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Boosting the performance of the neural network
using symmetry properties for the prediction of the

shower maximum using the water Cherenkov
Detectors of the Pierre Auger Observatory as an

example
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To probe physics beyond the scales of human-made accelerators with cosmic rays demands an accurate knowl-
edge of their primary mass composition. Using fluorescence detectors, one is able to estimate this by measur-
ing the depth of the shower maximumXmax. These, however, exhibit a very low duty cycle of typically below
15 %.

Inferring Xmax from a surface detector array (SD) such as the water-Cherenkov array of the Pierre Auger
Observatory is highly non-trivial due to the inherent complexity and fluctuations of the shower footprint.
Moreover, the sheer amount of data makes it non-trivial to find hidden patterns in the spatial and temporal
distributions of detector signals. Neural networks provide a straightforward way of tackling such a problem
doing a data-driven analysis.

Relying solely on geometrical quantities, timing, and the signal-time information of the SD stations, we show
that by exploiting the symmetries due to their triangular arrangement, we are able to boost a standard anal-
ysis network significantly without modifying its architecture or training process. Furthermore, these consid-
erations yield a standardization procedure which also enables us to encode the footprint’s information in a
memory-efficient way. The presented procedure can also be generalized and extended to systems whose setup
has an underlying hexagonal geometry.
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