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Galactic Cosmic Rays
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Leaky-Box Model
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Very-High Energy Cosmic Rays

1310 1410 1510 1610 1710 1810 1910 2010
 [eV]E

1

10

210

310

410
]

-1
 sr

-1  s
-2

 m
1.

6
 [G

eV
F(
E)

2.
6

E

Grigorov
JACEE
MGU
Tien-Shan
Tibet07
Akeno
CASA-MIA
HEGRA
Fly’s Eye
Kascade
Kascade Grande
IceTop-73
HiRes 1
HiRes 2
Telescope Array
Auger

Knee

2nd Knee

Ankle

G
al

ac
tic

ex
tr

ag
al

ac
tic

4

[from pdg.lbl.gov]
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Boron-to-Carbon Ratio
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Hillas Criterion
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[Batista et al.'19]
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Fermi Acceleration
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Cosmic Ray Acceleration

accelerator 
units

storage 
ring

accelerator
ring

Particle acceleration 
in colliders  

(wildly simplified!)

What are the  

"accelerator units" 

in cosmic sources?
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Fermi Acceleration
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On the Origin of the Cosmic Radiation
ENRICO FERMI

Institute for Nuclear Studies, University of Chicago, Ckicago, 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 collisions against moving mag-
metic 6elds. One of the features of the theory is that it yields 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.

I. INTRODUCTION
N recent discussions on the origin of the cosmic
radiation E. Teller' has advocated the view

that cosmic rays are of solar origin and are kept
relatively near the sun by the action of magnetic
fields. These views are amplified by Alfvhn, Richt-
myer, and Teller. ' The argument against the con-
ventional view that cosmic radiation may extend
at least to all the galactic space is the very large
amount of energy that should be present in form of
cosmic radiation if it were to extend to such a huge
space. Indeed, if this were the case, the mechanism
of acceleration of the cosmic radiation should be
extremely efficient.
I propose in the present note to discuss a hy-

where H is the intensity of the magnetic field and
p is the density of the interstellar matter.
One finds according to the present theory that a

particle that is projected into the interstellar
medium with energy above a certain injection
threshold gains energy by coll'isions against the
moving irregularities of the interstellar magnetic
field. The rate of gain is very slow but appears
capable of building up the energy to the maximum
values observed. Indeed one finds quite naturally
an inverse power law for the energy spectrum of the
protons. The experimentally observed exponent of
this law appears to be well within the range of the
possibilities.
The present theory is incomplete because no

extremely efficient.
I propose in the present note to discuss a hy-

pothesis on the origin of cosmic rays which attempts
to meet in part this objection, and according to
which cosmic rays originate and are accelerated
primarily in the interstellar space, although they
are assumed to be prevented by magnetic fields
from leaving the boundaries of the galaxy. The
main process of acceleration is due to the interaction
of cosmic particles with wandering magnetic fields
which, according to Alfvbn, occupy the interstellar
spaces.
Such fields have a remarkably great stability

(...)
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Fermi Acceleration (2nd order)
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Stellar Nucleosynthesis
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• Stars are kept in hydrostatic equilibrium, balancing the gravitational 
force by thermal pressure. 

• The star is powered by nuclear fusion processes, that build up layers 
of heavy elements up to the iron group. This is the element with the 
highest nuclear binding energy:

highest binding 
energy for iron
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Supernova Remnants
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Tycho's Supernova Remnant (SN 1572) 
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Fermi Acceleration (1st order)
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