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CRs’ spectrum---piecewise power-laws

(Dar 2006)
CRs are important:
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nergy Balance Implies that S
are possible sources:

local galactic CR energy density 1.8 eV/cm? (Webber 1998)
CR power per unit area in the Galaxy 3x1038 erg s”! kpc2

SN kinetic energy per unit area in the Galaxy 2x10% erg st kpc?
(W, =10 erg, 50 Myr! kpc)

+ pulsars

+ stellar winds

have a smaller typical power
compared with CR power.

But the energy of CRs form SNR
1s limited by the size:

Tg = 1.08 El?/(ZBIOuG) kpC




density

Observational Evidence jar Cloud
SNR RX J1713. 723946 (G347.3-0J.
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Non-thermal X-rays
from the shock!

Cassam-Chenal et al. 2008




TyChO Thermal X-rays

0.5-7 keV

Cassam-Chenai et al. 2007
Non-thermal X-rays




E, - First order Fermi Acceleration

V.> 0 gain energy
V. <0 lose energy
Ae ~ 3
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Circumstellar medium FS
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Concentric
shells

Reverse Shock

Shocked ejecta




Test Particle Theory

Blandford & Ostriker
Bell 1978; \

. Blandford & Eichler 1987;
Assumptions:

» Shocks are plane and steady

» Accelerated particles are injected at a constant rate
with a monoenergetic spectrum

* CRs do not change the structure of the shock

* CRs propagate in the simple leaky box model
(Cesarsky 1980)

For strong The normalization is
shock, q~4, very uncertain.
close to

observations




abatic and Radiation Loss
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The spectrum changes

T due to different loss at
~ different energies!

Compression ratio

o) =A f t B%(t)a' P (t)dt .

Accumulative loss (Using Sedov Shock Wave Solution)




Non ’ l] near theory: Berezhko & Ellison 1999;
CRs changes the structur Bg;;g;; v
Of the ShOCk. Vladimirov et al. 2008;

Dynamical

Modified
shock
. Unmodified
u—" . compression shock
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Free parameters of the theory

¢ Injection Coefficient

Start of superthermal
population
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e Energy ratio of electrons and protons
Ellison et al. 2004; 2007



Theoretical explanation for the
observations:

Synchrotron Non_thermal X-rays

Radio emission 'y

Inverse Compton

TeV y —rays
electrons/protons

Emax ~ 100 TeV

y-rays (n°)
E = 30-3000 MeV




G347.3-0.5

Berezhko & Volk 2006
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Change th

ratio of energe
Drotons

nchrotron Brightness ( erg/s/cm?/Hz/sr )

I
0.0004
(ph/cm"2/s/arcmin~2)

Cassam-Chenai et al. 2007
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Summary

SNRs are sources of CRs with energy under knee

Fermi mechanism is the possible mechanism to
accelerate the particles

Synchrotron, Inverse Compton and n® decay can fit the
observations from radio to hard X-ray bands very well.

We need other sources to explain ultra high energy CRs.
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