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(a) Constraints assuming dµ = d⌧ = 0 (b) Constraints assuming de = d⌧ = 0

(c) Constraints assuming de = d⌧ = 0 (d) Constraints assuming UeN = UµN = 0

FIG. 2. Comparison of our dipole-portal limits (a)-(c) and mass-mixing limit for |U⌧N |2 (d) vs. existing limits derived in the
literature (for a helpful compilation of projected sensitivities see [42]). We have included two bounds from Super-Kamiokande
for the dipole portal; one where �sys = 0 and another where �sys is 5% of the background events. Notice that due to
atmospheric neutrino oscillations averaged over the interior of the Earth our constraints are flavor independent up to an O(1)
factor. Constraints from NOMAD (µ-only) are taken from [34, 64], MiniBooNE (µ-only), supernova bounds (assumed flavor
democratic), and LSND constraints are taken from [35], and solar constraints are taken from [62]. The ⌧ -only mass-mixing
constraints are taken from [47, 63, 65–68]. The dashed lines in (d) are meant to illustrate the theoretical uncertainty in
the production rate due to incoherent scattering on nuclei. The lower (upper) dashed line is where we double (halve) the
contribution due to incoherent scattering. The coherent contribution (which is nearly free of nuclear uncertainties) guarantees
an irreducible flux atmospheric upscattered HNLs.

where ⌧ is the characteristic decay time in the rest frame
of the HNL. Given the decay length, �, the probability
for an HNL produced at a location X directed toward our
detector located at Y to decay visibly within the fiducial
volume, of length ` and area A? is

Pvis = Bvis ⇥ exp
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where Bvis = �N!vis/�N is the branching ratio to visible
SM decay products (an experiment and search strategy
dependent quantity). The probability of an HNL being

directed towards the detector is proportional to the solid
angle of the detector as seen from the point of emission,
⌦det ⇠ A?/|X � Y|2. We note that in the limit � � `

we may approximate 1� e�`/� ⇡ `/� such that the over-
all rate scales as the volume of the detector V = A?`.
For � ⇠ ` the rate will depend somewhat on the geome-
try of the detector and so the ceiling of our constraints
will be modified by an O(1) number; because this region
is already ruled out by complementary search strategies
this is not important, except perhaps for electron-only
coupled dipole portals (see Fig. 2a). Putting everything


