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The KamLAND Experiment
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80% of total contribution comes from 130~220km distance



The KamLAND Detector
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Detection Method
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LS Purification and Radioactive Impurity
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Radio-Active Source
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Detector Activity (Singles Spectrum)
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Event Selection

Delayed Coincidence:
0.5<C AT < 1000 usec
AR < 200 cm
1.8 < Eggiayeq € 2.6 MeV

Fiducial Volume:
RDrompt < 550 cm
Relayea < 550 cm

Spallation Cuts:
AT, > 2 msec
AT, > 2 sec (showering muons)
or
AL > 300 cm (non-showering)

Energy Window:
2.6 < Eoromot { 8.5 MeV
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Backgrounds Summary

515.1 days, =2 6MeV, 5.5m fiducial

Accidental Coincidence 2.69 = 0.02
Spallation events 4.8 +0.9
Fast neutron < 0.9

BCla.m)%0 10.3 + 7.1




Accidental Coincidence

Background
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Analysis

Data Summary

e KamLAND data
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« Observed/Expected: R = 0.658 *+0.044(stat) = 0.042(syst)
= neutrino disappearance at 99.998% C.L.

« Hypothesis test of scaled no-oscillation: x 2/ndf = 37.3/19
= spectral distortion at > 99.6% C.L.

 Rate + Shape: 99.999995% C.L.



L/E Analysis
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spectrum shape test
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Oscillation Analysis
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Correlation with Reactor Power
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Future of the KamLAND Experiment

v Geo-Neutrino Detection
(~ few weeks)

v Improvements in Reactor Analysis
(~ few months)

v" Solar Neutrino Detection
(~ few years)



Geo- Neutrlno Detection at KamLAND
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Radiogenic Heat ~ 20 TW
Observed Surface Heat Flow: ~ 40TW

= provides important constraints in Earth’s energetics



Geo- Neutrlno Detection at KamLAND

U — *Pb+8*He+6¢e +6V, +51.7 [MeV]
N 'Th — *Pb+6"He+4e +4V, +42.7 [MeV]
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Radiogenic Heat ~ 20 TW
Observed Surface Heat Flow: ~ 40TW

= provides important constraints in Earth’s energetics
= provides unique knowledge in composition of Earth’s interior




of BEvents [1/0 2MeV]

Number

Geo-Neutrino Detection At KamLAND

Expected Flux:
« U-Series:
2.3x10% [1/cm2/sec]
30.1 [events/ 1032-protons/year]
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data will be published
in few weeks !




Geo-Neutrino Detection and
Extended Analysis Window

Analysis of low-energy region also benefits reactor analysis
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Further Improvements of Systematic Errors
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Towards Solar Neutrino Detection
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LS Purification

Distillation System
Test Bench

« N, gas purge (N,/LS = 25)
Rn: ~1/10
Kr: ~1/100

« Fractional Distillation (164 °C, 300 hPa)
Pb: 3X 10°
Rn: 1X 10°
Kr: (2X10°6

residual Pb might be organic lead
(disintegrate at ~ 200°C)

Required performance is almost achieved




Extrinsic Gammas Screening
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Solar Neutrino Prospects
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Summary

« Rate+Shape analysis excluded no-oscillation at 99.999995%.
« Spectrum distortion (L/E) shows oscillatory behavior.
« OQOscillation parameters are precisely measured:

Am* =7.979 %107 eV?, tan’ 6 =0.40",

« (Geo-Neutrino detection result will be published very soon.
« Full-volume calibration will improve sin” 26 measurement.

« Purification goal for 'Be neutrino measurement is
almost achieved.



Energy Scale Determination
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Fiducial Volume Calibration
With Muon Spallation (12B)
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Systematic Errors Summary

Systematic %
Fiducial volume 4.7
Energy threshold 2.3
Efficiency of cuts 1.6
Livetime 0.06
Reactor power 2.1
Fuel composition 1.0
v, spectra 2.5
Total 6.5




Geo-Neutrino Flux and Earth Models

Heat Production :
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Cumulative Flux [1 a‘cmzz'sec]
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Event Display: Low Energy Event
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Event Display: Muon Event
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