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Nonlinear kinetic theory of
CR acceleration in SNRs
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» Gas dynamic equations
= CR transport equation
» Suprathermal particle injection

« Gas heating due to Alfven wave dissipation
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SN shock scales
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Emission Produced by
Cosmic Rays
(How one can “see” CR sources)
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Proton and gamma-ray initiated air
shower In the atmosphere
Weekes, 1996

Cherenkov Telescope at the HEGRA experiment
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CR maximurm momentumn
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Synchrotron emission
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Correction for the lack of spherical symmetry

— quasiparallel shock
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SN 1006

We know:

Age T = 1000 yr
Distance d = 1.8 kpc

SNR (shock) size and expansion speed
The SN type (SN la)

Synchrotron flux in radio and X-ray bands
Gamma-ray flux at 1 TeV and upper limit

at 1 GeV

We'd like to know:

* How CRs ( e and p) are produced

= Whether standard CR acceleration
theory fits the data
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Evolution of SN 1006
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Synchrotron emission flux from SN 100
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Gamma-ray energy fluxes from SN
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Evolution of Tycho's SNR
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Overall CR spectrum in Cas A
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Gamma-ray energy fluxes from Tycho's SNF

X-ray flux from Tycho's SNR
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Gamma-ray energy fluxes from Cas A Conclusions

» Existing data (radio, X-ray, 7 -ray) are
S f S PR TR ) (T S (RN S i consistent with the efficient CR acceleration in
SNRs providing

. E/Eq =01 g ~3x10"V Kep~10—°
that is required for Galactic CR sources
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NB In particular:

: » Efficient nuclear CR production leading to strong
- IC - shock modification and a large downstream
_ magnetic field

B, ~100uG (SN 1006, Tycho)+1 uG (Cassiopeia A)

are required to reproduce the observed
synchrotron emission from radio to X -ray
frequencies
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o J -ray flux is dominated by H.,-amnmw__ Y -rays
generated by CR nuclear component.
Integral ¥ -ray flux

F g

extends up to &, ~ 30 TeV' jf CR diffusion is as
strong as the Bohm limit
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