.*-'

966 | |udy @ouls pajelado uaaq sey J0jo8jep ay |
‘uede ul suIW IWNZO\ BYOIWERY 8y) ul siaaw 000 | Jo yidep
B ]B 10]038]ap AONUaIayD Jajem uo} 000'0S B SI apueyoiwey-1adng

e T EEEEEES—

T 2.t

apueyolwey-1adng



Nucleon Decay Experiments

Fiducial Mass
NUSEX (1982) 130 t Fe/streamer
tracking KGF (1980) 140 t Fe/prop. tube
detector
Frejus (1984) 700t Fe/flash chamber
Soudan (1981) 770t Fe/drift tube
Kamiokande (1983) 1040 t \
2700 mwe,
1000 50-cm pmts, 20% photocathode coverage
outer veto, solar neutrinos
IMB (1982) 3300 t
1580 mwe, \f water
2048 20-cm PMTs, low photocathode coverage [ Cherenkov
augmented by wis plates,
pre-SK: largest, best proton decay limits
Super-K (1996) 22500 t

more on this detector shortly J



Super-Kamiokande

water Cherenkov detector
1 km deep (2600 m.w.e.)
11000 50-cm PMTs
~2 ns timing resolution
40% photocathode coverage
outer detector veto ex-IMB
22.5 kton fiducial mass

— 7.5 x 1033 protons

— 6.0 x 1033 neutrons

Proton Decay Students:

M.Earl, S.Hatakeyama, Y.Hayato
J.Kameda, M.Kirisawa, K.Kobayashi
M.Shiozawa, B.Viren
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Super-K Data: p — K'v
K*— ntn0

140 - 1289 days data
[ Super-K preliminary

120+

IT§11

g-g-g

backwards Cherenkov light
from pi+ (p.e.)
=

ﬂEﬂ1ﬂﬂ15ﬂzﬂﬂ25ﬁ3m3504ﬂﬂ
70 momentum (MeV/c)

result for 79.3 kt-yr (Super-K preliminary):
1 candidates
6.8% efficiency
1.7 events background

TB(p— K'v)> 59x1032yr (90% C.L.)

For final limit: combine all three results (they are independent)



K* — ut(236 MeV/c) v search

1 u-like ring
1 decay electron
215 < py < 260 MeV/c

B.R. x efficiency = 33%

1289 days
Super-K data

—_— (preliminary)
+signal
at 90% CL{ - P
.i-i-rE :i =8 +
atm. v |
M.C
10F

ﬂ:J.l...l...J._|___|
200 220 240 260 280 300

muon momentum (MeV/c)

events

from joint fit to background + signal:

T/B(p—>VK*) > 4.4 x 1032 yr



Signal and Background Monte Carlo

1000
900 E Super-K preliminary p— et 1o
S 800 | Monte Carlo
@ "
= 700 |
E 600 - mass of effliciency = 43%
5 " proton _
E 500 i —p 20% reconstruct 2-rings
G 23% reconstruct 3-rings
5 400 i
E 300 |
*E 200 | low total
e momentum
100 : Le.
' s k-to-
0 1200 back-to-back
1000
) - | Atmospheric
E o neutrino
= 100 Monte Carlo
E 600
fon
S 400
£ 300 §
L
|E &0 background estimate
100 @ ~0.25 events/100 kt-yr
= '--. i.lx..il il ;.; ;. | I PEETTIET | Saa
00 200 400 600 800 1000 1200

Invariant proton mass (MeV/c?)
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Summary of Super-K Limits

mode exposure
(kte yr)
poet+n’ 79
popt+n’ 79
p—e +1 45
p—ut+m 45
n—V+n 45
p—e +p 61
p—e + 61
p—oe+y 70
p—ou +y 70
p—-v+K' 79
K'—vu' (spectrum)
prompt v + 1
H' I-.'..n
n-v+K° 79
HI'I :_'f"._".l
K —n'n
p—e+ ’ 70
0_,-0.0
K" --—.‘.—.
2-ring
3-ring
p—u+K° 70
K®
K'—n
2=-ring

