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Super-Kamiokande

50 kton Imaging Water Cherenkov Detector
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* Inner: 32,000 tons
(Outer Vol. : ~2.5 m thick)
Fid. Vol. : 22.5 kt

*11,146 PMTs (ID)

50 cm in diameter
40% coverage

1,885 PMTs (OD)

20 cm in diameter
1,000 m underground

e ~15 solar neutrino events per day
e ~10 atmospheric neutrino events per day
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e Trigger: 100% eff. for E
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Energy Range (data from SK-I)

obs

(50% efficiency @ 3.7MeV)
e Trigger Rate: 1,700Hz - 15 Hz (recorded)
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Brief history (looking back)

1991-1996  Super-Kamiokande Construction

1996 Super-Kamiokande (SK-I) started

1998 =» Discovery of the Atmospheric Neutrino Oscillation
1999 K2K started

2001 =» Evidence of the Solar Neutrino Oscillation (SNO+SK)
2001 Accident (lost 6777 PMTs)

2002 SK-Il started (w/ ~50% PMT)

2004 =» Confirmation of Atmospheric v oscillation (K2K/SK)

2006 SK-IlI started (full recovery)
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Maurice Goldhaber in 1995

1995, 11.11.
Celebration for completion of the construction of Super-K
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10t anniversary of
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Zenith angle Distribution

(SK-1 + SK-11)

SK=F+-SK=H

SK=F+SK-H
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Oscillation Parameters

o |
 Best fit (Physical Region) j |
sin26 =1.00 = |
(sin220 > 0.93 (@90%C.L.)) | <
Am2=2.5X10_3 eV2 F— 992@0.L.
(1.9x1073eV2<Am2<3.1x103 eV?) Epetibsy
e More Evidence 1 . .
for the oscillation
— Oscillatory Behavior  _ - E/am? _
— Vv, appearance & 1af == patiern in L/E piot] o t o
(stat. method) ;f:;‘ + } . |
— Confirmation (K2K) 5 ,.f l' m+§i\v
e Confirmation: MINOS ;_ ] = T
2008/5/2 Neutrin | uEdmeew’ T = 10



“ K2K (KEK to Kamioka) “ KEK

Super-K Experiment started in March, 1999 12GeV
Completed in November, 2004 PS
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K2K_SK event summary

fit_out.0x03.cmb.free.1l.shape
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* (ES: electron scattering): v+e > v+e
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o

Data/SSMBPZOO A
o
o

0.4

Energy, time and direction can be measured
Sensitive to VeV Ve G(VH,TE)NO.].SXG(Vee)

e Original Aim (flux independent eff.)

— Spectrum distortion

— Time Variation (Day/Night, Seasonal)
e LMA solution = small such effects

| SK-1 1496day ~ SK-ll 791day 5 Nizht
L~ . (Preliminary) | ay — NIg
ﬁ bpe,Ctrum (Day + Night)/2
- Ratio
I 1l =—0.021
% 1 +0.020 + - 913
IF *I pegte +1 T ~0.01~0.02 expected
i sta‘l. ertoron‘\y . | . | . ‘ | ‘ ‘ . ‘ from LIVIA
5 10
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Precise measurement ‘

e SK 1258 days ES flux: PRL86 in June 18, 2001 issue
— v+e2v+e 2.35+0.02 + 0.08 x 10°cms!

e SNO CCresults: announcement in June 18, 2001
— v, +d2>p+pt+e 1.76 £ 0.06 + 0.09 x 10 cm2s™!

 SNO+SK (in 2001)

= 4.3 ¢ effect of the existence
of non-electron neutrino
components in solar
neutrinos on the earth

=» Evidence for Solar Neutrino
Oscillation

2008/5/2 Neutrino Helicity 50 @BNL 14



Solar + KamLAND results
in 2008 (KamLAND paper)

20 hep-ex/ 0801.4589v?2

sl i Solar: SK+ SNO + Cl + Ga

ELE
-
»* “e

. KamLAND Ba e |
/\ B 95% C.L. POE
[0 99% C.L. i
A 99.73% C.L.

