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The flavor transition mechanisms of supernova neutrinos as they propagate outward from the
deep inside of a supernova are yet to be determined. We study the time-evolution patterns of
different neutrino flavors in various flavor transition scenarios. With simulation data of supernova
neutrinos, we calculate the neutrino event rates at different kinds of detectors for different flavor
transition scenarios. Using the calculated event rates of IBD and νeAr in corresponding liquid
scintillation detectors and liquid argon detectors, we calculate the ratios of two cumulative time
distribution up to t = 100 ms in Nakazato’s supernova models with 13, 20, and 30 M� progenitor
mass. We show that the time evolutions of cumulative ratios are effective in determining whether
MSW oscillations really occur
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I. Introduction

Flavor transitions of SN neutrinos have been an attractive field of research and motivated nu-
merous efforts (See [2][1] for a review) on flavor changing during the gravitational core collapse of
a massive star. Originating from deep inside the SN core, neutrinos are expected to experience sig-
nificant flavor transitions as propagating outward to the terrestrial detectors. On account of MSW
effects νe and ν̄e fluxes will swap with νx fully or partially when the neutrino vacuum oscillation
frequency ω = ∆m2/2E is of the order of the matter potential, λ =

√
2GFne. Here ∆m2 denotes

one of the mass-squared differences, E the neutrino energy, and ne the net electron density. For
typical SN post-bounce matter profiles, this MSW-induced flavor conversions occur at distances of
∼ O(103) km from the SN core where ω ' λ . [1].

Flavor transitions are expected to change flavor compositions of primary SN neutrino fluxes
and, hence, to leave imprints in neutrino events measured in terrestrial detectors. This motivates our
study of probing flavor transitions with measurements of galactic SN neutrinos at the Earth. Unlike
the status of MSW effects, consensus on collective flavor transitions has not yet been reached so
studies of collective flavor transition effects on terrestrial SN neutrino fluxes are few. Meanwhile,
the study of fast flavor conversions has just developed in recent years and is still far from a thorough
understanding. Therefore, we focus on MSW effects in SN neutrinos. Based on the understanding
that MSW effects are sensitive to neutrino mass hierarchy, lots of studies are inspired to probe NMH
by using SN neutrino events detected at the Earth. These studies all assume the occurrence of MSW
effects. In this work, we, instead, investigate the capability to probe whether MSW effects occur in
SN neutrinos or not. Based on the simulated SN neutrino emissions, we calculate the event rates
of νeAr interaction in liquid argon detector and inverse beta decay in liquid scintillation detector.
By comparing the two event rates in the neutronization era, we show that their cumulative ratio is
effective in determining the occurrence of MSW effects for SN neutrinos.

II. Supernova Neutrino Events and Occurrence of MSW Effects

A SN neutrino burst lasts for ∆t ≈ 10s, during which the neutronization burst happens at
tpb ∼ 10−15ms. Here, tpb denotes the post-bounce time. In our calculation, we extract the primary
neutrino fluxes from the SN simulation [6] for progenitor masses of 13, 20, and 30 M�, accounting
for SNe with iron core. With these neutrino fluxes, we calculate event rates of SN neutrinos for
all flavors, νe, ν̄e, and νx, whether no oscillations occur to modify the flavor contents or they are
changed by MSW effects as SN neutrinos propagate outward from the core. In the latter case, both
normal and inverted hierarchies are taken into consideration. To encmopass the whole duration of
the neutronization burst, we perform our analysis for a time period of ∆t = 0.1 s from the start. The
event rates and quantities induced from these rates are displayed in numbers per bin with a 5 ms
bin width throughout this article.

Assuming a SN at a distance of 5 kpc, the event rates of νeAr [8] in DUNE [7] and those
of IBD [3] in JUNO [4] are shown in Fig. 1. To account for the sharp rise of νe flux during the
neutronization burst, we define cumulative time distributions of the SN neutrino signals for the
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Figure 1: Event rates of νeAr and IBD in different flavor transition are shown on the upper and lower panels,
respectively, with event rates of pES as a reference. These event rates are obtained with progenitor masses
of 13, 20, and 30 M�, from left to right.

time interval of interest t = 0−0.1s as in [5]

K(t) =
∫ t

0
dN
dt dt∫ 0.1s

0
dN
dt dt

(II.1)

In Fig. 2, we show KAr and KIBD, the cumulative distributions of νeAr and IBD event rates,
on the upper and lower panels, respectively, in non-oscillation scenario and NH and IH MSW
scenarios. To illustrate that non-oscillation scenario can be distinguished from MSW scenarios, a
ratio between the cumulative signals, KAr and KIBD, is defined as

Kr(t)≡
KAr(t)

1+KIBD(t)
(II.2)

As shown in Fig. 3, Kr’s in non-oscillation are larger than in MSW scenarios. In non-
oscillation scenario, the ratio Kr grows faster to a maximum of ∼ 0.55 around t & 50 ms and then
slowly decreases to 0.5 at t = 0.1 s. Meanwhile, Kr in MSW scenarios increases monotonically to
0.5 at t = 0.1 s, with a slower pace. It is clearly seen that the black curve, the time evolution of Kr

for the non-oscillation scenario, can be distinguished from the colored curves, the time evolutions
for MSW scenarios.

III. Summary and Conclusions

We have proposed a method to testify the occurrence of MSW effects in SN neutrinos by
measuring the of SN neutrino event rates during the neutronization burst in liquid argon and scin-
tillation detectors. νeAr events in liquid argon detectors and IBD events in scintillation detectors
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Figure 2: Cumulative distribution of νeAr signals, on the upper panel, and of IBD signals, on the lower
panel, for the time period of 0.1s.
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Figure 3: Ratio between cumulative distribution of νeAr and of IBD for the time period of 0.1s for progenitor
masses of 13, 20, and 30 M�, from left to right.

are taken to define a cumulative event ratio Kr. The ratios are calculated with SN neutrino emis-
sions extracted from SN simulation data for progenitor masses of 13, 20, and 30 M�, which covers
most of the mass range of iron-core SNe. With this ratio, we have shown whether MSW effects
occur for SN neutrinos or not can be probed by comparing the time evolutions of νeAr event rates
in liquid argon detectors and IBD event rates in liquid scintillation detectors.
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