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electromagnetic cascades - cross sections

usual processes
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(Di Marco, Alves Batista, SaGnchez-Conde, 2025)
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neutrinos!

production of
heavy leptons
and hadrons
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neutrino &y-ray fluxes - in propagation (usually) ;

extreme Cosp,
source?

(credit: Fermi-LAT website)

(credit: Pierre Auger website)
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neutrino & y-ray fluxes - in propagation? :

extreme
and/or exotic
source?

photons

background
photons

background Y ""*s.,

background
photons



electromagnetic cascades - new cosmological rates
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for energies > 1018 eV muon productions on CMB!
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these scenarios in CRPropa —

MC code to simulate

- new decay plug-in: astroparticle propagation!
CRPYTHIAxDecays /PI’O pa
(synergy between CRPropa & PYTHIA) (alves Batista+, 2022)
- new interactions: MC event generator
for high-energy
EMMuonPairProduction physics collisions!

EMChargedPionPairProduction
EMTauonPairProduction
EMElectronMuonPairProduction

) PYTHIA
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/\‘lyﬁvg.
(Bierlich+, 2022)


https://github.com/GDMarco/CRPYTHIAxDecays
https://github.com/GDMarco/EMMuonPairProduction
https://github.com/GDMarco/EMChargedPionPairProduction
https://github.com/GDMarco/EMTauonPairProduction
https://github.com/GDMarco/EMTauonPairProduction

MONO sources — emerging v energy spectra 7
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ps. emerging v propagation — interaction rates
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NOT included in this work,

however:
potential interactions with
neutrino/photons backgrounds

rates for massless
neutrinos, at z=0!
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ps. emerging v propagation — interaction rates
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ps. emerging v propagation — interaction rates
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soohn on arXiv:26XX.XXXX

ps: emerging v propagation — the NuPropa code -

mounted on CRPropa framework to fully-characterize neutrino propagation effects:

several interaction modules: , —~

NeutrinoNeutrinolnteraction

NeutrinoAntineutrinolnteraction

NeutrinoPhotoninteraction

- massive neutrino background:

NeutrinoField
oscillation facilities:
NeutrinoMixing
NeutrinoOscillation
treatment of the secondary:
Hadronisation
(CRPropa & PYTHIA interface)

(in preparation, collaborating with A. Garcia Soto, R. Gauld, ...)

- the interactions in play in:
Channels
ChannelsBundle

- technical modules:
Relativisticinteraction
qutonicCaIcqutio+



ps. emerging v propagation — energy spectra
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ps: emerging v propagation - multimessenger -
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neutrino & y-ray fluxes - in propagation (so far) =

extreme ..,.
and/or exotic
source?

background
neutrinos

background _v
photons =

background Y ""*s.,
photons

background
photons or gases

background
photons



leptonic v production - in AGN hot corona? :

CORONA

BLACK HOLE
(Halzen, 2023)



leptonic v production - rates in corona e
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leptonic v production - energy spectra

102 IceCube detection —— this work, all-flavor
for NGC 1068 ---- (Hooper & Plant, 23) —— muonic w/o oscillation
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in science:

S 10’
gfGeVl

leptonic production of neutrinos and/or neutrino propagation effects their might:
- alter expected balance of gamma-ray and neutrino fluxes;

(cosmogenic? exotic physics searches, e.g. dark matter?)
- leptonically produce neutrino in source, e.g. active galaxies;

- be exploit to characterise the particle backgrounds, e.g. overdensities.

in the MC simulation framework:

synergy between CRPropa & PYTHIA codes for multimessenger detailed studies,
as the NuPropa plug-in (soon!) among the possible others.
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leptonic production of neutrinos and/or neutrino propagation effects their might:
- alter expected balance of gamma-ray and neutrino fluxes;

(cosmogenic? exotic physics searches, e.g. dark matter?)
- leptonically produce neutrino in source, e.g. active galaxies;

- be exploit to characterise the particle backgrounds, e.g. overdensities.

in the MC simulation framework:

ithank you! ©

synergy between CRPropa & PYTHIA codes for multimessenger detailed studies,
as the NuPropa plug-in (soon!) among the possible others.




cosmological background photons

primordial:
cosmic microwave &
neutrino backgrounds

astrophysical:
cosmic radio background,
extragalactic background
light
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CRPYTHIAxDecays muon decay .
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mono sources - flavour probabilities 2
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https://github.com/KM3NeT/Neurthino.jl

ps. emerging v propagation — interaction rates
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