
Neutrino oscillations in core-collapse supernovae∗

Meng-Ru Wu†1,2, Yong-Zhong Qian2, Gabriel Mart́ınez-Pinedo1,3, Tobias Fischer4, and Lutz Huther1
1TU Darmstadt, Germany;2University of Minnesota, USA;3GSI, Darmstadt, Germany;4University of Wrocław,

Poland

Neutrinos play essential roles in determining the dynam-
ics and nucleosynthesis of core-collapse supernova explo-
sion since they carry away nearly all the gravitational bind-
ing energy released during the collapse. On the other hand,
the detection of future Galactic supernova neutrinos could
be exploited to explore the physics of core-collapse super-
novae and properties of neutrinos. How neutrino oscilla-
tions among all three flavors of neutrinos and antineutrinos
occur in supernova environment and how will oscillations
affect different aspects mentioned above needs to be care-
fully examined.

We performed a comprehensive calculation of neutrino
oscillations in supernovae, including the collective oscilla-
tions [1] that may happen due to the presence of large neu-
trino fluxes above the proto-neutron star and the Mikheyev-
Smirnov-Wolfenstein (MSW) flavor transformation [2, 3].
In this study, we employed the neutrino emission character-
istics and electron number density profiles calculated self-
consistently in an18 M⊙ supernova model [4] and took
into account the time evolution of these quantities over the
neutrino emission timescale of∼ 10 seconds. We then ex-
amined the effect of neutrino oscillations on different nu-
cleosynthesis processes and on the neutrino signals. [5]
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Figure 1:νe andν̄e absorption ratesλosc, including oscil-
lations andλ0, without oscillations as a function of time.

Fig. 1 shows how collective neutrino oscillations change
theνe (ν̄e) absorption rates,λ, on neutrons (protons) for an
example mass element ejected by neutrino-heating (the so-
calledν-driven wind). Although theνe andν̄e absorption
rates are enhanced by∼ 25% and∼ 10% due to the flavor
oscillations ofνe ↔ νµ,τ andν̄e ↔ ν̄µ,τ for some period
of time, the enhancement occurs after the4He formation at
the temperatureT ∼ 7 GK and beforeT & 3 GK whenνp
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process [6] operates such that the overall impact of oscilla-
tions on theν-driven wind nucleosynthesis is negligible.

For the production of the rare isotopes138La and180Ta
in the O/Ne shell of the star throughνe absorption on138Ba
and180Hf, the rates can be enhanced by up to∼ 80% and
∼ 60% for those two interactions by collective neutrino
oscillations and can potentially increase the production of
138La and180Ta by∼ 10% when integrating over the neu-
trino emission time. Note that the above results assume the
inverted neutrino mass hierarchy (IH) since in our model
collective neutrino oscillations are suppressed in the nor-
mal neutrino mass hierarchy (NH).

For the neutrino-induced nucleosynthesis in the He shell,
where the mass densityρ . 103 g/cm3, the MSW fla-
vor transformation has to be taken into account. In this
supernova model, since the supernova shock only arrives
the MSW resonance region at∼ 5 s post bounce, the
MSW flavor transformation can be treated adiabatically
before that. We found that for the part of He shell lo-
cated between5.5 × 104 . 4 × 105 km, the reaction
νe + 4He → 3He + p + e− is enhanced by a factor of∼ 32
for the NH whileν̄e + 4He → 3H+n+ e+ is enhanced by
∼ 17 for the IH, mainly due to the MSW transformation.
This may affect the total production of light elements such
as7Li and 11B in supernovae.

Lastly, we looked at the effect of neutrino oscillations on
the Galactic neutrino signals for different detection chan-
nels of neutrino flavors, e.g. the Super-Kamiokande detec-
tor for mainly ν̄e and a hypothetical liquid argon detector
for mainlyνe detection. We found that the time-integrated
neutrino energy spectra detected during the first 0.5 s of the
neutrino emission may be used to infer the neutrino mass
hierarchy, when combined with the total detected event
rates as a function of time.

References

[1] H. Duan, G.M. Fuller, and Y.-Z. Qian, “Collective Neutrino
Oscillations”, Ann.Rev.Nucl.Part.Sci, 60, 569 (2010)

[2] L. Wolfenstein, Phys.Rev. D17, 2369 (1978)

[3] S.P. Mikheyev and A.Y. Smirnov, Yadernaya Fizika 42, 1441
(1985)

[4] T. Fischer, S.C. Whitehouse, A. Mezzacappa, et. al., As-
tron.Astrophys. 517, A80 (2010)

[5] M.-R. Wu, Y.-Z. Qian, G. Martı́nez-Pinedo, et. al., Phys.Rev.
D91, 065016 (2015)
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