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1. IntroduUction

strong | [AIEERD NERIRN

(Electroweak)

|

| Grand Unlfled Theorles

GUTs scale: 1014-16 GeV

Lepton and baryon

_ numbers are not conservead

Nucleon decay experime
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Minimal SU(5) model

Proton lifetime predictions _
Super-Kamiokande

Minimal SU(5) p->e*n0 A = flgee [1l]
‘ Minimal SO(10) p->e*rmo 10%0 ~ 104 [2]

Minimal SUSY SU(5) p->vK* < 10% [3]

SUGRA SU(5) p->vK* 10%2 ~ 102 [4]

SUSY SO(10) p->VK*  10%~10% [5]
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[4] T. Goto and T. Nihei, Phys. Rev. D59, 115009 (1999)

[5] V. Lucas and S. Ruby, Phys. Rev. D55, 6986 (1997)
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2. Super-Kaii

Location: Kamioka mine, Japan. ~1000 m

Size: 39 m (diameter) x 42 m (height)
Optically separated into inner de
outer detector (OD, ~2.5 m laye

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

Mom. resolution: 3.0 % for e 1 GeV/c for

Particle ID: Separate into EM shower type

type (u-like) by Cherenkov ring an
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History of Super

accident

_———
i oo Livetime:
| - 1489.2 days

Exposure:
- 91.7 kton-yr
~{Inner PMT:
111146

——=1¥| Photo coverage:

YT e

p=>e*r0 paper (98’)

Newl




Proton decay MC <=
8 bounded protons i

Fermi moment
are taken into a«

2 free protons (H): si
Atmospheric v MC <

Flux : Primary cosmic
M.Ha

v Interaction: NEUT

ch
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&l Event features;
ol ! P » e* and n° are back-to-back (459 MeV/c) in

:.‘
n a
0<— @ = ®  nucleon rest frame.
4, 7T E¥+ B n 0 . i
. * o - » 0 decays into two y s (one y may be missed
L A 4

o %N v if direction of the other v is close to =°). ©
2 Py =
*, 2 => should be observed.
M- = should be reconstructed by two
ring (3-ring case).
== should be reconstructed by all
MC ring and should be small.

o %ﬁi:ﬁg f‘? Selectlon;
B * Fully contained, VTX in fiducail volume.
« 2 or 3ring and all e-like, w/o decay-electron.
» 85 < Mn® < 185 MeV (for 3-ring event) .
« 800 < M, <1050 MeV & P, < 250 MeV/c

REunMODE : MonteCar
RG_E :ﬂglilgﬂtlll

di : 0,00
EVSE :80000003

._.. .._ 3 2 g L :':'I
t-q!|'.;
-hll |ﬂ { LIHII"":Dr
CANG O 3 AMOM : 1 . e, : L 8
=7 nOD YK/LW: 1/ 1 4
v SUB EV 3 97 g g
Fusielza Deye: 0l 0/°0/7 © o
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Results

Signal box

Total momentum (MeVic)

1 v - I 1I"_

Lo s booiotouivnn | o000, | | S TP PP ST UPRPS) oY
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Invariant proton mass (MeVic?) Invariant proton mass (Me\ic®)

i Prienary | -

Eff.(%) 44.6+8.5  43.548.3
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Total BKG:
0.31events/2288days
=> Still low enough!
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1-dim distributions: Data are consistent with Atm. v MC.

Red: Data : 'L
~ Black: Atm. MC | " J

mhber of Events

L& - B
Mt i i
I} i !

. t:'1ii:|4- .

S == NN PN TP I R P | I j__n_n_n_l_l_n_
% 200 400 €00 800 100012001400 0 200 400 600 800 1000 1200
Total Momentum (MeV/c) Total invariant mass (MeV/c®)

1
i g2 )t $-25)
AT L b '.._,';-w‘-l" -4

§
n® invariant mass (MeV/c®

5 times improved !
> 1.6x1033yrs@25.5kton* yr in prev. SK paper,1998
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A) K*-> M+‘|‘VM Event features;
., yiae * Proton => K*(below C thrs.)+v_. . @
om0 e
v, =>Monochromatic
Selection:

* 1 u-like ring with decay-e (except method-B
In next page).
* Fit P, of data by PDK and Atm MC.

