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KamLAND Detector

) Detector site : Old Kamiokande site (2700 m.w.e.)

'-“:._‘- 1,000 ton Liquid Scintillator
80%: dodecane, 20%: pseudocumene, 1.5 g/liter: PPO
P =0.78)
housed in spherical balloon (13m diameter)
of transparenet nylon/EVOH composite film (135Lm)
supported by cargo net structure

() 3,000 m3 Scintillation Light Detector
O 18m diameter stainless steel tank filled with
paraffin oil (Ap = 0.04%, lighter than LS)
~ 1,325 17-inch+554 20-inch PMT's
photosensitive coverage ~ 34 %
< 3min thick acrylic wall (120 plates)
: Rn barrier

() Water|Cherenkov Outer Detector
225 WKamiokande 20-inch PMT's
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KamLAND Site IS Garata

electronics

- * KamLAND constr uction started
o April, 1997




Detector Calibrations

Energy scale, Timing, y detection efficiency,
n capture time,
Trigger efficiency,
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Radioactivity Inside

Liquid Scintillator

Ty B T 2l4pg . 210py,
Hy
E ax =3.27 MeV E=7.69 M

1=28.7 min.

2148 Vertex Distribution
e p—————————————————]

event selection

AR < 100 cm
5 us <At <1000 us

EIH‘# mpt > 1.3 MeV

0.3 <E delaved < I MeV
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Number of Events

Number of Events
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). Reactor Newtrino Detection

Nuclear reactors are very intense sources of v, deriving
from beta-decay of the neutron-rich fission fragments

I'I

N N,
® ._n N, and N, still have too many
s i ° neutrons and decay

n® e’ N, N +e+v,

25U +n > N+ Ny+ 6.18 + 6.1v, + Xn

Look for a deficit of v, at a distance L




Event Rate from Power-Plant Reactors

6 % of world nuclear thermal power
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Investigate Solar Neutrino Anomaly

Under Laboratory Conditions

KamLAND :

Thermal power ~ 80GW
<E>~ 3 MeV

<base line> ~ 180 km

AmM? ~ 10 eV?

2002 : 90, 95, 99, 99.73% C.L.

10_3 J.N. Bahcall et al., J. High Energy Phys. (2003)
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A. Smirnov, v 2002

inSradiative

non-RSFP
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A. Smirnov, v 2002

&1 amimens



Thermal Power [MW)

Reactor Data

One of Japanese Reactors
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v, Energy Spectrum
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v, Flux at
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Reactor v, Detection

In Liquid Scintillator

reaction process : inverse- [} decay (Vo Pp—> et +n )
p—>d+y
distinctive two-step signature
©@ prompt part: e"

"'. energy measurement

®-@ i+l i
ﬂ‘

=M, -
A f o f',._,

@ delaved part: v(2.2 MeV)

@ tagging : correlation of time,
= 1.806 Me) position and energy between
prompt and delayed signal

(M, A mg)? - _'..'J,,"




KamLAND e™ Prompt Energy Spectrum
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v, Event Selection

data sample: March 4 —0Oct. 6, 2002
exposuretime: 162 toneyr (145.1 days)

> inverse B - decay selection » p-induced spallation event cut

Eprompt > 2.6 MeV AT, <2sec, AE, >3 GeV or AR, <3m
1.8<E gy <2.6 MeV ~ 6 :
0.5 <AT<660 u sec > !
AR<1.6m % S : <— ¥ from ni2C
no OD signals £ !
R<5m 2 4 S
- |
E . ! delayed energy window
o= a2 1
i |
________ .. S
= B uI:'b;n;::hna Eégina?;,? ui}.‘nm ol o
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Production Points of

Candidate Events
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Analysis Summary

Final sample

162 toneyr, E ompt > 2.6 MeV
54 ev o
Expected 86.8 + 5.6 : DefICIt
Background 0.95 = 0.99 ev
accidental 0.0086 = 0.0005

ILi/BHe (B, n)
fast neutron

0.94 = 0.85
005




Evidence for
Reactor v, Disappeararc

BTSSR - 1) : 0,085 (stat)
Nexpected + 0.041 (syst)

99.95 % C.L.

K. Eguchi et al., Phys. Rev. Lett. 90, 021802 (2003)



Ratio of Measured to Expected v, Flux

from Reactor Neutrino Experiments

1.4+
G.Fogliet al., PR
2L % D66, 010001-406,
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Energy Spectrum (E

data : consistent with

distorted shape at 93 % C.L.
&
no oscillation shape at 53% C.L.

