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SuperSuper‐‐KamiokandeKamiokande

C S i tifi A i

50 kton Imaging Water Cherenkov Detector

ν
C  Scientific American

• Inner: 32,000 tonsInner: 32,000 tons
(Outer Vol. : ~2.5 m thick)(Outer Vol. : ~2.5 m thick)
d ld l kkFid. Vol. :  22.5 Fid. Vol. :  22.5 ktkt

••11,146 PMTs (ID)11,146 PMTs (ID)
50 cm in diameter50 cm in diameter

4
2
m

50 cm in diameter50 cm in diameter
40% coverage 40% coverage 

••1,885 PMTs (OD)1,885 PMTs (OD)

39m
20 cm in diameter20 cm in diameter

••1,000 m underground1,000 m underground

•• ~15 solar neutrino events per day~15 solar neutrino events per day
•• ~10 atmospheric neutrino events per day~10 atmospheric neutrino events per day•• ~10 atmospheric neutrino events per day ~10 atmospheric neutrino events per day 
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Energy Range Energy Range (data from SK(data from SK‐‐I)I)

• Trigger: 100% eff. for Eobs > 4.5 MeVobs
(50% efficiency @ 3.7MeV)

• Trigger Rate: 1,700Hz  15 Hz (recorded)
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Brief history (looking back)Brief history (looking back)
19911991‐‐1996    1996     SuperSuper‐‐KamiokandeKamiokande ConstructionConstruction
19961996 SuperSuper‐‐KamiokandeKamiokande ((SK‐I) started) started
19981998 Discovery of the Atmospheric Neutrino OscillationDiscovery of the Atmospheric Neutrino Oscillationy py p
19991999 K2K K2K startedstarted
20012001 Evidence of theEvidence of the Solar Neutrino Oscillation (SNO+SK)Solar Neutrino Oscillation (SNO+SK)
20012001 Accident (lost 6777 PMTs)Accident (lost 6777 PMTs)

//20022002 SKSK‐‐IIII startedstarted (w/ ~50% PMT)(w/ ~50% PMT)
20042004 Confirmation of Atmospheric Confirmation of Atmospheric νν oscillation (K2K/SK)oscillation (K2K/SK)
20062006 SKSK‐‐III III startedstarted (full recovery)(full recovery)

Accident SK‐II

SK ISK‐I SK‐III
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The SuperThe Super--KamiokandeKamiokande CollaborationCollaboration

• ~ 130
1 Kamioka Observatory, ICRR, Univ. of Tokyo, Japan
2 RCCN ICRR Univ of Tokyo Japan

19 University of Minnesota, Duluth, USA
20 Miyagi University of Education, Japan •  130     

collaborators
• 36 institutions

2 RCCN, ICRR, Univ. of Tokyo, Japan
3 Boston University, USA
4 Brookhaven National Laboratory, USA
5 University of California, Irvine, USA
6 California State University, Dominguez Hills, USA
7 Chonnam National University, Korea
8 Duke University USA

20 Miyagi University of Education, Japan
21 Nagoya University, Japan
22 SUNY, Stony Brook, USA
23 Niigata University, Japan
24 Okayama University, Japan
25 Osaka University, Japan
26 Seoul National University Korea • 36 institutions

• 5 countries
• most from

8 Duke University, USA
9 George Mason University, USA
10 Gifu University, Japan
11 University of Hawaii, USA
12 Indiana University, USA
13 KEK, Japan
14 Kobe University Japan

26 Seoul National University, Korea
27 Shizuoka University, Japan
28 Shizuoka University of Welfare, Japan
29 Sungkyunkwan University, Korea
30 RCNS, Tohoku University, Japan
31 Tokai University, Japan
32 Tokyo Institute for Technology Japan

55

most from
Japan and US

14 Kobe University, Japan
15 Kyoto University, Japan
16 Los Alamos National Laboratory, USA
17 Louisiana State University, USA
18 University of Maryland, College Park, USA

32 Tokyo Institute for Technology, Japan 
33 University of Tokyo, Japan
34 Tsinghua University, China
35 Warsaw University, Poland
36 University of Washington, USA2008/5/2 Neutrino Helicity 50 @BNL



Maurice Goldhaber in 1995
1995, 11.11. 1995, 11.11. 

