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FIG. 1. Overview of projected sensitivities (95% CL) and constraints obtained from SHiP, LHC, LEP, Supernova 1987A and
experiments at the Short-Baseline Neutrino facility at Fermilab. We also show previously calculated favored regions of interest
(ROI) in parameter space for MiniBooNE and LSND, and constraints from NOMAD. Limits are shown for the dimension 5 (�
mediator) and dimension 6 (�+Z mediators) extensions. See Table II for an explanation of the labels. Each curve is discussed
and presented in the paper.

at high and medium energies.
Previously dipole interactions of neutrinos have been

studied in several specific contexts (that we are aware of).
If the SM neutrinos have a large flavor off-diagonal EM
dipole moment, the interaction of solar and reactor neu-
trinos may get enhanced. This provides stringent limits
on dipole moments of SM neutrinos [10]. Some theo-
retical and phenomenological aspects of the Dirac HNL
dipole operator were discussed in Refs. [11, 12] (see also
a more recent general discussion of dimension 5 effective
operators in the neutrino sector [13]). Another promi-
nent place where the transitional ⌫�N dipole appears is
the literature on searches of sterile neutrino dark matter
via a dipole-induced decay N ! ⌫� ([14] and references
therein). A more closely related case to the topic of our
study has arisen as a consequence of trying to accom-
modate MiniBoone and LSND anomalies, that we would
like to discuss now in more detail.

While there is an overall theoretical/experimental con-
sistency for the three-neutrino oscillation picture, there
are several experimental results that do not fit in. Two
notable exceptions are the anomalies observed at the
intensity frontier experiments LSND and MiniBooNE
[15, 16]. In these experiments, an excess of low energy
electron (anti-)neutrinos have been observed, the source

of which is currently unknown. Conceivably, there are
two possibilities: new physics or some unaccounted SM
processes. Thus, for example, single photons produced
via poorly understood SM neutrino interactions with nu-
clei [17] might lead to some partial explanation of the
anomalies. (At the signal level, a single photon can-
not be distinguished from charged-current quasi-elastic
events by MiniBooNE’s Cherenkov detector.)

The most popular proposal is the existence of a light
(m ⇠ eV) sterile neutrino ([18] and references therein),
which mediates the anomalous oscillation required to
explain the observed excess signal. A possibility of eV
sterile neutrinos being at the origin of the MiniBooNE
and LSND oscillation results is strongly challenged by
cosmological data. Indeed, the required parameters for
mass splitting and mixing angle will lead to a complete
thermalization of a new sterile species via oscillation
mechanism. This stands in sharp disagreement with
cosmological data (in particular, cosmic microwave
background (CMB), Big Bang Nucleosynthesis (BBN)
and late-time cosmology) that constrain not only the
total number of thermally populated relativistic degrees
of freedom in the early Universe, but also limits the
total neutrino mass

P
m⌫  0.17 eV at 95%CL [19].

Consequently, a single eV sterile neutrino is not con-


