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Albeit great success in the discovery of neutrino oscillations, inconsistency between three-neutrino model
and observed neutrino data has left a conundrum in neutrino physics called “neutrino anomalies”. The sterile
neutrino, as a hypothetical particle, coined to resolve the anomalies. Although some ambiguities related to
the nuclear physics in reactors should be disentangled, the sterile neutrino, as a possible solution, has aroused
lots of intensive discussions in the astrophysics as well as the neutrino physics.

In this presentation, we show effects of the sterile neutrino on two astrophysical environments; one is big
bang nucleosynthesis (BBN) and the other is supernova (SN) neutrino process. First, in BBN, we assume that
sterile neutrinos can propagate the five-dimensional bulk space [1]. In this model, the effective mixing angle
between sterile and active neutrinos depends on energy, which may give rise to a resonance effect. By solving
a rate equation including the mixing effects, we determine the energy density of sterile neutrinos in the
early universe and constrain sterile-active mixing parameters by using the observational data of primordial
abundances [2].

Second, we investigate the sterile-active neutrino oscillation effects on the SN neutrino process [3]. In this
study, adopting 3+1 mixing parameters in IceCube and shortbase line experiments [4], we find multiple res-
onances in SN environments. For the source of sterile neutrinos, we use two scenarios [5]; the first one is
that sterile neutrinos can be produced only by mixing with active neutrinos and the second one is that sterile
neutrinos can be produced via scattering between electron neutrinos and matter. Our result shows that the
analysis of observed SiC X grains [6] excludes the first scenario, while the viability of the second scenario
depends on the sterile neutrino temperature and the neutrino mass hierarchy.

References
[1] H. Pas, S. Pakvasa and T. J. Weiler, Phys. Rev. D. 72, 095017 (2005)
[2] D. Jang, M. Kusakabe and M. K. Cheoun, Phys. Rev. D. 97, 043005 (2018).
[3] H. Ko, D. Jang, M. Kusakabe and M. K. Cheoun (to be published).
[4] G. H. Collin et al., Phys. Rev. Lett. 117, 221801 (2016)
[5] E. W. Kolb, R. N. Mohapatra and V. L. Teplitz, Phys. Rev. Lett. 77, 3066 (1996)
[6] G. J. Mathews et al., Phys. Rev. D. 85, 105023 (2012)

Working Group
WG1 : Neutrino Oscillation Physics

Primary author: Mr JANG, Dukjae (Soongsil University)

Co-authors: Ms KO, Heamin (Soongsil University); Prof. KUSAKABE, Motohiko (Beihang University); Prof.
CHEOUN, Myung-Ki (Soongsil University)

Presenter: Mr JANG, Dukjae (Soongsil University)

Session Classification: Working Group 5


