Sensitivity of INO ICAL to neutrino mass hierarchy and 60,3 octant in presence of invisible neutrino decay in matter
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Introduction

The proposed India-based Neutrino Observatory will house a 50 kton magnetised Iron Calorimeter (ICAL) detector to detect atmospheric neutrinos and probe the Earth matter effects on their
propagation. Although the main goal of ICAL is to determine neutrino mass hierarchy, it will perform precision measurements on the 2—-3 oscillation parameters 63 and |Am§2| also. The detector
optimised to detect muons of a few GeV energy is most sensitive to the charged current (CC) interactions of v, and &, with the iron target which will produce hadrons and g~ or ™ in the final
state. The charge of the muon can be identified well since ICAL is a magnet. This, along with excellent muon resolutions and a large detector mass makes it suitable to determine mass hierarchy,
irrespective of dcp. |ICAL being an atmospheric neutrino experiment has the advantage to probe a wide range of L/ E, where L is the distance travelled by a neutrino and E its energy. This along with
the aforementioned attributes makes it a good detector to study exotic physics phenomena like invisible neutrino decay. Here we present a study on the sensitivity of 500 kton year exposure of ICAL to
the invisible decay of the mass eigen state v3 in the presence of Earth matter effects. Only the charged current (CC) interactions of atmospheric v, and ©,, for are analysed. The analysis with observed
muon energy in the range 0.5-25 GeV would give a constraint of 73/m3 > 1.51 X 1010 s/eV at 90% CL with this exposure. Here 73 is the lifetime and m3 is the mass of /3. The precision on

a3 = m3 /73 and the effect of a non-zero a3 on the precision measurement of sin’ 6>3 and |Am§2| are also studied. The presence of decay affects the oscillation amplitude rather than its phase, it is
seen that the precision on sin® @53 worsens whereas that on |Am§2| Is not much affected. Sensitivity to hierarchy also worsens slightly in the presence of the invisible decay of /3 when all parameters
are known precisely.For a3 < 1 X 107> eV?, 03 octant sensitivity improves (worsens) in the presence of invisible decay if 855" is in the first (second) octant.
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where ng = the number of targets in the detector, o, = differential neutrino interaction cross Exposure time in years Exposure time in years Exposure time in years Exposure time in years

section in terms of the energy and direction of the charged current lepton, ®,, and ®, : fluxes
of v, and v, and P,z : oscillation probability v, — vg in matter modified with az.
Similarly for anti-neutrinos. CID efficiency taken into account.

Figure 4: Sensitivity to neutrino mass hierarchy assuming (left set) true NH and (right set) true IH,
with different a3 values for true @73 = 45°. Y-axes are not the same.
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