Celebration for completion of the construction of SuperCelebration for completion of the construction of Super KKCelebration for completion of the construction of SuperCelebration for completion of the construction of Super‐‐KK
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Discovery of Atmospheric Neutrino OscillationDiscovery of Atmospheric Neutrino Oscillation
2008:    102008:    10thth anniversary of anniversary of 

Discovery of Atmospheric Neutrino Oscillation Discovery of Atmospheric Neutrino Oscillation 
by Superby Super‐‐KamiokandeKamiokandeνμ - ντ
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In 1998 @Neutrino98
SK has shown 

νμ - ντ
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definitive evidence of 
neutrino oscillation: 

νμ - ντ

0

20

40

60

80

100

120

140

160

180

200

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

Multi-GeV μ-like+P.C.Multi-GeV μ-like+P.C.Multi-GeV μ-like+P.C.
cosθ

n
u

m
b

er
 o

f 
ev

en
ts Super Kamiokande Preliminary

( 1.0, 2.2×10-3 )

• Asymmetry of the 
zenith angle 
distributions

νμ - ντ

0

20

40

60

80

100

120

140

160

180

200

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

Multi-GeV μ-like+P.C.Multi-GeV μ-like+P.C.Multi-GeV μ-like+P.C.
cosθ

n
u

m
b

er
 o

f 
ev

en
ts Super Kamiokande Preliminary

( 1.0, 2.2×10-3 )(1 0 2 2 10 3 V)

distributions 
consistent with 
neutrino oscillation
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• independent of the 
flux calculations.
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Zenith angle Distribution Zenith angle Distribution 
(SK(SK I + SKI + SK II)II)
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Oscillation Parameters
10‐2
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• More Evidence 
for the oscillation

0.9           110‐3
sin22θ

– Oscillatory Behavior
– ντ appearance

( t t th d)

λ~ E/Δm2

pattern in L/E plot

(stat. method)
– Confirmation (K2K)

• Confirmation: MINOS
ννττ• Confirmation: MINOS
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K2K (KEK to Kamioka)K2K (KEK to Kamioka)
KEK KEK 

d h 12GeV12GeV
PSPS

SuperSuper‐‐KK Experiment started in March, 1999
Completed in November, 2004
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ν

θ
E

prob =

L=250km (fixed),  <Eν> ~ 1.3GeV
Δm2 = 2.5x 10‐3 eV2, sin22θ=1 Total POT used

Jun.1999 – Nov.2004

0 9x1020 POT
2008/5/2

~ 0.3 Expect ~70% survivalExpect ~70% survival 0.9x1020 POT
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K2K_SK event summaryK2K_SK event summary
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Solar Neutrinos
(Brief summary)

• (ES: electron scattering): ν+e  ν+e 
E ti d di ti b d

(Brief summary)

Energy, time and direction can be measured
Sensitive to νe,νμ,ντ: σ(νμ,τe)~0.15xσ(νee)

• Original Aim (flux independent eff.) g ( p )
– Spectrum distortion
– Time Variation (Day/Night, Seasonal)

LMA l ti ll h ff t• LMA solution  small such effects
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Precise measurement
• SK 1258 days ES flux: PRL86 in June 18, 2001 issue

– ν + e  ν + e  2.35 ± 0.02 ± 0.08 x 106 cm‐2s‐1

• SNO CC results: announcement in June 18, 2001
– νe + d  p + p + e‐ 1.76 ± 0.06 ± 0.09 x 106 cm‐2s‐1

•• SNO+SK (in 2001)SNO+SK (in 2001) SNO PRL87, 071301(01)

ff f h4.3 σ effect of the existence 
of non‐electron neutrino 

i lcomponents in solar 
neutrinos on the earth
id f l iEvidence for Solar Neutrino 

Oscillation
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Solar + KamLAND results
in 2008 (KamLAND paper)

hep ex/ 0801 4589v2

Solar:  SK + SNO + Cl + Ga

hep‐ex/ 0801.4589v2

Best‐fit (solar+KL): 
tan2θ12=0.47+0.06/‐0.0512 /
Δm12

2

=7.59+/‐0.21x10‐5eV2/
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Looking ForwardLooking Forward
Super‐KSuper‐K
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Precise solar‐ν measurement in future
What can SK do in future?What can SK do in future?
• Precise spectrum measurement down to 4 MeV:• Precise spectrum measurement down to 4 MeV:

