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The real highlights

this was 
unexpected

the “Italian Friday session”
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to my ignorance…

[GOAL #2] keep it short (people will love it)
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CR

...magnetic field...

CR source you

γ-ray

—> impossible (?) to do CR astronomy 

—> must use indirect ways to pinpoint sources


—> γ-ray astronomy!
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Korochkin

The galactic halo

Unger

Pelgrims

cylindrical rather than spherical symmetry?
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Small and large scales are decoupled

Soldin
most likely related to the local 

(inside the bubble!) orientation of B



Do we know the intermediate scales?

~8-10 kpc

Fermi bubbles



Do we know the intermediate scales?

~8-10 kpc

Fermi bubbles

eRosita bubbles

~12-14 kpc



Do we know the intermediate scales?

~8-10 kpc

Fermi bubbles

eRosita bubbles

~12-14 kpc

R ~ 100 kpc M ~ 1010 Msun



Do we know the intermediate scales?

~8-10 kpc

Fermi bubbles

eRosita bubbles

~12-14 kpc

R ~ 100 kpc M ~ 1010 Msun
Faint gamma-ray halo of R ~ 

120-200 kpc around Andromeda 
detected by Fermi (Karwin+ 20)



Do we know the intermediate scales?

~8-10 kpc

Fermi bubbles

eRosita bubbles

~12-14 kpc

R ~ 100 kpc M ~ 1010 Msun
Faint gamma-ray halo of R ~ 

120-200 kpc around Andromeda 
detected by Fermi (Karwin+ 20)

Odd Radio Circles (Dolag’s talk)



Do we know the intermediate scales?

~8-10 kpc

Fermi bubbles

eRosita bubbles

~12-14 kpc

R ~ 100 kpc M ~ 1010 Msun
Faint gamma-ray halo of R ~ 

120-200 kpc around Andromeda 
detected by Fermi (Karwin+ 20)

Odd Radio Circles (Dolag’s talk)

DO WE UNDERSTAND THE “METAGALACTIC” ENVIRONMENT?
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Amaterasu particle
Tsunesada

Korochkin

Are we happy with these discrepancies?

Can this be improved to the point of making UHECR astronomy real?
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How can this be consistent with the requirement of relatively 
numerous sources? (see previous slide…)
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The usual suspects…

FarrarComisso

Note on shock acceleration: it does NOT produce a universal 
spectrum!!! You can get more or less any spectrum you like…
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Sources!
Halzen

Murase

Waxman —> 
critical discussion 
and alternatives



Hidden sources are old stuff

1979



Hidden sources are old stuff

1979

Eichler’s comment (1979)



Hidden sources are old stuff

1979

Eichler’s comment (1979)



Hidden sources are old stuff

1979

Eichler’s comment (1979)



Hidden sources are old stuff

1979

Eichler’s comment (1979)



Diffuse emission from the Galactic disk

Halzen

Dvornicky

ANTARES —> Kouchner

Kurahashi Neilson



Diffuse emission from the Galactic disk

Halzen

Dvornicky

ANTARES —> Kouchner

Kurahashi Neilson



Diffuse emission from the Galactic disk

Halzen

Dvornicky

ANTARES —> Kouchner

Kurahashi Neilson



Diffuse emission from the Galactic disk

Halzen

Dvornicky

ANTARES —> Kouchner

Kurahashi Neilson

I will come back to diffuse emission 
in the third part of this talk…
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The future of neutrino astronomy
O’Sullivan

KoteraHeijboer

What is that??? Why nothing like that was seen by 
Icecube? This will keep us busy in the near future…
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Arguelles* for brave people only
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The CR knee

He

Will LHAASO provide spectra of CNO elements to 
test the Z-dependent acceleration?


How accurate will be the determination of the slope 
of the spectrum (per species) BEYOND the knee?
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Neronov

Giacinti

Diffuse emission

Clumpy or diffuse? What is a source and why is diffuse? 
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How many TeV halos?
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Vieu

Yang

Is there a PeVatron in the Cygnus region?
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Microquasars?

HintonYang

To my knowledge not many models to describe acceleration in micro quasar 
jets or cores exist.


Can they accelerate ENOUGH PeV CRs? 



Leptonic PeVatrons also!

Khangulyan

even more difficult to 
identify proton PeVatrons?



Let’s move to lower energies…
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Breaks everywhere! AlemannoDAMPE

electrons

H and He

secondary
/primary

heavier nuclei

this is due to transport



Breaks everywhere! MaestroCALET

p, He

p/He not flat: mystery…

electrons

heavies
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He knee

He suppression, more 
intermediate mass elements

not Fe knee, but rather 
another Gal component (Hillas?)

Escape rather than “Emax”?

—> bad news for PeVatron hunters!

except for the hardening at ~200 GV all other 
features deserve more studies 



 What is the shape of the local bubble? (chimney?) —> transport of Galactic CRs

 Do we understand the “metaGalaxy”? [O(100) kpc] —> UHECR propagation?

 Can we improve models of B-fields to make UHECR astronomy real?

 Very few or very many UHECR sources? Why must the spectrum be so hard?

 Extragalactic neutrinos: Seyferts or not?

 What is the very energetic event seen by KM3NeT? Why Icecube never 
detected anything like that?

 Will LHAASO test the scenario of a Z-dependent knee? Will it measure the 
slope of the spectrum (per species) BEYOND the knee?

 Can we see the knee in diffuse gamma rays?

 How clumpy is the VHE diffuse emission? What is a source and what is diffuse?

 AreTeV Halo common or not?

 Where are PeVatrons? [in fact, Where are super-PeVatrons???]

 Is there a PeVatron in the Cygnus region?

 Microquasars as PeVatrons? Should we develop more models for acceleration at 
micro quasars? Can they explain PeV CRs?

 Are leptonic PeVatrons making our hunt for proton PeVatrons more difficult?

 Do we understand all the breaks in the CR spectrum? [No, we need more studies 
for all the features except for that @ O(200) GV]

 p and He different slope: why? 

 Secondary/Primary, isotopic ratios, etc… Is this information fully exploited?


