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1. Introductien

strong | (NNEEKRNIEVRN

(Electroweak)

1 |

Grand Unified Theories

GUTs scale: ~1016 GeV

Lepton and baryon
_ numbers are not conservead

Nucleon decay experime
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Minimal SU(5) model SUSY SU(5) model

Proton lifetime predictions
BFRRRACITIEXRGR
Minimal SU(5) P->etnd 10285~ 10315 [1] Il:l:ll %b‘2‘§ °

‘ Minimal SO(10) p>etnd  10%~ 1040 [2]
' Minimal SUSY SU(5) P->vK* <10%[3]

SUGRA SU(5) P->vK* 102~ 10%[4]
SUSY SO(10) P->VK*  10%2~10%[5]

P. Langacker, Phys. Reports 72, 185 (1981)
2] D.G. Lee, M.K. Parida, and M. Rani, Phys. Rev. D51, 229 (1995)
[3] H.Maruyama and A. Pierce, Phys. Rev. D65, 55009 (2002)

[4] T. Goto and T. Nihei, Phys. Rev. D59~115009 (1999)
[5] V. Lucas and S. Ruby, Phys. Rev.86 (1997)



2. Current status o
(From recent re
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Location: Kamioka mine, Japan. ~1000 m u
Size: 39 m (diameter) x 42 m (height),
Optically separated into inner dete

outer detector (OD, ~2.5 m layer f

Photo device: 20 inch PMT (ID), 8 inch PM
cosmic rays).

Mom. resolution: 3.0 % for e 1 GeV/c (4.1%
Particle ID: Separate into EM shower type (¢
type (u-like) by Cherenkov ring angl
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History of S

Accident

D wsmm— <€ >
SK-1

Livetime:
- 1489.2 days
Exposure:

- 91.7 kton-yr

Inner PMT: 11146 =

Photo coverage: Sesse . Same
40 % i d

2200 kton+year exposure in total




Event features;

«e*and n° are back-to-back (459 MeV/c)
« 10 22 ys : all particles can be detectable.
=>» Reconstruct

Selection:

* Fully contained, VTX in fiducail volume.
«2o0r3ring

* All e-like, w/o decay-e

* 85 < Mn? < 185 MeV (for 3-ring event) .

* 800 < M; <1050 MeV & P, < 250 MeV/c

Selected by simple cuts !



MC si

Proton decay MC <=
8 bound protons in O

- Kinematics of bou

energy)
- Nuclear effects (de

scattering, charge ext
are taken into accou

2 free protons: simple
O Atmospheric v MC <

Flux : Primary cosmic
M.Ho

v Interaction: NEUT

d
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Mot VS Pyt

Blue: PDK MC Green: ATMv MC Red: Data
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| Super-Kamiokande -V pse*r® MC : ) " SuperKamiokande HV data
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Total momentum (MeVic)
Total momentum (MeVi/c)

06 200 400 600 800 120 600 800 4000 120 200 400 600 800 1000 1200
@ nvariant proton mass (MeVIcz) Invariant proton mass (MeVIcz) Invariant proton mass (MeVIcz)
Inefficiency comes from  Dominant BKG: CClxn

n-interaction in Oxygen.  v.,p =2 e*nrd
‘ v,n = enn* +charge exchange

@ TN N R L M R R Ce =l N O candidate observed.

@ . 7 10




Results of p2>efr®
=(o} Eff(%0) BKG | BKG Candidate
(kt=yr) IMt=yr

39.2%+0.7
38.5%x0.7

40.1+0.7
SK4 . 39.5+0.7
Total 260.1

Note 1' In SK2, photo coverage was a half of other periods, but efficiency was almost same.

Lifetime limit (90%C.L,)
p>etn?: >1.4x1034 years @ 260kt-year




C
Why efficiencies decreased (45 % - 40 %)
=>» Because we have updated w-interaction in Oxygen.

(1) Charge exchange increased (2) Kinematics of scattered w @
to match experimental data. changed in P > 500 MeV/c O

Input: 1 550 MeV/c
FINAL MOMENTUMDISTRIBUTION | | OUTPUTSCATTERING ANGLE DISTRIBUTION THETA

Black: old MC
Red: new MC

- ==+ Reactive (OIdFSI)

Quasi-elastic
Absorption

- -
=) =)
2 2

Area Normalized / sin(6)
3

Increased in

) large angle
T ol

_adl ol
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b‘ NOTE: Sys.error for n-int = 15 %
. 0
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On going project: neutron tagging -

« Search for hit cluster N>7 in 10 ns window after prompt signal. D
« Eff. 25 %, BKG 1.4 %.

