Image Credit: Daniel Chang for Quanta Magazine

’
L ]

Neutrino - y-ray - UHECR connection B —

. . . 1N\ITNUU e “ﬁg gfllxlf;l:ci(:lrStudy
Foteini Oikonomou orwegian University o

Senter for grunnforskning
Science and Technology



High-energy messengers
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High-energy messengers
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Neutrinos

B IAUGER:
TA N .
102 = FERMI 5%
E IceCubeE %
| _02'
0 - . it
51073 %+ o EL
. F TH :
. - L 4 T 1=
Lo | T
> 1074 i El
o) - T - 1
> i ' iE
.c,?) —o—
_5 | ]
P:_% 1077 E =
ks - N
(@\ B _
] - _
107 =
10—7 | | | | | |
101 10} 103 10° 107 107 1011

Energy [GeV]



Neutrinos
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Relative contribution %

Neutrinos: Stacking [imits

FO PoS ICRC2021 (2022) 030 (see for list of references)

100 - - _
20 T E F, # Fy
60 - B 2.60 m

20 - 1 i B H

0 . — 1 . -

SN Wecﬁ \chﬁ \X?? gof@;&@&%\oq% e i@i‘&%@@\\y@@%\)\?@%@%@% W \@550% 3 3&@:%\@@ 2 %\‘a@i%%(iﬁ " P»(ﬁ



Neutrinos
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Neutrinos
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Neutrinos
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UHECRS
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UHECR or\gm Combmed 1T Search approacn

~ Auger Co 12016, 2022, 2024
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Combined it with a population of non-identical sources

E3 x flux /a.u.

3 x flux /a.u.

Toy example with power-law distributed maximum energy
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A curious maximum rigidity distripution
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A curious maximum rigidity distripution
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Common origin’?
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Jetted AGN?
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Jetted AGN?

Rodriguesetal. PRL 126, 191101 (2021
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Starbursts?
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Starbursts?
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Starbursts?
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(GGRBs?
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Non-jetted AGN?
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X-ray absorpbers in AGN
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X-ray absorpbers in AGN
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X-ray absorpbers in AGN

Nardinietal 2015
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UHECR acceleration in UFOs?

Peretti, Lamastra, Saturni, Ahlers, Blasi, Morlino & Cristofari 2023 Peretti, Lamastra, Saturni, Ahlers, Blasi, Morlino & Cristofari 2023
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https://arxiv.org/abs/2411.05667

UHECR nucler in UFQOs?

-scaping spectrum
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https://arxiv.org/abs/2411.05667

Extreme ultra-fast outflows

Spectrum at acceleration [N 10% of our Samp\e] D. Ehlert, FO, E. Peretti, to appear in MNRAS, arXiv:2411.05667
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https://arxiv.org/abs/2411.05667

Extreme UFQOs: Intermittent sources at the highest energies
Spectrum at escape [~5% of our sample]
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AGN population

D. Ehlert, FO, E. Peretti, arXiv:2411.0566/
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AGN population

D. Ehlert, FO, E. Peretti, arXiv:2411.0566/
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AGN population

8/ studied UFOs

17.0

17.5

NGC 7582
Mrk 273
NGC 1068x
NGC 2992
NGC 6240
UFO sample
Auger all-part
Auger p

18.0 185  19.0

logyo(E/eV)

19.5

8/ studied UFOs \

200 20.5

7.0 17.5

—— UFO sample ¢  Auger all-part.
----- UFO pop. total ¢  Auger N
UFO pop. - p Auger p
UFO pop. - He ¢ Auger He
N UFO pop. - N
‘...°"000.. _________ .0:\0\0 o
| ¢, Ooo...::++ 1\\I .
* ' ¢ ’ 1 t [\ '
T T {\: 't ! * ; f

18.0 185  19.0

19.5
log1o(E/eV)

20

20.0

20.5

D. Ehlert, FO, E. Peretti, arXiv:2411.0566/



https://arxiv.org/abs/2411.05667

AGN population
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AGN population
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Galactic-Extragalactic Transition

Tkachenko et al, Auger Coll, ICRC 2023
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JFO population: Diffuse neutrino flux
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Possible for AGN — otherwise several source
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Origin of “Component B”
AGN UFOs can fill the transition region -
testable with neutrinos
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The sources are complex..

e.g. Starburst activity correlated with transients
and AGN activity!
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AGN population
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AGN population
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JFO population: Point-source fluxes
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JFO population: Magnetic Horizon
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JFO population: Magnetic Horizon
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JFOs: What limits the maximum energy

characteristic length [Mpc]
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AGN population
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A curious maximum rigidity distripution

D. Ehlert, FO, M. Unger, PRD 107 (2023) 10
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A comment on hard spectra

Acceleration process

Shock acceleration with synchrotron losses
Zirakashvili & Aharonian 2006

Relativistic turbulence

Comisso, Farrar, Muzio 2024

INnteractions/confinement in the sources

Globus, Allard, Mochkowitch, Parizot 2014
Unger, Farrar, Anchordoqui 2014

-xtragalactic magnetic horizon
Pierre Auger Coll JCAP O/ 094 2024




