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2021 FEETRDEMT: p->ly

p -> I'n BEHT
) n@ﬁ}%iﬁ“— N(n -> 2y, 3n°) [C 72 T T Bt
» 18 F5 D EEMT(Phys. Rev. D 96, 012003 (2017)) Tl
->e+r]'(10x1033 year, p->utn C4.7x1033 year®D
% EBR%ZDIFTUL5(90% CL)
> FT b WEETT TIIUTOL S BHRER
» 2018F DY >V U SUEFIRRIDET —J Z AT 5 2 & T\
T — 5 2HU15%IE NN (0.317 Mt*yrs -> 0.372 Mt*yrs)
» NN\ (n E 160D IXFNDRIG L. N*(1535)DVER S 5 RIib)
HEEOBRESD

BEDBET TIEINKRIDEHTEEDARAEENKE L .
signal efﬁC|encyh_30% EWAREMZ S5 2 TUL

Modes M [—I adron propagation N-N correlated  Fermi Detector

in water decay momentum performances Total

p — €71 (27, upper ) . 9 2 29

p— e+77 (27, lower) - 13 16

p — etn (3% - 15 20

p — ,LL+T] (27, upper - 10 30

p — ,u"'n (27, lower) - 12 17
*tn (379) - 6 2 5

signal efficiency D ANTEME [%] (2017583 K D)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.012003

2021 FEETRDEMT: p->ly
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2021 FEETRDEMT: p->ly

#events in data (SK1~4)

#expected BG events (SK1~4)
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2021 FEEETRHDEEMT: p->ly

Mode
p-en

n-2y
Upper

n-2y
Lower

n - 3n’
poun

n -2y
Upper

n -2y
Lower

n - 3’

SK-I
#candidate

SK-I

BG rate w/ stat. err.

0 (0)
0.08 + 0.03 (0.17)

0 (0)
0 + 0.006 (0.01)

0 (0)
0.06 + 0.02 (0.15)

0(0)
0.05 + 0.02 (0.05)

0 (0)
0.008 + 0.008 (0)

0 (0)
0.38 + 0.05 (0.34)

0 (0)
0.05 + 0.01 (0.10)

0 (0)
0.004 + 0.004 (0.01)

0 (0)
0.06 + 0.02 (0.06)

0(0)
0.04 + 0.01 (0.02)

0 (0)
0.004 + 0.004 (0)

1(1)
0.17 + 0.03 (0.13)

SK-II

0 (0)
0.03 + 0.01 (0.05)

0 (0)
0.003 + 0.003 (0.003)

0 (0)
0.03 4+ 0.01 (0.06)

0(0)
0.003 + 0.003 (0.01)

0 (0)
0 + 0.003 (0)

0 (0)
0.12 + 0.02 (0.12)

SK-V

0 (0)
0.05 + 0.03 (0.13)

0 (0)
0 + 0.01 (0.01)

0 (0)
0.05 + 0.03 (0.03)

0(0)
0.03 + 0.02 (0.03)

0 (0)
0 + 0.01 (0)

1(1)
0.17 + 0.05 (0.16)

TOTAL

0 (0)
0.21 (0.45)

0 (0)
0.007 (0.033)

0(0)
0.20 (0.30)

0 (0)
0.08 (0.11)

0 (0)
0.012 (0)

2 (2)
0.84 (0.75)

FEIMN1Z201 7303

Lifetime limit

[x 1033 years]

BG rate [events]

w/ systematic err.
p—oetn 0.42 +0.13
p-oun 0.93 £ 0.25

Candidate Probability
[events] [%]
0 65.7
2 23.9

14.0
7.3

BEDY =y N EEH,

X & UTHRRFE


https://docs.google.com/spreadsheets/d/1WmZyNsG9ukOWsPy1RnX8YK3gnMh2pMdQy8H4HyIVE5w/edit?usp=sharing

2021 FEETRDE: p->p+KO

p -> Ko BEAT .

» KODFELE(K0: T~90ps, K;0: T~50ns)lc &k > T Fa—@h%b\%fcﬁ%
) i@fd) *7|‘ﬁ(Phys Rev. D 86, 012006 (2012)) Tl£1.6x1033FE D

£ LIR%Z ST L3 (90% CL)
»ﬁbM*ﬁTiuT®$9E&%ﬁ

y T — 4 =18

» 20125 3: 2008 FE X TIC & 5N =T —4, 0.173 Mt*yrs
» SEIDEEMNT: 2018F DY > JBUERIE TDET —4, 0.372 Mt*yrs

p ﬁ#ﬁﬁk%ﬁ E (REICEi)

» KLOD BRIEE lc k- Tfﬁ’) BRI EZEAN

» REFY T &E =a Rz R ICIEN]

FF- % 7 p4n -> d+y (2.2MeV) % FI = :
z:,// —pout+K®
. p 0 0 =
thermalisation 07 % ATlliz-:l\%IE E
V. y-ray 0:6% —
¢ (2.2 MeV) . % E
...... n : % :
H-capture i:?/% I :
Z g
5 I

0 2 + 6

At ~ 200 us Nuymber of neutrons



https://docs.google.com/spreadsheets/d/1WmZyNsG9ukOWsPy1RnX8YK3gnMh2pMdQy8H4HyIVE5w/edit?usp=sharing
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.012006