« MC including neutron capture is under developing. )

Neutrons in 1297.4 days atmospheric Prelimi nary
e — neutron after all p>e*x° cut (SK4)

T 2104 £ 7.0

-
F -

True lifetime
T =204ps

o o
=N
N

m) Almost 50 % BKG can
be rejected!

Number of event:
o
o

o
o
©

0

01 2 3 4 5 6 7 8 9 10
Number of tagged neutron




W+ | I~
K™ mode

Event features;

* K*is invisible, stops and 2 body
decay (P, =236 MeV/c).

=» EXxcess in PH.

- Proton in 180 decays and excited
nucleus emits 6 MeV y (Prob. 41%, not
clear ring).

—> Visible
- — > Invisible

* 1 u-like ring with decay-e.
@ « 215 <Pu <260 MeV/c

« Search Max hit cluster by sliding

time window (12ns width);

- 8 < Ny < 60 hits for SK-1,3,4
Q 4 < Ny < 30 hits for SK-2

&
@ - T,-T, <75 nsec

- Proton ID liklihood < 0

Hits T u(dN/dt=m
yox)
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‘Recent improvements on BKG rejection

Fix momentum bias for events with decay-e
*  Hitsin (-50:250nsec) used for momentum. @

—> generate hit template for VTX fit with larger Pu
- VTX is shifted to forward.
—> TOF over-subtracted for backward hits,
«  Solution: Time window size is shortened when decay-e is closer
to parent u. BKG is reduced by 30 %.

Gate for momentum calc.

Improved reconstruction
- Change gate to exclude dcy-e.
Original reconstruction - Better mom = better VTX.

includes decay-e hits. - Disappeared fake gamma.




Black: Data

Red: ATM MC
Blue: PDK MC

Eff(%)

Dot: Data
Box: ATM MC

Black: Data
Red: ATM MC

( 20 % reduced in half PMT density case. ol PoR Ve

Decay-e tagging efficiency is improved
by new electronics.

250 275 300

P (MeVic)
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B) K" 2> &8

—> Visible
- = > Invisible

Event features;
- Br. 21 %.

¥ and =+ are back-to-back and
have 205 MeV/c.

« Pt* is just above C thres.

(not clear ring).

=> Search for monochromatic =°
with backward activities.

K+
-

”

7-I:O
l 205 MeV/c
Y

* 1 or 2 e-like rings with decay-e.
@ « 85 < Mn? < 185 MeV.

« 175 < Pn? < 250 MeV/c.

* E,, visible energy sum in 145-180 deg. of =° dir,
E. in  90-145deg.
Lghape: Likelihood based on charge distribution around =* dir.

10< E;, < 50 MeV
@ E,.. <12 MeV (single ring: 20 MeV)

Lghape < 2.0 (single ring: 3.0)

~—
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Recent improvement; p2>vKE KESwin?

# of Ring: K*>7t*nl : :
If opening angle

of 2 ys is small or momentum of one y IS
small.

Use “nO fitter”

* Make likelihood assuming = and
search for missing ring.

* It is used for v, appearance analysis of
T2K to reduce BKG.
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Exp. Eff(%) BKG Data
(kton=yr)

Results =ljliotel

Black: Data

7.8%0.1 0.18

7.9%£0.1 0.09

018

0.61

20 % reduced for half PMT density case.

Number of Events

Decay-e tagging efficiency is improved
by new electronics.

p—=> vK* Combined lifetime limit (90% CL):
> 5.9 x10%3 yrs @260 ktont=yr

19
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Summary of the current search results
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3. Future prospects

Even if SK continue to run 20
years more, the sensitivity
can reach just only ~2 times
more longer life time.

Obviously we need larger
detector (1 Megaton class) if
we want to explore one order
longer lifetime.

Let’s build Hyper-Kamiokande! D

d

D
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CROSS SECTION

Base design

48000

30000

24000

54000

Outer Water Tank

Total Volume: 0.99 Mton
Inner Volume: 0.74 Mton
Fiducial volume: 0.56 Mton
(0.056 Mton x 10 compartments)
Outer volume: 0.2 Mton
Photo-sensors:
99,000 20 inch PMT (ID)

(20 % photo coverage)

25,000 8 inch PMT (OD)

AR



 Sensitivity (90%CL) with HK
10 years run;

etnY: 1.3x10% year
vK*: 2.5x103%4 year

SUSY SO(10)

non-SUSY SO(10) (éiili)

Pl > 3o discovery potential

e*n’: 5.6x10 3 years
EEEC VK*: 1.2x10% year
(with base design)

sdsv SO(10) (L%R)

/B (years)

Letter of Intent: Hyper-Kaiokande Experiment

arXiv:1109.3262 [hep-ex] |
1 7
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SAHAIc2E Y —BH5ET

— HPD 84 + 5= F31Z3EPMT 574
(+ Super-K PMT 2274)

> 200k %k zRSER . SEEREH IR !

