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Abstract

Motivated by the capability of KATRIN/TRISTAN and HUNTER experiments to explore

the existence of KeV neutrinos, we consider important to include a discussion about the

role of future laboratory experiments, as they will be independent of any cosmological or

astrophysical assumption. The sterile neutrinos can also impact the amplitude of neutrinoless

double beta decay and the complementarity between beta decay, neutrinoless double beta

decay, and atomic K-capture experiments can discriminate between motivated models for

neutrino mass generation mechanism.

The addition of KeV sterile neutrinos to the SM particle spectrum is a well motivated

hypothesis since these neutrinos, besides playing a key role in the neutrino mass generation,

are a natural DM candidate [1]. Indeed, currently astrophysical and cosmological observations

impose severe constraints on the KeV sterile neutrino hypothesis.

While most X-ray bounds are shown under the assumption that the sterile neutrinos are

dark matter candidates, one can relax this assumption and simply count the number density

generated from neutrino oscillations in the early universe. These bounds seem to rule out much

of the parameter space (masses and active-sterile mixings). Nevertheless, these limits rely on

underlying cosmological and astrophysical assumptions and can be evaded as discussed, for

instance, in [2].

We stress here that laboratory searches provide independent tests of sterile neutrino hypoth-

esis that should prevail over cosmological hypotheses or considerations. There are several recent

studies showing that the KeV sterile hypothesis is not in conflict with the astrophysical bounds

if one assumes that the Universe never reached a temperature above a few MeV [3,4].

Sterile neutrinos can be searched in different laboratory experiments, depending on their

masses. KeV sterile neutrinos are too heavy to affect neutrino oscillations, but still too light to

have an impact in meson decays (peak or monochromatic line searches). They can be however

produced in the beta decays of some isotopes, which can impact the electron energy spectrum [5].

In particular, the TRISTAN experiment, the upgraded version of KATRIN, could be able to

probe KeV sterile neutrinos [6–9] with an unprecedented sensitivity in other laboratory experi-

ments. Another experimental signature could come from atomic K-capture events, which could

be seen by the HUNTER experiment [10]. A detection through production of a KeV sterile

neutrino in these experiments would be completely independent of any cosmological and astro-

physical input and has the potential to independently test the sterile hypothesis. Interestingly,

the neutrinoless double beta decay (0ν2β) - which is by excellence the observable associated

with the existence of Majorana neutrinos - when mediated by sterile neutrinos appears to be
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the ideal laboratory to probe their parameter space as the 0ν2β amplitude is affected by their

presence. The results from 0νββ experiments will provide complementary information, which

combined with the results from TRISTAN or HUNTER, could help disentangling the model

behind the existence of KeV neutrinos [11].

References

[1] A. Boyarsky, M. Drewes, T. Lasserre, S. Mertens and O. Ruchayskiy, Prog. Part. Nucl.

Phys. 104 (2019), 1-45 [arXiv:1807.07938 [hep-ph]].

[2] F. Bezrukov, A. Chudaykin and D. Gorbunov, JCAP 06 (2017), 051 [arXiv:1705.02184

[hep-ph]].

[3] G. B. Gelmini, P. Lu and V. Takhistov, Phys. Lett. B 800 (2020), 135113

[arXiv:1909.04168 [hep-ph]].

[4] G. B. Gelmini, P. Lu and V. Takhistov, JCAP 12 (2019), 047 [arXiv:1909.13328 [hep-

ph]].

[5] R. Shrock, Phys. Lett. B 96 (1980), 159-164

[6] S. Mertens et al., JCAP 1502 (2015) no.02, 020 [arXiv:1409.0920 [physics.ins-det]].

[7] S. Mertens, K. Dolde, M. Korzeczek, F. Glueck, S. Groh, R. D. Martin, A. W. P. Poon

and M. Steidl, Phys. Rev. D 91 (2015) 042005 [arXiv:1410.7684 [hep-ph]].

[8] S. Mertens [KATRIN Collaboration], Phys. Procedia 61 (2015) 267.

[9] N. M. N. Steinbrink, J. D. Behrens, S. Mertens, P. C.-O. Ranitzsch and C. Weinheimer,

Eur. Phys. J. C 78 (2018) no.3, 212 [arXiv:1710.04939 [physics.ins-det]].

[10] P. F. Smith, New J. Phys. 21 (2019) no.5, 053022 [arXiv:1607.06876 [physics.ins-det]].

[11] A. Abada, Álvaro Hernández-Cabezudo and X. Marcano, JHEP 01 (2019), 041

[arXiv:1807.01331 [hep-ph]].

2