N% 10F ‘| || * best fit w Best-fit (solar+KL):
& T - tan?0,,=0.47+0.06/-0.05
' Solar Am,

T (N =7.59+/-0.21x105eV?2

W e |
+  best fit R ..5','

107! I 10 20 30 40
tan20 2
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Looking Forward
Super-K

Neutrino Helicity 50 @BNL

16



Precise solar-v measurement in future

What can SK do in future?

e Precise spectrum measurement down to 4 MeV:
—> Strong test of LMA

- Precise determination of
oscillation parameters(6,,)

Am?2=7.6x10eV?,tan?0,,=0.4
Am?=7.6x10°eV?,tan?0,,=0.47

. 2— -5 2 2 —
> sub-dominant effects? 055 ../ Am’=7.6x10”eV%tan’0,,=0.6
or 1exotics?
i V.Barger et al, 05 4
0.3; hep-ph/0502196 |

R G S 10.45

e LMA T
. - — e T
H\\"-._‘ ] ‘%: = '
; — ; — HH
MaVaN -1 0.4+ %‘:P% +
\

0 0 ! )35 b1 T R
10 B [MeV] 0 5 75 10 12.5 15
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A future option - Gd loaded Super-K

Beacom & Vagins,

* |dentify neutrons in Super-K PRIED (D71
V., + p 2et+n

b tag this neutron

load 90% of neutrons to be captured on Gd
0.2% Gd emitts ys, total Ey ~ 8MleV

e Physics Aims: SN relic neutrinos, reactor anti-
neutrinos, SN neutrino bursts, proton decay BG
reduction, ...

e R&Ds are on going (transparency, safety, ...)

2008/5/2



‘ Tokal to Kamioka (T2K) \

J-PARC(50 GeV) °
(60km N E. of KEK)

Super-K
1 50kton

f_,,,ﬁi? ﬂ-*'*' = —

'? !
{C} E!ﬂ[l,E'gl'II oo - 42000 mi S675.8 km durgay

Phase 1 (0.75MW + SK)
_ vu9 Vv, disappearancej"’f

— Precise Am?, sin?2@

Long baseline oscillation
experiment

from JPARC-PS@Tokai to SK
Beam Intensity: ~50 x K2K
Baseline: 295km
Experlment 2009 ~

-V, 2V, appearancé

999999

Phase 2 2 4AMW, Mton CPV

2008/5/2 Neutrino Helicity 50 @BNY .
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Beam and Event rate

Off Axis v Beam

00 0A2° OAQ°
25001
2000
1500

1000

OA3°

C OAH 2 degre

02 F OAR 2.5 degree

C DAB 3 degres
|

o D_IIII|IIII|IIII|IIII|IIII|IIII| IIIIIIII |IIII|IIII
0 05 1 15 2 25 3 35 4 o 1 =2 a4 4 § B 7 8B 9 10

GeV oev p. (GeVic)
—->Quasi Monochromatic Ofi-Axis beam

-2 2~3 times intense than NBB
—>Can be tuned at oscill. max.

Statistics at SK (OAB 2.5 deg, 5yr) | Target Decay Pipe 0

v, total ~ 11,000 —> il
~ Horns

v, CC 8,000

\% ~ 04%atv, peak

e
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Determination of 0,, , Am,,2

1 ring u-like events Current accuracy

Vu +nN 9 u + p - 8(Am223)~1X1O'3 evz

— ¢ g 5(sin220,,)~0.1

u i

y N

Am?=2.0x103%eVZ  Am?=2.5x103 eV? 5(Am2,;) <1 X 10 eV?

