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Neutrino flux
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AstrAstrophysical	𝜈
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How to observe high-energy neutrinos?

• ANTARES
• IceCube
• Baikal Deep Underwater Neutrino Telescope
• Km3NeT (under construction)
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𝜈" + 𝑋 → 𝑌 + 𝑙
Where 𝑙 = 𝑒, 𝜇, 𝜏

How to observe high-energy neutrinos?
Interaction inside the detector                                               High Energy Starting Events (HESE) 
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𝜈" + 𝑋 → 𝑌 + 𝑙
Where  𝑙 = 𝜇

How to observe high-energy neutrinos?
Interaction outside the detector                                               Througoing muon events
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Discovery of high-energy neutrinos by IceCube

∼80 events since 2010 above 60TeV

Aartsen et al. 2016

∼ 10 events per year
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Discovery of high-energy neutrinos by IceCube

∼80 events since 2010 above 60TeV
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Searching for sources

We will consider only througoing muons!



High-energy neutrino production
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Relativistic protons!! 
𝑝 + 𝑝	 → 	𝜋 + 𝑋 𝑝 + 𝛾	 → 	𝜋 + 𝑋

𝜋± →	𝜇± +	𝜈2 → 𝑒± + 𝜈3+2 𝜈2
𝜋4 → 𝛾 + 𝛾

𝑬𝝂 ∼ 𝑬𝒑/𝟐𝟎	
1:1:1

after propagation
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𝑝 + 𝑝	 → 	𝜋 + 𝑋 𝑝 + 𝛾	 → 	𝜋 + 𝑋

Our galaxy
Star-forming Galaxy
AGN winds
Low-energy radiogalaxies (FR0)

e.g.	Ahlers and	Murase 2014
Vissani and	Palladino 2015

High-energy neutrino production
Relativistic protons!! 

See M.Cataldo’s talk
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𝑝 + 𝑝	 → 	𝜋 + 𝑋 𝑝 + 𝛾	 → 	𝜋 + 𝑋

Protons accelerated inside the SNR escape and 
interact with intergalactic medium

The image part with relationship ID rId4 was not found in the file.

𝑝

𝜈Our galaxy
Star-forming Galaxy
AGN winds
Low-energy radiogalaxies (FR0)

e.	g.	Loeb	and	Waxman	2006
Tamborra et	al.		2014

High-energy neutrino production
Relativistic protons!! 
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𝑝 + 𝑝	 → 	𝜋 + 𝑋 𝑝 + 𝛾	 → 	𝜋 + 𝑋

Protons accelerated inside the AGN wind escape and 
interact with intergalactic medium

The image part with relationship ID rId4 was not found in the file.

𝑝

𝜈Our galaxy
Star-forming Galaxy
AGN winds
Low-energy radiogalaxies (FR0)

e.g.	Lamastra et	al.	2016
Lamastra et	al.	2017

High-energy neutrino production
Relativistic protons!! 
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𝑝 + 𝑝	 → 	𝜋 + 𝑋 𝑝 + 𝛾	 → 	𝜋 + 𝑋

Protons accelerated inside the jet escape and 
interact with intergalactic medium

𝑝

𝜈Our galaxy
Star-forming Galaxy
AGN winds
Low-energy radiogalaxies (FR0)

e.g.	Tavecchio et	al.	2018

High-energy neutrino production
Relativistic protons!! 
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𝑝 + 𝑝	 → 	𝜋 + 𝑋 𝑝 + 𝛾	 → 	𝜋 + 𝑋

GRBs
Blazars

Our galaxy
Star-forming Galaxy
AGN winds
Low-energy radiogalaxies (FR0)

e.g.	Waxman	and	Bachall 1997
Atoyan and	Dermer	2003
Tavecchio at	al.	2014

High-energy neutrino production
Relativistic protons!! 
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𝑝 + 𝑝	 → 	𝜋 + 𝑋 𝑝 + 𝛾	 → 	𝜋 + 𝑋

GRBs
Blazars

Our galaxy
Star-forming Galaxy
AGN winds
Low-energy radiogalaxies (FR0)

e.g.	Waxman	and	Bachall 1997
Atoyan and	Dermer	2003
Tavecchio at	al.	2014

High-energy neutrino production
Relativistic protons!! 



16>60%  extragal due to Blazar!

High-energy sky



What is a Blazar?
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Jet pointing to us:

Outshines any other isotropic emission
component associated to AGN (disk, dust) or 
to the host galaxy.



Blazars

18

Synchrotron
Inverse ComptonLeptonic

Hadronic Reprocessed photo-meson products
or synchrotron (protons)

Spectral Energy Distribution (SED)
dominated by the relativistically boosted non-
thermal continuum emission of the jet. 

MODELS



My work
FSRQ BL Lac

ADAF?



Are Blazars detectable by IceCube?
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BL Lac
✔ Padovani	et	al.	2016	(spatial	
correlation	with	𝛾 -ray BL	Lacs
detected	above 50GeV)
✔ Tavecchio et	al.	2014	efficient
neutrino	production	(spine-layer
model	only for	high-energy emitting
BL	Lacs)

FSRQ
✔ Possible	correlation	between	one	
neutrino	event	and	a	𝛾-ray	flare	of	a	
FSRQ	object	(Kadler et	al.	2016).

✗ EM-𝜈 emission	can’t	be	exclusively	
hadronic	(Gao	et	al.	2017)
✗ Murase and	Waxman	2016
✗ p+𝛾 reaction	with	UV	photons	of	
BLR	produce	neutrino	spectra	harder	
than	that	“IceCube spectrum”

Fermi 2FHL catalogue (sources 
emitting above 50GeV) is a good 
representation of these sources

Ghisellini et	
al.	2005

 Γl

Γs

p



The model
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Assumption 1:
Only BL Lac objects of 2FHL catalogue contribute 
to 𝜈𝜇 IC events.

Aartsen et al. 2016

Gamma-ray sky (50GeV–2TeV)

Ackermann et al. 2015

High-energy neutrinos sky (>200TeV)



The model

22

Assumption 2:
Linear relation between 
𝛾-ray emission and neutrino emission.

Assumption 1:
Only BL Lac objects of 2FHL catalogue contribute 
to 𝜈𝜇 IC events.

Aartsen et al. 2016

𝐹=> = 𝑘𝐹@>
Gamma-ray sky (50GeV–2TeV)

Ackermann et al. 2015

High-energy neutrinos sky (>200TeV)



The model
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High-energy neutrinos sky (>200TeV)

Assumption 2:
Linear relation between 
𝛾-ray emission and neutrino emission.

Assumption 1:
Only BL Lac objects of 2FHL catalogue contribute 
to 𝜈𝜇 IC events.

Aartsen et al. 2016

𝐹=> = 𝑘𝐹@>
Gamma-ray sky (50GeV–2TeV)

Ackermann et al. 2015

It’s the same for 
all BL Lacs



Results
FLUX #𝜈

10-8 GeV/cm2s yr-1



The case of Txs0506+056
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TXS 0506+056 22 Settembre 2017



TXS 0506+056



Ph: chirighi

TXS 0506+056

MAGIC telescopes

High-energy gamma-ray 
via Cherenkov radiation



TXS 0506+056

By Fermi (gamma-rays)



IC170922A and TXS0506+056
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2017 September 22

IceCube et	al.	2018



MODELS
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The community is still working on this



Take home messages
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• High-energy neutrinos is a field to explore
• Blazar are good candidates to produce high-energy neutrinos (the 

case of TXS 0506+056)
• Waiting for new detection and new detector
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How to observe high-energy neutrinos?


