
I   Scientific Highlights 067

Neutrino interactions are the key component of the 
mechanism for supernova explosions. Foremost is the 
role of neutrinos in the explosion itself. Much effort is 
now invested in understanding the transport of neutrinos 
from the core and the role of neutrino heated convection 
in the outer envelopes. They also play an important role 
in the associated nucleosynthesis, and current topics are 
regarding the synthesis of the ν-process isotopes 180Ta, 
138La and light isotopes 7Li and 11B and impact on the 
neutrino-flavor oscillations [1].

Most important neutrino-flavor mixing is due to 
Mikheyev-Smirnov-Wolfenstein (MSW) matter effect [2]. 
The adiabatic condition can be written as

(1)

The flavor oscillations occur for a matter density ρres of

(2)

where ρres is in units of g cm−3, Δm2 ~ 10−3 eV is the 
difference in the square of the neutrino mass eigenstates, 
and θ is the relevant mixing angle. This implies that the 
resonant flavor mixing occurs among active neutrinos at 
the matter density ~103 g cm−3 located just below the O/C 
layer at Mr ≈ (3.4–4)M as shown in Fig. 1.

The dependence on θ13 enters here for the 13-mixing 
resonance. The associated increase in the electron 
neutrino temperature increases the rates of charged-
current ν-process reactions. Although the heavy ν-process 
elements are produced in the inner layers and unaffected 
by the MSW resonance, the light isotopes 7Li and 11B are 
sensitive to the 13 mixing. Moreover, the ratio depends 
on the still unknown neutrino mass hierarchy [1].

Since the recent reactor and accelerator experiments 
give sin2 2θ13 ~ 0.1, the neutrino mass hierarchy can be 
determined from the strong, robust dependence of the 
abundance ratio 7Li/11B on the oscillation parameters [1]. 
According to a recent work based on the deduction of the 
ratio 7Li/11B from so-called pre-solar supernova grains of 
a meteorite [3], we can conclude that the inverted mass 
hierarchy is statistically more favored [4].

We also discussed the flavor mixing effects on 
the observed signals of supernova neutrinos on Earth 
[5]. Independent of the neutrino mass hierarchy in the 
efficient flavor mixing, the observed neutrino fluxes 
might become

(3)

where Uei are elements of the Cabbibo-Kobayashi-
Masukawa matrix in neutrino sector. We can predict the 
difference of the neutrino signals which depend on mass 
hierarchy and EoS of proto-neutron stars in mega-ton Gd 
loaded Water-Chrenkov detector at Hyper-Kamiokande 
[5].
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Produced Li, Be, and B isotopes as a function of interior 
mass of core-collapse supernova.  Note the large spike 
in 11B and 7Li production in the O/C and He/C shells.
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