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Energy scale stablllty (decay-e from cosmic )

;38 T T LB I L BB IR UL B I I_
ES?E— —

Analysis Improvements 4 o5
fit:

* Detector simulation improvements [Poster #350: Y. Nakano]

. Improved PMT hlt tlmlng Slmulatlon 35 znw zo1u znﬂ zulz zma znu 1015 zlm zo-l? :;1;
Energy scale non-uniformity (MC)
105 ¢
=z

* Improved modeling of water quality non-uniformity

+ Analysis improvements  [Poster #350: Y. Nakano] :TL'ZE
» Correction for PMT gain drift (introduced in 2017) — ;j —
* Improved correction for non-uniform energy .- :z :
response gt B, s e
E-scale non-uniformity (MC) 1.7% — 0.5% Additional events w/ new spallation cut

2

* Improved spallation cut [Poster #166: S. Locke] gE:
o
* 12% more signal efficiency while keeping spallation e
rejection efficiency at a similar level (~90%) =
(@]
Gained ~1 year worth statistics 2
=

FEXAZXZ A F(Neutrino2020) 19



. 50.55 SaspanRaac -
o)) —
Difference from the i SK-IV 2# §
- g 05 2.6 2
Previous resuits S | e
O o ael 24 %
* Best fit value of solar Am221 changed from 4.8 x 10-5 eV2 (2019) to 0.5 {3
6.1 x 105 eV2 2 1. %
E 2.2 -E
+ Spectrum analysis: "'4:_ _32 3
. . . = | SK-IV (2870 days), 3.48-19.48 MaV -1 16
Data/MC ratio at E < 6 MeV slightly shifted upward 0.351 | == suerx o [ ——— :1 . 3
[ | === Super-K (2019 |:| Energy-resol. Sys. " o
» Shift of prediction due to improved detector simulation - Iner box: Energy uncerr. une. [ | Energy-acale. Sys. 1 °
0.3 Lo b b b Lo o Ly L |_1-6
* Added statistics due to improved spallation cut + 6 8 Hacgﬂ e,a:,fon ,:,ﬁe,,c Liarg;a[MeV]
o *(8,,)=0.316% UL“ Amé, ?54L'J 107% smzﬁ ~0.0219:0.0014
+ Event migration due to new reconstruction tool m% Z:E 2o i osoe.cars o fsq 1 10° o e
'CJ sin“(&,.)=0 0.01: A, =(4.83 ) 107eV
» Day/Night asymmetry: -
YARIGE asymmetty £ 15[ sk+sNO 2020 95% CL) .
F”.: . + (o + ; Fit _ ¢ + o7, ol ]
Apy = (=3.6 £ 1.6(star) £ 0.6(syst)) % — Ay = (=21 1.1)% N;E: : KamLAND (95%CL)

—_
(=]
—

* Event migration due to new reconstruction
* Previous analysis used data up to Feb 2014 (SK-IV: 1664 days)

* Added ~1300 days of data fluctuated towards smaller D/N
asymmetry

P
1
1

* Both impacted to the shift of best fit Am221 value by roughly equal

amount (in term of change of Ax?) 0.1 02 0.3 0.4 sinz(%)S )

FEXAXZ A F(Neutrino2020) 20



35

® 15Mg ’
.EEM@ 30
& 15MG (alternative) f
&
[1+]
2
c
20 2
(]
o
15 G
o
0
£
10 =
5
0

50 43 36 29 22 15 8 1
Time to core collapse (hours)

Evolution of the number of IBD events at Super-Kamiokande with 0.01% Gd as a massive star (d = 200pc) approaches the
core-collapse. Solid lines show normal neutrino mass hierarchy and dashed lines show inverted neutrino mass hierarchy.

The considered fluxes are evaluated for stars with 15 Mg and 25 Mg (Odrzywolek, et al 2010 Acta Phys. Pol. B 41, 1611).
An alternative model (Patton, et al 2017 ApJ 851 6) is shown for 15 Mg, stars.



0.01% Gd

0.10% Gd

® 15M

100000

®25M,

® 15M; (alternative)

10000

ni
ni
ni
L]
AN

"y
ni

Background only

®15Mg

(=]
—

1000
100

SIU3AJ JO Jaquiny

1

0.1

100000

700 800 900

600

200 300 400

100

500
Distance (pc)

®25M,

® 15M; (alternative)
700 800 900
22

600

500
Distance (pc)

o
11 mw
(=]
o
o
o
o
o~
m. o
g S
ﬂ
g o
o o = b= - p
S =1 =] = S
=] =3 =
r) —
—
S]U2AJ JO JaquiNN
T
o
mm i
. n =)
mw i =]
= i
hm. i
O 60 6 i o
> == " S
0w wn w i
= N
A' A' A- Ini
ni
" S
i =
1N}
H
] =
[N w
ni
mi
nj mw
- 1HE] n
rw n
X 1
mw I o
P i =
i M
=
g
=
£ g
m
g
@
o
(=] (=] [==] — -
] g - S
—

