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Ls - 50kton pure water (22.5kt fid.vol.)

e 11200 (Inner detector) + 1800
(Outer detector) PMTs

e 1000m underground - 2700m
walt. eq.
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SK-IIl Startup Calibrations =
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2K Gain adjustment of PMT

¢ 9)75’*’(—EBODPMT€*IELL gain Xe Flash Filter
(= QE * Amplification ) 12725 &5 Lamp - -~
2B IEHV{EZ R O THL, (Pre-
Calibration)

o SKIZZPMTZHUT. iFKE. Z29
NDFL—A2%Xenon T T
Jeot . BRYFF=2TOPMTIC
DLW TEEEDpre-calibrated PMT &g o
BIC gain [CIEAHKOHVIEZRE 0 e

. HVBEREE. BN gEn D w L

2o ERMELL:.
-2 RMS=1.3% 200 f _

Trigger

R

008 085 09 0.95 "1.05 1.1 1.15 1.2

gain of each PMT [ average
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“Kk Quantum Efficiency Measurement

D3
o

_ _ S, [...Barrel
o« AUUMIZENI(n,»)P®Ni Y—2 |
AZANSD (Lphoton level 3 1 Erbrmsbu bz

I |l
ODDIE}JE\) ﬂ:l;:'n'g s
o ZPMTODHitRatez k&b, ,,LFm, | . | AR |, |,  Li;
(r2, acceptance correction)
2 LT0p 2. IBottom
| ey EJH i et

Light Source g

1 B T e

S
- 9MeV 7 -rays emitted da

(qv]
: o
fr0m58Ni(n,]/)59Ni 0.5 5{).9 E
reaction IR UEDE fhe T ED
2eoCf 0.7 n' = 'mﬂc; = 'zc-tu:*: = '30{10 a.7 0 — 'mc-u:; = 'zm-ﬁ = '3{:10-::1
|% 107 10"
200 [ _ Top-Bottom asymmetry = +0.3%

20cm top-bottom asymmetry = (<top> - <bottom>) / <barrel>

Hit rate / average
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=Kk  Energy calibration for Low E

LINAC 13.6 MeV/c Mode

e “N50” = Num. of hits In

50ns timing window ~ g= SK —I——I——I ————————————————— i
Mean 75 47 3
G>J 2000 — e rrrrrrrrrrr I — 1494 rrrrrrrrrrrrr
¢ SK-I I I . HLE 1500 F P 1. égnsi;iizz ,,,,, ,/2,5,07,0(,)¢,,,,,,,,,,,,,;17,23,,
| Meon 74.97 £ 0.5766E-01
N50 = 74.97+0.06 cawo b ] [0 073 odtees
2 L 3 3 3 3
1 e T
0 =10.370.05 =
o —— [0 TRRTI EERT R B [ . 4;}__ . \ L .
SK I Z %0 2 4 e 8 100 120 10 1.0 180 200
° -
I RN
N50 = 73.980.08 oSkl p o
Q1200 o B G Riis 1052 """""""
— = 000 © o W Ty TR Y AT R S
O- - 1038 i 006 ...LE 1:22 7 """""" """""""" """""""" é(g/niiﬁ? . /136426i 112.68
. e 7 R A 7396 0.7802E=01
e Performance is cwpo o A lsem e sssien
g /v
Comparable. Ewl /N0
g A AN P B

L L L ‘ L de|
0 L L1 L1
Z 0 20 40 60 80 100 120 140 160 180 200

0 40 80 120 160 200
N50
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2K Physics Results

BAtmospr

eric Neutrinos

svu disa

ppearance analysis

svlL =2 vT Or other modes?

% Solar Neutrinos
oSK-| + SK-II results
eImprovement for SK-III

xSupernovae Neutrinos
#Proton Decay Search
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21K Atmospheric Neutrinos

Zenith angle Event
@g Classification
Downward et 1
(L=10~100 km) : N =

Fully Contained
(FC) (Ev ~1GeV)

Partially Contained

(PC) (Ey ~10GeV)
stop/through OD

Upward \\\ Stopping p (Ev~10GeV)

(L=up to 13000 km)

Supar-Kamlakande
Fun 4260 Event 7099421
e

Supar-Kamlakande
Fun 4234 Bvent 67257
-

Particle ID
(Fully Contained)

Timas (s
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=K  Zenith Angle Distribution

