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Why supernova remnants (=shock expanding in
the ISM after SN) ?

Reviews: Blasi (2013,2019)
Tatischeff & Gabici (2018)
Gabici et al. (2019)
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Why supernova remnants (=shock expanding in
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Detection of SNRs in the gamma-ray domain
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{ What is wrong with supernova remnants? }

1.

All SNRs seem to not be

pevatrons
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[ What is wrong with supernova remnants? ]
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at SNR shocks
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What is wrong with supernova remnants?
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Three issues

— -»>
_ Accelerated spectra
Injected spectra steeper steeper than E-2
than E-2 (DSA test-particle) _
f(p,t) ocp™®

N(p. 1) / At f(p. gy (D) A7ran (¢

3. No SNR Pevatron

14



Three issues

— -»>
_ Accelerated spectra
Injected spectra steeper steeper than E-2
than E-2 (DSA test-particle) _
f(p,t) ocp™®

N(p. 1) / At f(p. gy (D) A7ran (¢

! 3. No SNR Pevatron

0B amplified

1
Bo >

15



How to reach PeV energies at a SNR?
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The low rate of supernova remnant pevatrons
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The low rate of supernova remnant pevatrons
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« Bell » non-resonant streaming instability
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« Bell » non-resonant streaming instability
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Non-resonant streaming of CRs
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Non-resonant streaming of CRs
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[ Protons after propagation in the Galaxy)
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[ Protons from type I j
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] 2
MAYBE- ( What does this mean~ J

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
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[ What is wrong with supernova remnants? ]
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[ Spectrum at the shock? ]
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[ Spectrum at the shock? ]

_ —a(t
fp)ocp= S ocpad
Non-linear effects: efficient particle acceleration /"
acting on the shock structure Re
Jr=0
e W1 U2
Shock

Drury& Volk (1980,1981), Bell (1987)
Jones & Ellison (1991), Ellison, Mdbius & Paschamnn (1990), Ellison, Baring & Jones (1995, 1995) Kang & Jone:!
(1997, 2005) Kang, Jones & Gieseler (2002), Malkov (1997), Malkov, Diamond & Vélk (2000)
Blasi (2002), Amato & Blasi (2005,2006)



[ Spectrum at the shock? ]

_ —a(t
fp)ocp= S ocpad
Non-linear effects: efficient particle acceleration /"
acting on the shock structure Re
Jr=0
e W1 U2
Shock

Drury& Volk (1980,1981), Bell (1987)
Jones & Ellison (1991), Ellison, Mdbius & Paschamnn (1990), Ellison, Baring & Jones (1995, 1995) Kang & Jone:!
(1997, 2005) Kang, Jones & Gieseler (2002), Malkov (1997), Malkov, Diamond & Vélk (2000)
Blasi (2002), Amato & Blasi (2005,2006)



[ Spectrum at the shock? ]

_ —a(t
fp)ocp= S ocpad
Non-linear effects: efficient particle acceleration /"
acting on the shock structure Re
Jr=0
e W1 U2
Shock

Drury& Volk (1980,1981), Bell (1987)
Jones & Ellison (1991), Ellison, Mdbius & Paschamnn (1990), Ellison, Baring & Jones (1995, 1995) Kang & Jone:!
(1997, 2005) Kang, Jones & Gieseler (2002), Malkov (1997), Malkov, Diamond & Vélk (2000)
Blasi (2002), Amato & Blasi (2005,2006)



[ Spectrum at the shock? ]
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[ Spectrum at the shock? ]
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[ Spectrum at the shock? ]
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[ What is wrong with supernova remnants? ]

2. The slope of accelerated particles
at SNR shocks
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3. Particle spectra released
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[Difference total spectrum electron vs. proton}
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Conclusions: particle acceleration at supernovae
(gamma-ray domain CTA?)
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(gamma-ray domain CTA?)
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