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Figure 7. Comparison of the DUNE-FD sensitivity to |d⌧ | obtained in this work (red solid) with
current constraints (solid curves, shaded regions), and sensitivities of future projects or estimated
exclusions (dashed curves). The band represents the region with 2 – 20 events/year, corresponding
to 95% C.L. sensitivity over 5 years with 25 – 2500 background events. Limits and sensitivities are
from DONUT [48], Icecube [7], solar neutrinos [3, 6], SHiP, LEP, SN 1987A [1], Xenon1T, BBN
4He abundance [3], SuperCDMS [4].

interaction is negligible. There are strong bounds on mixing with electron and muon flavour,
as well as excellent prospects for upcoming projects, see for example [11, 22–24, 43, 54, 55].
Therefore, we focus on mixing with the tau flavour |U⌧4|

2, which is more difficult to probe.
We explore a similar phenomenology as in the case of the dipole: we use the ⌫⌧ flux

generated by ⌫µ ! ⌫⌧ oscillations in the DUNE experiment.4 These neutrinos can interact
via NC interactions in the Earth or inside the far detector and up-scatter to ⌫4. Instead
of the massless photon mediator, up-scattering is mediated by Z0-exchange. As previously
mentioned, since the mediator is massive, the total cross section depends linearly on the
target mass (rather than logarithmically as in the dipole case) and therefore up-scattering
on electrons can be neglected. Subsequently the heavy neutrino can decay and leave an
observable signal in the detector. The main decay processes for M4 < 1GeV and mixing
only with the tau flavour are ⌫4 ! ⌫⌧⌫l⌫̄l, ⌫4 ! ⌫⌧e+e� and ⌫4 ! ⌫⌧⇡0, the latter two
providing a visible signal. There is considerable confusion in the literature about the decay
widths of a sterile neutrino that mixes with SM neutrinos with disagreeing results, compare
e.g. [11, 23, 54, 55, 58]. In our work we use the formulae presented recently in [23] where a
discussion on various previous results can also be found.

4
For similar considerations in the context of solar and atmospheric neutrinos see [56, 57].
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