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KamLAND Experiment

1,000 ton liquid scintillator neutrino detector

1st phase experiment
(Eg, = 1.8 MeV)
Vet p > e +n

2nd phase experiment
(Egp, = 200 keV)
Vet e — Vo te

(O Neutrino Oscillation Search

by Reactor IAnti-neutr nos O  Solar neutrino Detection

7Be Neutrino

Ve

supernova-burst v, relic supernova v,
atmospheric v, Proton Decays, -
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KamLAND Detector

(O Detector site : Old Kamiokande site (2700 m.w.e.)
(O 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 (135 UWm)
supported by cargo net structure

O 3,000 m3 Scintillation Light Detector
O 18m diameter stainless steel tank filled with

L paraffin oil &P=0.04%, lighter than LS)

0 1,325 17-inch+554 20-inch PMT's

/ photosensitive coverage ~ 34 %

o 3 thick acrylic wall (120 plates)
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Kamiokande Dismantling,




F lmshed in.March, 2000
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PMT Installation Finished (Sep. 2000)




Full Size Balloon Construction
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Data-Taking Electronics : Ready

Command Command
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Oscillation Studies

BERRAhS0 =2
Neutrinos from nuclear reactons

KamLAND
T FEhe{d_a—rl/EEaT KamLAND

Super-Kamiokande
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Kashiwazaki Nuclear Power Station : 25 GW) ma&%&*&#




Event Rate from Power Plant Reactors

20 % of world nuclear power

~80GW Nuclear Power Stations in Japan

Electric Power Development Co.-ooma(Commercial plant. Aug. 1999)
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Investigate Solar Neutrino Anomaly

Under Laboratory Conditions
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© Main Fuel Component :

4 main isotopes

ZSSU’ 238U, 2391)“, 241[)“ ( 99.9%)
others (240Pu, 242Pu, ,) (<0.1%)

© Time evolution of fission rate

Reactor thermal power

calculation in one of the
Palo Verde reactor core

Uncertainty <1% (neutrino yield)

: fuel-sampling & analyzing
for isotopic components

—l

V., Production :

Fission Rate
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Example of Thermal Power Data
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Reactor v, Energy Spectrum

Q@ V. associated with 235y, 239Py and 241pu

neutrinos/MeV/fission

measured 3 — spectra

from thermal neutron fissions
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Reactor v, Detection
in Liquid Scintillato

reaction process : inverse- 3 decay (Vo +p—> et +n )
p—>d+vy
distinctive two-step signature

© prompt part : et

Vv, energy measurement

¢
E, A2 -m,?
E,~(E,+AN[l+=E]+ e
A=;1/!n-f'|/lp

O delayed part : y(2.2 MeV)

© tagging : correlation of time,
E = M = 1.806 MeV position and energy between
P prompt and delayed signal

My +my)? - M2




KamLAND e* Prompt Energy Spectrum

Votp —> et +n
L——>tp —> d+y
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Geoneutrinos

Earth is Antineutrino Star

© Radiogenic Heat (40 - 60% of 40 TW) © Basic Factor in Interior Dynamics
from U / Th (Crust, Mantle) Decays and History of the Present Earth

_I_ Outer Core
' Inner Core



Geoneutrino Energy Spectrc

Raghavan, Schoenert, Enomoto, Suekane, Shirai, A. S,
PRL 80 (1998)
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Position Reconstruction Uncertaint

68Ge :1.012 MeV (y +7v)

65Zn  :1.116 MeV (y)

0Co :2.506 MeV (y +y) AmBe : 2.20, 4.40, 7.6 MeV (y)
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Energy Determination & Resolution

1 =
- Ge(0.511*2MeV) ~8.2%
i Zn{1.116MeV) ~ 7.13%
0.8 f Co(2.5MeV)~6.9%
06—
0.4 | l
0.2 g |
0 B 1 JM y k | I T T .l . T
0 1 2 3 4

2
energy [MeV]

AE, = 1.91% at 2.6 MeV 2 2.13 % for v,
AE/E ~7.5% |/ E, LightYield ~ 300p.e./MeV



u- Induced

eutrons & Spallation-12B/12
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Spallation B12/N12 R’Distribution
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Radioactivity inside

iquid Scintillato

238y . 214gj — » 214p, _, 210py,

Bty o
E =327 MeV E=7.69MeV
T=28.7 min. T=237 s

214B; Vertex Distribution

event selection
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212Bj — 212pg Sequential Decay

232Th : (5.2 + 0.8) x 10°'7 g/g



4 Requirements for reactor v,

. detection
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Trigger Efficiency
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KamLAND Trigger Scheme  ~
prompt trigger:
200 PMT hits (0.7 MeV) 0.4 0.6
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delayed trigger: ) -
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E>26 MeV

Total LS mass
Fiducial mass ratio
Energy threshold
Tagging efficiency
Live fime

Reactor power
Fuel composition
Time lag

v, spectra

Cross section

Total error






v, Event Selection

Data Sample

Mar. 4 — Oct. 6, 2002
> Inverse B - decay selection
Eompt > 2.6 MeV

no OD signals
0.5 <AT<660 u sec
AR<1.6m, 1.8<E,,,<2.6 MeV
tagging efficiency 78.3%

(AmBe, LED) 1
> Spallation event cut
AT, < 2sec, AE, >3 GeV
or AR,<3m

162 toneyr (145.1 days)

>




Scatter Plot of Prompt

and Delayed Energies

~ 6

>

2 5| <«—y from n'2C

-

5

240

E delayed energy window

= 3

g IR S
5 m.:lba Eu::"'nl; i:ﬂ“i'!?;;h' uﬁ"m nﬂ’ o
| _ﬂ*; 1 | 1 | 1 |
0 I 2 3 4 5 6 7 8

Prompt Energy (MeV)



Number of events
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Time Variations of

eactor Power and Signal
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Observed Event Rates

Final sample
162 toneyr, E, > 2.6 MeV
54 ev

Expected 86.8 56 ev

Background 0.95+£0.99 ev

accidental 0.0086 + 0.0005
SLi/8He (B, n) 0.94 *0.85

fast neutron <0.5




Evidence for

BLLPYSSlATTI — ) ;11 + 0,085 (stat)
N expected + 0.041 (syst)

99.95 % C.L.



Ratio of Measured and Expected v,

Flux from Reactor Neutrino Experiments

1.4+
G.Fogli et al., PR
1.2 % D66, 010001-406,
(2002)
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Energy Spectrum (E,.ompt > 2.6 MeV
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Further Analysis

» check : stability of results (E>2.6 MeV)

> study : sensitivity of geoneutrinos

!

Analysis of Events with £>0.9 MeV

[ J




E>0.9 MeV

X2 +Y2 (m2)



Energy Spectrum ( E .oyt > 0.9 MeV
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Neutrino Oscillation Study

for E ompt > 0.9 MeV



Neutrino Oscillation Study

for E rompt > 0.9 MeV
v, 95% C.L.
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> strong evidence for reactor v, disappearance
over 100 km scale

> completes a nearly 50 yr quest for this type
of measurements

> solar neutrino oscillations with LMA completely
consistent with the present results



