
 
 

  

Cosmic rays have been an intriguing field of research since their 
discovery more than 100 years ago. They are the most energetic 
particles in the Universe. Likely sources include exploding stars and 
active black holes, but many questions still exist about the 
acceleration processes and the physics of their sources. When high-
energy cosmic rays impinge upon the atmosphere, they create 
extensive air showers, which are cascades of secondary particles 
that are observed with various methods. Measuring the radio 
emission of air showers is a relatively new but increasingly popular 
method to extract information about the mass composition of 
cosmic rays. Thus, reconstructing air shower properties with 
highest precision forms an integral aspect of study for the present 
and upcoming dense radio antenna arrays like LOFAR and SKA, 
driving the motivation behind the work presented in this thesis.  
 The first part of the thesis describes a novel tool that has been 
developed in order to include realistic atmospheres in the 
simulations at the time of observed air showers. It is now used for 
the analysis at several air shower detection experiments around 
the world, not only limited to radio arrays. The effects of the 
realistic atmospheres on the widely used cosmic ray mass 
estimator shower maximum, Xmax, are demonstrated using LOFAR 
data and a general correction formula is provided to compensate 
for the non-inclusion of exact atmospheric effects. 
 In the second part of the thesis the shape of the longitudinal 
profile of air showers is studied. It carries information about the 
mass of the primary cosmic ray but is also sensitive to the hadronic 
model used in the simulation. In combination with existing 
reconstructions of the altitude of the shower maximum it provides 
a unique potential to constrain hadronic physics in a regime that 
cannot be probed by the LHC. It is demonstrated that highly dense 
arrays like LOFAR and SKA are sensitive towards these subtle 
parameters. 
 To make such an analysis possible there is a need for simulations 
that are as fast as full Monte Carlo codes like Corsika but orders of 
magnitude faster. A detailed study of a semi-analytic framework - 
MGMR3D is performed. Various modifications within the code lead 
to very accurate reconstruction of Xmax. Furthermore, it is 
demonstrated for the first time that the shape of the longitudinal 
profile can indeed be constrained with radio measurements - a 
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