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FIG. 3: Expected potential to constrain magnetic moments leading to the transitions ⌫⌧ �N (left panel) and ⌫µ �N (right panel) at IceCube.
In the region enclosed by the solid contours, at least one DB event would be expected at IceCube, for a data taking period of six years. The
shaded regions are disfavored by previous experiments, see text for details.

section1, using as “typical” values of E⌫ and Er the ones in
Table I. For NOMAD [26] we use the results from Ref. [27], in
which the rate of Primakoff conversion ⌫µ+X ! ⌫s+X(+�)
(where X is a nucleus) was used to constrain the transition
magnetic moment.

The ALEPH constraint on the branching ratio BR(Z !

⌫N ! ⌫⌫�) < 2.7 ⇥ 10�5 [30] translates into the bound
|U↵4|

2(µtr/µB)2 < 1.9 ⇥ 10�16 [31], for mN below the Z
boson mass and ↵ ⌘ e, µ, ⌧ . It can be evaded by requiring a
very small mixing with the active neutrinos; however, saturat-
ing the bound from direct searches on the mixing |U⌧4|

2 gives
the strongest possible constraint from ALEPH data, which is
competitive in the mass region mN & 5� 10 GeV.

Additional bounds on µtr can also be derived from cosmol-
ogy. In the SM, neutrino decoupling takes places at temper-
atures T ⇠ 2 MeV. However, the additional interaction be-

Measurement Flavor E⌫ Er mN,max ��exp

Borexino-pp [28] all 420 keV 230 keV 150 keV 0.1
Borexino-7B [28] all 862 keV 600 keV 230 keV 0.1
CHARM-II [29] ⌫µ 24 GeV 5 GeV 140 MeV 0.44

DONUT [24] ⌫⌧ 100 GeV 20 GeV 300 MeV Ref. [24]

TABLE I: Set of past experiments that provide competitive con-
straints on NTMM through measurements of ⌫ � e scattering. For
reference, we list the neutrino flavor and the typical values of E⌫ and
Er used in each experiment, together with the maximum heavy neu-
trino mass allowed by kinematics (given by Eq. (7)) and the reported
precision on the cross section measurement.

1 Neutrino–nucleus scattering would in principle be sensitive to NTMM as
well. However, the approximate bounds derived are not as competitive.
For example, using NuTeV data [25] we find an approximate bound µtr .
10�4µB .

tween photons and neutrinos induced by a magnetic moment
may lead to a delayed neutrino decoupling. This imposes an
upper bound on µtr (see e.g. [32] for analogous active limits).

Our results for the NTMM scenario are shown in Fig. 3.
The shaded regions are disfavored by past experiments as
outlined above, while the contours correspond to the regions
where more than one DB event would be expected at Ice-
Cube, for six years of data taking. The left panel shows the
results for a NTMM between N and ⌫⌧ . Our results indi-
cate that IceCube has the potential to improve more than two
orders of magnitude over current constraints for NTMM, for
mN ⇠ 1 MeV � 1 GeV. The right panel, on the other hand,
shows the results for a NTMM between N and ⌫µ. The com-
putation of the number of events is identical as for ⌫⌧ � N
transitions, replacing the oscillation probability Pµ⌧ by Pµµ

in Eq. (2). Even though current constraints are stronger in this
case, we also find that IceCube could significantly improve
over present bounds.

As a final remark, it is known that operators that generate
large NTMM may also induce large corrections to neutrino
masses, leading to a fine-tuning problem [33]. Nevertheless,
in simple scenarios like the Zee model [34] it is possible to
obtain µtr ⇠ O(10�10µB) between active neutrinos without
any tuning [35]. Moreover, the NTMM operator in Eq. (3)
will contribute to the Dirac ⌫L � NR mass, which is allowed
to be much larger than m⌫ in Seesaw scenarios, for instance.

Conclusions. In this letter, we have studied the potential
of the IceCube detector to look for new physics using low-
energy DB events. The collaboration has already performed
searches for events with this topology at ultra-high energies,
which are expected in the SM from the CC interactions of PeV
tau neutrinos. In this work we have shown how very simple
new physics scenarios with GeV-scale right-handed neutrinos
would lead to a similar topology, with two low-energy cas-
cades that could be spatially resolved in the detector. We find
that IceCube may be able to improve by orders of magnitude
the current constraints on the two scenarios considered here.
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