2:2:' 1;‘(?5 (;J'ays v—v, oscillation (best fit)
SK-I + SK-I - ays SK-l+ ¢ I 14
y et null oscillation SK-|
E £C Sub-GeV e-like FC Sub-GeV p-like 200 F Fc multi-ring e-like 300 Fc multi-ring u-like
400 ™ p < 400 MeV/c 400F ~ p <400 MeVic
300 - 300 150 200
S Sy 2% Ta S ¥
200 F 200 100
: 100
100 100 50
V] T U NI P By 0
1 05 0 05 1 -1 05 0 0.5 -1 -05 0 05 1
2 F FC Sub-GeV e-like 600 FF=C Sub-GeV p-like PC through
5 400F  p>400 Mevic P >400 MeV/c 300
> L 3
1 300 F 400
5 Eerttbgg |F 200 e
5 200 e 200 - —
Q F -
E 100 i 100 *
> :
0-...I..-.l----l---- 0--.-I....l----l---. 0
-1 05 0O 05 1 -1 05 0 0.5 -1 -05 0 05 1
600 Upward through-going“0 Upward through-going
[ non-showering w showering p
400

-1

-0.8-06-04-02 0
cos®

200 F

0
-1 -0.8-0.6 -0.4 -0.2 00-1 -0.8-0.6 -04 -0.2 O

cos®

cos®
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Update from

2K Oscillation Analysis &=

u/e double ratio allowed region (v 2v.)
, SK-I + SK-II H
Sub-GeV 10 - et
Best Fit: Am2 = 2.5 x 103 eV?
sk-il - 8o _ g 656.+0.022+0.033 | sin®26 = 1.00
(111€) e B B | %2 =839.7 / 755 dof (18%)
SK-I : 0.658+0.016 +0.035 Ng
NE i <
<
Multi-GeV (FC+PC) - — 99% C.L. '
— 90% C.L.
SK-II : (7 €)oumn _ 0-746f818ﬂ +0.055 68% C.L.
(ule) MC
-3
10 L 1 L 1 L 1 L 1 L 1 L
SK-| - 0702+88§€ iOlOl 0.7 075 0.8 02235 0.9 0.95 1
e sSin“20
1.9xXx 103 eVZ2< Am?2 < 3.1 x 1038 eV?2
sin226 > 0.93 at 90% CL
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2K L/E analysis

e P(v, —v,) =1-sin"20sin

« Select good L/E resolution (<70%) events

« Perform oscillation analysis ¢ \if
with L/E binning

—

=2 N0OO

FC mlﬂlti-ring

(b)

(a)

IO—\I\)(DJ:-(J‘IG‘)"-\IODCOO

<
O
S
=
2 1
S
£10 10
2 9 9
: :
o 6 6
5 5
4 Selected 4 FSelected
3 3
2 2
0 1

i . 1 i .
Reconstructed zenith angle (cos®)
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Update from

'K L / E An a I yS i S r eS u t Phys. Rev. Lett. 93,101801(2004)

- " SK-I + SK-lI

c — T T | T T T T T T
e T e
31 Zenith angle binning
o1 — 99% C.L. h
:1 — 90% C.L. 1
:Ei 68% C.L.
C -3 1 1 1 1 1 1 1 (:
20 _109%(7/0 cQ75 08 05 00 (
20 — 90% C.L. sin’
D0 — 68% C.L.
%O 3 ; ! . | .
= M o el 0.7 0.8 0.9 1

2 3 4 .
O 100 100° 1a0° 1a0° sin%20

L/E (km/GeV)
— Oscillation best fit Xosc = 83.9/d.0.f

at (sin’2 8, Am?)=(1.00,2.3 X 10-3%eV?)

Dec. 15, 2006 Y.Obayashi @ FH{EWXRFIAMERERKZMARES



CIK 3 Flavor Oscillation

* Inthe case 0,37#0:

1.27Am?L
Pve 2 v.) = 1— sin? 26,3 sinz( Em )
P(v, - v.) = P(ve = v,)
1.27Am?L

= sin” 3 sin® 20,5 sin®( 7 ) ve EXCESS May be seen
Plv, »v,) =1
—4 cos? 03 sin? fy3(1 — cos® B3 sin” Ba3)
1.27Am2L)
E

* Matter effect enhance v, appearance

0

x sin?(

02f v = ve oscillation probability,
’ Am?=2.5x103eV?,
sin%6,,=0.5,

sin%6,,=0.04

0.4 F

cosOv

0.6 [

-0.8

Ev (GeV)
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hys. Rev. D 74, 032002 (2006)