v

;‘ C [ ALLCHAH 1485, : [ ALLEHAK 1057,
2 80 [ 60 - vV 10(sin%20,5)~0.01
in [ I o
o L .%
S 60 - S o1
> 40 - f |
= .0 il
E 40
la - -
+ I 20 1 t WL
¢ 20 - - 10 ¢ J{
@ ‘ "
0 i 4-":3&:?3:33:&‘- RRPTrretl e { TR - }L o
0 0.5 1 1.5 2 0 5 1 15 2 0 0.5 1 1.5 2
E rec G V
EvreclGeV) EvreclGeV) Ve (Gev)
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0,;: look for v, appearance search

Signal (v,) :

e 1ring e-like event (CC QE sample)

Background:

* v, contamination in beam (0.4% of v ) |

e mis-reconstructed nt° event (vM origin)

|

(Am?=2.5x10%eV2,sin?20,,=0.1)

( 2 AM?=0.0025)

sin“28,5=0.10, |
°
v, signal
e BG from _

V.t+v, background |
v, backgrond

2008/5/2

TEve(Gey)
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Sensitivity

Sensitivity versus time

1
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= JFYZ2007 Beams
— JFY2008 Beams

Matenals and Life
Experimental Hall

'. L '--"_?.;:f._.,__l'ﬁﬁ*’ ;
" ‘”%”a% “iEXperimental

Bird’s eye photo in Nov. 2006 - Hall™=




The Neutrino Facilit

y in J-PARC
' )

‘ ! ﬁ‘ﬂ

—

Target Station

Muon
Monitoring Pit

295km to
Super-Kamiokande

N

Final
Focusing

‘ 3Section

8y SCcombined func ma
. Decay Volume

Near Neutrino Detector | | Beam Dump |

Construction: Apr. 2004 ~ Mar. 2009 (5yrs)

2008/5/2 Neutrino Helicity 50 @BNL
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Far Detector

* Super-Kamiokande

— Detector is ready
— New electronics (replacement: summer, 2008)

Py T - T ¥ — s -

2008/5/2 Neutrino Helicity 50 @BNL 26



Near Detectors

On-Axis
Neutrino Monitor

Neutrino Helicity 50 @BNL
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INGRID: Neutrino Beam Monitor

0

" T Y Y PR PN O,

e 74+7+2 modules

, % — 10,000 events/mod/day

NN

. {I

— Intensity, direction,
spectrum, stability

i

e 120x5x1cm?3 scintillator
—~ 10,000 pieces

~AA e
— feéaq Uy wave IC 15

fiber & MPPC
— ~15p.e./cm
e Ready by April, 2009

'

+h ~chiFEA -
Lrl oIl I

te
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Off Axis Detectors

B=0.2T

UA1 Magnet Yoke Magnet CO“S

Fine-Grain
Detectors

A CCl11r interaction in the POD,
| with full-bunch backeroingd

e Volume:
— 3.5%3.5x7.0m3

From Upstream
 POD 1t° detector

* FGD+
— Detect Charged P.

e Electro Magnetic
Calorimeter

e Side pon Detector

29



FGD + TPC

Fine Grain Detector

e Vertex Detector for neutrino interactions

e 1cm x 1cm scintillator, Wave length Shifter Fiber+MPPC
e Install in summer, 20009.

Simulated CCQE interaction 3TPC
1000 — | e MicroMegas (8mm x 8mm
[ S ol .
b o pad size)
00 (D O
L

éTPCl = TDCO |

~ TPC3  * Momentum resolution
~10% (p<1GeV/c)
_ ~10% dE/dx resolution
e ———— | L — L ——— e 2TPCs to beinstalled in
e e e e 2009.

Tracker volume
2008/5/2 Neutrino Helicity 50 @BNL 30



Beyond

 Mission of T2K (2009~ ): Phase |
=» Discovery of v, appearance!

* Next step: Phase li

— Discovery of CP  Hyper-Kamiokande OR ??
violation in 22—

neutrino sector.

