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Super-Kamiokande

* Not a part of the US-Japan cooperative research program
* But a good example of successful US- Japan Collaboration

50,000 tons of Imaging Water
Cherenkov Detector

— Inner: 32,000 tons
(Outer Vol: ~2.5 m thick)

— Fid. Vol: 22,500 tons

11,146 PMTs (ID)

— 50 cm in diameter
— 40% coverage

1,885 PMTs (OD)

— 20 cm in diameter

1,000 m underground

~130 Collaborators from 36 inst. (6 countries)
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Brief history of Super-K

96 {97 |98 |99 |00 |01 |02 |03 |04 |05 06 07 08 09 101‘

SK-I SK-I SK-lll | SK-IV

K2K T2K

* 4 phases: SK-1, SK-ll, SK-Ill, SK-IV
— SK-1(11,146 PMTs (40% cov.))
* April-1996 - June-2001
— Accident (lost more than half of PMTs)
+ Nov-12, 2001
— SK-11 (5,182 PMTs (19% cov.))
* Dec-2002 = Nov-2005
— SK-111 (11,129 PMTs (40% cov.))
* July-2006 = Sept-2008
— SK-IV (11,129 PMTs (40% cov., New Elec.))
* Sept-2008 >
o K2K: March-1999 - Nov-2004

e T2K: April 2009 >
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US Joined

Hank Sobel Yoji Totsuka

* |In 1992, US group joined the
Super-Kamiokande
experiment, one year after

the start of the construction
in 1991.

 Most of them were the
former members of the IMB
group who were the
competitors of the
Kamiokande experiment.

e Hank will discuss the

 Budget  JPN:US=10:2

international collaboration ~ * Manpower JPN:US=1:1
issues later We thought that man power is

also resources (Y. Totsuka’s thoughts)
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| Physics Objectives |

Multi-purpose detector

covering wide energy range

Energy threshold
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* Look for Proton Decay

Precise study of

Atmospheric Neutrinos— e
> 10 events /day
Precise study of solar
neutrinos
> 15 events /day
Look for neutrinos fro

supernovae

> 8,000 events for SN at
10kpc distance

Look for SN relic Neutrino

Up to 1033~103* yea rs

2010/10 /°27Far Detector for Long baseline v Oscillation Experiments
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Discovery of Atmospheric v Oscillation
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e SK observed

— Asymmetry of u-like events in the
zenith angle distributions

=>» Definitive evidence of the neutrino
oscillation independent of the flux

Up-going

Latest SK results (SK-1,11,1Il combined)

t 08 06 04 02 0 02 04 08 O.BC

cos 6,

—2806days (173ktyr) for FC+PC

—24841 events

—3109days for up-u
—4238 event
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Down-going
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Oscillation Parameters (3 flavor)

Normal Mass Hierarchy Inverted Mass Hierarchy
Amk, =211 ep? Amy, =2.5170; eV’
sin? 6,, = 052577 sin® 0, = 0.5757 1,
sin? 0, < 0.066 (90%C.L.) sin” 6,, < 0.122 (90%C.L.)
—_— 90% C.L.
— 90% C.L.
cpP phase — 68%C.L.
Inverted Mass Hierarchy | * best

) ] e Best fit (IMH)

oask 5. 5ensitivity test — CP phase: 220°
E—Data 0s-MC — sin%0,5: 0.044
3 e 1 o level discussion

* Statistical fluctuation or
may be something

___| =»Atm-v sensitivity to CPV

50 100 150 200 250 300“‘ 50 100 150 200 250 300

8CP 8<:p
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First earth scale long baseline experiment
Confirmation of the atmos ) herlc neutri

K2K

oscillation
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SK Solar Neutrino Oscillation

e SK 1258 days ES flux: PRL86 in June 18, 2001 issue
— v+e—2>v+e 2.35 +0.02 + 0.08 x 10°cm™2s!
* SNO CCresults: announcement in June 18, 2001
— Vvo+d2>p+p+e  1.76 +0.06 = 0.09 x 10°cm2s1
=2 Evidence of Neutrino Oscillation
* === Solar global
Latest Results B —famaD
‘%xw """"""" ] §x1o1W' “““““““““““““““““““““““““““““““““““““““““““““
g2 1%
- &
tan20,, tan20,,
Am2122 =_7.7><10'5 eV? sin20,,=0.025 *3918
tan’0,, = 0.44 (<0.059 @95%C.L.)
Dyg = 0.91x Dy
20107107

SNO (v,) +SK (v + (v, + v )x0.15)
4.3 o effect of the existence of non-
electron neutrino components in
solar neutrino on the earth

1. SNO PRL87, 071301(01),

SNO
CDCC

SK
qDES
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o
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b
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" Octant of 0,5
/‘J Mass hierarchy

| 613
CP-phase

Entire spectrum
Sub-dominant
effects
015

-io
v, U..U, Us\/ v, 1 0 Cy3 0 s,e” C, Sip O
iXxing: = v
mixing z: Bm Buz Brﬁ v‘: Ui=|0 ¢y sy 0 ) 1 0 =S, G, O
1 12 3 -1
flgvor/ mass/ 0 - Sz €2 )| S1s€ 0 €13 0 0 1
eigenstates eigenstates Atmospheric v Reactor Solar v

Long baseline (6,3: upper limit) Reactor

(6,5: maximal?) Notdetermined (g :large)

* 0,3 yet

=>» Long baseline neutrino oscillation experiment (T2K)
=» May lead to a study on CP Violation

* Supernova
* Proton Decay
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T2K

* Look for 6,5: very small mixing angle (v, —> v, appearance)
=>» need statistics = higher beam intensity (K2K x ~50)

First beam on target: April-23, 2009
First physics run

Jan-232Jun-26, 2010
gzARC Main Ring - < ~50kW>, 3.29x10%° POT

: JAEA Tokai)

90 % C.L. Sensitivity
750 kW in 5 yrs
sin220,5 < 0.008 (90% C.L.)
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* Fiducial mass 540kt

— & 22.5 kton: SK (x20)

* Precise study on solar and

atmospheric neutrinos
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The mission may continue to the Next generation
detectors, Hyper-Kamiokande and beyond

* Tie up with the accelerator
neutrino beam (a few MW)

— Study on CP Violation in
neutrino sector

* Leads us to the origin of
matter in the Universe

* Supernova neutrinos

— 200k neutrino events for SN
at 8kpc

* 250 v, from neutronization
burst

* 0,5 sensitivity to sin?0,,<10
* Proton decay
— 103° yrs for p2>en® mode
— Step into the discovery region
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