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o Motivation and State-of-the-art
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o What are PeVakrowns?
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o What are PeVakrowns?

I
L - .

L¥ PeVatrons as multi-messenger sources

/

* 1 PeV protons plus gas/dust
produce

and

Relativistic p . e ~50 TeV Neutrinos
’ ‘q/* .

-

’

Charged particles deflected
by galactic magnetic fields
Images: https://legacy.ifa.hawaii.edu/info/press-releases/ASASSN_IceCube/

https://solarsystem.nasa.gov/resources/822/cassiopeia-a-supernova-remnant/
https://science.nasa.gov/get-involved/toolkits/spacecraft-icons




o What are PeVakrowns?
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o What are PeVakrowns?
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o What are PeVakrowns?
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o What are PeVakrowns?
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® Cosm&cwav accelerabion i SNKs

SNRs Likely prc}dw@@. the bulle of Galactic CR:
o Strong shocks = diffusive shock acceleration - I order Fermi acceleration

o Isolaked SNRs can accelerakte CR up to TeV energies.

Particle The shock wave
creates turbulence
in the plasma’s
magnetic field.

The fast-moving field

reflects the particle like
a bat hitting a baseball.
Some particles get
reflected over and over,
accelerating to

enormous speeds.

Cas A
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® Cosm&cmraj accelerabion i SNKs

SN shoclkes wikhin massive skar cluskers can repraduce Fhe khee and 2nd khee
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All-nucleon flux

® Ca-sm&cmraj accelerabion i SNKs

SN shoclkes wikhin massive skar cluskers can reproduae Fhe khee and 2nd khee
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° Cosmw*rav acceleration - extragalactic transition
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o Multimessenger propagation inside/outside Gralaxy

Interactions
INn the source

Interactions during
propagation

Interactions In
the atmosphere




Candidates
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o Multimessenger propagation inside/outside Gralaxy
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o Multimessenger propagation inside Galaxy
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Solves %ranspor% equaﬁam

e Nuclet up to 2 = 2%

o Includes estimation of

dust, nuclear inkeraction,
diffusion, convection,
fragmentation...

o Propagation parameters can
be ﬁ:&&ec{ to available data.

Other codes: DPRAGON, PICARD

interstellar qas distributions,
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o Multimessenger propagation inside Galaxy
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Solves %ranspor% equ&ﬁom
e Nuclet up to 2 = 2%

o Includes estimation of
interstellar qas distributions,
dust, nuclear inkeraction,
diffusion, convection,
fragmentation...

be fitked bo available daka.
Other codes: DRAGON, PICARD

® ‘Pragaga&mm parameters can
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e Cralactic Pevabtron Candidate - Galactic
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o Cralackic Pevabron Candidabe - Gralactkic Cenker

Gamma-rays » §0 TeV -» PeV protons
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o Cralackic Pevabron Candidabe - Gralactkic Cenker
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o Cralackic Pevabron Candidabe - Gralactkic Cenker

E = 2.5 GeV - Pion Decay

1 -7.0
|75
wn
--8.0 1,
-85 ¢
O
—9.0 o
=
-9.5 g
~10.0 %,
E
~10.5 ©
o

~11.0

150 100 50 0 —50 —100 —150

(g) Pion decay

Fermi-LAT Collaboration

E = 2.5 GeV - Pion Decay

I
0
o

I
o
Ul

I
©
Ul

Lo
g o
l0g10(E? J(E) [MeV cm~2 s~ 1 sr71])

I
=
o
(9

0 —50 —100 —150

(g) Pion decay

150 100

2D gas distribution galactic ensemble
component

S 1072
I
7 r.-"" " TS=<=
~
— 10_3 __l(—l—.-_ \\
I E.-IIII.. ".“";J.;'*‘.l*!
(.n : l ‘ ‘ ‘ .... .
N '! '...
| 1074 < ‘e,
- e
o e,
L 4
%) 107 1 ..'0 ~
. Ye * ~
Z 1 === Total model V¥ Bubble South ".. * e, \\\
— 10—6 | ==+ Pion decay ® Bubbles .. treete, L *\*\
’LI: ] === |nverse Compton GC excess - Calore (2015) ‘e, + *\\
~—" 1 = =« Bremsstrahlung # Diffuse emission - H.E.S.S ’.0 + 1
~ A Bubble North ‘e,
m 10_7 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII IIIII. IIIII
107 103 104 10° 10° 107
E [MeV]

n
AN

I

O

>

)

= | == Total model V Bubble South T, * ee, N .

— —6 | ==+ Pion decay ® Bubbles Yo, et L 4

~—~ 10 E Y 2 8 T

LL] ] === Inverse Compton GC excess - Calore (2015) v, ~ +

~— 1 = = » Bremsstrahlung # Diffuse emission - H.E.S.S Ye ~ ~

— 0. \ *

A Bubble North . ~
N -7 ‘e Ny |
m 10 T T IIIIIII T T IIIIIII T T IIIIIII IIAIII IIIII T T
10° 103 104 10° 10° 10’
35 E [MeV]



o Gralactic Pevatron Candidate - SNR &G§7.2+0.% hosting SGR J1935+2154

° SGRs present rotation and strong magnetic field

o Molecular cloud can ampu{v the emission produced
bj CRs accelerabted around the source,

* Highest energy protons escape and contribute to
gamma-ray production,
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o Gralactic Pevatron Candidate - SNR &G§7.2+0.% hosting SGR J1935+2154

Lop & 10 erg /s /A n EsN
3/ (0.1 0.02 yr—1 )/ \ 10°V erg
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o Gralactic Pevatron Candidate - SNR &G§7.2+0.% hosting SGR J1935+2154

Upper Limits on the total cosmic-ray Luminosity of individual sources

Conservalive

Depends on the in Jection spectrum
at source (Ecul, spectral index)
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LA ———— e - —  — i
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o Gralactic Pevatron Candidate - SNR 87.2+0.% hosting SGR I19356+2154
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E? I(E) [GeV em™ s71]

» Looking for Galactic Pevatron Candidates
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e Conclusion

i

ond enerqgies
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e Mulkimessenqger and maqgnetic fields

e Accelerabion mechanisw ab source

o Distributions of interstellar qas

¢ Am&sa&rayi& diffusion
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e PeValron Sources (Magnetars, Pulsar wind nebulae, clusters
CGralactic center and Fermi Bubbles) wikth molecular cloud, winds ...

— - Sgr A*
- (Cheng 2012
- = Model GC
=== Total




e Conclusion
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GeV-TeV coverage by near-future instruments

Improve the models with Galactic and Extra-
galactic CRs and y-ray fluxes from
Observatories with different Pevatrons
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