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The main objectives of this stay at the Nuclear Sciences Institute UNAM have been achieved. The first was to begin collaboration between the UNAM and Madrid Auger groups, which both parties expect to be very productive. As a second objective, several studies related with composition of ultra high energy cosmic rays were carried out. Thanks to this fellowship Germán Ros was able to work with the UNAM researchers: Dr. Medina Tanco, Dr. D’Olivo, Dr. Nellen and Dr. Valdes, all of them members of the Auger Collaboration. 

First I carried out computer simulations to find the best parameters related to composition. To this end, he analyzed several cosmic-ray showers for different primaries, energies and arrival directions, developing the necessary analysis techniques. We found that the usual parameters used for composition studies (radius of curvature of the shower front, time parameters such as the rise and fall time which are a certain percentage of the integrated signal in each tank …) have serious problems. To improve these parameters we made a deeper analysis of the time ones. We found that is necessary to improve the fits (there are problems such as outlier points, great scatter …) and to find some quality cuts to get good results. 

To do the data analysis I used the Offline Software Framework, which is the official software of the collaboration. Dr. Lukas Nellen is one of the developers of this software and his hep has been very important.

A very important issue in the simulations is how to simulate the signal in the tanks. In the Offline Software there are four ways to do this. We did a systematic comparison and obtained important conclusions. This work needs to be improved yet.

After that, I used real events. I reconstructed all Auger data since 2004 (approximately 300.000 events). I calculated for each event parameters such as energy, arrival direction, radius of curvature, core positon, rise time, fall time, slope of the lateral distribution function (signal of the tanks vs distances to shower axis) … And I compared this results whith the simulation ones.

Finally, I have compared several reconstruction methods using hybrid events (those ones seen by the surface array and the fluorescence telescopes too): the Offline surface array  reconstruction, the Offline hybrid reconstruction (which is completely independent of  the surface one) and CDAS.  CDAS is other software for the study of cosmic ray showers that has been used for other collaborations. 

In closing, thanks to this stay I made good academic progress and established a worthwhile relationship with the UNAM Auger group, which is very important for my PhD, and would have been impossible without this fellowship. 
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