’20

47 blazars / 16 good candidates 

see also M. Karl poster this conference

Optical spectroscopy of 17 extragalactic sources,  
For 9 of them redshift (0.09 < z < 1.6)  

Paiano, Falomo, Treves et al., MNRAS’21 
Paiano et al., in preparation 

Padovani, Giommi, Falomo et al., MNRAS’21

The radio power – emission line diagram

Very rare objects in the universe
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The non-jetted AGN case

Resolving the 
Cosmic Neutrino Flux
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The non-jetted AGN case

Resolving the 
Cosmic Neutrino Flux
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Panessa, Baldi, Laor et al., Nature Astronomy ‘19



Emergence of NGC1068?
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The IceCube Coll., PRL’20 

2.9 σ excess 

see C. Bellenghi this conference

z=0.004



Emergence of a scenario?
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P.Padovani, A&A Rev ‘17

non-jetted

jetted
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The Galactic ‘guaranteed’ case

Resolving the 
Cosmic Neutrino Flux
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The ‘guaranteed’ signal

The IceCube Coll., ApJ 2017 
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Summary

• Diffuse flux of high energy  cosmic neutrinos
• Potential associations:

• Jetted AGN: TXS0506+056 as template source, other tentative 
associations published;

• Non-Jetted AGN: a new scenario emerging;
• Promising: Galactic component as guaranteed flux.

• Reminder about Upper Limits: they are all MODEL DEPENDENT

HE Neutrino Astronomy is here

see S. Razzaque 
this conference



More discoveries ahead with
more Neutrino Telescopes 

P-ONE

KM3NeT

IceCube & 
Gen2

Baikal-GVD
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see https://arxiv.org/abs/2203.08096 
High-Energy and Ultra-High-Energy Neutrinos 
A Snowmass White Paper  

https://arxiv.org/abs/2203.08096

