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High-energy messengers of the non-thermal Universe
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High-energy messengers of the non-thermal Universe
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Source number density constraints: UHECRSs
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Source number density constraints: UHECRSs

Neg =43, N, =3

Auger Coll, JCAPO5(2013)009
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Source number density constraints: Neutrinos

as well as Lipari PRD78(2008)08301 |
Ahlers & Halzen PRD?0(2014)043005
Kowalski 2014,

Murase, FO, Petropoulou Ap| 865 (2018) |24
Neronov & Semikoz 2018,

Murase & Waxman 16, PRD 94 (2016) 103006 Ackermann, Ahlers et al. 2019,
| | | | I Yuan et al 2019
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Source number density constraints: Neutrinos
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Source number density constraints: Neutrinos
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UHECR/Neutrino arrival direction correlations
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Can neutrino arrival directions trace the origin of UHECRS!?
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Source redshift evolution
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Source redshift evolution
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UHECR/Neutrino joint horizon
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Can neutrino arrival directions trace the origin of UHECRSs!?

Palladino, Van Vliet, Winter, Franckowiak,arXiv: 191 1.05756
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Can neutrino arrival directions trace the origin of UHECRS!?

Local number density [Mpc-3]

Palladino, Van Vliet, Winter, Franckowiak,arXiv: 191 .05756
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Can neutrino arrival directions trace the origin of UHECRS!?

Palladino, Van Vliet, Winter, Franckowiak,arXiv: 191 .05756
Negative evolution, steady sources
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Can neutrino arrival directions trace the origin of UHECRS!?

Palladino, Van Vliet, Winter, Franckowiak,arXiv:1 91 1.05756
Negative evolution, steady sources
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Can neutrino arrival directions trace the origin of UHECRS!?

Palladino, Van Vliet, Winter, Franckowiak,arXiv: 191 1.05/56
Negative evolution, steady sources
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https://arxiv.org/abs/1911.05756

Starbursts vs. AGN: Multimessenger diagnostics

Auger Coll, ApJL, 853,129, 2018
Caccianiga, L. on behalf of Auger, PoS, ICRC2019, 206
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Starbursts vs. AGN: Composition

Zhang et al, PRD 97,083010 (2018)
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Kimura, Murase, Zhang , PRD 97, 023026, 2018
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Starbursts vs.AGN: Composition

J. Bellido on behalf of Auger Coll, PoS(ICRC2017)506
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TXS 0506+056 in 2017
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Neutrino production in TXS 0506+056 in 2017

Accretion
disk
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Blazar photon fields

FSROQ BL Lac

Broad
line

Slow moving outer layer
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Jet Inefficient

accretion
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*Even BL Lac objects can produce copious neutrinos

*Despite its optical classification TXS 05064056 is an FSRQ with an if they have a slow moving outer layer which there is evidence for

efficient accretion disk!

see Padovani, FO Petropoulou et al, MNRASL 484 (2019) Ghisellini, Tavecchio, Chiaberge 2005
Tavecchio & Ghisellini 2014
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Neutrino production in TXS 0506+056 in 2017

Murase, FO, Petropoulou Ap| 865 (2018) |24
FO, Murase, Petropoulou Ep| Conf 210 (2019) 03006

Padovani, FO Petropoulou et al, MNRASL 484 (2019)
Gao et al, 2019, Nat. Astron,, 3, 88

MAGIC Coll 2018,Ap|, 863, L10

Cerruti et al, 2019 MNRAS, 483, L1 2

Reimer et al 2019 Ap| 881, 46

Rodrigues et al, 2019 Ap|, 874,29 25



Neutrino production in TXS 0506+056 in 2017

Murase, FO, Petropoulou Ap| 865 (2018) |24
FO, Murase, Petropoulou Ep| Conf 210 (2019) 03006

Padovani, FO Petropoulou et al, MNRASL 484 (2019)
Gao et al, 2019, Nat. Astron,, 3, 88

MAGIC Coll 2018,Ap|, 863, L10

Cerruti et al, 2019 MNRAS, 483, L12

Reimer et al 2019 Ap| 881, 46

Rodrigues et al, 2019 Ap|, 874,29 25



Neutrino production in TXS 0506+056 in 2017
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Neutrino production in TXS 0506+056 in 2017

Murase, FO, Petropoulou Ap| 865 (2018) |24
FO, Murase, Petropoulou Ep| Conf 210 (2019) 03006
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Neutrino production in TXS 0506+056 in 2017
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Neutrino production in TXS 0506+056 in 2017

logio(Frequency [Hz])
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Neutrino production in TXS 0506+056 in 2017
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High-energy neutrinos from other blazar flares!?

FO, Murase, Padovani, Resconi, Mészaros, MINRAS, 23, 2019
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scenario based on 2017 flare of TXS 0506+056

FO. Murase, Padovani, Resconi, Mészaros, MINRAS, 23, 2019
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Expected neutrino signal in optimistic case
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Expected neutrino signal in optimistic case

Sum over all flares (~10 years)
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Expected neutrino signal with next generation detectors
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Waiting for the next multimessenger alerts!

Avyalla-Solares et al (inc FO) Astropart.Phys. | 14 (2020) 68
Nordin et alA&A 631,A147 (2019)
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Waiting for the next multi messenger alerts!

Avyalla-Solares et al (inc FO) Astropart.Phys. | 14 (2020) 68
Nordin et al A&A 631,A147 (2019)
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Indication of UHECR negative

Liu et al, PRD94, 043008 (2016)
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GRB limits from IceCube

lceCube neutrino flux
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Blazar limits from lceCube

lceCube Coll PoS (ICRC 2019) 916

mm  Astrophysical v, + v, flux 3FHL blazars,
4 HESE unfolding 8 year average (this work)
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UHE Photons
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UHE Neutrons

Can they reach us!
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Neutrino production in TXS 0506+056 in 2014-15
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Neutrino production in TXS 0506+056 in the neutral beam model

Zhang, Petropoulou, Murase, FO, arXiv:1910.1 1464
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Is TXS 0506+056 a normal blazar?
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Possible models of jet collision

jet I

Strongly curved jet Jet-jet collision
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