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Galactic supernova remnants
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[ Why supernova remnants? J
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[What is wrong with supernova remnants?
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A. Diffusive shock reacceleration
at supernova remnant shocks

B. Pevatrons with CTA
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A. Diffusive shock reacceleration

at supernova remnant shocks
- /

Bell (1978, MNRAS, I1.)

6. Effect of a shock front on pre-existing cosmic rays

« In previous sections the injection of particles into the acceleration
mechanism has been considered as taking place at low energy [...] An
alternative source for the injection of particles is the cosmic ray
population which already exists in the upstream gas. »

(...)

Pohl et. al (2015, A&A)

Reacceleration of electrons in SNRs

Blasi (2017, MNRAS), Bresci et al. (2019, MNRAS)

The role of reacceleration on secondary nuclei.
-> Anti-proton-to-proton and Boron-to-Carbon ratios
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{ Reacceleration of Galactic CRs }
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SN 1006
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[Reaccelerated particles at SN 1006]
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[ Gamma rays from SN 1006 )
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Future observations can probe reacceleration
and constrain the diffusion coefficient
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_ Diffusion at SN1006 |
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[ Reaccelerated particles at SN 1006 j
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RXJ1713 and Vela Jr
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< Reacceleration over the SNR lifetime )
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( Reacceleration over the SNR lifetime )
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{ Partial Conclusions }

e

- Diffusion regime/magnetic field

Minimal assumptions: \
CR spectrum around SN 1006

Compression factor at the
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The importance of reacceleration at SNRs
Possible tests with gamma—ray observations
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A. Diffusive shock reacceleration
at supernova remnant shocks
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[ B. SNR Pevatrons with CTA j

How to reach PeV energies at a SNR?
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[ Non-resonant streaming of Cst
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Growth rate of the non-resonant
streaming instability
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( Non-resonant streaming of Cst
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Type la, type ll, type II*
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[ Protons after propagation in the Galaxy)

t Galactic Halo H = 4 kpc
Rd — 15kpC
Galactic disk —= SNRs injecting particles
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[ Protons from type la j
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( Protons from type I j
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[ Protons from type II* j
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Pevatrons with CTA

Assuming all SNRs arew
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Declination

-22°30"

-23°00°

[ Pevatrons with CTA j

Counts Map
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Pevatron working group: Acero, Anguner, Cassol, Costantini, Giunti,
Khelifi, Trichard, Verna, PC
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[ Pevatrons with CTA ]
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What does this mean?

MAYBE:

1. SNRs are OK but we won’t see any PeVatrons with CTA
2. Another instability (not Bell) comes into play
3. Strong temporal dependance on one/several parameters
4. SNRs are not dominant sources of CRs up to the knee
(role of other objects/stellar clusters/ massive stars/?)
5. The Knee is not the knee (He?)
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Conclusions

A. Diffusive shock reacceleration
at supernova remnant shocks

* Could play an important role (e.g. SN1006)
* Help make sense of steep gamma-ray spectra?
* What particle content do we see in SNRs?

[B. SNR PeVatrons with CTA)

[Not detectedj [Detected }
[ % That’s OK R ( % What mechanism? (Bell?)
%* What role for SNRs? * xi_CR/ Mdot function of time?
* Really PeV? Knee? Composition? * When? How many?
* DAMPE bump? * Other Astrophysical objects?
J 36 -
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