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Figure 5. Comparison of the DUNE-ND sensitivity to |de| 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 LSND, MicroBooNE, SBND, SHiP, LEP, SN 1987A [1], solar neutrinos [3, 6], Xenon1T, BBN
4He abundance [3], SuperCDMS [4].

• Constraints from modifications of the solar-neutrino electronic recoil spectrum at
Borexino due to transition magnetic moments [50, 51] were calculated for the HNL
portal in [3] and are shown in dark-green in figs. 5 to 7. An analysis of solar-neutrino
nuclear recoils from the Xenon1T dark-matter experiment leads to the constraints
on d↵ shown in magenta [3]. Constraints from the same type of signal at the future
SuperCDMS dark matter detector are shown in purple assuming a 1-ton year exposure
time and 3�-significance (65 events) [4]. Due to oscillations, there is an O(1) correction
to the de constraints.

• A recent analysis [6] considers a situation, similar to ours, of up-scattering of solar
neutrinos in the Earth and decay in the detector; it combines data from both Borex-
ino [52] and Super-Kamiokande (SK) [53] to derive the constraints of d↵ (brown,
dashed); however this analysis does not consider the geometric suppression rigorously
for outside events.

• From the observed SN 1987A neutrino burst limits on d↵ can be set [1]. The areas
enclosed by the cyan curves in figs. 5 to 7 are disfavoured by SN 1987A. Below the
curve, the induced cooling effect is too weak, and above the interaction becomes strong
enough so that steriles cannot escape the collapsing core. Finally, if the sterile is too
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