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In dense environments, standard and non-standard neutrino interactions with the background
particles trigger a variety of flavor mechanisms, which can impact r-process nucleosynthetic
abundances. Future observations of a(n) (extra)galactic supernova will tell us about properties of
neutrinos and of the astrophysical source that produce them. The upcoming measurement of the
diffuse supernova neutrino background constitute a unique source of information. We highlight
some recent developments.
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1. Introduction

Confirmation that core-collapse supernovae emit 99 % of a few 1053 erg as neutrinos was given
by the measurement of the 24 SN1987A a events in Kamiokande [1], IMB [2] and Baksan [3].
Core-collapse supernovae (CC SNe) and binary neutron star mergers (BNS) are candidate sites for
the synthesis of elements heavier than iron through the rapid neutron capture process (A-process).
Weak processes involving neutrinos play an important role in these sites, for the explosion dynamics,
for future observations and for r-process nucleosynthesis. Evidence for the production of r-process
elements in BNS was provided by the kilonova observed with GW170817 [4]. Gravitational wave
measurements will furnish, among others, a precise measurement of the BNS rate, crucial for
unravelling the sites for the A-process, a longstanding open issue.

Numerous theoretical investigations clearly show that flavor evolution impacts the A-process.
Challenging self-consistent multidimensional calculations of the matter composition in neutrino
driven winds and neutrino flavor evolution are still missing, A reference phenomenon, for flavor
evolution studies, is the Mikheev-Smirnov-Wolfenstein (MSW) mechanism [5, 6], due to neutrino-
matter interactions, a phenomenon responsible for high energy solar 8B neutrinos to 1/3. In dense
environments, neutrinos change flavor due to neutrino self-interactions (see e.g. [7, 8] for a review),
shock waves and turbulence. Pinning down the conditions, their impact and their description has
triggered intense investigations since more than a decade. Moreover, efforts have been made to
extend the current theoretical description of neutrino flavor evolution in dense media and questioned
the (widely employed) mean-field approximation (see e.g. [9, 10]). Here we highlight some MSW-
like mechanisms found in BNS based on the mean-field neutrino evolution equations.

2. Flavor evolution from standard and non-standard interactions in BNS

BNS produce large amount of low energy neutrinos with luminosities and average energies com-
parable to CC SNe, but with an excess of ā4 over a4, due to the matter neutron richness and
the geometry of the neutrino emission. Moreover the a`, ag fluxes can be much smaller than a4

ones. The flux predictions present sizeable variations depending on simulations (see Table VII of
Ref.[11]).

The ā4 excess in BNS can produce a cancellation between the matter and the neutrino self-
interactions contributions to the neutrino propagation Hamiltonian. This cancellation can trigger
the matter-neutrino resonance (MNR) and adiabatic conversion of a4 (standard) and ā4 (symmetric
MNR), influencing A-process nucleosynthetic abundances [12]. The flavor content depends on the
initial conditions for the neutrino emission and the trajectories followed by the neutrinos, modifying
a4 and ā4 rates on neutrons and protons by several tens of percent depending on the neutrino
trajectories [11].

The MNR underlying mechanisms is a multiple MSW effect, as shown by Ref.[13] with a
schematic model, and by Ref.[14] based on detailed BNS simulations. By using a perturbative
argument, one can show that the a self-interaction adjusts itself to the matter term multiple times,
due to the non-linear feedback. On the contrary, non-linear feedback does not operate for helicity
coherence that arises because of wrong helicity contributions to the evolution equations, due to the
neutrino mass [14].
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Constraints on non-standard interactions (NSI) come from solar, oscillation experiments, scat-
tering measurements [15] and coherent neutrino-nucleus scattering [16]. NSI can trigger new flavor
conversion mechanisms in dense environments, such as the MNR in core-collapse supernovae [17]
or the I-resonance, triggered by a cancellation of standard and non-standard matter terms [18].

The first investigation of NSI effects in BNS has uncovered that the I-resonance can also be
triggered in presence of sizeable a self-interactions as a synchronized MSW effect. The study has
also shown that, as in the supernova context, a complex pattern of flavor conversion mechanisms
takes place along different trajectories, even for very small values of the NSI couplings (well
below current bounds). This can influence significantly the electron fraction and nucleosynthetic
abundances [19].

Moreover, in dense environments, very short scale conversions, termed fast modes, can occur
when more realistic emission at the neutrinosphere is considered [20], with crossings between the
a4 and ā4 angular distributions (see [21] for a review). Such modes, that do not appear to produce
flavor equilibration (in a two neutrino beam schematic model) [22], can take place in detailed
multidimensional simulations (when the ratio of a4 and ā4 number densities is close to one) [23].
This result was confirmed by analysis of multidimensional simulations from different groups.

3. Future supernova neutrino observations

The Supernova Early Warning System (SNEWS) is awaiting for the next (extra)galactic supernova
[24] that will bring invaluable information of the supernova explosion mechanism, the supernova
location, on neutrino properties, non-standard particles, NSI and on the neutron star.

The gravitational binding energy can be determined with 11% precision in Super-Kamiokande
and 3% in Hyper-Kamiokande, with likelihood analysis of the neutrino fluences (MSW effect
included) and combining inverse beta-decay and elastic scattering. The ā4, a`, ag flux parameters
can be precisely reconstructed (except the pinching parameters). Based on the EOS of neutron stars,
the compactness or mass-radius relation can be inferred with rather good precision [25, 26].

Complementary to future supernova neutrino observations is the measurement of the diffuse
supernova background from past supernovae (DSNB). The DSNB is sensitive to redshifted neutrino
spectra and flavor mechanisms, the core-collapse supernova rate, the debated fraction of failed
supernovae [27, 28]and a properties, such as neutrino decay [29]. As for flavor phenomena, beyond
the MSW, shock waves (including phase effects) and a self-interactions impact the DSNB fluxes
and rates. Shock wave effects can change the latter by about 10-20 % (depending on the a mass
ordering) and can reduce the sensitivity to neutrino self-interactions [30]. The DSNB rates are also
sensitive to the shock revival time [31].

The sensitivity of the combined analysis (90 % C.L.) of SK-IV and previous phases, is on par
with DSNB rates from four models, whereas more conservative predictions are lower about a factor
of 4 [32]. The DSNB measurement is expected with the running Super-Kamiokande (SK)+Gd and
the upcoming JUNO and Hyper-Kamiokande experiments. Exciting observations are ahead of us.
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