Black: Data
Red: Atm. MC

Blue: PDK MC

From upper limit of the fit, lifetime limit
can be estimated.
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B) K*->pu*+v, with prompty

: Event features;
/ e’ - Proton in 160 decays and excited
\ nucleus emits 6 MeV y (Prob. 41%, n
clear ring).
pt O
> VISIES Selection:

- - > invisible « 1 p-like ring with decay-e.

¢ 215 < Pu <260 MeV/c
‘T u(dN/dt=max  Search Max hit cluster by sliding
Interval time window (12ns width);
- 8 < Ny < 60 hits for SK-1
4 < Ny < 30 hits for SK-2
&
- TM-Ty < 75 nsec

:Window @
Tstart @ L2
\__/ O eaEEEESESESSS—S————




SK-1

— 600 F———

500 |
j400 |
300 §
200 |
3100 §

~100 %0

ol ...

T[T T[T T [IT T[T T TTTT

Obs:
100

Eff.: 7.2£1.6 %
BKG: 0.16 evts

/1489days
0 evts

", 600
500
400
300
200
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0

0 25
Ny

50

SK-2

— 600 ————————
500 |
{aoo b
3300 fi
j200 5
100

Eff.: 5.8+1.3 %
BKG: 0.08 evts
[799days

Obs:  0evts

Even though photo coverage decreased by :
of SK-1.

efficiency in SK-2 keeps
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+ + 0
C) K* > Event features;
o N v, <Br.21%.
—> visible " « 0 and =+ are back-to-back and

- — > Invisible Qe

D et have 205 MeV/c.
.\), * Pt is just above C thres.

K* :
9 H (not clear ring).
y O
i < . 3
0 => Search for monochromatic r°
l . Mt with backward activities.
. Black: Data (w/o dcy-e cut)
Selection: Red: Atm. MC

» 2 e-like rings with decay-e.
@ * 85 < Mn0< 185 MeV.
» 175 < Pn% < 250 MeV/c.
* Q. charge sum in 140-180 deg. of =° dir,

SK-1) 40 < Q, <100 pe &
@ K-2) 20<Q,, < 50 pe &
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ATl\Iﬂ MC:; g PDKMC:; 38 ATM Mc:;
]9 110
j O 3 50
E 5 30 3
E 3 20 3
E o 410 [
200 50 100 00 50 100
100 ——2Pk(pe) Qbk(pe) Qbk(pe) Qbk(pe)
290 ¢ @'90f 0 3
= 80 E Data 3 =2 80 b Data  :
" 70 E 3 a 70 EF E .
5 60t i Eff:62+05% & eot ] Eff.:4.8+0.4%
30 ¢ 1 BKG:043evts  49: i BKG:0.3levts
d X /1489days 30 F [199days
0L 3 Obs: 0 evts MWWEl.. 1. ..3 Obs: 0 evts
0 200 0 50 100
Qbk(pe) Qbk(pe)
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Summary of p -> vK*

Eff (%)
37.0+0.4
35.7+0.4

7.2+1.6

5.8+1.3
6.2+0.5
4.8+0.4

BKG Obs.

188.9+5.7 198%14.1
95.5+2.0 85+ 9.2

0.16+0.05

0.08+0.03

0.43%£0.13

0.31+0.10

& 2.3x1033 yrs@92kton- yr in prev. paper (05
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O 5. Other meUEes

p—e'n’
Nucleon => lepton + meson p >t 0
p—e’n
p—utn “WWManéwmmw
e
p—utpt

p—eto

p—uto

O
¢

¢ *Consistent with BKG for all
modes.
C *Most of them give the most

stringent limits in the world.
\_/

n—-e'n

n— !.I.+ JT- 4 | I:lThis Thesis
1 1 1
Asiasisansn ..........!.............................._é.... . IHE—S

n— E+ P- | g ; ¥V Kam-lsl
() FREJUS
[ 11 | 1 (] 111 |
1 031 1 032 1 033 1 034
Lifetime limit (years)

n—u*p




i immnmai
CIfLILfIelfY/

» We performed nucleon decay searchapwitiiSIKE=:
SK-2 data, 141 kton* VrSiin tetalfex|oesure:

« We could AV EVACENCES i nltie <o)
decay.

