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ν̄e Detection

Hirata et al, Phys. Rev. Lett. 58, 1490 (1987)
Hirata et al, Phys. Rev. D 38, 448 (1988)

Bionta et al, Phys. Rev. Lett. 58, 1494 (1987)

KII IMB
tdet (s) E (MeV) tdet (s) E (MeV)

0 20.0 0 38
0.107 13.5 0.412 37
0.303 7.5 0.650 28
0.324 9.2 1.141 39
0.507 12.8 1.562 36
1.541 35.4 2.684 36
1.728 21.0
1.915 19.8

5.010 19
5.582 22

9.219 8.6
10.433 13.0
12.439 8.9

Inverse Beta Decay (IBD): ν̄e + p → n + e+



Multi-dimensional Simmulations
Bollig et al, APJ 915, 28 (2021)

Nagakura et al, Monthly Notices of the Royal Astronomical Society 506, 1462 (2021)
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First column is the 3D model from the Garching group, and the next columns are 2D models with M = 12, 27M�
from the Princeton group. Red — ν̄e , blue — ν̄x .

• ανβ =
2〈Eνβ 〉

2−〈E2
νβ
〉

〈E2
νβ
〉−〈Eνβ 〉

2 , Tνβ =
〈Eνβ 〉
1+ανβ

• fνβ (Eν , t) =
T−1
νβ

(t)

Γ(1+ανβ
(t))

(
Eν

Tνβ
(t)

)ανβ (t)
e
−Eν/Tνβ

(t)

• Fνβ (Eν , t) =
Lνβ

4πd2〈Eνβ 〉
fνβ (Eν , t)



Bayesian Approach

• Fdet(Eν , t) = pν̄eFν̄e (Eν , t) + (1− pν̄e )Fν̄x (Eν , t)

• d2N
dtdE

(E , t) = B(E) + Np
∫
Fdet(Eν , t)σIBD(Eν) ε(Ee )

σE
√

2π
exp

[
− (E−Ee )2

2σ2
E

]
dEν

• 〈Nα〉 =
∫ tα,cut−off

0 dt
∫∞
Eα,cut−off

dE d2Nα
dtdE

• p(E , t|θ,Mi ) = 1
〈Nα〉

d2Nα
dtdE

• p(Dα|θ,Mi ) = 〈Nα〉Nα e−〈Nα〉

Nα!

∏N
αj=1 p(E , t|θ,Mi )

• Bij = p(Mi |Dα)
p(Mj |Dα)

=

p(Dα|Mi )p(Mi )

p(Dα)
p(Dα|Mj )p(Mj )

p(Dα)

= p(Dα|Mi )
p(Dα|Mj )

Free Parameters

d / K , tKII , tIMB , pν̄e (optional)



Results: No flavor oscillations

Model d (pc) tKII (s) tIMB (s) 〈NKII〉 〈NIMB〉 p(Mi |D)
2D - 12 M� 52.17 0.28 0.25 19.05 10.34 3× 10−5

2D - 13 M� 52.01 0.34 0.43 19.17 10.41 0.0033
2D - 14 M� 52.29 0.35 0.42 18.97 10.3 0.039
2D - 15 M� 52.51 0.34 0.51 18.81 10.21 5.1× 10−5

2D - 16 M� 52.11 0.34 0.31 19.1 10.4 0.17
2D - 17 M� 52.71 0.36 0.52 18.67 10.14 2.3× 10−5

2D - 18 M� 52.03 0.29 0.27 19.15 10.4 0.068
2D - 19 M� 52.0 0.32 0.43 19.18 10.41 0.0042
2D - 20 M� 52.88 0.43 0.52 18.55 10.07 1.096× 10−6

