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Abstract: Stellarators are an alternative to tokamaks in the path towards the fusion 
reactor. While at the moment they are more difficut to build [1], they are intrinsically 
easier to operate, an advantage when it comes to a commercial reactor. The main 
disadvantage arises from the fact that, in the magnetic field of generic stellarators, 
trapped particle orbits are not perfectly confined; these orbits, combined with collisions 
between particles, lead to unaffordable energy losses. Although the physics behind these 
energy losses (named “neoclassical transport”) is relatively well known, the magnetic 
configuration of stellarators has to be designed carefully to reduce them, and this is not 
an easy task. 

Minimization of a figure of merit of neoclassical transport, the so-called effective ripple of 
the magnetic field, is routinely employed in stellarator design. Nevertheless, it has been 
experimentally observed that large reductions of the effective ripple do not always 
translate into comparable improvements of energy confinement in real magnetic 
confinement devices. 

Recently [2], we have developed analytical techniques to improve the understanding of 
neoclassical transport in optimized stellarators from first principles. These techniques, 
when implemented in a numerical code, will allow to characterize accurately and fast 
the neoclassical transport of a magnetic configuration, without the need of resorting to 
simplified quantities such as the effective ripple. 

In the course of this master thesis, the student will become involved in the development 
of the numerical code (for what he/she will become familiar with the theory underlying 
it) and will use it for characterizing the neoclassical transport in stellarators such as 
Wendelstein 7-X [1] or the Large Helical Device [3], in collaboration with other members 
of our group [4]. 

[1] https://www.youtube.com/watch?v=u-fbBRAxJNk 

[2] "The effect of tangential drifts on neoclassical transport in stellarators close to 
omnigeneity", I. Calvo, F. I. Parra, J. L. Velasco and J. A. Alonso. 
https://arxiv.org/abs/1610.06016 
 
[3] http://www.lhd.nifs.ac.jp/en/home/lhd.html 
 
[4] http://fusionsites.ciemat.es/kinetictransport/ 
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