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The,.jﬂ‘:ze Winners for 2002

4 2002

"for pioneering contributions to astrophysics, in particular for the
detection of cosmic neutrinos*
Raymond Davis Jr. USA

(University of Pennsylvania)

Masatoshi Koshiba Japan
(University of Tokyo)

"for pioneering contributions to astrophysics, which have led to the
discovery of cosmic X-ray sources*
Riccardo Giacconi USA

(Associated Universities Inc.)



http://www.nobel.se/physics/laureates/2002/index.html
http://www.nobel.se/physics/laureates/2002/index.html
http://www.nobel.se/physics/laureates/2002/index.html

d Neutrinos can probe
 Neutrinos are transparent to the Milky way

1 Neutrinos are efficient to carry out energies from the
star explosion

 Neutrinos from Sun, Supernova explosion, Galaxy,
Dark-Matter Annihilation, etc
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O W. Pauli (1931): Undetectable
neutral particle

O E. Fermi (1934): “Neutrino”
U F. Reines (1956): Discovery

J®{ Nobel Prize (1995)

4 L. Lederman, M. Schwartz, J.
Steinberg (1962): Muon Neutrino

Nobel Prize (1988)

O R. Davis (1968): First detection of
solar neutrinos

Nobel Prize (2002)

0 M. Koshiba (1987): Supernova
neutrinos by Kamiokande-Il and IMB

Nobel Prize (2002)

4 Y. Totsuka (1998): Oscillation of
atmospheric neutrinos at Super-
Kamiokande

0 SNO (2002): Oscillation of solar
neutrinos
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(va) _ (COS@ sino )(vl)
Vg -sin@  cosd V2

Am?=m,2-m 2 (eV?)
L (km): Distance from source to detector
E (GeV): Neutrino energy
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 Solar neutrino data
(Super-Kamiokande, SNO)

d Atmospheric neutrino data
(Super-Kamiokande)

1 Neutrino beam data (K2K)




Super- Kamiokande

] Water Cherenkov
~ detector

—
@ Scientific American
] S

M 1000 m underground
M 50,000 ton
(22,500 ton fid.)
.' W 11,146 20 inch PMTs
EEEER W 1,885 anti-counter PMTs

.....

39m

SK-1: Apr 1996 — Jul 2001
SK-11: Dec 2002 -
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6777 1D + 1100 OD PMTs destroyed
: ' —~— ner







Encase all the existing PMTs (5246) in acrylic + frp cases to prevent shock wave
generation




(Sep. 17, 2002)

SK-I11
Resumed data-taking
In Dec, 2002!
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Solar Neutrino Data of Super-Kamiokande

v, € = v.e scattering
E,=5.0-20 MeV (contains 15% of NC)

8B flux : 2.35+ 0.02 + 0.08

[x 10° /cm?/sec]

22385 solar v events Data
(14.5 events/day) SSM

= 0.465 +0.005 '+0(5901156

COSO

sun



Total Rales: Standard Model vs. Experiment
Bahecall-Pinsonneault 2000
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10 ~(rate not
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10 - (Ga, Cl, SK & SNO

rates+SSM pred.) :
10~ ; _
10-12/ Zenlth Spectrum VeV (99%C.L) :
10* 0% 102 10" 1 10 ,10°

tan?(©)



10

Am? (eV2)
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KamLAND

(Confirmation of solar neutrino oscillations)

From K.Inoue (Tohoku Univ.)
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1 Solar neutrino oscillations (v, = v /v,) are
established by Super-Kamiokande and SNO
data. (Am_? ~ 10™eV?)

d LMA solutions are favored by no spectrum
distortion and no day/night effect.

d Large Mixing Angle(LMA) by a global fit:

(30 C.L.)
J KamLAND confirmed the LMA at 4.6c C.L.

See also: Phys. Lett. B539 179-187, 2002






Zenith Angle Distributions

VOV,
2-flavor oscillations

Best fit ( Am?=2.5x10-3eV?, sin%20=1.0
xzmin:163.2/170 dOf)

Null oscillation

(x2=456.5/172 d.0.f)
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— FC+PC+UPMU combined
— FC+PC
Upgoing through p i
Upgomg stop u/Upgomg through W

0

0.1 0.2 03 04 05 06 07 08 09 1
.2
sin“26

(Am,3°)

] Best fit(Am2=2.5x10-3s5in?26=1.0

Y*min=163.2/170 d.o.f)

Am,.* = (1.6~3.9)x107%eV *
sin?20,,>0.92 (90%CL)



3-flavor mixing



Solar v

2
Am12

—

Atmospheric v

Voo am =3x10%eV’ V.



3 m;
Oscillation Probabilities when Am/, << Am}, = Amj, m,
Atmospheric v .
» 0,;:v, disappearance
P, ~1-cos*8, -sm 127 /Ev)
> 0,;:v, appearance “ommen
P, .. ~sin20, O *L.27Am2)L/E, )

Solar v
> 0,,:v, disappearance

I:)e—>xz 4913 (127‘/E )

L
+ 5 SIn 2913
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dv, © v,  2flavor oscillations are established.
(Am® = Am_> ~ Am_*>> Am_*)

(90% C.L.)
U v, admixture is disfavored (sin £<0.19 @90%CL).
1 3 flavor oscillations are tested and give an allowed

region of 6,5, consistent with CHOOZ:
sin%@,, < 0.1 (90% C.L.)




K2K (KEK to Kamioka)

muoh heunnos




KEK
(June 1999 — July 2001)

Detector Neutrino Expectation
Events at SK
1kt ~80,000
(25t, H,0) +0.3(stat)*"3 g 4(sys)
SciFi 7,240
(5.9t, H,O+Al) +1.03(stat) 196, 5(sys)
MRD ~125,000

(73t, Fe) +0.24(stat) *12-7_; 5 4(SyS)




Super-K |
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#Events

events

® Number of total interactions
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Am?

10

10

K2K

Allowed Region - Total Number + Shape

-4
0

0.1

s =

Super-K result
68%

iy K2K Preliminary
1999-2001 Data
02 03 04 05 06 07 08 09 1

sin“20

O®K2K Best fit point =
(1.0, 2.8x103%eV?)

Methodl 2.8x103
Method2 2.7x103

Super-K

1489 day
prelim.
®Null oscillation probability
=D <1%

Methodl 0.7%
Method2 0.4%

Two independent
methods agree with
each other
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d MNS(Maki-Nakagawa-Sakata)
(v.) ( \(v,)
v |=|Ua || v (AmL, + Am’, +Am; =0)
\V: /) \ ANEY,
1 0 0 ) cosf, 0sind,e ) cosd, sind,0)
U=|0cosé, sind,, 0 1 0 —sing,cosb,, 0
\0—5in 0, c0s 0y, )\ —sing,e°0 cosf; (O 0 1)

P, 5 ,)= 6,y ~ 4T Re(ULU U U )sin’ 0,

> ]

+ 2 Im(U U 4U U ;)sin® @,

> ]

®, =Am;L/4E, =1.27Am;[eV*]L[km]/ E [GeV]



JHF- (2007)
Overview of experlment

e Kajita{Sep.26)
; Ishii{Sep.27)
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