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1. Kamiokande-I To Kamiokande-II : 1.1. KamiokandeKamiokande--I To KamiokandeI To Kamiokande--II : II : 

July 6, 1983
~ March 31, 1998

Imaging Water Cerenkov Detector

Kamiokande : Kamioka Nucleon Decay Experiment



What invited KamiokandeWhat invited Kamiokande--II ?II ?

“Why not lower Eth 
down to 10 MeV 

to
detect 8B Solar ν’s!”

(1983)

“Why not lower Eth 
down to 10 MeV 

to
detect 8B Solar ν’s!”

(1983)

~ 
15

 M
eV

Kamiokande-IIKamiokande-II



KamiokandeKamiokande--II CollaborationII Collaboration

* At ICOBAN’84, upgrading 
the Kamiokande detector was 
opened up by Prof. Koshiba.

* The US group led by Prof. A. Mann
(U. of Pennsylvania)  expressed
a desire for collaboration.

* First collaboration meeting was 
held in Tokyo in March, 1984.

U.S. : new timing electronicsU.S. : new timing electronics
for each PMTfor each PMT

::
(improvement of vertex resolution)(improvement of vertex resolution)



KamiokandeKamiokande--II Collaborators (1984)II Collaborators (1984)
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( U. of Tokyo )
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( ICRR, U. of Tokyo )
K. Takahashi

( KEK )
K. Miyano

( U. of Niigata )
B.G. Cortez
( Caltech. )

E.W. Beier, L. Feldscher, S.B. Kim, A.K. Mann,
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( U. of Pennsylvania )



KamiokandeKamiokande--II DetectorII DetectorKamiokandeKamiokande--II

upgrade :

• hermetic, live anticounter
• water purification system
• multi-hit time and charge

measurements



KamiokandeKamiokande--II Construction II Construction 
(September, 1984 ~ )(September, 1984 ~ )



Water PurificationWater Purification
KamiokandeKamiokande--II

Kamiokande-II



Kamiokande-II LaunchedKamiokandeKamiokande--II LaunchedII Launched

April 1985April 1985

water purificationwater purification
::

startstart

Nov. 1985Nov. 1985

new electronicsnew electronics
::

readyready

Dec. 1985Dec. 1985

EEthth = 8.5 MeV= 8.5 MeV



Trigger Rate Change (1986 ~ ) Trigger Rate Change (1986 ~ ) 
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2. Solar Neutrino
Detection

2. Solar Neutrino2. Solar Neutrino
DetectionDetection

First presentationFirst presentation
in Neutrino in Neutrino ’’8686

(Sendai)(Sendai)

EeEe > 9 MeV> 9 MeV

EeEe > 7 MeV> 7 MeV

EeEe > 9.3 MeV> 9.3 MeV

First paper entitled First paper entitled ““Observation of Observation of 88B Solar NeutrinosB Solar Neutrinos
in the Kamiokandein the Kamiokande--II DetectorII Detector””

in PRL (1989)in PRL (1989)
::

0.46    0.13    0.080.46    0.13    0.08
of SSMof SSM
+- +-



KamiokandeKamiokande--II ReconfirmedII Reconfirmed
““Solar Neutrino ProblemSolar Neutrino Problem””



The Most Plausible Solution toThe Most Plausible Solution to
““Solar Neutrino ProblemSolar Neutrino Problem””

neutrino oscillationsneutrino oscillations

in vacuumin vacuum

90% C.L.90% C.L.

ννee ννμμ

in matterin matter

90% C.L.90% C.L.

ννee ννμμ



νμνμ

νμνμ
νeνe

3. 3. Atmospheric NeutrinoAtmospheric Neutrino
DetectionDetection

p, He

O, NO, N

ππ ππ
ππ

μμ
ee

μμ--likelike

ee--likelike



First Paper : Phys. Lett. B205 (1988) 416First Paper : Phys. Lett. B205 (1988) 416

We are unable to explain the data as the result of systematic detector 
effects or uncertainties in the atmospheric neutrino fluxes. 

We are unable to explain the data as the result of systematic detector 
effects or uncertainties in the atmospheric neutrino fluxes. 

““Experimental study of the atmospheric neutrino fluxExperimental study of the atmospheric neutrino flux””

# of single rings# of single rings

DataData MCMC

μ-like 8585 144144
μ e (52)(52) (104)(104)

e-like 105 105 106106

(110 < (110 < PPee < 4500)< 4500)

ee--likelike μμ--likelike



Atmospheric Neutrino Anomaly : Atmospheric Neutrino Anomaly : 
Phys. Lett. B280 (1992) 146Phys. Lett. B280 (1992) 146

““Observation of a small atmospheric Observation of a small atmospheric ννμμ//ννee ratioratio
in Kamiokandein Kamiokande””

R (R (μ μ / e)  / e)  
= 0.60           (stat.)    0.05 (syst.)= 0.60           (stat.)    0.05 (syst.)+0.07

-0.06
+-

ee--likelike

μμ--likelike



Zenith Angle Dependence of Zenith Angle Dependence of R(R(μμ/e)/e)



Comparison of Comparison of R(R(μμ/e) with Other Experiments /e) with Other Experiments 

19921992

Atmospheric Neutrino AnomalyAtmospheric Neutrino Anomaly
::

Water Cerenkov EffectWater Cerenkov Effect
: : 

((μμ/e discrimination ?)/e discrimination ?)

R(μ/e)R(R(μμ/e)/e)



Beam (Beam (μμ, e, , e, ππ) Test at KEK) Test at KEK
by Kamiokande & IMB Teamsby Kamiokande & IMB Teams

(1994)(1994)



ResultsResults



Neutrino Oscillation Studies for Neutrino Oscillation Studies for 
Atmospheric Neutrino EventsAtmospheric Neutrino Events

CHDSCHDS CharmCharm

GosgenGosgen

FrejusFrejus
FrejusFrejus

IMB IMB 
upward upward -- μμ

19941994



4. Kamiokande to Next Generation Experiments4. Kamiokande to Next Generation Experiments



Discovery of Atmospheric Neutrino OscillationsDiscovery of Atmospheric Neutrino Oscillations

19981998



250km

ΚΕΚ

K2K（KEK to[2] Kamioka）K2KK2K（（KKEKEK to[to[22]] KKamiokaamioka））
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M. M. SmySmy, , νν 20022002



KamLAND : 
swept out non-standard     
mechanisms as leading solns

KamLAND : 
swept out non-standard     
mechanisms as leading solns

matter effects

assuming CPT invariance

Δm2 = 8.2        x 10-5 eV2

tan2 θ = 0.40 

Δm2 = 8.2        x 10-5 eV2

tan2 θ = 0.40 

+ 0.6
– 0.5

+ 0.09
– 0.07



ConclusionConclusion

Evidence for Neutrino Mass

Kamiokande-II


