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FIG. 7—Contours of constant intensity at 160 MHz and 480 MHz, taken at Wheaton, Illinois.
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On the Origin of the Cosmic Radiation

Exnrico FERMI
Institute for Nuclear Studies, University of Chicago, Chicago, Illinois
(Received January 3, 1949)
A theory of the origin of cosmic radiation is proposed according to which cosmic rays are originated
and accelerated primarily in the interstellar space of the galaxy by collizions against moving mag.
metic fields, One of the features of the theory is that it vields naturally an inverse power law for the

spectral distribution of the cosmic rays. The chief difhculty is that it fails to explain in a straight-
forward way the heavy nuclei observed in the primary radiation.

Particles interact with Macroscopic objects
Electro-Magnetic Interaction
But not collisional



l1l: Shock Model




l1l: Shock Model

Scattering Mechanism

1jection Problem or Particle Acceleratic
ow Energy

Wave Particle Interactions!!!
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V: Solar Energetic lo
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Free Energy Dissipation &
Turbulence

d(pv)
dt

+ pV® + pv(V - v)

B o |
fo 7 % (v x B) — 4’? V x (V x B)




V: Turbulence Cascade

Kolmogorov « Kraichnan
V>U
U4/LV = constant

U(k) ~ k14
~ k23 [E(K) dk




\/: Diffusion Approximat
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Jiang et al. 2008



V: Dispersion Relation




V. Wave Damping
(WHAMP Code)
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. Turbulence Cascad
Ispersive Effect

MHD regime




V. Damping Effects
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Jiang et al. 2008




urbulence Cascade ¢

Dampmg

P(v) = /W { k- Ve +w(k)] — p} dk

(c)

Freq (Hz)




urbulence Cascade ¢
Damping

-

Observation
= = = Simulation (< 0.2) -

Observation: vsy = 0.235Hz 4, = —1.67, 15 = —2.91 (Leamon et al. 1998)
Simulation: vy = 0.2Hz 71 = —1.67, 792 = —2.97 (Jiang et al. 2008)




V: Dispersion Relation
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V: Dispersion Relation




V:3He vs 4He
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V: 3He vs. 4He
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. A Complete Treatment
stic Acceleration and
Heating

Jiang et al. 2008



V. A Complete Treatment
of Particle Acceleration In
lagnetized Dissipative Plasme

Jiang et al. 2008



Observations
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allenges to the Hadronic Moo
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Challenges to the Hadronic Models
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Challenges to the Hadronic Models
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hallenges to the Leptonic Models
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aradigm for Collisionless

Lee et al. 1994
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Turbulence spectrum

W (k) = (u*/4m)(2m /L)* K1/

W (k) = (u? /4m)k23k k7

log, ; (k Li2r)
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The Nature of the SNR Shock
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X-ray Variability
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Scattering Mean Free path
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Filament Width
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VI. Conclusions

Plasma Wave Turbulence is
an important channel for the release of fre
ergy in high energy astrophysical sou
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