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The nature and the sources of the cosmic rays of ultra-high energy are not yet elucidated. The cutoff of
the spectrum around 50 EeV is now clearly established, but its interpretation is still ambiguous: it can be
interpreted as the so-called GZK effect on a flux dominated by protons, or by an upper bound on the accel-
eration in the sources, or through a complex scenario implying a mixture of nuclei evolving with energy. To
answer these questions the identification of the nature of the primaries is crucial. Present ground based de-
tectors, especially water Cherenkov tanks, provide some indicators, in complement to the depth of maximum
directly measured by fluorescence telescopes; but these indicators rely on models of the hadronic interactions
at ultra-high energy, which cannot be observed in present colliders. One key feature to set more constraints
on the development of atmospheric showers is a separate measurement of their electromagnetic and muonic
components. Water Cherenkov tanks are sensitive to both, but cannot disentangle them in a clean and model-
independent way. We present different options that have been studied to upgrade them, either by modifying
their internal structure, or by adding above of below the tank another type of detector, with a different rel-
ative sensitivity to muons and photons/electrons. Another way of constraining the shower models, through
the geomagnetic distortion of horizontal showers, will be presented.
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