Evidence for Neutrino Mass

Leads to

Kamiokande-II

(KEK, High Energy Accelerator Research Organization)
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1. Kamiokande-I To Kamiokande-II :

Kamiokande : Kamioka Nucleon Decay Experiment

Imaging Water Cerenkov Detector
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What invited Kamiokande-II ?

KAMIOKANDE
Pulse Height Distribution of

“Why not lower €,,
Apown. tp 10 MeV/

to
detect B Solar vV s!”
60 90 120 150 180 210 240 270 300
Photo- Electrons (ijg?)

Kamiokande-l|




Kamiokande-IT Collaboration
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UNIVERSITY of PENNSYLVANIA /

PR < At ICOBAN’84, upgrading
/-’- .
The Faculty of Arts and Sciences -. th e Kam I O kan d e d eteCtO r WaS

N opened up by Prof. Koshiba.

Professor Masatoshi Koshiba * The US group Ied by PrOf. A. Mann
“pUiTector, LICEPP o o
Cneers ey of e (U. of Pennsylvania) expressed

University of Tokyo
7-3-1, Hongo, Bunkyo, Tokyo

Japan - a desire for collaboration.

Dear Professor Koshiba,

Enclosed is a draft of the letter that you suggested I write. I

prefer to have your comments and suggestions for changes before it is

sent, I plan to send it to all members--Japanese and American--of the * Fl rSt CO I I abo ratl O n m eet| n g WaS

Committee, if you approve.

Our plans are becoming firm to leave for Japan on March 9 and to hel d |n TO kyo |n MarCh : 1984_

return to the U,S, on March 18, At the moment the party will include
beside myself, E. W. Beier and R. Van Berg from Penn, B. Cortez from
Caltech, and D. H. White from Brookhaven. One or two others may join

in the next few days.
| test material on clactrorice. U.S. : new timing electronics
for each PMT

Sincerely,

ol (improvement of vertex resolution)

/" Aifred K. Mann




Kamiokande-II Collaborators (1984)

T. Kajita, M. Koshiba, M. Nakahata, Y. Oyama,
A. Suzuki, M. Takita, Y. Totsuka
(U. of Tokyo )
T. Kifune, T. Suda
(ICRR, U. of Tokyo)
K. Takahashi
(KEK)
K. Miyano
( U. of Niigata )
B.G. Cortez
( Caltech.)
E.W. Beler, L. Feldscher, S.B. Kim, A.K. Mann,
F.M. Newcomer, R. Van Berg, W.P. Zhang
( U. of Pennsylvania)
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Water Purification
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Kamiokande-II Launched v
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Trigger Rate Change (1986 ~ )
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2. Solar Neutrinc
Detection

First presentation
in Neutrino '86
(Sendai)

in PRL (1989)

0.46 T0.13 10.08
of SSM

EVENTS /7 DAY /BIN

0'15 [1040 ‘4 L._
(e) |
0.10r
I
0.05— H
i ! Ixi :FI 1974 ﬂgxir:-rf"l 3

ny;;: L;T lI H:

0.0 !
-1.0 -0.5 0.0 0.5 {.0
COS(BSUN)

= 0.30
@ 0.25
’g 0.20
~ 0.15
o

= 0.10
W 0.05
L

First paper entitled “Observation of B Solar Neutrinos peg
In the Kamiokande-Il Detector”

0.4 0.25 T
(a) = (b)
9_3 0.3} ] o 0.20f
= [ 2 > 0.15
<< 1 . L < U.10[;7
S o2t 1 118, tdy A
'_U)_ “? »n 0.10 T T 1
=00 411 B
& & 0.05
> EEEB > S) pV1EB\/ >
Ll 1Y
0.0 L . . 0.0
-0 -0.5. 0.0 0.5 10 -1.0
COS(BSUN)
s daﬂd 00
= o0} (c) = .
M m
2 Ee > 9.3 MeV S 020
< 008}y f | = o0.15
Sett | ~
» ' » 0.10
= i { L 41 ety L 'E I 26308 g Htxﬁt 4 Iti
= PRI POt || @oost |

0.0
cos(Bsyy!