Sk 3 Flavor Analysis Result

04

= oaf 1Relike SK-|
- g %%
 Excess of up-going ve? 8 oz| 1489days
A 01
— SK data shows S
no excess (yet) S 0Af «Best fit
i 8 -02f (Am?=2.5
 Allowed region L o3 X10%\V2,
i . T eAb i i o N\ewd  SIN%0,,=0.5,
— Consistent with pure VM%VT 0'4102 10° 10* 10 5|n2ei2 =0.0)
0.5 Momentum (MeV/c)
[ E— 90% C.L.
B — 99% C.L.
04 [
- Expected excess
S 0.3 H (Am?=2.5x103eV?,
e I sin%0,,=0.5,
w 0.2 F 5in20,,=0.04)
0.1 |
0 : fl

0 02 04 06 08 15|n823
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ys. Rev. Lett. 97, 171801 (2006)

2K Tau Appearance Searc

e Tau Enrich Sample: 100 L Likelihood — TAU+BKG
— Evis>1.33GeV (Multi-GeV) [ - BKG
L Tau excess « DATA

— Most energetic ring is e-like

m L
— Likelihood selection T 75
» Visible Energy u:j -
o Sphericity © [
- Distance between v interaction and @ 50 e |
decay-e 'g § [ +[:}:
- Zenith angle fit with tau signal and = |
background o5
N.!‘ofa! COS(Q]]:(‘I NTau_l_ﬁ NBKG
0 1 1 1 1 | I 1 L ! ] L 1 L L ] L A 1 L
-1 -0.5 0 0.5 1
v*/IDOF = 7.6/8 cosH
> _ :
(x/DOF = 16.3/9 assuming - Total t excess: 138 + 48(stat.)
no tau appearance) (signal efficiency: 43.1%)
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Exotic Modes?

vu—2>vs?
Neutrino Decay?
Decoherence?
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CIK V. V.2

G e /714 1 Vs
(1@] [ cosé  siné IVT] KB T —
= . ——
Vv, —siné  cosé \ v, Solar E——— 111> .
-2 ,
*  Admixture of v 2V, 1071 | | | | -
and vuévS - -
. Based on Fogli et al, PRC ] ]
63(053008), 2001 — | |
>
. vuévS case: ) ———— 68% CL
deficit of NC interactior g — 909% CL
matter effect — 000 CL. -
Zenith angle distribution
are used in the analysis
-3 = I [ I I —
107 02 04 06 08 1
- sin‘¢
sin“ & < 23% @ 90%CL
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=K L/E Analysis with exotic modes

Update from
Phys. Rev. Lett. 93,101801(2004)

N

1.8

null oscillation)

Decay

Pv, — v,) =
[sin* 0 + cos® Hexp (—m /27 - L/E)]2
Decoherence

P(vy — v) =

1—1 sin? 20 [1 — exp (—WOL]E)}

Data/Prediction

--- Decay

3 4
10 10

L/E (km/GeV)
— Oscillation

12 = 83.9/d.0.f
Y2aey = 107.1/d.0.f, Ay? =23.2(4.80)

— Decoherence %%y =112.5/d.0.f, Ay? =27.6(5.30)
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=Kk Oscillation + Decay/Decoherence?

— 1 L
Puu = SIiN“0 + cos*0 x exp(—%?) Py =1- %sinzze X {1 - exp()

+25in20 c0S20 X exp(— - = x cos(AM-Ly
Am?2L 2t E =
X cos( )
10 -2_ AL B |2E| AL B AL B 10 -2_ e L AL
—— | =
3 s 3
NVlO - Nvlo y
e | e I
< _ < _
— 999% C.L. 1 i — 99% C.L.
— 90% C.L. 1 [ — 90% C.L.
— 68% C.L. . - — 68% C.L.
10 -4 ol Ll Lol Ll Ll TIEETIT 10 _4 ol 1 ol 1 Ll L
107 10° 10° 1007 10° 107 107 107 1055 1 10
E(G eV/k Yo (x 107" GeV)
m/1<3.2 X 10 GeV/km@90%CL v0<1.4 X 10-2@90%CL

Dec. 15, 2006 Y.Obayashi @ FHEWERIFIANERRRZNES



-‘K

Neutrino Flux

Solar Neutrinos

e 3B neutrino —electron scattering v+e — v+e

SSM Expectation

| Gallium _ |Chlorine pouperk

1 5' . — . ey .

i H : Bancall =Pinssnneaaly 98
1t /? ]
1o [ 5.94(1+/-0.01)x10° /cm?/s (BP04 SEM)

F 1

E THe 'Beg pep
1o 3 5.79(1+/-O.;23)x106 fem?/s
10* f |
104 . | | 1
103 '|
Ty
10 Iﬂ.l H D.Iﬂ : ]'. '_:f i Lliﬂ \N

