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Problem 32 Inverse Compton effect
X rays with a mean energy Eγ = 5 keV are observed from a region of interstellar
matter. The x rays are produced through inverse Compton effect between electrons
and photons of the 3 K microwave background.

What is the most probable energy of the 3 K background radiation in keV? Hint:
use Wien’s displacement law to estimate the most probable energy.

Calculate the corresponding energy of the Compton electrons. Use the relation
E ′

ph = γ2

e · Eph. γe is the Lorentz factor of the electrons and E ′

ph and Eph the
energies of the photons.

Problem 33 TeV gamma rays and hadrons
Sketch qualitatively the energy spectra of photons emitted from a supernova rem-
nant. Indicate the contributions of synchrotron radiation, inverse Compton effect,
and neutral pion decay.

What is the key to show that hadronic particles are accelerated in supernova rem-
nants?

Problem 34 Energy spectra of TeV gamma rays
Assume hadronic particles (protons and nuclei) are accelerated in a supernova rem-
nant. The remnant is visible in TeV gamma rays through gammas from neutral
pion decay.

The energy spectrum of the observed gamma rays has the shape

dN

dEγ

∝ Eβ
γ with β = −2.1.

What is the shape of the energy spectrum of the corresponding hadronic (mother)
particles?
Hint: assume in hadronic interactions 1/3 of the energy is transferred to neutral
pions. The latter decay into two photons π0

→ γγ.

Gamma rays up to energies of 100 TeV have been observed. Estimate the maximum
energy of hadrons accelerated in this source.

Deliver answers to box ”astroparticle physics” in front of secretariat Sterrenkunde HG 03.720
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