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Astroparticle Physics

2019/2020

NM076B
secondsemester, 6 ec

Time and location:
Tuesday 8:30 - 10:15 HG 03.054
Thursday 8:30 - 10:15 HG 00.114

Exam:
Oral exam. We will make a detailed schedule end of May/begin of June.

Lectures:
04.02.2020 1. Historical introduction, basic properties of cosmic rays
06.02.2020 2. Hadronic interactions and accelerator data
11.02.2020 3. Cascade equations
13.02.2020 4. Electromagnetic cascades
18.02.2020 5. Extensive air showers
20.02.2020 6. Detectors for extensive air showers
27.02.2020 7. High energy cosmic rays and the knee in the energy spectrum of cosmic rays
03.03.2020 8. Radio detection of extensive air showers
05.03.2020 9. Acceleration, astrophysical accelerators and beam dumps
10.03.2020 10. Extragalactic propagation of cosmic rays
12.03.2020 11. Ultra high energy cosmic rays
17.03.2020 12. Astrophysical gamma rays and neutrinos
14.04.2020 13. Neutrino astronomy
12.05.2020 14. Gamma-ray astronomy

Student presentations:

19.03.2020 Cosmic ray anisotropy at TeV energies, Icecube/Top, HAWC Chris van den Oetelaar
16.04.2020 Cosmic-ray anisotropy at highest energies Auger/TA Björk Johannes
21.04.2020 KM3NeT project ARCA+ORCA Eric Teunis de Boone
23.04.2020 Radio detection of air showers Jur Remeijn
07.05.2020 IceCube neutrino astronomy Martijn Appeldoorn
14.05.2020 GZK effect and the end of the cosmic-ray spectrum, Auger,TA Youri Sloots
26.05.2020 H.E.S.S. TeV gamma-ray astronomy galactic center emission John Dunne
28.05.2020 Cherenkov Telescope Array - CTA Viktor Traykov
04.06.2020 The knee in the energy spectrum of cosmic rays Jesse Polman
11.06.2020 topic NN

assistant: Sukanth Karapakula (s.karapakula # astro.ru.nl)

Literature:

T.K. Gaisser et al 
Cosmic Rays and Particle Physics, 2nd edition
Cambridge University Press

Primary literature, journal articles
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lecture 4
Electromagnetic cascades

Gaisser chapter 15
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Extensive Air Shower
Proton 1015 eV:
on ground
106 particles
 80% photons
 18% electr./positr.
1.7% muons
0.3% hadrons
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pair production γ ! e++e-

bremsstrahlung e ! e+γ

radiation length X0=36.7 g/cm2

splitting length d=X0 ln2

E = E0/N Ee
c = 85 MeVcritical energy energy per particle 

nc =
ln

�
E0
Ee

c

⇥

ln 2
Nmax = 2nc =

E0

Ee
c

number of particles at shower maximum

N = 2n = exp
�

x

X0

⇥
x = nX0 ln 2after n splitting lengths: and
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A Heitler model of extensive air showers
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Abstract

A simple, semi-empirical model is used to develop the hadronic portion of air showers in a manner analogous to the
well-known Heitler splitting approximation of electromagnetic cascades. Various characteristics of EAS are plainly
exhibited with numerical predictions in good accord with detailed Monte Carlo simulations and with data. Results
for energy reconstruction, muon and electron sizes, the elongation rate, and for the effects of the atomic number of
the primary are discussed.
! 2004 Elsevier B.V. All rights reserved.

PACS: 13.85.Tp; 95.85.Ry; 96.40.Pq
Keywords: Cosmic rays; Extensive air showers; Simulations

1. Introduction

Extensive air showers develop in a complex way
as a combination of electromagnetic cascades and
hadronic multiparticle production. It is necessary
to perform detailed numerical simulations of air
showers to infer the properties of the primary cos-
mic rays that initiate them. But simulations are a
challenge since the number of charged particles
in a high energy shower can be enormous, perhaps
exceeding 1010. The design of algorithms is also

hampered by limited knowledge of interaction
cross-sections and particle production at high
energies.

Before the era of high-speed computing, Heitler
presented a very simple model of electromagnetic
(EM) cascade development [1]. He and others in
that time (notably Rossi [2]) also developed more
sophisticated analytical tools, which included
more physical effects. Such approaches, past and
present, are well described by Gaisser [3].

We will consider here Heitler!s simplest concep-
tion of EM cascades and extend it to the case
of extensive air showers. The purpose of using
a very simple model is to show plainly the physics
involved. It cannot replace fully detailed

0927-6505/$ - see front matter ! 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.astropartphys.2004.09.003
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A Matthews Heitler Model – Electromagnetic 
Cascades

depth of shower maximum
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JRH, Mod. Phys. Lett. A 22 (2007) 1533
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air 
shower
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316 GeV

107 GeV
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