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Figure 1. Increment of the IGM temperature (upper panel) and of the .
BT . P (upper p . ) . Figure 7. Increment of the average IGM temperature by CRs as a function
ionization fraction (lower panel) caused by LECRs from primordial SNe, . R
as a function of redshift, for three values of the SN explosion energy, of redshift for three values of the CR injection slope. The CMB temperature

N = 10°! erg (dotted), 1032 erg (solid) and 103 erg (dashed). The other at the same redshift is shown by the dashed line.

parameters are fsN = 1, Mpyin = 109 M@, Mupax = 107 M@, n = 0.05 and
Jheat = 0.25. For EgN = 1073 erg also a model with a lower minimum halo
mass, Mmin = 3 x 10° M@, is presented (dash—dotted).
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Figure 3. Source function of CR protons with respect to their kinetic energy Figure 4. Energy-loss time-scales (see equations [25-27]) normalized to

at z =10 for a spectrum slope a = 2 (blue line), 2.2 (green) and 2.5 (red). the Hubble time for CR protons of 1 and 10 MeV. The adiabatic time-scale
(blue dashed line) is independent of the particle energy.
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Diffusive Shock Acceleration(DSA)
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Non-thermal electron bremsstrahlung
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Fig. 3. Left: spectral energy distribution of Cas A, as measured with BeppoSAX-PDS (Vink et al. 2001, red) and INTEGRAL-IBIS (Renaud et al.
2006b, green), assuming a magnetic field of ~300 uG, a spectral energy index of —2.56 (corresponding to a radio-spectral index of @ = —0.78),
and a background plasma with Z;(n;Z*) = 10 cm™. The bremsstrahlung spectra were calculated using the analytic cross sections of Haug (1997).
The model spectra are shown for n.t = 0,2 x 10°,2 x 10'°,2 x 10'" and 2 x 10'? cm™ s (from top to bottom). Right: spectral energy distribution
of Tycho’s SNR, as measured by the BeppoSAX-PDS. The theoretical curves are for B = 10 uG, @ = —0.6, and Z;(n;Z?) = 4 cm™>. The different
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curves are forn.t = 0,1x 10,1 x 10" ¢cm™ s.
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Synchrotron radiation from secondary e™*

CR ions produce ©* and ®° by nuclear interactions.
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