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Neutrinos from every core-collapse supernova in the universe’s Super-Kamiokande is a 50-kton water Cherenkov experiment in Japan, loading Gd In
history form the Diffuse Supernova Neutrino Background (DSNB). 2020 and 2022 (SK Gd) toward a DSNB discovery through inverse p-decay.
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The three main parts are the supernova rate, the neutrino flux per ' sumpmmmgamaniiis ol

supernova, and the cosmological expansion of the universe. With an analysis threshold at 8 MeV, the prompt
The star formation history of the universe directly impacts the CCSN Hiiiiigrianiiine positrons create Cherenkov radiation (0, =~ 42°).
rate, and the fraction of CCSN forming black holes impacts the shape of FERS HiH Aot Gammas released from neutron captures on

the DSNB spectrum. BEE e either H or Gd are observed 0(10-100) ps later.

Four main reduction steps are dedicated to
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[an Reduction] To remove events assouat.ed (in tlme. and location) with
* cosmic ray muons generating spallation backgrounds.
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[ 3rd Reduction] To target atmospheric neutrino backgrounds based on
* event topology, such as Cherenkov opening angle.

[4“‘ Reduction] To select events having uniquely one neutron capture.

A new cut removes multi-cone backgrounds to the DSNB. The addition of gadolinium into the water increases IBD signal
efficiency by enhancing the neutron capture signal.

Atmospheric-v (non-NCQE) Many atmospheric neutrino backgrounds are multi-cone
Atmospheric-v (NCQE)

Spallation Li9 events, whereas DSNB IBD is single-cone.
Reactor-v

Accidental coincidence A simple cut is applied using the “multiple scattering Neutron captures on H in pure

][_)?)BEH)XhB%SMI\VIE) goodness” (MSG) variable from Super-K solar v analyses. — SV pure waten water emit one gamma at 2 MeV.
The closer MSG is to 1, the more likely this is single-cone. 1 conliea o.0d%) For those on Gd, there are

multiple gammas emitted with a
total energy around 8 MeV.
Captures in Gd-doped water
happen faster with a capture

w V ~ time of about 60 ps in SK-VII
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(0.03% Gd).

%102?”"”"””"'Imllr” 1°°g_+_smm | | ! * The Neural Network (NN) was trained on 7 keV neutrons in a Monte Carlo
E 10;— Neural Network — | T S PP pesecten simulation, and the Boosted Decision Tree (BDT) was trained on IBD MC simulation.
g - _ e  Both the NN and BDT can discriminate between IBD and atmospheric-v events due
E = = to differences in event topology and neutron time-of-flight information.
10_1; _ % Lot * The NN has many parameters related to the angular correlations between PMT hits.
% * The BDT has many parameters related to overall PMT hit cluster information.
102 [~ 8K7 180 MC ~ = * Both the NN and BDT algorithms achieve a sub-0.1% mis-ID rate with more than
E __._.—-"‘-. Applied FitT selection cut E 60% signal efficiency in SK-VII.
107 e i = Boosted Decision Tree * Inthe SK-IV analysis, the BDT was used to look for neutron captures in pure water.
S~ T~ T/ N TS 10— —————————— ¢ |n SK-Gd, the analysis was performed in parallel with the two techniques.
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SK-VIl results: No significant excess observed above background predictions.
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E‘ - L ] itmg:gﬂz:z: E;?(_;é():QE) 7 :;:,T:ES:T; ees ° A total of 404.0 Iivedays of SK-VII were analyzed.
0 12:7 I Spallation °Li 1 e coincidence *  Background predictions with associated systematic uncertainties are shown along with
O . r eactor-v ] S iuChi+09 6-MeV. Max. . .
© 10% I:| Eccidtental coincidence - < 10 J; + gi?itf?ec:ﬂ:::;hc;afagiinﬂ I?:;errjays]} ObserVEd data from the two neutron tagglng apprOaCheS N SK-V"
o |7 DSNB (Horiuchi+09 6-MeV, Max.) { =2 . . o . . PR P
S 8 1 5 * Boosted Decision Tree Neither final sample observed a significant excess above background predictions, and the
2 . eural Network 15, smallest p-value was 0.13 (SK-VII).
- i e The complete dataset for the previous SK-VI period includes 552.2 livedays, which leads to a

) - * combined sample of nearly 1000 livedays of the SK-Gd period.

2 f:*: . 2- e Combining both phases in the SK-Gd era results in indications of an observed excess over

) S T, S backgrounds with smallest p-value 0.04 (SK-VI/VII).
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SK-VIl results: New upper limits were set. Combining SK-IV/Gd phases sets tightest upper limits to date.

Both the expected (bar) and observed (bar with DSNB Theoretical Predictions | DSNB Model

SVl 404.0 livedays (observed, BDT) DSNB Theoretical Predictions

Observed upper limits for
point) upper limits are shown for SK-VII _ SKVII 404.0 livedays (expected, BDT) SK-IV/VI/VII 3926.3 livedays (observed, 90% CLs) PP :
' 1 SK-VII 404.0 livedays (observed, NN) = SK-VAVIVII 3926.3 livedays (observed, 20 CL) BDT samples for combined

The NN and BDT approaches had almost exactly SICVII 404.0 livedays (expected, NN) SK-V/VI/VI| 3926.3 livedays (observed, 30 CL.) SK-IV (pure water) and SK-Gd

the same expected sensitivity. were calculated.

Observed limits differ at low energies but are - N Individual DSNB theory
highly similar where we expect the highest
sensitivity to the DSNB.

With the SK-VII phase alone, we already set
upper limits quickly approaching many DSNB

predictions are shown in
gray, dashed lines.
Combining SK phases
e demonstrates world’s
theory predictions. 10 15 20 | | | 10 | | | ' tightest limits on DSNB.
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