3-ring

B
(%)
43
32
17
12
21
6.8
3.3

71
60

33
8.8
6.8

9.6
4.6

6.2
1.4

6.1

5.3
2.8

observed B.G.
event
0 0.2
0 0.4
0 0.3
0 0
5 9
0 0.6
0 0.3
0 0.1
0 0.2
0 0.5
1 1.7
25 33.8
10 6.7
1 1.4
6 1.0
0 0.2
0 1.1
0 1.5
1 0.2

/B limit
(10% yrs)

50

a7

11
7.8
5.6
6.1
2.9

73
61

16
4.4

10
5.9

3.0
J.2
1.1

5.4
8.8

1.5
1.4

10
6.2

5.4
1.8



SUSY

p—retnl
n—en
p— utnd
n=urr
p— v+
n—vno
p= e
P—utn
n—+vr

p— e pl
n—ep
p—ptpo
n—+urp
p—=vpt

n—vpl
p— et
b=t w
n—vio

p— et K0
n—se K-
p—ptKY
n—urK-
p—=vK*
n—vK©®

p— e K*paz)®
p—+v K"pazy*
n— v K*gaz)?

Nucleon Decay Limits
antilepton + meson

Soudan Frejus Kamiokande IMB Super-K

' N R |
L (L]
R B B
" i

10



Jan.-2002 @CERN
Analysis for discovery of p—e* 1 °

Tight momentum cut
=> target is mainly free protons

efficiency=17.4%, 0.15BG/Mtyr

1000 1000 ;
. 900 900 |
© 3 © E
900 | free proton = 900 - . bound proton
= 700 SME o
£ 600 | E 600 |
= | [ =
€ 500 | £ 500 -
m 400 | E 400 ©
E 300 | E 300 |
2 200 | S 3 200
= i ; Ry ol i
100 | . 1B ﬁ 100 -
ﬂ S I TR i SAL B _ o ] _ el 0 '
0 200 400 600 800 1000 1200 0
Invariant proton mass (MeV/c?) Invariant proton mass (MeVic?)
No Fermi momentum Small systematic uncertainty of efficiency

No binding energy 1 High detection efficiency
No nuclear effect Perfectly known proton mass and momentum



Partial Lifetime (years)

Lifetime sensitivity
with tight cut

10% i PRI
p—;EHD sensitivity with tight cut (30)
1036
1 Miton detector x 20 yrg e
. .
.-"'f...
103} d £
etector (A) (Super-K) -
eff , =17.4% A
BG,,-0.15ev/Mtyr I
v
103!
10}
current status
79ktyr, 5.0 x 10* yrs
1032 Wi S s ” |
2 3 a 5 6
10 10 10 10 10

Exposure (kton year)

With 30 (99.73%) level
® 1Mton X 20 years — ~1 X103 years lifetime



Partial Lifetime (years)

Lifetime sensitivity
with reduced BG

10% ——— —
p—vK" sensitivity with reduced BG (30)
1038}
- 1 Mton dt_atectnr x 20 Eﬁ__
combined
10% : sensitivity

current limit l,
W

79.3ktyr
1034} 16x10% yrs

S

Y

™ //

-

1032

10° 10° 10" 10 10
Exposure (kton year)

Prompt 7y tagging is essential

With 3 0 (99.73%) level
® 1Mton X 20 years — ~3 X 1034 years lifetime |




Jan.-2002 @CERN

Possible Design of Hyper-Kamiokande (2)

. Total 800m 16 compartments
— - . _| _

45mx45mx46m i 45mx45m*47m |
4l mx4 i mx4dm _ 4lmxd I mx43Im 7
2.5 m—» 44— 1T m—» -— |
2 - -
« PMT Wall

45m x 45m x 2 planesx 16 modules = 64,800 m?
45m x 46m x 4 planesx 4 modules = 33,120 m?
45m x 47m x 4 planesx 12 modules = 101,520 m?

