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The Cosmic Ray spectrum
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The Cosmic Ray spectrum
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The Cosmic Ray spectrum
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The Cosmic Ray spectrum
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The Cosmic Ray spectrum
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The Cosmic Ray spectrum
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The Cosmic Ray spectrum
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The Cosmic Ray spectrum
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The Cosmic Ray spectrum
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The origin of CRs: energy requirement
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The origin of CRs: energy requirement
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The origin of CRs: Galactic sources
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The origin of CRs: Galactic sources
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The origin of CRs: Galactic sources
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The origin of CRs: Galactic sources
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The origin of CRs: Galactic sources
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& );he MeV domain (MeV..~1 GeV)
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Voyager 1 at Heliosphere's border
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Voyager 1 at Heliosphere's border
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Voyager 1 at Heliosphere's border
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The MeV domain: CR ionization

(see SG & Montmerle 2015, Padovani+ 2009 for recent reviews)
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The MeV domain: CR ionization

(see SG & Montmerle 2015, Padovani+ 2009 for recent reviews)

ionizing photons ~ .
are absorbed &molecular cloud |

.,

CRs can penetrate

see e.g. McCall+, Indriolo+, Ceccarelli+, Vaupré+ ...
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The SuperNova Remnant W28

Vaupré, Hily-Blant, Ceccarelli, Dubus, SG, Montmerle (2014)
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The SuperNova Remnant W28

Vaupré, Hily-Blant, Ceccarelli, Dubus, SG, Montmerle (2014)
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The SuperNova Remnant W28

Vaupré, Hily-Blant, Ceccarelli, Dubus, SG, Montmerle (2014)
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The SuperNova Remnant W28

Vaupré, Hily-Blant, Ceccarelli, Dubus, SG, Montmerle (2014)
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The SuperNova Remnant W28

Vauppé=t=ty=Rlant, Ceccarelli, Dubus, SG, Montmerle (2014)
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SuperNova Remnants & MeV cosmic rays

(for a review see SG & Montmerle 2015)

isolated clouds
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SuperNova Remnants & MeV cosmic rays
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The GeV-TeV domain: gamma rays
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Finke&Dermer2012
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Do SNRs accelerate protons?
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Do SNRs accelerate protons?

(Ackermann et al 2013) FEliMI - (and AGj:LE )
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Do SNRs accelerate protons?

(Ackermann et al 2013) FEQMI " (and AGj:LE )
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The PeV domain (100 TeV-10 PeV)
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Are SNRs proton PeVatrons?

velocity Size
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Hillas criterium -> F =~ u R B
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Are SNRs proton PeVatrons?

velocity Size

% g{; é‘:’ﬂ magnetic field

Hillas criterium -> F =~ u R B
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Are SNRs proton PeVatrons?

velocity Size

%55} Llﬁ LM maghetic field

Hillas criterium -> F =~ u R B

U R B —
Emaa: ~ ]- - - T '
(1()0() km/s> (pc> (,u(}> eV [>

~10 ~3 ~3

MeV GeV Tev P&V Eev ZeV




Are SNRs proton PeVatrons?
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Are SNRs proton PeVatrons?

velocity Size

% g{; é‘:’ﬂ magnetic field

Hillas criterium -> F =~ u R B

. B is the only parameter we can play with | ,LL_G TeV E>
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B-field amplification

CR escape from SNRs
-> current driven (and self
regulating!) plasma instability
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Are SNRs proton PeVatrons?
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Are SNRs proton PeVatrons?
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A proton PeVatron in the galactic centre

' Observational
~ signature |

p-p interactions -> EY ~ 1 PeV — E

maax maax

~ 100 TeV

inverse Compton-> suppressed in the multi-TeV domain (Klein-Nishina effect)
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A proton PeVatron in the galactic centre

Obs:er'va’nonal unattenuated y-ray spectrum extending to the multi-TeV domain
~ signature |
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p-p interactions -> K =~ 1 PeV — E7 =~ 100 TeV

maax maax

inverse Compton-> suppressed in the multi-TeV domain (Klein-Nishina effect)
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A proton PeVatron in the galactic centre

Obs:er'va’nonal unattenuated y-ray spectrum extending to the multi-TeV domain
~ signature |

- _

p-p interactions -> K =~ 1 PeV — E7 =~ 100 TeV
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inverse Compton-> suppressed in the multi-TeV domain (Klein-Nishina effect)
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A proton PeVatron in the galactic centre

Observational I unattenuated y-ray spectrum extending to the multi-TeV domain

sighature |

S _

p-p interactions -> K =~ 1 PeV — E7 =~ 100 TeV

maax maax

inverse Compton-> suppressed in the multi-TeV domain (Klein-Nishina effect)
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The GC ridge as seen 10 years ago

H.E.S.S. Coll. 2006

color scale -> y-rays
contours -> gas (CS)
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The GC ridge as seen 10 year's ago

H.E.S.S. Coll. 2006
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The GC ridge as seen 10 year's ago

H.E.S.S. Coll. 2006
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Galactic latitude (degrees)

The source is at the 6C
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The source is at the 6C

H.E.S.S. Coll. 2016
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Galactic latitude (degrees)

The source is at the GC

HESS CoII 2016
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Galactic latitude (degrees)

The source is at the GC

HESS CoII 2016
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Supermassuve black hole as a PeVa'rr'on

10-10

10—11
'I.(.D
£
o
2
=
x
-
= 10~1?
x
W
"~ [_] Diffuse emission (x10) . —
~ —— Model (best fit): diffuse emission
- — = Model: diffuse emission E s = 2.9 PeV
- = Model: diffuse emission E 22" = 0.6 PeV Y
1073 |- - ... Model: diffuse emission E ,;, = 0.4 PeV v
- I HESS J1745-290 \
1 1 lllllll 1 llllllll 1 1 | -
1 10

Energy, E (TeV)

MeV GeV TeV PV Eev ZeV




Supermasswe black hole as a PeVa‘rr'on
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Supermassuve black hole as a PeVa’rr'on
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Super'masswe black hole as a PeVa’rr'on
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Super'masswe black hole as a PeVa’rr'on

1/R profile

gas mass
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The EeV domain (10!° eV-10!? eV)
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The EeV domain (10!° eV-10!? eV)
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The EeV domain: Galactic-Extragalactic
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The EeV domain: Galactic-Extragalactic
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The EeV domain: Galactic-Extragalactic
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The EeV domain: Galactic-Extragalactic
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The EeV domain: Galacti
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The EeV domain: Galacti
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The EeV domain: Galacti
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The ZeV domain (> 10'° eV)
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Conclusions

O new view of the MeV domain -> Voyager 1 in interstellar spacel
plus indirect estimates from ionization rates in molecular clouds

O GeV-TeV domain -> gamma ray astronomy domain -> test of the
supernova remnant hypothesis for the origin of galactic cosmic
rays. some puzzling spectral features in H and He spectra

O the first PeVatron detected in our Galaxy is NOT a SNR, but
most likely the supermassive black hole in the galactic centre

O galactic to extragalactic transition at the ankle, possible scaling
of Emax with Z (same rigidity)

O suppression (GZK or Emax?) in the spectrum at 60 EeV, isotropy

(keep an eye on Cen A), mixed composition -> who accelerates
UHECRs?
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