* We calculated nucleon lifetime s ywithre0:%
C.L.

etnd: > 8.2x10=2yrisi== publisiiseon!
vK*: > 2.8x10°° yrs
Other lepton+meson;: > 6.6 ~0.04%x102*Vi1S

ch






« BKG for e*n® :0.3 events/2288days
vK™ :0.2 eventsi(prompty)

Still low enough!
» SK-3 data will be open seen (=s60rdays):
* At least, continue untiiZiK pREsE=INGSNE
=> lifetime limit :2=3/tIMEs more:
=> Further study: Need te constitictilargen

detector (Hyper-K).

lf‘)

(1>
(‘\ Yy
(V2

ch



Q. What are

Contribution to BG




Systematic error for e*n® (Efficiency)

SK-I SK-II
Total 19 % 19 %
Nuclear Effect 15 %
Energy Scale
Un-uniformity of Detector Gain 0.7 % 0.5 %
PID 1.6 % 0.9 %
decay-e detection efficiency
Fermi Momentum
Fraction of Correlated Decay 6.5 % 6.4 %
Fiducial Volume 3% 2 %
Fitting Biases
- Vertex 2.0% 1.4%
- Cherenkov Opening Angle 0.7 % 0.9%
- Ring Counting 0.1% 0.1%
Exposure
Live Time <1%




Q. What are

K*->v+u

v+N -> lepton+N*; N*->N’+meson

Resonance N* decays into K*.

v+N -> charged lepton+P: 17 %

Low P lepton, High P proton
=> VTX mis-reconstructed
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Q. Why improvement in vK*

mode 1s small ?

- Efficiency in SK2 is lower than SK-1 for vK mode. @
- In SK-1 paper, BKG in prompt g method is 0.7. )

- Selection is refined to get max S/N ratio.

- T, Changed from 9 nsec to 11 nsec.

Hits 'T u(dN/dt=max SM\2 Now

B el Eff.(SK1) 8.6% 7.2%
BKG 0.7 0.6

BKG largely reduced but loose
efficiency and limit became worse
(2.3->2.0x10%3yrs for SK-1).

P -




Contributions of

Spectrum fit :
Prompt y
ntmd
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Systematic error for vkK* (Efficiency)

u+v, prompt y tag

y-emission prob.

Energy scale
Tstart

PID

Ring count
Water parameter
Fiducial volume

Total

SK1

SK2

n-N crs in water
Energy scale
PID

Ring count
Water parameter
Fiducial volume

Total

SK1

SK2
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Lifetime limit calculation; Bayesian methoo

SK-2

Z . 1 i :,—{F,‘\]f.q.m ) 48 h 1 :‘.-—{T)t;.gfg +ba) SE = ng‘
P(Tni,ne) = — // / ( 161+ b) w
xP(T

)P ()P (60)P(6p)doeddydoy.

CL(0.9) = jor"m" P(T'|n,n,)dl I': decay rate (=1/1)

A. exposure
e. detection efficiency
@ b: number of BG events

Assuming Eff, BKG, exposure are - candidate

Q gaussian.

O 5



néutron anti-neutron oscillation
motivation eExpected signal

Several types of (B-L)-violating 1. anti-neutron annihilates with n or p.

Gauge theories predicts that
neutron spontaneously converts T
to anti-neutron, and vise versa

& n —n oscillation 2. pions are emitted isotropically with
high multiplicity (>~4n)
n+p n+n




O pens

n = n transition probability
and Bayesian theorem.

T 2 >

bound
Ljimit
Bound neutron lifetime can be interprete

Tbound =R

Theoretical upper |
et al., Phys.Lett.B 5
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