200I~/7J<7-:|: l//:I71’ﬁt|:'|%§ _4

L PMTO#g

C HPD/PMT hit timing relative to LD flash timing (ns)
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Test: HPD time resolution with SK4 setup

Efficiency curve of y tagging

« v tagging efficiency close to p Is
Increased. K* decay ~exp(-12ns/t).
« Selection efficiency of p=2>vKty:

Efficiency

o
-

Black: 2.2 nsec .
(PMT) (44% increased)

Red: 1.1 nsec * Background rate:
(HPD)

o
o

@1pe

(33% decreased)

10 15 20 25 30 35

Tu —Ty (nsec)
~ K* decay time

LN =
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has not been fou d yet.
Proton life time limit: 1450 EalSHETRE 0
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@
‘Recent improvements on BKG rejection (2)

Proton ID
Dominant BKG is CCQE with high mom. recoiled proton and @
invisible u, the proton is identified as p-ring.
> VTX is shifted to forward to adjust C-ang. O

—> TOF over-subtracted for backward hits,
«  Proton and muon ring can be separated using likelihood functlon

based on opening angle and hit pattern.

Black: Data
Red: ATM v MC

Agree well.

True VTX

-500 0 500 1000
Proton ID

260 <Pu<400 MeV
N —
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Recent improvement(2): p2> VKRS0

Red: PDK MC
Charge distribution in angle Blue: BKG

Opposite of =° dir
=t dir

. Use corrected > d=10]¢
q : 1. Define Ebk by

2. Make expected charge distribution for signal and BKG, and
- compare observed charge by likelihood. =

BKG )

40° _ 40
- IOg(él;[o PrOb(qobs’ q:>l<gp) T\ |Og(6£[0 PrOb(qobs’ qexp

@ 'v 35
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Candidate event -) seems mis-fitted event

rHer 02 @ sukap®

ﬁ'SIP r kamiokande %
HU. # 1508
EUN % 63290
SUBEUN # 1010
- EVENT# 203037300
DATE 2011-May- 1
TIME 12:49:56
. TOT PE: 871.5
a MAaX PE: 14.2
NMHIT - 612
BNT-PE: 7.6
BWNT-MX: 2.1
NMHITA: 7

Pu=239.0 MeV/c

=>» Decay-¢ is so close to p (115 nsec).

=> In momentum calculation, hits in (-
50:+250 nsec) &70° cone are used. So
this Pu includes decay-e hits and
overestimated.

=> Also VTX shifted in forward to adjust
larger C-ang from overestimated Pp.
Make fake prompt y

Separate p and e by time and fit
Individually.

1990,/00/00 :NoVet:No¥et
1990,/00/00 :NoVet: NoYet
1990,/00 /00 :Ho¥ Tet
1990,/00 /00 : Ho¥ Tet
1990,/00 /00 : No¥ Tet
2012/10/18:;#R= 1:NoVet

R__: Z__: PHI : 600D
8.86: 11.36:-0.23:0.656
CANG - : :
36.0: 347: 64: 0.4
V=-0.672:-0.172:-0. 720

Deyes 1( Of/1J of 0

- Window for mo
Calculation.

ed Pu=199.9 MeV/c

8 j. |bnh o Lalnf = L T

ol




2-2 Probal

© p2>VvKY, K¥(stop)=> v then =l LS

- If the candidate Is the signal, true P ‘snoulaiog 758 % (5[5
but reconstructedas =~ 0 rn this kinernatics.

+  How much probability does It happent?
=» Make MC to simulate the candidate KInEmatics.
Set up
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GenQ@event Reconstructed P

: 2000 thS x'/ndf 5172 | 64

Constant 91.34 £
Mean 264.0 -
8.341 +

%

Momentum FVFC1R

@ Reconstructed P, is shifted (mean: 264 MeV/c)

It is very hard to reproduce the candidate momentum by the

signal event.
There are 3 events in 239-240 MeV/c bin.

> > 0.15 +£0.09 % A
>
Q O



