
MSW effects on the time evolution of the
supernova neutrino event rates

Shao-Hsuan Chiu1, Kwang-Chang Lai1, ∗Chun Sing Jason Leung2, and Guey-Lin Lin2

1Chang Gung University, Taiwan
2National Chiao Tung University. Taiwan

MSW effects on the time evolution of the
supernova neutrino event rates

Shao-Hsuan Chiu1, Kwang-Chang Lai1, ∗Chun Sing Jason Leung2, and Guey-Lin Lin2

1Chang Gung University, Taiwan
2National Chiao Tung University. Taiwan

The flavor transition mechanisms of supernova neutrinos as they propagate outward from the deep inside of the 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 for SN neutrinos or not.

Detectors

Parameters

JUNO[1] DUNE[2]

Materials Linear Alkyl Benzene Liquid Argon
Fid. Mass 20 ktons 40 ktons

Targets No. Np ≈ 1.45× 1033 NAr ≈ 6× 1032

A 0.2 MeV proton detection threshold energy is
applied for JUNO.

SN Model

•Nakazato’s SN 1301 (13 M�) simulation[7]

• 5 kpc distance
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MSW Effects

MSW neutrino oscillation formula[3] :
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for inverted mass ordering (IMO)

Reaction Channels

Neutrino Proton Elastic Scattering (pES)[4]

ν + p→ ν + p

Inverse Beta Decay (IBD)[5]

ν̄e + p→ e+ + n

Argon Neutrino Absorption (νeAr)[2]

νe + 40Ar → e− + 40K

Event Rates and Cumulative Time Distributions
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The event rates of IBD, pES and νeAr
reactions are obtained by convoluting
their corresponding reaction cross-
section and SN neutrino differential
fluxes over energies, they exhibit several
shapes in different neutrino mass order-
ing scenarios.

The definition of cumulative time distri-
bution function is given in following“Def-
initions” section.

•Non-oscillation scenario has the fastest
accumulation rate than the others for
νeAr event and the slowest rate for
IBD event.

•Taking the ratio of two cumula-
tive time distrubution can effectively
demonstrate the differences between
the non-oscillation scenario (black)
and the others (blue and red).

Ratio of Cumulative Time Distributions
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The figures above showed the ratio of cumulative distribution for Nakazato’s SN models with 13, 20 and 30 M� progenitor mass. One
can see that the non-oscillation scenario exhibit a different pattern compared to those of MSW oscillation scenarios in all three SN
simulation analysis. We believe that such ratios will be useful for testing the occurrence of MSW oscillations for neutrinos in SNe.

Definitions

Cumulative Time Distributions[8]:

K(ti) ≡
∫ ti

0

dN

dt
dt
/∫ 100ms

0

dN

dt
dt

Ratio of Cumulative Time Distributions:

Kr(ti) ≡ KAr(ti)
/

(1 + KIBD(ti))

Conclusion

JUNO and DUNE can measure IBD and νeAr events,
respectively. The MSW oscillation effect in SN can
be tested by investigating the ratio of cumulative time
distributions.

It is observed that, for non-oscillation case, there exists a
local maximum in the ratio of cumulative time distribu-
tion for t between 0 to 100 ms with a value greater than
0.5.
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