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Problem 20 Stochastic acceleration
Relativistic protons are accelerated at a shock front. At each crossing of the shock
the particles gain ξ = 20% energy. The probability to again cross the shock is
P = 80%. Derive the form of the energy spectrum an calculate the spectral index γ.

Problem 21 Second order Fermi acceleration
Particles are accelerated at magnetic clouds with a speed V = 10−4 c. Calculate
the time needed to accelerate particles form an energy of 100 MeV to 1 PeV. The
diffusion coefficient of cosmic rays in the Galaxy is D = 1028 cm2/s.

Compare this time to the confinement time of cosmic rays in the Galaxy.

Consider the first interaction of a cosmic ray particle with a cloud. Calculate the en-
ergy gain in the first interaction and compare it to the energy loss through ionization
in the interstellar medium. Assume ρ = 1 H/cm3 and dE/dx = 2 MeV/(g/cm2).

Hint: the mean free path between two clouds can be estimated from D.

Problem 22 First order Fermi acceleration
Assume particles are accelerated at the strong shocks of Tycho’s supernova. The
shell has an expansion speed of about 4600 km/s. How many crossings of the shock
front are needed for a particle to be accelerated from 100 MeV to 1 PeV.

Assume, it takes 30000 years to accelerate the particle. Estimate the thickness of
the diffusion region around the shock in which the particles propagate during the
acceleration process.

Compare the thickness of this region to the radius of the shock (r = 1.15 kpc).

Problem 23 First order Fermi acceleration in Crab Nebular Pulsar
The Crab Nebula has been generated by the SN explosion of a giant star in 1054
A.D. In the center of the Nebula is a Pulsar, which is nowadays believed to be
responsible for the Nebula formation by ejecting charged particles.
Charged particles are accelerated in the acceleration region through first order Fermi
mechanism by being back-reflected at any time they approach the acceleration region
boundaries, which co-rotate with the Pulsar. Charged particles are confined in the
acceleration region by the Pulsar magnetic field, which slows them down through
synchrotron radiation emission. Therefore, the maximum achievable energy Emax is
limited.
By assuming the transversal speed vt = 1.9 106 m s−1 in the acceleration region
and the average time between 2 interactions being equal to τ = 10−9 s, evaluate



the magnetic field intensity in the acceleration region in order to obtain e± with
Emax = 1012 eV.
Hint: use the synchrotron radiation formula
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where ε0 = 8.85 · 10−12 A s/V m, combined with the gyroradius
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The solutions will be discussed during the werkcollege on 05.10.2015 in HG03.082.
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