Neutrino Energy (MeV)

Typical Solar v event

Super-Kamiokande

® 995-1015
® 1015-1035

1111111111

>>>>>

Ee = 9.1MeV
cos@sun = 0.95

U Y T
500 1000 1500 2000

Times (ns)




=, UPEE
2K

Event/day/bin

Dec. 15, 2006

0

Solar v Data of SK-|

May 31, 1996 — July 13, 2001 (1496 days )

5-20 MeV

(ﬂ vie 2 v+e

224001230 solar v events

(14.5 events/day)
A ST T R R S B SR

-1.0
8B flux : 2.35+0.02 £ 0.08 [x 10°/cm?sec]

-0.5 0.0 0.5 cos 98360

Data +0.014

SSM(BP2004)

= 0.406 £0.004 ;13
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LK Solar v data of SK |

0.2

SK II 79I days (all)
' 7=-20 MeV
- (preliminary)

Event/day/kton/bin
o
o

01

0.05 - 2.38 £0.05 (stat.) +0.16/-0.15(sys. )xIOf’/cm ’/sec
' signal =

72385 +153.6 -151.6 (stat.)
0-1 05 0 0.5 ;0'38'1
Day - Night
Apn = 2Xx —L—=51 - _0,063 0. 042 stat.
PN Day + Night (Preliminary) ( )

SK-1'Apn =-0.021 £0.020 +0.013 -0.01 2
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“K  SK Spectra @ global best fit

tan?d =0.40 Am? =6.03x10"

08—
2 |
igtxs?
0.5} B '
04 ::%i%i$f::f11
tls- N 0.3

5-Erlrms:lalat.lnnlyl 1I[] I I I

15 20 15 20
Enﬂm(Maw Line: SK-1 1496day average Ene rgy(M EV)

5B flux = 0.90 x SSM = 5.21x10° cm=2s!
hep flux = 8.62 x SSM = 6.79x10%4 cm=3s1

) 10
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30
< \/ A X%
510-3 — 9
t preiminary SK-1 & SNO
ﬂ ] o / ) ]
510™ 0 <__| Minimum at LMA
5| SK-I, SNO & radiochemidal tan? £ = 0.38
10 SK-I, SK-Il, SNO & radioghemical /A m2 — 6.O3X1O'5 ev2
10
SK-1, SK-Il & SNO
7 .
10 Minimum at LMA
10-8 tan? & = 0.40
Am? = 6.03x107° eV?

10704 103 102101 1 10 102
log(tanZ 6)
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=Kk SK Global Oscillation Analysis

30
\ / Asz
. Q

N

GJ T

~ Preliminary

£10395%c.l. SK-1 & SNO

D Minimum at LMA
SK-I, SNO & radiochemical tan? & = 0.38

SK-1, SK-II & SNO

Minimum at LMA
tan? & = 0.40
Am? = 6.03x107° eV?

104

SK-I, SK-II, SNO & radiochemical / Am?2 = 6.03x107° eV?2

101 1
10-° log(tan28)
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e | IPEE

=Kk Supernova Neutrino Bursts

Efficiency vs. Distance

e No supernova signal during

SK-| and SK-I1 == Distant SN search
] ] == SN search with
(total livetime =2589.2 day) low energy threshold
e Supernova rate limit in our .
galaxy Is obtained as -
0.32SNr@90%C.L = [ n
: © 0.8 | o
o After con_1b|ne SK-I ,SK-II, g “ " | | Andromedh
and Kamiokande results S 06 | e @ 7O KPE
- ; T
0.20 SN/yr @ 90% C.L ROV
3 ﬂ
© 0.2 ity &

0 PR S T T T T T T T sl PR T T T A A
0 100 200 300 400 500 600 700 800 9001000

Distance [kpc]
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ZK  Supernovae Relic Neutrinos

10 *if g~ Reactor v,
104 v Solar °B

0% | 'golar hep
1 A Expectations

Neutrino Flux per sq-cm per second per Me
|_\
o
N/

:I 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
Neutrino Fnerav (Me\

Superncva Relic Search -- Event Rates

Atmospherlc v,
invisible p —
1 decay e

1 |

90% CL Jimd |
of SRN -

20 30 40 50 60 70 80
Energy {MeV}

Total background \1\2\
N 1=

Atmospheric v,

Population synthesis (Totani et al., 1996)
Constant SN rate (Totani et al., 1996)

Cosmic chemical evolution (Hartmann et al., 1997)
Heavy metal abundance (Kaplinghat et al., 2000)
LMA v oscillation (Ando et al., 2002)

Atmospheric v

16
14

10 t
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SRN Flux Limit

Flux limit
SK-Il < 3.8 [/cm?/sec]
SK-1 < 1.2 [/cm?/sec] rhys. Rev. Lett. 90, 061101(2003)

SK SRN Flux Limits vs. Theoretical Predictions
(E> 19.3 MeV)

SRN / sg-cm / sec

3.57

3.

