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. Nakazato+15: SRADEEBENHDELZEAL.
T2V IR—=—IHsDFESZLDEENICLL
(HWEEFEEEEMNEL., BEREID R W=BHICL:
DG L)




—a—bkFY /RS

Uy = 1;21
Am? ~ 0.03
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Hyper-Kamiokande
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Phase SKDETSIM SKG4
Language FORTRAN C++
Toolkit GEANT3 GEANT4
Physics models old | atest

(update was stopped in 1994)

» GEANT (GEometry ANd Tracking)
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CE — DATA - 22000 =
400 — o %2 / ndf 37.11/42 =
flttlng 3 200005 Prob 0.6853 ]
350 = 18000 =l Scale 2.6776+04 + 1.0526+02 =
300 _: 16000 g' Time Constant 115.3+ 0.5 —
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Content Systematic uncertainty
Prompt event selection  0.47% 0.47%
Timing goodness gytx  0.94%
Direction goodness gg;y  0.03%
1.06%
Reconstructed energy  0.23%

Vertex resolution 0.44%

Gd concentration 0.17%

Gd(n,v)Gd model 1.70% 1 83%
Neutron excitation state  0.39% '
Neutron energy spectrum 0.53%

Position dependence 0.47% 0.47%
Total 2.22%




Dummy prompt

(Dummy prompt event) = JBIZERE [s])
x (7YY LHEF [Hz])
x (PEFBES Y VRO ERBRICH DHEE)
x (SHE kY 75 —3h=£¥)
x (AFT kY 27 —%h3)

y 7
(4.4 MeV)
-

[ not trigger SHE
BGO \/ Ln

Captured outside of AFT

-
"
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

*SHE kY #i— : 60 hits/200 ns
“*AFThUAH—: SHEA/X>Y hD#500 us. 21 msic—I[dl,

4



DATA/MCDIEEEICXT T 5 5l

. Wada et al. (arXiv:2304.12153)
—H#E TEDO I TS AM/BeffRE D SF IR ##

. EFIHAIST) TR EFRUEIE (236.8+5.0 Hz)
. HPGe 4.4 MeVA Y N#RL —KAIE(110.1+£15.5 Hz)
. Nal&LgSZ{E>7en/r HIZE (n0/n1~0.68%+0.06)

. SKDT =¥ %ZFE>1cL—KhREHD

*SHE kY #i— : 60 hits/200 ns
“*AFThUAH—: SHEA/X>Y hD#500 us. 21 msic—I[dl,
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. SKitikKHRD T —F H{FE>1c4.4 MeVAH> N L — NENT

so0f- e
. AURML—K:132827.8 Hz e
—Wada et al.& consistent 22252 a1 10
s
. SK-GATHMF L — MR TS Wi
Reconstructed energy [MeV]
SK-V SK-VI SK-VI SK-VI

8BGO 8BGO 1BGO 0BGO

Shape of

F7UIWT—R ZIUIWT—R

AmBe
779

neutron - 150.1+7.8 Hz 133.6+x10.7 Hz 133.6+x7.6 Hz
rate (x2¢/ndf 57.3/30) (x2/ndf 41.6/30) (x2/ndf 71.2/30)
Gamma 132.8+7.8 Hz

rate (chi2 16.8/30)




Pre-Activity cut
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Post-Activity cut

. BDERIIBEFESLDHIICPMTE Y KT SR Z/ES7%U
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. Post-activity cut; [1, 35 usS] T 1 —A VEREE FIER




Pion likeness
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Super-Kamiokande VI
Run 35220 Sub 1 Ev 3
23-02-02:16:56:32

Inner: 139 hitgs, 163 pe

Quter: 0 hits, 0 pe

Trigger: 0x10000007

D wall: 1314.9 cm

Evig: 0.0 MeV

Solar: E= 9.41 MeV cos(suni= 0.070

Solar: gdn= 0.53 dirks= 0.18
Charge{pe)

9 >26.7
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Pion likeness
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Pion likeness
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Q50/N50 cut
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NCQE systematics

