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Chasing supernova neutrinos!

Abstract
Super-Kamiokande (SK) is renowned as the most sensitive detector for

neutrinos from galactic supernovae. SK can also detect neutrinos from
extragalactic supernovae within 10 Mpc from Earth, which are expected
to occur ~1 supernova every few years. This poster presents the
search results for supernova neutrinos from these extragalactic
regions in SK.
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1. Cluster search in the signal region ] vo-pay
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2. Search for excess from background events

Analysis condition

1. Eth = 8 MeV, 15 MeV

2. Applying neutron tagging
(Eth = 8 MeV)

4. ReSUIts: SN neutrinos were not found

1. Cluster search
—There was no cluster in the signal region

2. Search for excess from background events
Minimum p-value: 0.13

—There was no excess from the background
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neutrino event accurately
* Started from 2020 as SK-Gd to improve neutron
detection efficiency by thermal n-capture on Gd,, ;;
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. Background can be removed to 6(107!) - 6(1073)
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L celayea sgna SN2023ixf | 99.4%6.2 108 0.82 0.8+0.3 0 0.51 0.1+0.07 0
SN neutrino search in SK oot o SN2017eaw | 104.6:6.3 97 0.77 1.5+0.8 1 0.61 0.3+0.04 0
- Main channel: o, +p - e*+n Gpc SN2012aw | 108665 105 0.63 1.9+0.9 1 0.71 0.2+0.04 0
* SN burst within ~80 kpc makes enough SN2012A | 105.246.3 102 0.62 1.920.8 1 0.72 0.2+0.04 0
neutrino events to trigger an automatic alarm SN20Mdh | — - = 16£0.8 3 o3| 032004 0
with 100% probability. 4 kpc This study SN2011ja | 102.7+6.8 94 0.80 1.7+0.9 2 0.39 0.2+0.0.04 0
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. SN2023ixf SN2017eaw SN2012aw SN2012A SN2011dh SN2011ja SN2009hd
Distance [kpc]

I Eth=8MeV 536 108 3.01 x10°% 3.48 x 10° 3.46 x 10° - 2.89 x 10° -
T Fth=15MeV 5 04 x 107 6.58 X 10" 639 x 107 6.39 x 107" 1.11x 10° 8.45x 10" 9.12 x 10’
Integration over time in DSNB search Eth = 8 MeV
—_— —_— —_— (with ntag) 7.42 x 107 1.72x 10° 1.72x 10® 1.72 x 108 - 1.72 x 10° -

This analysis can be specify the time

2. SN CandidateS: SN out to 10 Mpc from 2009

List of the SN explosion out to 10 Mpc
* Search for neutrinos from SNe since 2009

5. Summary and prospects

* Search for neutrinos from supernovae within 10 Mpc

* Compared background events and the number of events in the signal region
—could not find excess from background

Distance Detection date | Estimated SBO date Signal region Search time SearChed CIUSter m the Slgnal reglon

[Mpc] [day] 5 —There was no cluster
SN2023ixf ~7 May 19, 2023 May 18, 2023 May 9 - 19, 2023 9.8 10 : _ ] ] ]
NZ017emm | 7 | ey 122017 | way 06,2017 | Ao 26 -way 07 2017 | 114 g, Next, we will search for neutrinos from all SN that occurred while SK was in

3 . operation since 1996
SN2012aw ~ 10 Mar. 16, 2012 Mar. 15, 2012 May 03 - 16, 2012 9.8 =
SN2012A | ~10 | Jan. 07,2012 | Jan.040r 8 2012 | Dec.26-Jan. 08,2012 | 97 ® 2 Analyzed within this analysis The calculated fluence upper limit is 6(107) [cm?], which corresponds to a
SN20Tidn | ~7 | MeyST.2011| MeySh2011 | Meay20-dum 12011 | 119 e e e e a luminosity limit of 6(10°) [erg]. It is considerably higher than the usual SN
SN2011ja ~3 Dec. 18, 2011 Dec. 12,2012 Dec. 02- 13, 2011 9.6 . . ] . . L.
*focused on only type Il SN explosion expectation because it was calculated with individual SNs from a few

SN2009hd ~8 Jul. 02, 2009 Jun. 19, 2009 Jun. 07 - 20, 2009 8.8

Mpc. If multiple SN events are stacked, the sensitivity would be much higher.
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