
Abstract: Neutrino Mass Hierarchy Deter-
mination via Atmospheric Neutrinos with Fu-
ture Detectors

The issue of determining the neutrino mass hierarchy is one of
the outstanding questions in neutrino physics. We consider the
potential of hierarchy determination using atmospheric neutrinos
as the source in three different proposed future detectors: A large
Iron Calorimeter detector, a megaton Water Cerenkov detector
and a large-mass Liquid Argon detector.

If the mixing angle θ13 is about 10o (close to CHOOZ upper
bound), the hierarchy sensitivity is essentially determined by res-
onant matter effects. To maximize the potential of these effects
in atmospheric neutrinos, charge discrimination capability in the
detector is desirable. Hence, detectors with this capability have an
advantage in hierarchy determination. We compare and contrast
the performance of the above three detectors in this respect.

We also focus on the problem of determining the hierarchy in the
possible scenario of a vanishing or very small θ13. In this situation,
the difference between the mass squared difference ∆m
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the hierarchy. This question has been addressed in the context
of long-baseline experiments and neutrino factories. We find that
atmospheric neutrinos may also prove to be a feasible channel for
this purpose.

We explore the conditions for hierarchy sensitivity to exist at
the level of neutrino oscillation probabilities given vanishing θ13.
As expected, this effect is proportional to ∆m
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. Such a measurement is feasible with a wide band

neutrino superbeam.

Finally we perform a realistic analysis of the above future de-
tectors for atmospheric neutrinos and show that it is possible to
achieve a significant hierarchy sensitivity even in the θ13 = 0 limit
if the detector characteristics are favourable.
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