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From CR diffusion:

N(E) = Qinj(E)Tesc(E) } Qinj(E) o
inj

Tesc(E) X E_O 6+ =03

from B/C ratio measurements
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G-Ell_ ma-ray

{ Space [elescope

Ambient Interstellar Medium

Forwawrd shock

Reverse shock

LS

Compact object

Compressed Interstellar Gas

Energetics of SNRs

« SN explosion energy E¢\~10°! erg pcr = Ron Esy To €
« Rate of explosion in the Galaxy Rg\~3
SN/century /

e Confinement time of cosmic rays 1,~10 Myr

. . Acceleration efficienc
« Cosmic-ray energy density pcg~1 eV cm3 y

required € < 10%
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s ermi NON-linear diffusive shock acceleration theory

ST
Diffusive Shock Acceleration
» Conservation of mass, momentum and
energy
* Predicts an accelerated particle
distribution « E~9 , with ¢ = 2 in case of
strong SNR shocks
» The required acceleration efficiency is not
so small — dynamical reaction of
accelerated particles on the shock.

Non linear Diffusive Shock Acceleration
« Generalization of conservation equations
with the introduction of CR contribution
» Predicts softer accelerated particle
distribution
« Magnetic field amplification:
most important evidence
of NLDSA

Credit: NASA/CXC/
4th July 2016
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G-Ell-_ ma-ray
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Thought to be cosmic ray sources:
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mi-LAT
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y-ray flux originates from the
interaction of accelerated particles
with the SNR environment:

SNR paradigm for Cosmic Rays
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e Svynchrotron peak Energy (eV)

Three competitor processes
for GeV-TeV energy range

e |nverse Compton

* Bremsstrahlung

* Pion decay
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Spectral energy distribution (SED) of SNRs

s ermi
o/ S Tacon
Thought to be cosmic ray sources:.
.. 10
y-ray flux originates from the - miLAT
interaction of accelerated particles : ‘f
with the SNR environment: o /
SNR paradigm for Cosmic Rays “
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G-Ell_ ma-ray
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The Fermi-LAT experiment
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/e e Anti-coincidence
| T %7 module
Calorimeter

Pass 8 data release:

Increased effective area
Better Point Spread Function (PSF)
Introduction of PSF and EDISP subclasses
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Gamma-ray sky

Gamma-ray sky obtained with 5 years of Fermi-LAT data with E>1GeV

Di Venere L.
CRIS 2016
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Lamma-ray

{ Space [elescope

NASA’s Fermi telescope resolves supernova remnants at GeV energies

Di Venere L.
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A Young SNRs

* Approx. Few thousands years old |deal targets to test the acceleration
e Simple environments theory and look for ‘Pevatrons’
 Small energy losses

Leptonic scenario

RX J1713.7-3946 RCW 86

| RCW 86 (One-zone model) |
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Hadronic scenario
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Presence of accelerated protons!
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‘Pilon bump’ in SNRs
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A 1st Supernova Remnant Catalog

o Search of known SNRs in 3 years of Fermi-LAT data

« 36 SNR candidates with spatial association with radio
counterparts

— 17 extended sources: 4 new
— 13 point-like sources: 10 new

i

® Interacting SNRs
® Young SNRs

==

® Classified candidates

1-100 GeV Flux [ph em™ s71]

109 | @ Point-like sources
1.:“ % : | .1 O Extended sources

15 20 25 a0 35 10 15 50
1-100 GV Photon Index [

F. Acero et al., Astroph. Journ. Suppl. Series , 224 (2016), 8

Di Venere L. 13
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‘:I-EII_ ma-ray

{ Space [elescope

RCW 86
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s, e Conclusions

» SNRs are the best candidates to be CR acceleration sites
 NLDSA predictions are compatible with CR observations

 Fermi-LAT is providing key information to find direct evidence of CR
acceleration in SNRs: many cases already found

* Young SNRs are very interesting targets to look for pion decay
signals and to test the maximum energy of acceleration

 Pass 8 improvements are allowing spatial extension studies, to
compare y-ray emissions with other wavelengths

Di Venere L. 15
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A Backup
J/ G e
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Comparing Gamma-Ray SNRs
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Young SNRs have hard spectra, extend to ~ 101315 eV

Older SNRs are brighter (due to high density target) but show

a clear break in their spectrum at ~ few GeV

Di Venere L.
CRIS 2016
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G-Ell-_ ma-ray

/ Space [elescope
IC 433
 Middle age (3000-30000 yr), Mixed morphology SNR, Distance 1.5 Kpc
* Interactions with Molecular Cloud

W 44
 Middle age (~20000 yr), Mixed morphology SNR, Distance 3 Kpc

 [Interactions with Molecular Cloud

Middle age SNRs

W 51C
 Middle age (~30000 yr), Distance 5.5 Kpc
* Interactions with Molecular Cloud

In this kind of SNRs the acceleration process is not very efficient anymore, as suggested
by the steep spectrum at high energies.

SNRs interacting with MCs are useful to investigate CR propagation around sources and
escape from them.

Di Venere L. 18
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G-Ell-_ ma-ray

e
/ Space [elescope

They are at the initial stage of their evolution, they are evolving in much simpler (and in
most cases low density) environments.

A multi-wavelength observation might give very detailed information about the shock
generated by the SN explosion and CRs acceleration in SNRs.

RX J1713.7-3946
* Young Age (2000 yr), Distance 1 Kpc

SN Type Il/Ib explosion
RCW 86
* Young Age (1800 yr), Distance 2.5 Kpc

SN Type la explosion
Tycho

* Young Age (440 yr), Distance 3.5 Kpc

SN Type la explosion
Cas A

* Young Age (340 yr), Distance 3.4 Kpc
SN Type llIb explosion

Di Venere L. 19
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