2D - 21 M� 53.3 0.44 0.62 18.26 9.91 2.91× 10−9

2D - 22 M� 52.72 0.41 0.48 18.66 10.13 5.8× 10−5

2D - 23 M� 52.31 0.38 0.42 18.95 10.29 4.3× 10−5

2D - 25 M� 51.98 0.4 0.77 19.19 10.42 0.0012
2D - 26 M� 52.75 0.37 0.45 18.64 10.12 7.5× 10−7

2D - 27 M� 52.39 0.38 0.52 18.9 10.26 5.2× 10−6

3D - 19 M� 52.1 0.04 0.11 19.1 10.37 0.72

Model K tKII (s) tIMB (s) 〈NKII〉 〈NIMB〉 p(Mi |D)
2D - 12 M� 0.49 0.27 0.41 9.84 5.28 0.003
2D - 13 M� 0.48 0.35 0.43 9.7 5.2 0.009
2D - 14 M� 0.56 0.35 0.42 11.29 6.07 0.05
2D - 15 M� 0.43 0.32 0.51 8.59 4.6 0.01
2D - 16 M� 0.64 0.34 0.42 12.92 6.95 0.048
2D - 17 M� 0.37 0.36 0.52 7.41 3.96 0.004
2D - 18 M� 0.62 0.31 0.27 12.45 6.69 0.032
2D - 19 M� 0.51 0.31 0.32 10.24 5.5 0.013
2D - 20 M� 0.35 0.38 0.52 7.04 3.76 0.003
2D - 21 M� 0.33 0.44 0.52 6.71 3.59 0.005
2D - 22 M� 0.41 0.39 0.49 8.19 4.38 0.008
2D - 23 M� 0.39 0.38 0.51 7.84 4.2 0.007
2D - 25 M� 0.42 0.4 0.77 8.55 4.58 0.074
2D - 26 M� 0.34 0.37 0.44 6.91 3.69 0.02
2D - 27 M� 0.39 0.37 0.52 7.82 4.19 0.006
3D - 19 M� 0.6 0.06 0.11 12.02 6.46 0.73



Results: flavor oscillations

Model d (kpc) pνe tKII (s) tIMB (s) 〈NKII〉 〈NIMB〉 p(Mi |D)
2D - 12 M� 51.18 0.0068 0.27 0.44 18.64 11.93 1.17× 10−5

2D - 13 M� 52.36 0.023 0.34 0.43 18.52 11.82 3.27× 10−4

2D - 14 M� 51.82 0.0083 0.35 0.34 18.9 12.09 0.013
2D - 15 M� 52.68 0.0054 0.34 0.44 18.29 11.71 2.94× 10−6

2D - 16 M� 51.61 0.033 0.33 0.46 19.06 12.15 0.045
2D - 17 M� 52.95 0.012 0.36 0.51 18.1 11.57 1.86×−6
2D - 18 M� 51.76 0.0014 0.29 0.38 18.93 12.13 0.0079
2D - 19 M� 52.39 0.0044 0.31 0.33 18.49 11.84 3.22× 10−4

2D - 20 M� 53.07 0.0056 0.40 0.54 18.02 11.53 9.70× 10−8

2D - 21 M� 53.76 0.013 0.44 0.52 17.56 11.23 4.02× 10−10

2D - 22 M� 52.69 0.011 0.39 0.53 18.28 11.69 8.90× 10−6

2D - 23 M� 52.47 0.0079 0.37 0.53 18.43 11.79 3.46× 10−6

2D - 25 M� 52.22 0.036 0.40 0.77 18.62 11.86 1.02× 10−4

2D - 26 M� 53.02 0.014 039 0.48 18.05 11.54 4.71× 10−8

2D - 27 M� 52.97 0.014 0.38 0.49 18.09 11.57 5.52× 10−7

3D - 19 M� 51.69 0.98 0.083 0.14 19.40 10.58 0.933

Model K pνe tKII (s) tIMB (s) 〈NKII〉 〈NIMB〉 p(Mi |D)
2D - 12 M� 0.26 0.309 0.63 0.67 5.00 3.02 0.0012
2D - 13 M� 0.32 0.36 0.43 0.19 6.21 3.72 0.012
2D - 14 M� 0.43 0.35 0.55 0.46 8.39 5.05 0.12
2D - 15 M� 0.258 0.34 0.54 0.01 5.05 3.03 0.0077
2D - 16 M� 0.52 0.37 0.48 0.96 10.19 6.13 0.049
2D - 17 M� 0.28 0.39 0.51 0.79 5.48 3.26 0.0056
2D - 18 M� 0.39 0.33 0.58 0.71 7.65 4.62 0.029
2D - 19 M� 0.32 0.34 0.51 0.08 6.24 3.75 0.0066
2D - 20 M� 0.28 0.40 0.53 0.58 5.52 3.28 0.007
2D - 21 M� 0.24 0.45 0.62 0.33 4.71 2.77 0.024
2D - 22 M� 0.32 0.43 0.61 0.49 6.26 3.71 0.023
2D - 23 M� 0.28 0.42 0.64 0.39 5.52 3.27 0.0034
2D - 25 M� 0.30 0.42 0.86 0.85 5.96 3.53 0.12
2D - 26 M� 0.25 0.41 0.45 0.76 4.93 2.92 0.0021
2D - 27 M� 0.28 0.42 0.60 0.25 5.43 3.22 0.012
3D - 19 M� 0.61 0.055 0.13 0.33 11.79 7.47 0.57



Results: 3D Simmulation

Corner Plot
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Summary

• ≈ 20 events from SN87A (KII + IMB)

• 2D / 3D simmulations (short time)

• Bayesian analysis of d /K , tKII , tIMB , pν̄e

• 3D best at explaining the detection

• flavor mixing highly likely



Thank you



Results: 3D Simmulation (t = 4.5 s)
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