Strong test of LMAStrong test of LMA
Precise determination of Precise determination of 

ΔΔmm22=7.6x10=7.6x10‐‐55eVeV22,,tantan22θθ1212=0.4=0.4

ΔΔ 22 7 6 107 6 10 55 VV22 tt 22θθ 0 470 47

0.35

0.4

0.45

0.5

0.55

5 7.5 10 12.5 15

oscillation oscillation parameters(parameters(θθ1212))
subsub‐‐dominant effects?dominant effects?

titi ??

ΔΔmm22=7.6x10=7.6x10‐‐55eVeV22,,tantan22θθ1212=0.47=0.47

ΔΔmm22=7.6x10=7.6x10‐‐55eVeV22,,tantan22θθ1212=0.6=0.6

0.35

0.4

0.45

0.5

0.55
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or exoticsor exotics??
V.Barger et al, V.Barger et al, 
hephep--ph/0502196ph/0502196
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A future option A future option ‐‐ GdGd loaded Superloaded Super‐‐KK

• Identify neutrons in Super‐K 
Beacom & Vagins,  
PRL93 (2004)171101

νe  +  p   e+ + n
t thi t

load
0 2% Gd

90% of neutrons to be captured on Gd
itt t t l E 8M V

tag this neutron

• Physics Aims: SN relic neutrinos, reactor anti‐

0.2% Gd emitts γs, total Eγ ～ 8MeV

y ,
neutrinos, SN neutrino bursts, proton decay BG 
reductionreduction, …

• R&Ds are on going (transparency, safety, …)
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TTokai okai toto KKamiokaamioka （（T2KT2K））

•• Long baseline oscillation Long baseline oscillation 
experimentexperiment

J‐PARC(50 GeV)
(60km N.E. of KEK) pp

from JPARCfrom JPARC‐‐PS@TokaiPS@Tokai to SKto SK
•• Beam Intensity: ~50 x K2KBeam Intensity: ~50 x K2Kyy
•• Baseline: 295kmBaseline: 295km
•• Experiment:  2009 ~Experiment:  2009 ~

Super‐K
50kton pp

Phase 1 (0.75MW + SK)Phase 1 (0.75MW + SK)
Neutrino Beam Line

( )( )

– νμ νx disappearance
– Precise Δm2, sin22θ 600MeV Linac

3GeV PS

,

– νμ νe appearance
– Finite θ13 ? FD13 

2008/5/2
To SKPhase 2 Phase 2  4MW, 4MW, MtonMton, CPV, CPV
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Beam and Event rateBeam and Event rate

OA0°OA2°

Off Axis Off Axis ν ν BeamBeam

OA0OA2

OA2 5°
OA3°

OA2.5

Quasi Monochromatic
GeV

2~3 times intense than NBB
Can be tuned at oscill. max. SuperSuper--K.K.

Statistics at SK (OAB 2.5 deg, 5 yr) 
νμ total ~ 11,000
ν CC ~ 8 000

θTargetTarget

HornsHorns

Decay PipeDecay Pipe

2008/5/2 2020Neutrino Helicity 50 @BNL

νμ CC       8,000
νe ~      0.4% at νμ peak



Determination of Determination of θθ2323 , , ΔΔmm2323
22

νμ + n → μ + p μ-

Current accuracy
δ(Δm2

23)~1x10‐3 eV2
1 ring 1 ring μμ‐‐like eventslike events

νμ  n → μ  p μ
Eμθμ

δ(sin22θ23)~0.1

Δm2= 2.0 x10‐3 eV2 Δm2= 2.5 x10‐3 eV2

p

δ(Δm2
23) <1×10‐4 eV2

ν
δ(Δm 23) <1 10 eV
δ(sin22θ23)~0.01

ra
tio

nonQEnonQE
1ra

10
-1
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θθ1313: look for : look for ννee appearance searchappearance search
Signal (νe) :
• 1ring e‐like event (CC QE sample)g ( p )

