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Problem 50 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 51 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.

Problem 52 TeV gamma rays from Molecular Clouds

Molecular Clouds (MCs) are interstellar clouds of dense interstellar medium, where
star formation is taking place or it is expect to be in (astronomical) short time. The
peculiar aspect of MCs is that their medium is poorly ionized and the atoms can
form molecular compounds (e.g. H2, CO, CH3), hence their name.

MCs are often bright objects in TeV gamma-ray astronomy: cosmic rays interacting
with the cloud produce neutral pions, which subsequently decay.

Explain how MCs can be distinguished from other TeV gamma-ray sources (e.g.
SNRs). Hint: consider the full electromagnetic radiation spectrum of these sources.

The solutions will be discussed during the werkcollege on 11.01.2016 in HG03.082.
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