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flavor equalization and the well known Mikheyev-Smirnov-Wolfenstein effect. We present a sim-
ple method to distinguish experimentally between them, using the combination of three detection
channels: charged-current neutrino interaction on Argon, neutrino elastic scattering on protons
and inverse 3 decay.
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1. Introduction

Neutrino flavor conversions in the context of a core collapse supernova are still under theoret-
ical investigation. It is well established that the conditions for the Mikheyev-Smirnov-Wolfenstein
(MSW) effect [1, 2] are satisfied when neutrinos are propagating in the outer layers of the explod-
ing star (» 2 1000 km). Recently, most of the attention has been devoted to the less understood self
induced flavor conversions, which stem from the neutrino-neutrino forward scattering potential and
occur closer to the core (r < 1000 km). Under specific conditions, such effects have been shown
to induce spectral swaps and splits [3, 4, 5, 6]. In other cases neutrinos might undergo complete
decoherence leading to equalization of fluxes and spectra for the different species [7, 8]. If this
happens, matter effects occurring at larger distances would not introduce further conversions. Fur-
thermore, the possibility of an early flavor equalization might have an impact on both the shock
revival and the nucleosynthesis processes. It is thus timely to investigate whether experimental
measurements of supernova neutrinos might shed light on the nature of flavor conversions. In par-
ticular, we propose a method to experimentally distinguish between the two extreme scenarios, i.e.
MSW and flavor equalization, without making any assumption on the functional form of neutrino
energy fluxes. A more detailed presentation can be found in [9].

2. Distinguishing MSW and flavor equalization

We consider three detection channels: neutrino elastic scattering on proton (pES) [10, 11],
inverse 8 decay (IBD) [12] and neutrino charged current scattering on *’Ar (ArCC) [13, 14], in the
context of JUNO [15], Hyper-Kamiokande (HyperK) [16] and DUNE [17, 18, 19, 20], respectively.
The first is a neutral current channel and it is thus not sensitive to flavor conversions, whereas the
others are sensitive to V, and v, respectively. The neutrino flux at each detector is given by
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where F° represents the flux at production (without flavor conversions), P, and P,, are the survival
probabilities for electron neutrino and antineutrinos, respectively, and we are assuming that F‘?x =
F‘9” = F\(,)T = F‘-f’ﬂ = F‘-?f . The following table reports the values of P,, and P,, for the flavor conversion
scenarios under consideration.

Scenario Mass Ordering P, P..

MSW NO 0 cos? 0y, ~ 0.7
MSW 10 sin?0;,~0.3 0

FE either 1/3 ~ 0.33 1/3 ~ 0.33
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Experimentally one measures a distribution of events as a function of energy, which is the
convolution of Eq. 2.1-2.3 with cross section, energy resolution and the detector efficiency. In
order to extract the neutrino fluxes from the data, some techniques have been proposed in [11, 21]
for pES and IBD, and they can be extended also to ArCC. In our work we use the simplest technique
proposed in [21]. More time consuming and precise approaches are beyond the scope of this work,
but they must be used when dealing with real data. The direct extraction of neutrino fluxes makes
our method completely independent from any assumption on their functional form.

Once neutrino fluxes are extracted, we calculate the ratios

FpES _ d4+x+x FpES _ 44+ x+x
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where x = % <1andx= % < 1. According to current supernova simulations, the following

hierarchy is usually realized: x < x < 1. The final step of our method consist in comparing the
measured values of R and R with the expectations for a specific scenario. Below we discuss more
carefully this step in the context of normal and inverted mass ordering.

2.1 Normal Ordering

Let us assume the mass ordering is known to be normal (e.g. from neutrino oscillation experi-
ments). One then finds the limiting values for MSW and FE in the case of R:

4 x,x<k1 6 xxikl
Rusw=<¢ 5x<l,and <1 Ree=¢ 75x<l,and <1 . (2.5)
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Similarly, for R one obtains

133 x51< 1 6x,5< 1
RMe=<{5 =x<l,andx<1 , Ree=<¢5x<l,andx<1 . (2.6)
6 x3SxsS1 6xSxs51

Thus, one has the following options:
e R > 6: excludes pure matter effects,
e R < 6: excludes complete flavor equalization,
e R > 6: excludes complete flavor equalization,

e R~ 5—6: degeneracy between pure matter effects and complete or partial flavor equaliza-
tion, which might be removed in combination with R.

Let us now apply the previous considerations to simulated data. We assume the functional form
in [22] for neutrino fluxes at production, with the correspondent parameters taken either from [23]
(W model) or [24] (G model). The key difference between the two models is that the former
exhibits larger differences in the spectral features of the different species, while the latter shows
more similar neutrino spectra.
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Figure 1: Ratios R (a) and R (b) for different values of P,,. Statistical errors for complete flavor
equalization and pure matter effects are also reported.
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Figure la and 1b show the simulated values of R and R, respectively, as a function of neutrino
energy and for four flavor conversion scenarios: MSW, flavor equalization and two intermediate
cases. One sigma statistical errors are shown in the middle panels for complete flavor equalization,
and in the lower panels for MSW, assuming a distance of 10 kpc for the supernova. In the case of
MSW and W model this method disfavours flavor equalization at a few sigma confidence level. A
smaller significance is obtained when considering flavor equalization and the G model.

2.2 Inverted ordering

R is not relevant in this case since its values are basically indistinguishable for MSW and flavor
equalization (in both cases we have P,, ~ 0.3). However, if R < 5 we are able to disfavour flavor
equalization with a few sigma confidence level, assuming a 10 kpc supernova and the W model
(not shown).

3. Conclusions

A complete understanding of the flavor conversions for supernova neutrinos is still missing.
We have introduced a simple technique to distinguish experimentally among two extreme scenarios:
pure MSW and flavor equalization. Such method is based on three detection channels: inverse
B decay, neutrino elastic scattering on protons and charged current scattering on Argon. From
each channel we extract the neutrino fluxes. Then we calculate ratios between fluxes: R and R.
Depending on the measured value for these ratios, the distance of the supernova and the similarity
of the original fluxes we might be able to reject the presence of one scenario. We stress that our
procedure is really model-independent, in the sense that it does not rely fitting or modelling the
spectral shape of the neutrino fluxes.
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