Background:
• ν contamination in beam (0 4% of ν )

e
• νe contamination in beam (0.4% of νμ)
• mis‐reconstructed π0 event (νμ origin)

((ΔΔ 22 2 5 102 5 10 33 VV22 ii 2222θθ 0 1)0 1)

νe signal

((ΔΔmm22=2.5x10=2.5x10‐‐33eVeV22,sin,sin2222θθ1313=0.1)=0.1)

π0
e

νe+νμ background
ν backgrondνμ backgrond

2008/5/2 2222Neutrino Helicity 50 @BNL
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SensitivitySensitivity

Sensitivity versus time

3

90%C.L. sensitivityV2
)

y

si
n2
2θ

13

δBG=20%
δBG=10% Δ

m
2 
(e

V

0.008
sinsin2222θθ1313

SysSys. uncertainty . uncertainty  ~ 10%~ 10%

10‐1
δBG 10%
δBG= 5%

CHOOZ
excluded

10-2

0.008

10‐2
excluded

10-3

x20

10‐3

T2K‐I T2K‐II
equivalent

10

Year1 10 100

equivalent

sin22θ1310-110-210-3
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The Neutrino Facility in JThe Neutrino Facility in J‐‐PARCPARC

TargetTarget--Horn SystemHorn System
Target StationTarget Station

Muon Muon 
Monitoring PitMonitoring Pit

Preparation SectionPreparation Section

Final Final 
FocusingFocusing
SectionSection

Monitoring PitMonitoring Pit

295km  to 295km  to 
SuperSuper--KamiokandeKamiokande

110m110m

25

SC combined SC combined funcfunc magsmags
Decay VolumeDecay VolumeBeam DumpBeam DumpNear Neutrino DetectorNear Neutrino Detector

2525
Construction: Apr. 2004 ~ Mar. 2009 (5yrs)
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Far DetectorFar Detector
•• SuperSuper‐‐KamiokandeKamiokande

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

SK III
Neutrino Helicity 50 @BNL 26262008/5/2

SK‐III



Near Detectors (ND280)
Off Axis DetectorsOff Axis Detectors

17m17m

OO A iA iOnOn‐‐Axis Axis 
Neutrino MonitorNeutrino Monitor：：
INGRIDINGRID

37m37m

2727

INGRIDINGRID
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INGRID: Neutrino Beam Monitor

•• 7+7+27+7+2 modulesmodules
–– 10,00010,000 events/mod/dayevents/mod/day
–– Intensity, direction, Intensity, direction, y, ,y, ,
spectrum, stabilityspectrum, stability

•• 120120××55××1cm1cm33 scintillatorscintillator120120××55××1cm1cm scintillatorscintillator
–– ~ 10,000 pieces~ 10,000 pieces
read by wave length shifterread by wave length shifter–– read by wave length shifter read by wave length shifter 
fiber & MPPCfiber & MPPC
～～15p e /cm15p e /cm–– ～～15p.e./cm15p.e./cm

•• Ready by April, 2009Ready by April, 2009

28282008/5/2 Neutrino Helicity 50 @BNL



Off Axis Detectors

B=0.2T
M t C il

V lV l

Magnet Coils

•• VolumeVolume: : 
–– 3.53.5××3.53.5××7.0m7.0m33

From UpstreamFrom Upstream
•• P0D P0D ππ00 detectordetector

FGDFGD TPCTPC•• FGDFGD++TPCTPC::
–– Detect Charged P.Detect Charged P.

•• Electro MagneticElectro MagneticElectro Magnetic Electro Magnetic 
CalorimeterCalorimeter

•• SideSide μμonon DetectorDetector

2929

•• Side Side μμonon DetectorDetector

2008/5/2 Neutrino Helicity 50 @BNL



FGD + TPC
Fine Grain Detector
• Vertex Detector for neutrino interactions
• 1cm x 1cm scintillator, Wave length Shifter Fiber＋MPPC
• Install in summer, 2009.

3TPC
• MicroMegas (8mm × 8mm

TPC1 TPC2 TPC3FG
D

1

FG
D

2
MicroMegas (8mm × 8mm 
pad size)

• Momentum resolutionTPC1 C C Momentum resolution
~10%  (p<1GeV/c)
~10% dE/dx resolution

• 2 TPCs  to be installed in 
2009.

