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The main hypothesis

_ WHERE DQ THEY COME FROM 2
' SUPERNOVA REMNANTS

* Energetics , \
« ' Possibility. of energy gains by.repeated shock crossing a ,,”, | Q‘. !
(I order Fermi acceleration) G4
* Indirect Evidences (X-ray, Balmer Lines) ol ’y
*«w

HOW CAN WE OBTAIN DIRECT E\/IDENCES? -' -

GAMMA -RAY PHOTONS .

A AR ¥ > No deviations > source direction
P ptargeto P T Prarget 7 T > Same spectrum of ‘primary. protons
Ty > E. 1y=10% E;\



Acceleration: direct evidences
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Hadvronic or Leptonic?

dN/dE |1 em2&a/Mal]

> pion bump detection: distinction
leptonic from hadronic
component only at E<200 MeV

10

“g' w‘; Giordano et al. 2012~ Suzaku
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Tlx\e breaktihhrough: W44 . Gt cardity ¢t at 2012
- 2 Very bright radio middle aged Supernova
Remnants

l I N SNR W44
)

< Interaction with a molecular cloud (high average
density, n~200 cm>)

- > Fermi-LAT detected (low-sensitivity at the
‘ 5 lowest emerg:es (Abdo et al. 2010).)

%: "AGILE"
- "Fermi—LAT"

=

Gamma-ray emission below
200 MeV detected, for the first
time, by AGILE (Astro
Rivelatore Gamma ad lmimagini |
LEggero) from the SNR W44




The breakthrough:-confirmation
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The breakthrough:-acceleration?
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* Presence of a broken PL and of a very steep HE spectral index

10

>_not expected from diffusive shock acceleration theory;
 The shock of middle-aged remnants are slow (vs <100 km/s)

> acceleration efficiency &g has to be too high in-order to explain the emission:
Pcr= fCRPVszh



Acceleration vis Reacceleration

Thermal Particle injection
> micro-physics

First order Fermi acceleration

Injection Spectrum:
> Power-law with index v,
due to shock compression
ratio

HE cut-off due to time and loss
[imitation

Normalization proportional to
§CRPVsh

Pre-existing CR particles
> from Voyager data

First order Fermi acceleration

Injection Spectrum:

> if it is harder than v, > same of
parent population
> If steeper than vy, it hardens to v,

HE cut-off due to time and loss
[imitation

Normalization depending on shock
compression ratio and on pre-
existing CR normalization



W44: Reacceleration —" First wmodels

<> Reaccele"‘atiom OF }Otfe -6Xl'5tl'V\g CRS ==== Synch (secondary) --=- n’-decoy

Synch (primary) === Brems Ennnndn_ry]

> spectrum.measured inside the heliosphere - | Brams (primary)

<& Adiabatic- Compression (crushed cloud, Blandford 1982)
> higher-energies, higher normalization

< Energy losses > (pp/ionization & - ioniz/synch/Brems/IC)

1= kg
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Low —energy cut off, no losses, no secondaries and Malkov steepeniing




E® dN/dE [MeV/iem2/s]

f(E) [1/(MeV/nym&is/sr]

Proton LIS spectrum ——

Helium LIS spectrum

Electron LIS spectrum --------
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W44 Reacceleration = Last model

Potgieter 2074

< Reacceleration of pre-existing Galactic CR from Voyager
spectra OUTSIDE the heliosphere > VERY IS SPECTRUM

< Crushed Cloud Compression

$ Secondary particles and low-efficiency accelerated CRs

<+ Simple PL with no steepéning but HE cut-off due to the
limited time (fully fonized pre-shock medium)
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Diffusive Shock Re-acceleration: OB star wind

é i - \ * The nearest star.Forming Region
| A ' » Distant from the Galactic Plane
B % » -Embedded in the Orion=Eridanus. Superbubble.

Estimation of W, ,-N(Hs) convertion ratio X,

F 7 N(H.,) = Xo8W(COJ = 1 > 0)cm™2
Planck
; Gamma -ray excess from Fermi-
Spltzer Ackermann 2012 Mavrchili, Piano, Cardillo.et al. 2048 LAT al/\d AG“_E at
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Diffusive Sl/\ock Re acce(emtrom OB star wmd

Pillittieri 2016 (R-A.-Dec J2000)
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CRs: local acceleration/re -
acceleration at k-Ovi wind

forward shock ? Cosmic Ray Re -

Acceleration in

covrespondence of k-Ovi

wind forward shock can

explain the AGILE

spectrum and the lack: of

+" High interaction time i N TeV and radio-emission
> high losses b cardilo et at- 2019 \\ | from that region.

Elevl

* ‘Forward shock velocity very
low (vs. < 10 km/s)




Reacceleration: not only SNRs Cariill 202

+ Hardening of secondary CR spectra above 300 GV of rigidity

Blasi 2017 : .
; Reacceleration. can explain secondary
hardening:

1.7 2

[(GeMin)  /m J/sfs

o it hardens.the secondary spectrum that
follows the primary spectrum one

£ G 00 PP Rl S o it explainis the B/C measurements of
: ; AMS -02

Reacceleration can provide a minimum
level of magnetic field amplification for
any SNR shock

> changing of the inclination angle
> injection

Caprioli 2019



Conclusions
< We have the evidences . that SNRs can energize Cosmic Ray particles

< All low-energy detected SNRs have gamma -ray spectra not-easily
explained with freshly accelerated CRs

« Diffusive shock Re-acceleration of pre-existing:pavticles is always present
if there are first order Fermi Acceleration conditions

< Particle Re-acceleration can explain middle=aged SNR (and other source)
spectra.and some features of secondary particle spectrum

“ Whereas we keep looking for acceleration evidences, we -must to take.into
account re-acceleration effects HetSaitry
We must avoid that "it is the theory ! x%:-&; Comy fch CRs
which decides what can be observed" AN roin ?






