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Cosmic-Ray Energy Spectrum
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Figure 30.1: Fluxes of nuclei of the primary cosmic radiation in particles per energy-per-nucleus
are plotted vs energy-per-nucleus using data from Refs. [1–15] The inset shows the H/He ratio as
a function of rigidity [1, 3].

• origin of power laws? (Φ ∝ R−α−δ)
→ stochastic acceleration (α) + escape (δ) �

• value of spectral index? (α ∼ 2.1 . . . 2.4)
→ diffuse shock acceleration �

• maximum rigidity?
• features? (knee, 2nd knee,...)
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K.R. Ballard and A.F. Heavens, MNRAS 259 (1992) 89





Detour: Stellar Evolution, Supernovae (SNe), Supernova Remnants (SNRs)



Thermonuclear Supernova (Type Ia)

E. Chaisson, S. McMillan “Astronomy Today”

chandra.harvard.edu subarutelescope.org



Core-Collapse Supernova (Type II, Ib, Ic)

E. Chaisson, S. McMillan “Astronomy Today”

ALMA/Hubble/Chandra

M. Koshiba, Phys.Rept. 220 (1992) 229



SNR Evolution: Free Expansion

SN 2008iz in M82 (d ∼ 3.5 Mpc), A. Brunthaler et al, arXiv:1011.5316



SNR Evolution: Sedov-Taylor & Snow-Plow Phase



Shell-Emission from SN 1006



Maximum Energy



Standard Paradigm of Galactic Cosmic Rays
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Figure 30.9: The all-particle spectrum as a function of E (energy-per-nucleus) from air shower
measurements [106–119]

Particle Data Group 2022



Standard Paradigm of Galactic Cosmic Rays

Observation:
• mass abundance ∼ solar
• Li-B, F, Sc-Mn overabundant
• λ(R) ∝ R−δ, δ ∼ 1/3 . . . 1/2

• cosmic clocks: c τesc ρISM > λesc

• energy density: uCR ≈ 1 eV/cm3

• power law: J ∝ E−α−δ

• α = γ − δ = 2.1 . . . 2.4

• spectral features (knees)
• energies up to ∼ 1017 eV

Explanation:
• stellar origin, ISM
• secondary fragments
• diffusive propagation in turbulent B-field
• diffusion in disk and halo
• SNRs, ∼ 1− 10% of LSN

• stochastic acceleration and escape
• diffuse shock acceleration (DSA)

• Emax = ZeRmax, ’Peters Cycle’
• Z = 26, nonlinear DSA, B-field amplification



Happy Cosmic Holidays!


