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The cosmic-ray spectrum
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Why supernova remnants?

Figure: 1IC443 — gamma ray
emission (Funk et al. 2013)
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Fermi acceleration

Coupled equations

Cosmic-ray
transport equation

Magnetic Turbulence

Hydro equations
Magnetic field

Standard DSA Non-linear DSA NDSA + high MF
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Fermi acceleration
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Model Parameters

Hydrodynamics:
« Typela explosion

* ng=0.3cm™3, Tigy = 40000K, E,ypy = 10°1 erg, My = 1.4 Mgy,
* By =5uG, Compressed field

Cosmic rays:
» Electrons and protons
» Two diffusion models:
« Bohme-like diffusion (no time evolution)
« Alfvenic diffusion (time-dependent diffusion coefficient)
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Cosmic-ray escape

100kyrs of SNR evolution:

* Free-expansion end:
1.3kyrs

. v, = 2350 km/s

« Sedov-phase end:
35kyrs

¢ vy, = 300 km/s

* Shell formation starts
after 85kyrs

e vy, = 130 km/s

« Compression ratio
drops to 3.15 at end of
simulation
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Cosmic-ray escape
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Cosmic-ray escape

Total production spectrum of the SNR
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Production spectra at the shock

Downstream spectrum -> detectable
emission

Particle momentum
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Cosmic-ray escape

The production 55
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CR reacceleration



Cosmic-ray reacceleration
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Cosmic-ray reacceleration
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The VHE gamma-ray
luminosity



The VHE gamma-ray
luminosity
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Gamma-ray emission sy,
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Gamma-ray emission

Remnants expanding in low
density environment reach
higher peak IC-luminosities

RXJ1713, Vela Jr., RCW86,
HESSJ1731 - The
brightest known remnants
expand in low-density
environments!
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Conclusions

« A strong evolution of E
IS standard DSA

» The spectral index of the production spectrais s = 2.4 is close to the predictions by galactic
propagation models (s = 2.2 — 2.4)

nax F€sults in soft production spectra even if the acceleration mechanism

« Particle escape of the highest energetic CRs forms soft spectra at high energies and spectral
breaks between 1-10GeV

» Efficient CR reacceleration might work and will be detectable by breaks in the Radio-spectrum

* CR escape will reduce the VHE gamma-ray luminosity of SNRs in hadronic scenarios

* The VHE peak-IC luminosity is higher for remnants in low-density environments - the most
luminous known SNRs expand in low-density environments
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Thank you for your attention!