T2K cross-section 44%
Atmospheric neutrino flux 15%
Flux difference 7%
Reductions 2%
Neutron tagging efficiency 9%
Neutron multiplicity 30%
Spectral shape 37%

Total 68%
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Isotope Half-life Decay mode Yield Primary process
[s] [x10~ " g em?]
n 2030
*N 0.624 B~ 0.02 *0(n, p)
"N 4.173 B~ +n 0.59 80(n,n + p)
1N 7.13 B~ +~(66%), 8~ (28%) 18 (n,p)
16¢C 0.747 B~ +n 0.02 (7~ ,n+p)
15C 2.449 B~ +v(63%), 8~ (37%) 0.82 (n, 2p)
14 0.0138 B+ 0.02 (n, 3p)
130 0.0086 B 0.26 (W, p+2n+p +77)
5B 0.0174 B~ 1.9 (7~,2p+mn)
12N 0.0110 B~ 1.3 (7t,2p + 2n)
2B 0.0202 Bt 0.02 (n,a+ p)
12Be 0.0236 B~ 12 (n,a+p+mn)
e« =0—AY 1 11% 1Be 138 B~ (55%), B~ (31%) 0.10 (n, o+ 2p)
o B 0.0085 B~ +n 0.01 (wF,5p + 7 + 7°)
] °C 0.127 Bt 0.89 n, o+ 4n
(7% ] 6N, 4% OtherS) 9Li 0.178 B~ +n(51%), B~ (49%) 1.9 (7r_(,oz+2p-|2n)
8B 0.77 Bt 5.8 (77, + 2p + 2n)
8Li 0.838 B~ 13 (7, a+*H+p+n)
8He 0.119 B~ +~(84%),8~ + n(16%) 0.23 (n7,°H+4p+n)
N " . 50 351 (v +n)
. —d\*ﬂ% : 89% ig 773 ((’y+p))
13 n,3n
“N 295 (v,m +p)
“c 64 (n,n + 2p)
N 19 (v, °H)
13C 225 (n,?H+p +n)
12¢ 792 (v, @)
e 105 (n, a + 2n)
1B 174 (n,a+p+n)
¢ 7.6 (n,a + 3n)
' 77 (n,a+p+ 2n)
'Be 24 (n,a+2p+n)
'Be 38 (n,2a)
sum 3015




Neutron cloud cut

25 hits/200 ns

[35,535] us from the muon

gvtx >0.4 and gdir > 0.4

Distance from muon track < 5 m
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Neutron cloud cut
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Niclouda Time [sec] Spatial [cm]
2+ AT <0.1 Al < 1200
2+ AT < 1 Al < 800

2 AT < 30 (A% + A2)/200% + AZ/400° > 1.2
3 AT <60  (AZ+ A2)/(6 x 10%) + AZ/500% > 1.2
4,5 AT <60 (AZ2+ A2)/(1.2x10%) + AZ/550% > 1.2
6-9 AT <60 (A7 + A2)/(2 x 10°) + AZ/650% > 1.2
10+ AT <60 (AZ + A2)/500% + AZ/700% > 1.2
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Spallation PDF
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Spallation PDF
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Likelihood distribution
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ROC curve
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ROC curve
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Signal Efficiency

SK-IV DSNB search (Abe2021)
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Side-band bin
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72w 9 X EBR(E

Neutrino energy [MeV] 9.29-11.29 11.29-13.29 13.29-17.29 17.29-25.29 25.29-31.29
Live time T 552.2 days
Number of Target IV, 1.5 x 1033 protons
Ngimit 3.94 4.70 3.59 3.09 1.75
Ngp® 5.99 3.85 2.58 1.69 1.72
Bt [/em? /sec /MeV]| 32.32 18.21 3.75 0.89 0.32
Poo’ [/cm? /sec /MeV] 49.16 14.89 2.70 0.49 0.32
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event/2 MeV

SK-VII signal significance
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Cold NSO¥#£ : Togashi < LS < Shen

BH®MD & & @ LS < Togashi < Shen
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