- (f)

I | S

ll T ¥ 4 ---I £

-

333
L

1} ol
Hy 3yttt Mty iy

1 1 |

-1.0

-0.5 0.0
COS(BSUN)



Kamiokande-IT Reconfirmed
“Solar Neutrino Problem”

Solar Neutrino Obrvations (~1995)

experiment solar neutrinos data / theory

0.29 + 0.03

(C

Kamiokande 0.48 = 0.08
(H,0)

GALLEX pp+ Be+S%B+-- 0.60 = 0.09

0.52 = 0.09




The Most Plausible Solution to
“Solar Neutrino Problem”

neutrino oscillations
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3. Atmospheric Neutrino o

. L) +-) + vy (V
- Detection i

|—> et() + Ve (Ve)+ vy (Vp)



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

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



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

"Observation of a small atmospheric v, /v, ratio
in Kamiokande™

Kam-Ii-I|

*é 40 | (a) o
Y sop ' e-like =
o 20 ™~
5 =
a 10
g N
= 0 o
8
2 @
= ~
Z 3
‘; 05 10 1.5
5 P(GeV/c)
ol Rule)
P(GeV/¢) _ +0. +
=060 . (stat.) = 0.05 (syst.)



Zenith Angle Dependence of R(u/e)

Multi-GeV
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Comparison of R(u/e) with Other Experiments

] 992 NUSEX Frejus Soudan 2 IMB 3 Kamiokande

Exposure 0.74 1.56 1.01 77 7.7

(kton-yr)

Atmospheric Neutrino Anomaly

Water Cerenkov Effect

(u/e dlscrlmlnatlon ?)

/.90~

R(”[e) —8, (B/e)pars 0.99  1.06 0.64

(k/e)u c ' —
(stat.) +o T i +0.17
(sys.) + small  +0.15 +0.09

€
((e))];fZA 0.88 0.80 1.23"

(error)# 40.21 +0.11 +0.21

(W) paTa

(W) ¢
(error)# +0.15 +0.08 +0.14

0.87 0.86 0.80
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Beawm. Test Results
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Neutrino Oscillation Studies for
Atmospheric Neutrino Events

sub+multi-GeV

mutti-GeV




@lar Neutrino Deficit

@mospheric Neutrino AnomaD

Neutrino Mass

Gigantic Water Cherenkov Detector
Super-Kamiokande




of Atmospheric Neutrino Oscillations

998

“pll the News
That’s Fit to Print”
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Evidence ](or Va oscil(ations

Sy i . petecting Neulrinos
" Discovery on Neutrino  Neutrinos pass through

. R the Earth's
Rattles Basic Theory " wrtace
atank filled
About All Matter S* with 12.5 mil-
e S fion gallons

of ullra-pure
water ...

By MALCOLM W. BROWNE

* . TAKAYAMA, Japan. June 5 — In
. what colleagues hailed as @ historic L

fandmark, 120 physicists from 23 re- . and cdl-
search institutions in Japan and the 3 ide with
United States announced today that %
they had found the existence of mass
in a notoriously elusive subatomic
particle called the neutrino.

The neutrino, a particle that car- 2
fes no electric charge, is so light : el p“"::duc
that it was assumed for ‘many years  |[§ el ones
1o have no mass at all After today’s |} shaped
announcement, cosmologists Wil {lash of light.
have to confront the possibility thata
significant part of the mass of the

. liniverse might be in the form of « Thelight i
- peutrinos. The discovery will also {acorded by

other
parlicles ..«

. _cumpel scientists 0 revise a highly
successful theory of the composition
of matter known as the Standard
Model.

word of the discovery had drawn
some: 300 physicists here to discuss
neutrino research. Among other
things, the finding of peutring mass
might affect theories about the for-
mation and evolution of galaxies and
the ultimate fate of the universe. 1
neutrinos have quificient mass, their
presence throughout the universe
would increase the overall mass of
the univ possibly slowing 1S

11,200 20~
—! inch light
amplifiers
that cover
{he inside of
LIGHT A MPLIFIER the tank.

And Detecting Their Mass
By analyzing the cones of light,
physicisis datermine hat some
neutrinos nave changed form o
their journey. \f they can change
{orm, they must have mass
Sourca: Universily of HEWEH

Tiia Hew York Times

coverage of thediscovery
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The Super-Kamiokande Collaboration
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M. Smy, v2002
Solar v Problem

128 *9 SNU 7.6*1.3 SNU 5.171.0x10%cm?s SNO NC
7 -1.1 - 101135
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KamLAND :

swept out non-standar'd

mechanisms as leading sEIREE
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Conclusion

Evidence for Neutrino Mass

Kamiokande-II




