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Neutrinos & Cosmic Rays




Neutrinos & Cosmic Rays
; . | Pierre Auger Observatory

MAGIC telescopes



Neutrinos & Cosmic Rays
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Neutrinos & Cosmic Rays
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Neutrinos & Cosmic Rays




Galactic neutrino sources

SN 1987A
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Extragalactic neutrino
sources?

IceCube collaboration (2013)

Background Atmospheric Muon Flux
Bkg. Atmospheric Neutrinos (7/K) ;
Background Stat. and Syst. Uncertainties E
Atmospheric Neutrinos (Benchmark Charm Flux) :

Atmospheric Neutrinos (90% CL Charm Limit) 5
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Where are neutrinos coming from?
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Where are neutrinos coming from?
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Possible source of neutrinos?
Fireball model for long GRBSs:

Credit: External Shock

Meszaros & Murase
Internal Shock & ""‘"‘"9 e

parts of the flow

MeV neutrinos at collapse’ [waxman & Bahcall 1997] EeV neutrinos from external

[Gupta & Zhang, 2006) Sh_OCkS [Dermer 2001]
[Murase & Nagataki 2006] [Waxman & Bahcall 2000]

TeV neutrinos from inside the star PeV-EeV neutrinos from flares
[MESZaf’OS & Waxman, 2001} [Murase & Nagataki 20086]
[Razzaque et al. 2003]




Possible source of neutrinos?

Il model for long GRBs:

ZTF: g-band : External Shock
ZTF: r-band

neoWISE: W1
neoWISE: W2
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Accretion flare “dust echoes”
Van Velzen et al., (2021)
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First extragalactic neutrino emitter?

»
IC-170922A

TXS 0506+056 +  Fermi-LAT > 300 MeV
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First extragalactie neutrino emitter?

Log vL, [erg s!]




First extragalactle neutnno emitter?
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neutrino emittgr—'f |

log,o[E2dNIAE (erg cm™ s7")]

N/dE [erg cm™2 s71]

log(Frequency [Hz])
18 20 22

_
<
L

—
(=
[
5]

Leptonic

Mo neutrinos

20 25
log,,[Frequency (Hz)]

eV kel MeV GeV

s Sl

Leptonic Photons

Hadronic Muon neutrinos

LA
=
'l

log, [E2dNVAE (erg cm ™ s7")]
|

£
o
A

pPy—=pe
pair production

20 25
log, [Frequency (Hz)]

N




Leptonic Photons

Hadronic Muon neutrinos
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First extragalactic neutrino emitter?

TXS 0506+056
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IC-1709224

MNeutrino flare 2014/15

Gamma-ray flare 2017/18
=+  Fermi-LAT = 300 MeV

Fermi-LAT Collaboration 2019
(see also Padovani et al. 2018)
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First extragalactic neutrino emitter?
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First extragalactic neutrino emitter?
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PKS1502+106, Kun et al., (2021) t2 2016:04 2017-09

2008.10 2009.46 2010.83 201220 201356 2014.94 2016.31 2017.68 2019.05 2020.2

T T I T I T T T T T
¢ | Fermi-LAT (0.1-300GeV) |

: it

¢

'

Flux (x 107 cm™ s'1)

*

0 ot b e
o 1 POt gty %t %"

" [oVRO (15GHz)| -

Flux density (Jy)

e,
S

| | ]
T T

| Swift-XRT (0.3-10 keV)

2016 2017

Count rate (cts s'1)

TS B YL IS

| | | | | 1

54500 55000 55500 56000 56500 57000 57500 58000 58500 59000
Time (MJD)




Orphan y-ray flares?

CTA102 data flare peak model lightcurve
{0.1-200 GeV) 06/09/2011

MacDonald et al.,
(2016)
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Orphan y-ray flares?
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CTA102 data flare pedk Liodakis et al., (2019)
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Can protons explain the high emission? /

Liodakis & Petropoulou (2020)
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Can protons explain the high emission? /

Liodakis & Petropoulou (2020)
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Optical circular
polarization?

Liodakis et al., (2022)

3C 279, R-band PKS 1510-089

o
w

Positron fraction

o
N

20 30 ' 20 30
Magnetic field (G) Magnetic field (G)




Radio emission to the rescue?

Plavin et al., 2020 3388 VLBI detected AGN at 8GHz
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Radio emission te'the rescue?
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OVRO’s multimesse

-
Unbiased sample selection
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Summary

The search for extragalactic neutrinos emitters continues...

If blazars make neutrinos, those are m.adé' ) ugh hybrid processes, most likely
subdominant proton population

We may soon understand the connection between neutrinos and AGN that will
gives new ways to uncover unknown particle physics.
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