2021 FEETRDE: p->p+KO
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2021 FEETRDE: p->p+KO

Number of Events
at each selection

Signal MC
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SK4 data

Efficiency (%)
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https://docs.google.com/spreadsheets/d/1WmZyNsG9ukOWsPy1RnX8YK3gnMh2pMdQy8H4HyIVE5w/edit?usp=sharing
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https://docs.google.com/spreadsheets/d/1WmZyNsG9ukOWsPy1RnX8YK3gnMh2pMdQy8H4HyIVE5w/edit?usp=sharing

2021 FEETRDE: p->p+KO

Lifetime limits Official
Mode Eff. (%) Expected BG  Candidate L(‘Igggmyeegr“;)”
KO — 210 9.7+1.1 0.31+0.13 0 2.7
K? - ntn~ (3ring) 4.98x0.57 0.8x0.2 0 1.4
K - Tty 0.91x0.17 1.0x£0.3 0 0.2
KD - 3n° 0.36 £0.05 0.12x=0.06 0 0.09
K) - ntn 0.18£0.04 0.16 £0.07 0 0.05

Sensitivity (expectation of lifetime limit) and lifetime limit at 90% C.L. (1033 years)

Mode Sensitivity Lifetime limit
SK4 combined 2.9 4.5

SK1,2,3 (latest paper w/ enlarged
systematic error to cover Kaon bug fix)

SK1,2,3,4 combined

BEDYZS Y M1.6x103F)EKELEH,
X EUTRRFE

1.9 1.2



https://docs.google.com/spreadsheets/d/1WmZyNsG9ukOWsPy1RnX8YK3gnMh2pMdQy8H4HyIVE5w/edit?usp=sharing
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https://docs.google.com/spreadsheets/d/1WmZyNsG9ukOWsPy1RnX8YK3gnMh2pMdQy8H4HyIVE5w/edit?usp=sharing

Backup


https://docs.google.com/spreadsheets/d/1WmZyNsG9ukOWsPy1RnX8YK3gnMh2pMdQy8H4HyIVE5w/edit?usp=sharing

p -> I+ event selection

v’ Same event selections as 2017’s paper][1].

Event cut p—etnn— 2y p— utn,n — 2y
A The number of rings 3 3
B PID all shower-like ~ On¢ now-shower-like,
p - I n two shower-like
’ d C Invariant 7 mass (my) 480 < my, < 620 480 < my < 620
n- Z)’ moae D The number of Michel electrons 0 1
. The total momentum (pgot), Dot < 250 Prot < 250
the total invariant mass (myot) 800 < myor < 1050 800 < myer < 1050
‘ ' < <
Two-box momentum F The total momentum (piot) 100 < prot < 250 100 < pot < 250
separation. H The number of neutrons 0 0
(upper/lower box) G The total momentum (piot) Piot < 100 Prot < 100
I The number of neutrons 0 0
Event cut p—enn—=3"  p—utnn— 37
A The number of rings 4 or 5 4 or 5
B PID all showerdike  C° LOD-ENOWE-ILLS;
p —> | n, the others shower-like
0 C Invariant 7 mass (m,)) 400 < m,, < 700 400 < m, < 700
%
n 3T mOde D The number of Michel electrons 0 1
B The total momentum (piot ), Piot < 150 Piot < 250
the total invariant mass (mot) 800 < myor < 1050 800 < Mot < 1050
F The number of neutrons 0 0

[1] K. Abe et al., Phys. Rev. D 96, 012003 (2017).


https://docs.google.com/spreadsheets/d/1WmZyNsG9ukOWsPy1RnX8YK3gnMh2pMdQy8H4HyIVE5w/edit?usp=sharing

*Cuts applied except for
those on p,,: and m,,;

Proton decay MC
(SKI-IV combined,
40000 events)
-Bound proton

Atm. v MC
(SKI-IV combined,
2000 yrs.)

Combined
SKI~IV data
(0.372 Mt*yrs.
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https://docs.google.com/spreadsheets/d/1WmZyNsG9ukOWsPy1RnX8YK3gnMh2pMdQy8H4HyIVE5w/edit?usp=sharing

p -> utK? event selection

K? - 2m° KQ - n*tn~(3ring) K? - ntity K? - 3n° K-> ntnn®
1: FCFV 1: FCFV 1: FCFV 1: FCFV 1: FCFV
2:3 < Nyjpg <5 2. Nping =3 2: 500<potot<8000 2: 500<potot<8000 2: 500<potot<8000
3: 1 u-like 3: 3 u-like ring 3: Nyring = 2,3 3:4< Nyjpg <6 3: Nying = 3,4
4: Ngecay—e = 1 4: Nyecay e = 1,2 4: 0,1 e-like ring 4:1 u-like ring 4: 2 e-like ring
5:150 <p, <400 5:450 < myg <550 5! Ngecgye = 2,3 5: Ngecaye =1 5! Ngecay e = 2,3
6: 400 < mg < 600  6:p,pr < 300 6:260 <p, <410 6:260<p, <410  6:260 <p, < 410
7: Doy < 300 7:800 < m, < 1050 7: 1.5 < Vg, (M) 7: 1.5 < Vgep (M) 7: 1.5 < Vgep, (M)
8: 800 <m, < 1050 8: # of neutrons=0 8: # of neutrons=0  8: # of neutrons=0
9

. # of neutrons=0



https://docs.google.com/spreadsheets/d/1WmZyNsG9ukOWsPy1RnX8YK3gnMh2pMdQy8H4HyIVE5w/edit?usp=sharing

