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1. Introduction

The Standard Model has been

successfull @

€ but why so mar
O

Flectro-magnetic GUTs: attempt to unify Strong
, and Electroweak interactions.

1/0(3

GUTs scale: 1#1°Gev =) Cannot be reached by

@ Accelerators.
Lepton and baryon

umbers are not conserve  Proton decayiiSipErmitiech!
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Cé Nucleon decay experiment is the direct probe forGUEilsS
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Two benchmark decay modes

pA ep? PA NK*

Proton lifetime predictions

] P. Langacker, Phys. Reports 72, 185 (1981)

m 1
Model Mode Prediction (years) | o | ce. M.K. Parida, and M. Rani, Phys. Rev. D51, 229 (1
2 e 8.5 15 [3] H.Murayama and A. Pierce, Phys. Rev. D65, 55009 (2002)
‘ Minimal SU(5) 1085~ 105 [1] [4] T. Goto and T. Nihei, Phys. Rev. D59, 115009 (1999)
[5] V. Lucas and S. Ruby, Phys. Rev. D55, 6986 (199¢)

Minimal SO(10) 1000~ 100[2]

Minimal SUSY SU(5) O 2[g] > 1 (PO years!
q SUGRA SU(5) 102~ 104 (4] Need huge detector .

SUSY SO(10) 10°2~1084 [5]
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2. Nucleondecay sea?ches befgfﬂe i
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A In the late 1970s, several experiments were proposed.
U minimal SU(5) prediction: 18~ 1P years
U 1kt detector expected 10 ~Zlsecays.

A Background events for proton decay searches are induced b
atmospheria interactions (they were algodetectors).

A Two types of detector came into fashion (tBeyéneration).

WaterCherenkov detector
U Good momentum resolution and P|D
U Cheaper and easier to build larger

Fine-grained iron calorimeter
U Excellent in track reconstruction
U Cost per ton were expensive.

. : detectors.
4 Nel” ({Imeley, Seuen 1) i HPW (HarvardPurdueWisconsin),
(Minnesota), NUSEX e
IMB ( , Michigan, Brookhaven),
(Italy/France) .
Kamiokande 4
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Could not find evidence
Need more volume.
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3. Present: Supdfamiokandad

Locationn Kamiokamine, Japan-1000 m under ground

Size 39 m (diameter) x 42 m (heigh§0Qkton water.
Optically separated into inner detector (ID) and
outer detector (OD, ~2.5 m layer from tank wall.)

Photo device20 inch PMT(ID), 8 inch PMT (OD, veto
cosmicrays, ~1/3 comes from IMB).

Mom. resolution 3.0 % for e 1 GeV/c (4.1%: SK).

Particle ID Separate into EM shower typelike) and muon

type (rtlike) by Cherenkov ring angle and ring patte i‘

< miike (i)
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20-year Historyof SuperKamiokande |
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SK-IV

Still running stably (amazingly!)
Collected 34%ton year exposure.

Many of the current limits come from SK
\_
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Event features

Aet . andp® are backio-back (459 MeV/c)
Apo A 2 ¢s : all particlesaredetectable.
C Reconstruct

Selection;
AFully contained, VTX irfiducial volume.
Aall e-like, w/o decaye.

A2 or 3 ring
ntpP case;
Aonemilike with decaye.
«

A85 < Mp? < 185 MeV (for 3ring event) .
A800 < M, < 1050 MeV &P, < 250 MeV/c

[ 4

etplcase;




A Most of atmospherin BKG are accompanied by neutrons.
A A neutron is captured by a hydrogen (~28€c) and emitgray;

A New electronics installed in Skehables us to record all hits including tgiéD
ray.

ASearcHfor hit clustetN2 7 in 10 ns window after promgignal, and neutrons’
are selected by neural network.

AEff. 20.5%, BKG 1.8 %.

A

Time difference from prompt sign

Entries 4546
2104 +7.0

[

True lifetime
T=204ps

Number of events/Mtyr

Number of neutrons




" New technique 2: two box analysis
A Signal box defined by 8004tot<1050 MeV/@ andPtok250MeV/c is
divided into two regions;

V Signal: Dominated by free proton(H) decay, free from nuclear effgcts,
Almost BKG free

V Signal: Dominated by bound proton (O) decay, more uncertainty dueDto
nuclear effects. More BKG.

A Achieve better sensitivity.

BKG MC (SK4)

Sensitivity (10% yr)

Red: Free proton
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Atm.n MC +0
(500yrs) pA = p

Eff. (%) BKG OBS
Low P, 18.7 0.07 0]
HighP, 199 0.54 0]

Total 38.6 0.61 0

Atm.n MC PA nTpO

O Eff.(%) BKG OBS
Low P, 18.0 005 O
High P, 16.7 082 2
Total 34.7 0.87 2

Total momentum (MeV/c)

Total mass (MeVA)

Lifetime limt (90% CL,306ktonyrs data)
pA e'pY > 1.6x10%years
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