2.51

2.

1.5 SK-I upper limit: < 1.2 /cm?/sec

14 ‘

0.51

] == [ , ,
Population Cosmic Cosmic  Heavy Constant LMA MSW
Synthesis Gas Infall Chemical Metal SN Rate  Osclllation
(Totletal, 1996) (Mdaney, 1987)  Eyolution Abundance (Totnletal., 1996) (ﬁl&atrgﬁzsﬂgz)

(Hartmann et al,, 1997) (Strigar] etal , 2003) in NINNOS

O] Predicted SRN Flux m SK SRN Limit
(E > 19.3 MeV) (90% C.L)
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V)

SK-I_I 8__(_)_4d_ays

Proton Decay Search (p—>e*

> UPER
2K

1200

1000

BOD

Proton mass

1000
800

8 g & °

WnUaWoW Uojeld

1200

8O0 800 1000
Proton mass

400

1000
800
00
00
200
o

Wniuswowl uoledd

» t,/Branch > 8.4 x 10%%years (90% CL)

4K
R
3
e
#R
i
1=
£R
B
iE
i
T
H
B
&
|
i
®
o
Y




| o
l""
-
L

Ptut (Mev/c)

=
L]
=]
=

500 |

o

Ptot (Mev/c)

500 F -

F‘Jmt (MEV/C)

500 |

n— n oscillation

n—nbar MC

52 1events

o

atm v MC
21.30565vents

Date

20events

2(']0 4[I".IG' El;m 8{;0 1000 12IG"C] 14ICID IEIOD 1800 T / B — 1- 77 X] 032 erSt (90% (_*L)

Mmt(Mev/Cﬁ

n<>nbar transitions in SO(10)
—2>SU(2), XSU(2)g %X SU(4).
dr

UuR : ,@
N7 Ay Mar,42 ~ 10566V

/\7[/"

Efficiency=10.4%
Livetime for SK-1=4.077yrs
N,=20, pg(expected BG)=21.31

Syst for the e = 15.2%
Syst for the BG = 32%

BRUERF AR RREEZARES
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Future Plan -

Computers and Electronics Upgrade
T2K Long Baseline Experiment
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=K Computer Upgrade (2007/3~)

e Computation
— Sparc Solaris = Intel Linux

— Offline computation power:
» Sparc 200CPU - Xeon 1128core (33840 SPECint_rate _base2000)

e Storage
— HPSS (Tape strage) ~700TBytes
— > DISK 700TB + Tape 400TB

e Network
— Full GbE (Partially 10GbE)
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e | IPEE

Sk New Electronics (2008~)

O[T NMPIANOR 11, cvent, ~MByte/sec ~100Hz event

ey ~400kByte/sec

D SnEION_Li

sng1amoL

PMT ardwa Online IT filter offline
Trigger computers realtime
reduction

New: ‘record every hit _50MByte/sec???

lsulayla

realtime
reduction
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5K T2KZ2E&(2009~)

(0.75MW 50GeV PS , 30GeV @ T=0)

compared to the K2K experiment

Super-KAMIOKANDE

Noguchi-Goro Intermediate neutrino detector
2,924m
no-Yama
.- . £
water equiv. e —
" § 1,000m —
o NEUTRINO BEAM 1r° WV

Baseline : 295km
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=Kk Construction Status of J-PARC

Materials and Life
Experimental Hall

3GeV Synchrotron
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=Kk T2K Beam Power Estimation
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2K Summary

e Full reconstruction is finished, SK-I11 started

¢ Atmospheric neutrinos
s Oscillation analysis results based on SK-1 + SK-I11 are presented
+ Consistent with vu = vt oscillation.
¢ Some non-tau modes are tested = unlikely

e Solar Neutrinos

+ Oscillation analysis based on SK-1 + SK-II are presented though
energy threshold of SK-11 is 7Mev

¢ Supernova Neutrinos
e Upper limits for SN and SRN rate are obtained

¢ Proton decay

¢ Future Plan:
¢ SK upgrade
¢ T2K experiments
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