3030
Tracker volume
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BeyondBeyond

• Mission of T2K (2009~ ): Phase I
i f !Discovery of νe appearance!

• Next step: Phase II• Next step: Phase II
– Discovery of CP  HyperHyper‐‐KamiokandeKamiokande OR ??OR ??y
violation in 
neutrino sector.neutrino sector.

– Discovery of 
dproton decays.

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

Neutrino Helicity 50 @BNL 31312008/5/2
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Under DiscussionUnder Discussion
END



Activity at Kamioka ObservatoryActivity at Kamioka ObservatoryActivity at Kamioka ObservatoryActivity at Kamioka Observatory
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Kamioka ObservatoryKamioka Observatory
New Lab.: Completed in Feb., 2008New Lab.: Completed in Feb., 2008

1. XMASS 100~300kg 1. XMASS 100~300kg f.vf.v. detector . detector 

KamLANDKamLAND

2. 02. 0νββνββ detector (detector (4848Ca) (prototype)Ca) (prototype)

( k )( k ) KamLANDKamLAND
Univ. of TohokuUniv. of Tohoku

SuperSuper KamiokandeKamiokande

NewAGENewAGE (Dark Matter)(Dark Matter)

SuperSuper‐‐KamiokandeKamiokande

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

200 mgravitational wave antenna w/ cryogenic gravitational wave antenna w/ cryogenic 
mirrors (CLIO) (Prototype)mirrors (CLIO) (Prototype)

LCGT (3km interferomer) ~ Adv. LIGOLCGT (3km interferomer) ~ Adv. LIGO

2008/5/2

( )( )
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Kamioka ObservatoryKamioka Observatory• Large Cryogenic Gravitational Wave 
Telescope (LCGT) Binary neutron star Binary neutron star coalesencecoalesence

New Lab.: Completed in Feb., 2008New Lab.: Completed in Feb., 2008

1. XMASS 100~300kg 1. XMASS 100~300kg f.vf.v. detector . detector 

Telescope (LCGT)
• Baseline ~ 3km
• 150W laser

@200 @200 MpcMpc

KamLANDKamLAND

2. 02. 0νββνββ detector (detector (4848Ca) (prototype)Ca) (prototype)

( k )( k )

150W laser
•Underground

Small Seismic Noise KamLANDKamLAND
Univ. of TohokuUniv. of Tohoku

SuperSuper KamiokandeKamiokande

NewAGENewAGE (Dark Matter)(Dark Matter)
Small Seismic Noise

• Cryogenic mirror
30kg Sapphire mirrors SuperSuper‐‐KamiokandeKamiokandeg pp
Reduce thermal Noise

• Budget request 
XMASS (Dark Matter)XMASS (Dark Matter)
using Liq. Xe using Liq. Xe (prototype)(prototype)

• Prototype CLIO
• 100m interferometer

200 mgravitational wave antenna w/ cryogenic gravitational wave antenna w/ cryogenic 
mirrors (CLIO) (Prototype)mirrors (CLIO) (Prototype)

LCGT (3km interferomer) ~ Adv. LIGOLCGT (3km interferomer) ~ Adv. LIGO

2008/5/2

( )( )
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Kamioka ObservatoryKamioka Observatory
New Lab.: Completed in Feb., 2008New Lab.: Completed in Feb., 2008

1. XMASS 100~300kg 1. XMASS 100~300kg f.vf.v. detector . detector 

KamLANDKamLAND

2. 02. 0νββνββ detector (detector (4848Ca) (prototype)Ca) (prototype)

( k )( k )
• undoped CaFCaF22 (CaF2(pure))

CANDLES
KamLANDKamLAND
Univ. of TohokuUniv. of Tohoku

SuperSuper KamiokandeKamiokande

NewAGENewAGE (Dark Matter)(Dark Matter)
22

–– 4848CaCa (0.187%0.187%) Q=4.27 Q=4.27 MeVMeV
– 305 kg (III‐chika)  103cmx96

Water BufferCaF2 crystal
+ w.l. shifter

SuperSuper‐‐KamiokandeKamiokande
3.4 t     (IV)

30 2% i h d ( )

~0.1 eV

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

30 t, 2% enriched (V)