100000
10000

SIUaAT JO Jaquiny

Distance (pc)



DSNB: Signal and Backgrounds

Rare event search: a few interactions / year / SK
« Primary signal: Inverse Beta Decay (U, + p — e + n)

\Eﬁ“-ﬂo/“" Detecting both position and neutron is
P the key to reduce backgrounds

« Backgrounds that mimic e+ + n pair:
* 9Lj (from cosmic p spallation)  Atmospheric neutrinos [Poster #175: S. Sakail

[E < ~15 MeV] v, CC  [E < ~50 MeV] ve CC [E > ~20 MeV] NC(QE) [E < ~20 MeV]
"'\ i,
gBe » n/ \““10 " umu;x /
ng v/} ~ n | < \—_\__, o /'j l;. -:I
| Jt'r
\ & (T< 50 Mev}\ o
JT/’ T/
e’ E e_

* Accidental coincidence (mostly spallation products + fake-neutrons) [E <~15MeV]
* Reactor neutrinos [E<~10MeV] [poster #221: A. Goldsack]
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Star Formation History

supernova rate v.s. redshift
| BN BN BN L LA B
. S, Horuch . of. Asrophys. J. @dﬁs?* .--|<*= core-collapse rate predicted from star formation rate
10 795 o s —
o g 1e=— oObserved supernova rate visible supernovae
|u i .
<& factor ~2 smaller than the expectation
Tw from star formation rate
o 1 — invisible dim supernova or black hole formation?
B : _ ] supernova explosions in massive stars (~30 solar mass)
Z E Iga;f:mélcﬁ%i»":i"(%g)w 1  resultin black hole formation, high E neutrino production
< Cappellaro et al. (2005) .
° memipisy, 1§ BohedCud) expected energy spectrum in Hyper-K (10 year)
0 l ) S S T TN AN TR T W NN SN S W N NN NN § % - SAN 4MeV 100%
0 02 0.4 0.6 0.8 1.0 s L A — — SAN 4MeV 70% + BH 30%
Redshift z g b \\ SRN GMeV 100%
neutrino flux % B ’('f" \\ \\ —— — SAN 6MeV 70% + BH 30%
' ' X B / \ solid line : NS onl
1} neutron star S \ Y
- 3 f"'t‘ \\\ Y, dashed line : NS + BH
2 oal _ E il O\ NS : BH £ 70% : 30%
b A Y
E black hole “ ; \\ N, T=6MeV
0.01} ] -
1 Fil T=4Mev AL
° 0.001 s g Nk
2 Il c. Lunardini, Phys. Rev. Lett. o L N
102, 231101 (2009) AN oSNNS 41,01, TN | .
10—4 L L L L L 0 5 10 15 20 25 30 35 40 45 50
0 10 20 30 40 50 . Faled]
E/MeV History of black hole formation
harder in black hole formation can be investigated
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Water transparency

L . : :
95 |- S |
— . ‘.-. -
E . f . o . : “ \." “’ : 1-.‘
> 90 N S TLea\W A XA sa o . .
a . - :.; XN ", :P’..\ -.".,,”.:-:‘ .,“5 ’ o 2 Sl . ‘.;.“ A ..;._' v, , "::. 2 ,_4:.; ¢ v s -:. A‘. )
3 PR d - MA Al TR oy AR
— L “': . . N . : . . ; - _
g 8- . o T :
0] Ry
LY . Ty :
E 80 [ ’ LA . J'q’- : : ) ) . i
[ A e : !
.- o P
=3 - .""\{ - :
| | 1 1 1 1 | 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 I 1 1 1 1 1 | 1 1 1 1 1 |

?0 1 1 1 1 1 | 1 1 1 1 I 1 L 1 1 L 1 1 1 1 1 1 1 1 1 1 1
03/01/2 05/01/20 07/01/20 09/01/20 11/01/20 01/01/21 03/01/21 05/01/21 07/01/21 09/01/21 11/01/21 01/01/2z%

<~
Gd loading

Water transparency is good after Gd loading.
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Dark noise

dark rate [kHz]
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~ '

Dark noise rate became higher after loading Gd. We don’t know the , - -
reason yet. > ; |
There is bacteria (Phyllobacterium myrsinacearum) in water which '
became dominant species after loading. Maybe it is emitting light.
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JV lamp sterilizer

This month, we will install UV lamps to kill bacteria. We already have them in the
recirculation line, but we would like to add it at the last stage of recirculation system.

Return
water filter

‘ e Jo

water system

puma System3 Temp. contro[,,.;f&- Izrlrt\% control
M = N UF unitA f s

paw . ‘_'-ll'l- 'HE
TOC HE S stemz supply
™ | ] pump
| 18118

Here also in
the return line.

degasifi

Membran
= r— -

SK tank
New UV lamp to

be added here
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