S 25F 2.6 Mev e KamLAND data
= - (anealysis) — no oscillation
S of ! — best-fit oscillation
i - I sin“26 = 1.0
- Am*= 6.9 x 10° eV?
15} mnl

10f

5]

oh

Prompt Energy (MeV)



E@ Neutrino Oscillation Study,
Combining Event Rate & Energy Spectrum

-3 i
Eprompe > 2.6 Mev 10 ¢ |
- 68%C. L.~ -l
. ot | 95%C. L~ <
Best fit : NE1 Al
AM?=6.9 x 10 eVy? = :
sin220=1.0 HE ' ’:IIIIT“'"'““ .
i g II.II -
<1, .5 i
10 - -
- [ Rate+Shape allowed (=2.6MeV)
- LMA
_ 92 Palo Verde excluded
6| v.-- Chooz excluded

] I I | I | I |
100 02 04 ,06 UB 1

sin 28



J.N. Bahcall et al., J. High Energy Phys. (2003)
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KamLAND + Solar

Exclusion C.L.

LOW: 48¢c
VAC : 49¢

With theresultsfrom KamLAND,
one can confidently state that the
solar neutrino problem was solved,

If CPT Isinvariant

V. Berger et al., Phys. Lett. B555 (2003)



2L 3. Solar Ve Searches

185.5 daysdata: March 4 — December 1, 2002

% Spin-Flavor Precession
( u, with solar magnetic field )

majorana v

% Neutrino Decay

ve (v,) == v_ (v,) + Majoron
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Energy Distributions of

Prompt & Delayed Events

energy region for
solar anti-neutrino
analysis




90 % C.L. limi

d. < 3.7 x 102 cm=st

< 0.028 %
of 8B (8.3 <E, < 14.8 MeV)

K. Eguchi et al., Ph@. Lett. 92, 071301 (2004)

a factor 30 Improvement
over previous best measurement (SK)



E@ Spin-Flavor Precession :

Ry LMAge
(E.Kh. Akhmedov and J. Pulido, Phys. L ett. B553, 2003)

M; < 1.3 x 109t -1D) s (90 % C.L.)
for B;(0.05R;) = (10-1000) kG

within present ﬁ
ﬁ astrophysical expectatives

—/—1

u: <1.0x 10-% u;  current best limit
from MUNU ~—-




4, Geomentrino Detection
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Geoneutrino Generation

e Heat Generation inside the Earth
-- total heatflow ~40TW ?
-- U/Th contribution ~ 16 TW ?77??

238) - 206pph + 84He+6€ +6Vv,+51.7 MeV
22Th > 28pPh + 6*He +4 e + 4V, + 42.7 MeV

e Geochemical Earth Model

-- no reliable values of U/Th concentration
In Crust, Mantle and Core

[—]

—

Ay

V. detection is essential



Geoneutrino Production Points

[U]
[Th] : 4[U]

Elavation {Crust2.0)

(EE L]

1 O

104

10

[km]

BOOD

. 2.7 ppm (C.C.), 0.08 ppm (O.C.), 0.01 ppm (Mantle), 0 (Core)

Cseanevtrmo Production Poands

EOr

KamLAND

i, 0TI AT Al

i P
Ak Lo L]

2Ty
el



Geoneutrino Flux ?

238|) ~ Vv 232TH
e

Radiogenic heat 40TW (model-dependent)

(o 110) TW at 95 % C.L.

& Oi—. PR T T T T T T T T T T T T T T A T M O
N N
S o5f 2.6 MeV e KamLAND data
4%. - (analysis) — no oscillation

[ | — best-fit oscillation
@ 20p ooMmev sin?28 = 1.0

- AM*= 6.9 x 10°eV?
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Neutrino Flux

KamLAND
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E@ Requirements & Achievements of

Radioactive Impurities in
Liquid Scintillator

Impurities present goal reduction
238 (3505 x10¥g/g 1016 g/g
232Th (5.2 £08)x 10 g/g 101 g/g
40K <2.7x10%%g/g 1018 g/g
K ~ 1 Bg/m? ~1uBg/m3

210pp ~ 100 Bg/m? ~1 puBg/m3
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Physics 1 :
Reconfirmation of Oscillation Solution
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Physics 2 .

Determination of ®,, ?

-3
10 T 1 A.Bandyopadhyay et al.,
hep-ph/0302243 (2003)

0625
0615 |

KamLAND reactor

flux uncertainties
+ 10%

105 E
0.1




Physics 3.

Test of Standard Solar Model

ptp »H+e" + 1, pte+p »H+ v,
— -
O H+p »*He+ )
85 % ,,,43—4 / 15 %
*He+*He ~ ‘He+2p *He+‘He — Be+y
0.02% A AW

7 N T
Be+ p » B+y Be+ e Li+ve

8B - %Be*+et+ 1, Li+p » *He +*He

Be* » 4He +7He

‘He+p — Hete' + 1,

SHe + “He> _ 26(’'Be)
<3He+3He>  ¢(pp) —$('Be)
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0. Gonclusions

» Reactor neutrino detection
strong evidence on disappearance
more data for convincing energy deformation

» Geoneutrino detection
more data

» Solar neutrino detection
R&D: final stage
more funding




