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- Developed a long time supernova simulation.
- 1D
* not use any artificial method.
-« 20s

- Searched for supernovae at Super-Kamiokande
- Especially distant supernovae.
- Searched a collection of events for a short time (called event cluster)
- Clusters are categorized into 6 types.
- Optimized cut criteria with our long time supernova simulation and machine learning.
- No supernova candidate
* The upper limit is
0.36 [SN/year] (90%C.L.).



Problem of supernova analyses

« Almost all simulations concentrate on the first 1 second.

Example of simulation
Suwa et al. (2016)

We can compare
theory and observation
only for this time.
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Developed a long time simulation
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Luminosity and average energy

v - 1 and t (anti) neutrinos
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 The last event of SN 1987A 1s about 12 s.



for supernovae at Super—Kamiokande

” Volume-like ; Line-like Type A o Line-like Type B
Signal «  Signal clusters before spallation cut: 2 Signal «  Signal clusters before spallation cut: 5 Signal +  Signal clusters before spallation cut: 93
560 . B'ackgmund clusters: 360 ' = 6ok + Background clusters: 4852 = 6ok «  Background clusters: 1666
g «»  Signal cluster after spallation cut: 0 g «  Signal cluster after spallation cut: 0 Z «  Signal cluster after spallation cut: 1
= =1 B
2500 500 250}
W : u Z
= - * -
% 408 £ 40F S a0
=} g . o
s ) g
2 30F £ 30F £ 30F
5 g E
=] iv) ~— g
5 20F g20F  Teal o 20k
£ @ Tl e .
4 o = - 5] o S * 5 P
F10p L PRTCES. % A < 10 i B Z10f . e
2% oo
0 Background ‘ . ) ‘ ) ) 0 Backgll"ound ) ‘ ‘ ‘ . . Background
0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000 (J0 5('}0 10'00 15‘00 20‘00 25'00 30‘00 35‘00 1000
Average pairwise distance (D) [cm] Average pairwise distance (D) [cm] Average pairwise distance (D) [cm]
Plane-like
70 Sianal g Point-like Type A Point-like Type B
gna «  Signal clusters before spallation cut: 71 70 Signal Sianal i
«  Background clusters: 60901 g « Signal cluster before spllation cut: 1 1400L°>"9 «  Signal clusters before spallation cut: 89
= 6ok 5 lusters: 60 X A _ . )
2 «  Signal cluster after spallation cut: 0 = 60f B‘ackgrnum‘l clusters: 185 ‘ = B?ckgrnund clusters: BUGQ.B
E g «  Signal cluster after spallation cut: 0 S 1200k «  Signal cluster after spallation cut: 0
E50F : = E .. *
i 50 = E
- ir} @ 1000F %
5 S
Z40F E 0 = N
o - ~ L4
=] . 3 7 [ . -
3 z ._“5“ 800 “ R
5 30p o B ~ o
£ o o £ 30p 2 600 Background s .+ # :
2 Oa o £ = . .
g 20F L. e . o .t
R s . 820"~ g 4a00f .
2 o ge s g : £ e A
=1r - 5 10 oo “‘—_.‘"*1——'?4""*_7_-—"7- g 200 . \\
Background Bt ¢ "'*bﬁ“;‘f:.ﬂﬁm:“- < iy,
0 L L L L L L L Background .
0 500 1000 1500 2000 2500 3000 3500 4000 0 L 1 L I 1 L L 0 1 i
Average pairwise distance (D) [cm] 0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500
Average pairwise distance {D} [cm] Average pairwise distance (D) [cm]

» One cluster remains in the signal region after all cuts.
» However this cluster is not supernova-like.
« No supernova candidate.
* The upper limit is
0.36 [SN/year] (90%C.L.).