• Liquid Scintillator (LS)
li id i till t

~30 meV (best NME)

200 mgravitational wave antenna w/ cryogenic gravitational wave antenna w/ cryogenic 
mirrors (CLIO) (Prototype)mirrors (CLIO) (Prototype)

LCGT (3km interferomer) ~ Adv. LIGOLCGT (3km interferomer) ~ Adv. LIGO

– 4π active shield

• Photomultiplier

liquid scintillator

2008/5/2

( )( )
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– large photo‐coverage

• Water buffer Passive shield

17" PMT



XMASS experimental hallXMASS experimental hall

KamLAND

21m21m

SK
15m15m15m15m

New HallsNew Halls

2008/5/2 Cavity is completed Cavity is completed in Feb., 2008.in Feb., 2008. 3636Neutrino Helicity 50 @BNL



XMASSXMASS
~~1ton liquid xenon detector1ton liquid xenon detector1ton liquid xenon detector1ton liquid xenon detector

•• Large photon yield (Large photon yield (~42 photons/~42 photons/keVkeV ~~NaINaI((TlTl))))
Liquid Liquid XenonXenon

•• Large photon yield (Large photon yield (~42 photons/~42 photons/keVkeV ~~NaINaI((TlTl))))
Low thresholdLow threshold

•• High density (High density (~3 g/cm~3 g/cm33))
Compact detector Compact detector (80cm in diameter)(80cm in diameter)

•• Large Z =Large Z =5454
Shielding effect of itself is large: Ext. BGShielding effect of itself is large: Ext. BG

•• Purification is easy (distillation) : Purification is easy (distillation) : 8585KrKr
•• No long life radioactive isotope in No long life radioactive isotope in XeXe
•• Scintillation wavelength is 175 nmScintillation wavelength is 175 nm•• Scintillation wavelength is 175 nm,Scintillation wavelength is 175 nm,

detected directly by PMTdetected directly by PMT

XMASS:  uses 812 PMTs providing ~70% photoXMASS:  uses 812 PMTs providing ~70% photo‐‐cathode coverage andcathode coverage and

We can achieve We can achieve low energy thresholdlow energy threshold andand

p g pp g p gg
also give also give fiducialfiducial volume of ~200kg  (20 cm selfvolume of ~200kg  (20 cm self‐‐shielding layer)shielding layer)

2008/5/2

e ca ac e ee ca ac e e o e e gy es o do e e gy es o d a da d
low backgroundlow background (aim 10(aim 10‐‐44 //keVkeV/kg/day)/kg/day)
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Structure of the detectorStructure of the detector
Pentakis‐dodecahedron
12 pyramids 

1PMT
py

5 triangles make5 triangles make 
pentagonal pyramid

CC i f ( h h d ) 45i f ( h h d ) 45•• Center Center to inner surface (photocathode) ~45cmto inner surface (photocathode) ~45cm
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Sensitivity of the 800kg detectorSensitivity of the 800kg detector
Plots exept for XMASS
From http://dmtools.berkeley.edu
Gaitskell & Mandic
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XMASS XMASS 100kg, 5yr100kg, 5yr
33σσ discoverydiscovery (assuming 10‐42 cm2, Q.F.=0.2)
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ConclusionsConclusions

•• 50yrs after the measurement of neutrino50yrs after the measurement of neutrino helicityhelicity wewe•• 50yrs after the measurement of neutrino 50yrs after the measurement of neutrino helicityhelicity, we , we 
know that neutrino has a tiny mass and oscillates. The know that neutrino has a tiny mass and oscillates. The 
smallness of the neutrino mass is a clue to the physicssmallness of the neutrino mass is a clue to the physicssmallness of the neutrino mass is a clue to the physics smallness of the neutrino mass is a clue to the physics 
beyond the standard model and gives us a hit for beyond the standard model and gives us a hit for 
origin of matterorigin of matterorigin of matter. origin of matter. 

•• Neutrino physics has made a remarkable development Neutrino physics has made a remarkable development 
f h l d lf h l d lfor the last 50 years and we, experimentalists, are now for the last 50 years and we, experimentalists, are now 
studying many interesting scientific objects by making studying many interesting scientific objects by making 

f if iuse of neutrinos.use of neutrinos.
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