
The issue is not “are SNRs PeVatrons?” 
(I am quite sure they are), but “can 
they accelerate ENOUGH PeV CRs?”

Compare this spectra with 
the spectrum of Cyg X-3



Let’s start with something boring:

do we need a definition of PeVatron?
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production (not escape) rate

~exponential

Which PeVatrons are responsible for the CRs at the knee?
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Basics: how to observe PeVatrons?

π± ⟶ μ± + νμ μ± ⟶ e± + νμ + νeπ0 ⟶ γ + γ

E-2 power law + exponential cutoff @1 PeV

p + p ⟶ p + p + π0 + π+ + π−
similar reasoning 
holds for p-γ

Ee ∼ Eν ∼ 0.05 Ep

Eγ ∼ 0.1 Ep

Fγ/FX ~ O(10) 

[fast cooling]


quite model indepentend

Esyn ≈ 5 ( B
100μG ) (

Ep

PeV )
2

keV

large B to 
accelerate to PeV
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Origin of PeV particles: 2 possibilities

knee and beyond

·WCR( > 100 TeV) ≈ 1039 erg/s

bulk of the energy ≈ 1041 erg/s —> SNae 
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Super-PeVatrons must exist

LHAASO

IceTop

Aharonian & Zhang 2026

instep —> new population?

DAMPE LHAASO

H spectrum >> PeV —> super-PeVatrons !

third component or broken 
power law contribution?
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Theory: how to accelerate to >>PeV?

de Oña Wilhelmi+ 2024

Hillas plot for (hadronic) PeVatrons*

*remember that the 
Hillas criterium 

indicates the maximum 
energy one can achieve 

without violating 
electrodynamics

—> Neutron stars 

—> Microquasars

—> Supernova remnants

—> Novae

—> Young Massive Star Clusters

—> Pulsar Wind Nebulae

—> Galactic centre (?)

direct

[acceleration]

indirect

[escape]
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Moon

probe variations in time of the CR flux 
over geological time scales?
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Diffuse emission —> patchy?

more of the same (gammas)
Neutrinos

PV spectra of heavies

X-rays? —> dirty & weak flux

need to understand low E’s
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Another SN 1987A? 
(not too close please)

Tracers of CRs @ 
Earth?

be brave/lucky

Few (1?) sources scenario possible

Is the knee a local feature? (in both space and time?) 
—> dishomogeneities —> diffuse emission
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