— Discovery of

proton decays. \

~0.5Megaton fid vol. (0.27Mton x 2 detectors)
— Others Needs ~200,000PMTs (assume 40% coverage)

Under Discussion
2008/5/2 Neutrino Helicity 50 @BNL m 31
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Kamioka Observatory

e

. D [
o R‘"E. New Lab.: Completed in Feb., 2008
K 1. XMASS 100~300kg f.v. detector

maali, = S S - |

* 14

=
\ ‘) KamLAND
Univ. of Tohoku

' | Super-Kamiokande

XMASS (Dark Matter)
using Lig. Xe (prototype)

; |

gravitational wave antenna w/ cryogenic
mirrors (CLIO) (Prototype)
=» LCGT (3km interferomer) ~ Adv. LIGO

33
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Telescope (LCGT)

e Baseline ~ 3km

e 150W laser

Underground
=» Small Seismic Noise

e Cryogenic mirror
=» 30kg Sapphire mirrors
=2 Reduce thermal Noise

e Budget request
* Prototype CLIO

T Sensitivity [1/Hz]

I L] IIIIIIII L) IIllIIlI L lllllllll
' @y pgam! 5 3 NIEn ‘3 Y 45600

10110: """"""" 101

. Frequency[Hz] .

:..w‘:.

* 100m interferometer

gravitational wave antenna w/ cryogenic
mirrors (CLIO) (Prototype)
=» LCGT (3km interferomer) ~ Adv. LIGO

mutrino Heliuitg LO @BNL
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Kamioka Observatory

f
“- CANDLES . D
E = e undoped CaF, (CaF,(pure))
[ e _ ater puffer — %8Ca (0.187%) Q=4.27 MeV
(=0 TRl — 305 kg (Ill-chika) 103cmx96

4

3.4t (IV) ~0.1eV

3

30 t, 2% enriched (V)
~30 meV (best NME)

e Liquid Scintillator (LS)
— 4ractive shield

e Photomultiplier
— large photo-coverage

e \Water buffer—> Passive shield

17" PMT




XMASS experimental hall

KamLAND

ks

New Halls



XMASS
Lo P TSR T S S I S R
110N liquia xenon aetectior

Liquid Xenon

e Large photon yield (~42 photons/keV ~Nal(Tl))
=» Low threshold

High density (~3 g/cm3)
=» Compact detector (80cm in diameter)
e lLargeZ =54
=» Shielding effect of itself is large: Ext. BG
* Purification is easy (distillation) : 8Kr
* No long life radioactive isotope in Xe

e Scintillation wavelength is 175 nm,
=>» detected directly by PMT

| XMASS: uses 812 PMTs providing ~70% photo-cathode coverage and |
also give fiducial volume of ~200kg (20 cm self-shielding layer) ,I

We can achieve low energy threshold and

‘ low background (aim 10* /keV/kg/day)

2008/5/2
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Structure of the detector

Pentakis-dodecahedron
12 pyramids =

5 triangles make
pentagonal pyramid

e Center to inner surface (photocathode) ~45cm

2008/5/2 Neutrino Helicity 50 @BNL 38



Sensitivity of the 800kg detector

Plots exept for XMASS
From http://dmtools.berkeley.edu
Gaitskell & Mandic

http://dmtools. brown.edu
Gaitskell. Mandie.Filippini

—
o
Mo

—_—

vents/keV/kg/day

E
—
(@)

N

Cross section to nucleon (pb)

\ \ -
10-81 . XENON10+ ,XMASSS Okg
’\~ . ]
SuperCDM‘S_ “iAEPMOkg 10 | j
10_105 ml’gobfa\gle A xJ Ellis et al. benchmark 0 I 100 2O%ner9y (ke%/())o
10 102 103 Expected dark matter signal
WIMP mass(GeV) for 50 GeV and 100 GeV
XMASS 100kg, 5yr

(assuming 102 cm?, Q.F.=0.2)

3o discovery
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sions

e 50yrs after the measurement of neutrino helicity, we
know that neutrino has a tiny mass and oscillates. The
smallness of the neutrino mass is a clue to the physics

beyond the standard model and gives us a hit for
origin of matter.

 Neutrino physics has made a remarkable development
for the last 50 years and we, experimentalists, are now
studying many interesting scientific objects by making
use of neutrinos.
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