
Radboud Universiteit Nijmegen
Afdeling Sterrenkunde
Jörg R. Hörandel
Antonio Bonardi

Astroparticle Physics – 2016/17
Werkcollege 4 – 28.09.2016

Problem 14 Power in cosmic rays
The energy density of cosmic rays is ǫCR ≈ 1 eV/cm3. During their propagation
through the Galaxy, the particles traverse about λ = 10 g/cm2 interstellar matter.
The total mass of interstellar matter amounts to about M = 1043 g. Calculate the
power in cosmic rays [eV/s].
Assuming that all cosmic rays travel at the speed of light, compute their energy flux
per unit of area and time. Use this value to compute the cosmic ray energy flux
on Pluto (Radius = 1.2 · 103 km) surface, and compare the obtained value with the
energy flux from Sun (Solar Luminosity = 3.8 · 1026 Watt, Sun-Pluto Distance =
5.9 · 109 km).

Problem 15 Synchrotron radiation
Protons and electrons with a kinetic energy of 100 GeV propagate through the
Galaxy in a magnetic field with field strength B = 3 µG. Calculate the power
radiated as synchrotron radiation for both particle species and give the result in
[eV/s].

Hint: the radiated power for a particle with charge e and energy E, moving on a
circular trajectory with radius r, amounts to
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The permittivity of vacuum is given as ǫ0 = 8.85 · 10−12 A s/V m.

Estimate the time needed until the electrons and protons have radiated their com-
plete energy through synchrotron radiation.

Problem 16 Mean free path
Cosmic-ray particles move through the Galaxy. Estimate the mean free path of
cosmic-ray particles between two collisions with particles of the interstellar medium.
Assume a particle density of the interstellar medium of 1 proton/cm3 (mp = 1.67 ·
10−24 g).

Use the geometrical cross section with a radius rA = r0A
1/3 for nuclei with mass

number A > 1 (r0 = 1.3 fm) and rp = 0.8 fm for protons (1 fm=10−15 m).

Calculate the mean free path for protons, oxygen nuclei, and iron nuclei. Give the
result as column density [g/cm2].

see reverse side!



Problem 17 Solar modulation
Energy spectrum of cosmic rays is suppressed by Solar activity for energies below
∼10 GeV. The space probe Voyager 1, which has recently escaped the Solar System,
showed a continuous increase of low energy cosmic ray rate between 2005 and 2013;
before and afterwards, the cosmic rays rate remained stable. By assuming the
cosmic ray modulation is due to Lorentz force bending and it takes places only in
the region the increasing rate have been detected, estimate the average magnetic
field necessary to shield protons with energy E = 10 GeV (region thickness equal to
30 Astronomical Units).

The solutions will be discussed during the werkcollege on 28.09.2016 in HG01.029.
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