Total 199,440 m?
= ~ 200,000 PMTs if 1 PMT/m?

= Fiducial Volume

41m x 41m x 42mx 4 modules = 282,408 m?
4lm x 41m x 43mx 12 modules = 867,396 m°

Total 1,149,804 m3



Jan.-2002 @CERN

Possible Design of Hyper-Kamiokande

Plan torm
Lance
Opaique Sheet
Outer Deterton
Inner Detecton

"
=
=
|.l..r.
m - Plat bowrm
" —_
L]
Acoess il
.m. ' Limcr !
. .m Oniter Detechn
=L - -
= 3 tnncr Dotecun

Ayt Rogoss Pl

|

{ STRAIGHT TYPF »



» Total Mass: 648 kt
® Fiducial Mass: 440 kt

# Inner Region: ~ 60,000 20
inch PMTs
» Considering 10-40%
PMT coverage

#» OQuter Region: ~ 15000 8
inch PMTs

a point of comparison, not a final design




Atmospheric Neutrino Oscillations:

Recent Results from Suer—K

Chnstopher Walter
Boston University
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18

1KT MC
(Preliminary, ~3x10 pot)

19

(Preliminary, ~3x10 pot)

1KT DATA

200 400 600 800

1200

1000

%

i

]

400 600 800

1000 1200

total invariant mass (MeV/c?)

(~3Mtyr atm.V,, equiv.)

total invariant mass (MeV/c?)

(~3Mtyr atm.V,, equiv.)
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Where do the neutrinos I will talk about today come from?
Primary cosmic ray (p, He, ...) or accelerator proton

In an accelerator this p is gopped

'

v WY |
How do they oscillate?

L oy cosd + vzsin& ik mivap

v_= —vlsi:ﬁ m-l: v, cosf M > mi-my

hﬂ{;};-g |v ({]J::-t:ns{&He E"iv,(ﬂ)}h{#i |

e 11274 |

P .=sin"2%sin" nccillabion Fomp i ¥ {}m‘ 1

How are most of them detected? i

Threshold for producing each lepton

&g €U, T ]

-~ x e E > um :

s M E > 110 MeV '-

W 1;. E > 3500 MeV

Hmt Neulrinos <15 GeV!
Looks






LAV L

VUL, i iy

UOLIIAIP [RIUOZIIOY 2Y) U0 XN[J JO JUAUIDUEBYU ] <=

[11odsueny pue Ledap ‘wonanpoad spnuaed 1aye] g #< 0 gy JapIsuod (7

m:a:%__%& .__E_JE +

Fl

§11e3 Jo £.30w0as [eorayds ajoym ay) yym e as (1
‘SIJUDIPAITUT AIRSSA0AU 7 IO padu

UOISSIED

0509/(0):1 > (8Q+8)"" "A
:Adonost Ajdur jou saop Answug umog-dn

_____

..._.

Vi J_{éapm i dh
u _ﬁ_,_.T / M, .H_«”, @ (1



Muon - Electron ldentification

| e "N = U (| [

muon electron

e [ —— P . I S S
J. Goodman — LPO1



Muon - Electron Identification

I . "N e E—— L. ] I 4

Qi

300 |
PID Likelihood ;

T
sub-GeV, ;
Multi-GeV, 600 -
1-ring .

300 |

100 ©

500 -

400 |
200 |

—

b

Super-Kamiokande Preliminary
1289 4 days

%lltwwﬁ

— | [ | — —. I = EE—

J. Goodman — LPO1






V}‘ 9 qu ]18 0 bﬂg.{i

>4V

4GV wav, (1290
g

vIDGl/ o [D0GYV



Allowed Region(al Vs)

Fully—Contained + Partially Contained
Upward-going Muons: Through + Stopping

v,,(.:vT
l"ﬂll'
%
lll-lhr
90% CL
..... “ﬂ_
“L o — a B o o __} i
- 02 04 06 08
sin’28
Best-fit Parameters:
sin’(20) = 1.0

dm?= 25x 107 eV?
X*= 140.6/152 dof



b= [Jhﬁv |‘h'!'kfm‘hkh5t
Super—K analyses to resolve
i |

V ¥V V8.V ¥V

H T M

1 - Matter Effects: Only happens for v >v
‘2:‘1-' e -"*EIT o~ .

