Future sensitivity on unitarity, light-sterile neutrinos and
neutrino magnetic moment from low-energy experiments
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We study the future sensitivities to a non-unitarity neutrino mixing matrix for various proposed
short-baseline coherent elastic neutrino-nucleus scattering (CEvNS) experiments. We also identify
the best configuration for measuring the oscillation parameters on the (3+1) scheme for light sterile
neutrinos and find the estimated sensitivity for their parameters. Finally, we study the conversion to
massive sterile neutrinos (in the keV-MeV energy mass) through transition magnetic moments and
find the sensitivities for actual COHERENT results as well as future experiments of CEvNS and
elastic neutrino-electron scattering (EvES) with a proposed Cr-51 neutrino source experimental
setup.
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Future sensitivity on neutrino physics from low-energy experiments

1. Introduction
We take into account three different scenarios:
• A) The presence of extra singlet heavy neutral leptons that mediate light-neutrino mass
generation.
• B) The case in which the new sterile state is light enough to participate in oscillations.

For the analysis of A) and B) we focus on three future experiments aiming to deploy large
liquid argon detectors in order to measure CEvNS using a 𝜋 − 𝐷 𝐴𝑅 neutrino source. The summary
of these considerations are shown in Table 1.
mass
threshold(𝑘𝑒𝑉𝑛𝑟 )
𝑁 𝑃𝑂𝑇 (1023 /𝑦𝑟)
r
baseline(m)

CENNS
610kg
20
1.5
0.08
28.4

CCM
7ton
1
0.177
0.425
20

ESS
10kg(1ton)
0.1(20)
2.8
0.3
20

Table 1: Experimental configurations [1].

For C) we consider present and future CEvNS and EvES experiments. We also confirmed
previous calculations regarding XENON1T which served as a calibration for our procedure in the
study of TMM’s. The free EvES cross section is weighted by a step function correction to take into
account electron binding effects in each target material.
We are also motivated to explore the sterile dipole portal using a low-energy monochromatic
51
𝜈𝑒 𝐶𝑟 source through CEvNS and EvES processes. For this, we focus on a proposal for measuring
CEvNS using a 5 MCi 51𝐶𝑟 source and different kg-scale detectors. Also, we examine the potential
of a 51 Cr-LXe detector through EvES measurements.
For the statistical analysis, in general we perform a 𝜒2 calculation given by:
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2. Results
For A) we give a first estimate on the study of probing the unitarity-violating parameters for
the future LAr detectors. First we only vary one parameter at a time, marginalizing over the other
two, and imposing constraints from the triangular inequalities that they must obey. From here,
one sees that CEvNS experiments cannot compete with current bounds, but they might become in
the future competitive with the current constraints from oscillation searches. This is the case of
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• C) Neutrino magnetic properties in the presence of electroweak singlet neutrinos which allows
the sterile dipole portal.
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the next-generation of ESS. The right panel of Fig. 1 shows the projected sensitivities taking into
account different systematic uncertainties.
It is also possible to perform a combined 𝜒2 analysis varying two of the NU parameters, and
marginalizing over the third one. We show our results for this on Fig. 2, here, the dark-shaded
areas located to the right of each line are allowed at 90% C.L. by each experiment. We can see that
CENNS and CCM may have the potential to probe part of the allowed parameter space. And as
before the most promising experiment is the ESS in its future configuration.

Figure 2: Allowed regions at 90% C.L..The yellow region is unphysical due to triangular inequalities [1].

For the case of sterile neutrino oscillations we can explore how the parameter space can be
probed by CEvNS measurements. Fig. 3 shows the sensitivity at 90% C.L. for each experimental
proposal. From the results we arrive at the same general conclusion as before.
Finally, assuming the neutrino magnetic moment as an effective parameter we perform a
sensitivity analysis for all the experiments discussed above. We show them at 90% C.L. in Fig. 4.

3. Conclusions
We analyzed the potential of future CEvNS experiments in probing physics associated to the
presence of heavy isosinglets neutrinos, light sterile neutrinos and to transition into a sterile massive
neutrino state through a dipole moment interaction. We finally showed that future short-baseline
experiments may become competitive and will test regions of interest for each of the different
scenarios.
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Figure 1: Sensitivity on the non-diagonal parameter |𝛼21 |[1].
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Figure 4: Sensitivity of CEvNS and EvES experiments for the effective sterile neutrino transition magnetic
moment [2].
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