* %X, yf\ + 2. ... No matter effects

2 ~ Neutral Current: Missing for v -I*v_‘

vV .,V -
- g T -
. -

. O

' =>yy

P -

3 - Tau appearance: Dﬂyh-p—lu'wﬂ-rv_f
5 T




Tests of oscillation models

fit to FC+PC+Upu+Multi-Ring
190 degress of freedom in fit (1290 davs)

Oscillaton Mode Jgﬂ
1% POF
v, eV, 1750
V, OV 204.9
v, SV, 261.7
LxE %12

v decay to sterile state 269§
A <A
v, decay to sterile state 1957
A>h)

No Osaillations 4274

Py)

§ 7§ 33383
B 8 BER®Bg &
8 & B88L8 o



Tau’s in Super-K

We expect about 75 taus to have been produced
in 3.5 years of data. S/N ~ 0,7%

-
‘
’
'
v v
7] T
Energy Threshold:
3.5 GeV

We undertook 3 analyses:

They all concentrate on the hadronic decays of the Tau.
All rely on event shape or extra pion production.
They are not statistically independent..



llllll

MC Tau Event
A Big Mess!




Conclusions

* Super-K high—energy and NC events not consistent
with pure v_ ", oscillation. Admixture is limited to

<25% at 90% confidence.
* Neutrino decay to sterile states are disfavored

* Tau signal consistent with expected #

The Super-Kk atmospheric data
1s most consistent with v < v
| T




Long PESang Experiments Today

Baseline (E,) Power Rate
Experiment Source (km) (GeV) (MW) (yr-1)

K2K KEK— 250 1 -0:005 /.50
MINOS BAL s 233 o 3 0 A 21000
CNGS CERN 730 0.17 3j

Note: “1 year” is defined as 107 seconds




Next Generatlon Goals

r Precision measurement of dominant
oscillation v —v_ channel

r Determine sign of Am,?

~ Sensitivity to sub-dominant v <>v,
channel at 1% level
r Sensitivity to ocp
* Probably a "phase 2" goal, after 0,
» Dependent on solar neutrino solution

e —



July-2001 Snowmass2001

JHF-Kamioka v program
 (hep-ex/0106019)

27 = Phase-I(0.77MW+22.5kt)
) v disapperance: 5sin’26,3<0.01
| 5(5m,-2)<1,10eV?
2) NC interactions : limit on v, v,
.Jdtif,m 1 5iN%26,,<6:103(90% CL)

701 = Phase-II(4MW+1000kt)
) Vy—ve : 5in228,,<1:103(90% CL)
w  2)V,~Ve/V,~Ve: CP phase |5]<10-30'(30)

. it 4 (LMA solution and sin?26,5>0.01)
- Cilap ¥



ﬂlw‘- :ﬁ:'{“"rﬁ Eﬁhjrbf{ﬂa{ Mms' dammlnhfs

(b Sx'fp'?r Ja st u'it{‘ o Gimilr F] s N
7 fat Py 3 coun- {r%rn?'i.m] wih SPL

LR
| 3') F%:li[:
ﬂvprnject an ‘é;ljutnnn beam line
M
JAERI@Tokai-mura | el

(60km N.E. of KEK) |-

Construction . [ .
2001~2006 JFY _ =
{Approved in Deg, 2INM) ’ . G00Me




Principle

freciion — Neutrino energy reconstruction by us' Uu:ui-
E g elastic (QE) interaction. D> .H n
= Oscillation pattern measurement L ridseve E‘, B

» BG due to miss-reconstruction of inelastic interaction ... 5| ﬂ.mh‘
- Creatly improved by using narrow spectrum

SCin — Narrow spectrum tuned at the m(‘tll.lllunl &% pl}*y'ﬂ'h‘
—?ﬂr“ ﬂ‘LIHJ{\.' I"I'Idti“ll"“.u. dh ]E{J 'Er?!lfﬁii ];“J K'_t LE
* High sensitivity AmP=1.6~4x107eV2
E.=0.4~1GeV

* Less background
imr — Gigantic water Cherenkov detector

« High statistics

* High efficiency for low energy

« Good PID (e/p) capability



||
: -‘_:.Hf'% fﬂL E-’H‘IM

Harn

mifinentum selected =

Pus Beam Configurations

<+ Intense

< Wide sensitivity in Am?

+BG from HE il X~ %

<+ Syst. err from spectrum
extrapolation

=

“<*Less HE tail

“Less sys err from spectrum

“counting experiment”
“Easy to tune £

<*High int. narrow band beam
“*More HE tail than NBB
<-Hard to tune E,

D) OF A B

2) Noveows D Boom
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v, appearance (0,,)

* Signal
— Single e-like ring
— At energy of v, disappearance dip
» Backgrounds
~ v, NC n production
» Lower E photon is missed/2 photon rings merged

— Beam v, comtamination
» Broad £ dist. Can be reduced w/ energy window.
* ~0.2% of v, at peak of NBB/OAB

il



. F 1 9 5 F
T’!L *‘:Sfﬁlb':’._-? 10 'Vln - ,-.‘)/&' __h‘" S‘if(f _‘Lf 1{ Fj?".lid}
(2003 - 2012)

Expected Backgrounds & Signal

Off Axis (2°) Syear
E: - Expeciad Signal-BO Syr, 22 .5kt
el § } (sir29,,0.08 em =0.003)
a0 b 1 ——  Tokal BO
s F | kot Chooz limit
20 4 I
wE
-lu = 1
in
¢ i
0 1 2 3 4 5
Asconsiructed E«{GaV]
v,C.C. v.N.C.
Generated 10713.6 4[!3[!.3
e :pﬁnﬁ#;ﬂ **gr-‘ ..r
i';‘;ﬁ'#1v ﬂt‘ [ I% l"l;-..l“* ? # ._.-_ -1%‘,.‘ | 1_‘:
k,-,_-._,.-.,.J 2] .~I"" .:}!.:.L:‘d'.‘.- : :
e ,.---wﬂ. TGP VB g *"u** e

ey
[ PO ERL L ALY “r\‘-.t-r-rﬂm -\.Ll':-.r -'l.i'-*-.hﬂ’ _'Egr-:-uum

~90% of nm BG from = production
~60% of v, BG comes from HE tail (E ™>1.2GeV) T



Sensitivity on v v, appearance

LI

Dhshed lines: MiNOS Ph2le, Phme, Phhe from right Big Chance for Discovery!!
{ A Parn, hep-ph/00aso1 2) ' 12
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Summary(l)

® JHF-Kamioka Neutrino project
v ~MW SiM.cV PS @ JHF
" Super-Kamiokande@ 295km as far detector
¥ Low energy(~1GeV) conventional v, beam tuned at ose. max.,
* Energy reconstruction by using OF
Narrow OAR to reduce background and syst. err.
* NBB to study neutrino interaction for syst. error reduction
® Physics sensitivity in first phase
v sint26:; ~ 0.003 (9% CL)

v 8sind20n ~ 0.01
v BAmn? < 1 % 10%eV?
¥ v, existence can be tested.

® 2nd phase 4MW PS & Mt “Hyper-Kamiokande™ detector
- Sensitive to CPV of 5>10~20" with LMA solution
=¥ Proton decay 3o dicovery upto t~1x 107(=3x10M)yr for en®(vK) mode
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