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Geoneutrinos
KamLAND detector
KamLAND is just an experiment Towards 
Neutrino Technologies
Geoneutrino: data-2005 vs. data-2008
Future



GeoneutrinosGeoneutrinosGeoneutrinosGeoneutrinos



Electron antineutrinos produced in the Earth’s 
interior (crust and mantle) by decays of 238U, 
232Th, and 40K

Decays of 238U, 232Th, and 40K :

~40% of Earth’s power

Earth’s power: → plate tectonics, earthquakes, 
volcanoes, geomagnetism, …

Origin and history of the Earth

Pointed out since ν discovered 

(1950’s, G. Gamow, …)

GeoneutrinosGeoneutrinosGeoneutrinosGeoneutrinos



Geoneutrinos:Geoneutrinos:Geoneutrinos:Geoneutrinos:
neutrino technology for geologyneutrino technology for geologyneutrino technology for geologyneutrino technology for geology

Direct measurement of chemical composition of 
the Earth

Seismic wave: distribution of sound velocity (chemical 
composition is deduced from it)
Sampling: limited to shallow crust (~10 km depth)

geo-ν: deeper and chemical information (U, Th are 
marked by radio isotopes)

Heat balance and history of the Earth



Chemical composition of the EarthChemical composition of the EarthChemical composition of the EarthChemical composition of the Earth

See prof. McDonough’s 
talk for better (the best) 
understanding

U and Th: “lithophile”
(favors the silicate 
phase), and not very 
volatile: good 
calibration point of the 
modelVolatility
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Heat flow measurement:

44 TW? (Pollack H.N. et al, 
Rev. Geophys 31, 267)

31 TW? (Hofmeister, A.M et al. 
Tectonophysics 395)

=
(?)

Radiogenic:

19 TW(McDonough et a. 
Chem. Geol. 120, 223)

+
Cooling of core, solidification of outer core, 
… (originates from initial gravitational 
energy) 

heat
geo-ν

Heat balance of the EarthHeat balance of the EarthHeat balance of the EarthHeat balance of the Earth



T1/2=

4.47 billion y

T1/2=

14.05 billion y

T1/2=

1.28 billion y

Calculation of geoCalculation of geoCalculation of geoCalculation of geo----νννν energy spectrumenergy spectrumenergy spectrumenergy spectrum



C

The expected 238U, 232Th, and 40K decay chain electron anti-neutino energy distribution. 
KamLAND can only detect electron antineutrinos to the right of the vertical dotted black 
line; hence it is insensitive to 40K electron antineutrinos. 

Nature 436, 28 July 2005

KamLAND
can detect

Calculation of geoCalculation of geoCalculation of geoCalculation of geo----νννν energy spectrumenergy spectrumenergy spectrumenergy spectrum



Calculation of geoCalculation of geoCalculation of geoCalculation of geo----νννν absolute rateabsolute rateabsolute rateabsolute rate

Reference-1:        R.S. 
Raghavan et al, PRL 
80, 635(1998)
For Borexino and 
KamLAND
Extraction mantle and 
crust contributions by 
2-point observation



Calculation of geoCalculation of geoCalculation of geoCalculation of geo----νννν absolute rateabsolute rateabsolute rateabsolute rate
Reference-2: F. Mantovani et al., PRD 69, 
013001(2004)
Geochemical map, uncertainties are discussed



Calculation of geoCalculation of geoCalculation of geoCalculation of geo----νννν absolute rateabsolute rateabsolute rateabsolute rate

Reference-3: 
S. Enomoto et 
al., Earth, 
Planet Sci. 
Lett. 258, 147 
(2007)
Sorry for 
missing 
references 
here…



KamLAND detectorKamLAND detectorKamLAND detectorKamLAND detector



KamLAND detectorKamLAND detectorKamLAND detectorKamLAND detector

1.36 g/l PPO



Water tank

Buffer oil  

Liquid scintillator

Delayed signalPrompt signal

0.9~8MeV

Kevlar ropes

Balloon

Phototubes

Balloon 13mφ 

2.2MeV

time
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Kamioka Liquid Kamioka Liquid Kamioka Liquid Kamioka Liquid AntineutrinoAntineutrinoAntineutrinoAntineutrino DetectorDetectorDetectorDetector



Fall, 2000

Not stuntmen

Phototube installation by physicistsPhototube installation by physicistsPhototube installation by physicistsPhototube installation by physicists

Neutrino technology is rather low technology



April 2001

Bottom pipe of the balloonBottom pipe of the balloonBottom pipe of the balloonBottom pipe of the balloon
(the most weak part of the detector)(the most weak part of the detector)(the most weak part of the detector)(the most weak part of the detector)



Just an experiment Towards Just an experiment Towards Just an experiment Towards Just an experiment Towards 
Neutrino TechnologyNeutrino TechnologyNeutrino TechnologyNeutrino Technology



Calibration (correction) of new probeCalibration (correction) of new probeCalibration (correction) of new probeCalibration (correction) of new probe

Neutrino is a new probe
Probe calibration is needed

For θ12 and ∆m2
12,

Calibration in matter:    solar ν
Calibration in vacuum: KamLAND
(CPT invariance is assumed)

0ΩΩΩΩ



Calibration (correction) of new probeCalibration (correction) of new probeCalibration (correction) of new probeCalibration (correction) of new probe
For θ12 and ∆m2

12,
Calibration in matter:    solar ν
Calibration in vacuum: KamLAND
(CPT invariance is assumed)

Calibration in vacuum: real baseline
meaningful in demonstrating

Mikheyev-Smirnov-Wolfenstein  effect
(A.Yu.Smirnov arXive:hep-ph0305106(2003))

Precise ∆m2

(due to fixed mass igenvalues in vacuum)

∆m2=
7.59
×10−5

eV2



Fig. from Nucl. Phys. B 149 (2005) 13

Solar+KamLAND: until 2004Solar+KamLAND: until 2004Solar+KamLAND: until 2004Solar+KamLAND: until 2004



KamLAND: 2004 vs. 2008KamLAND: 2004 vs. 2008KamLAND: 2004 vs. 2008KamLAND: 2004 vs. 2008

Data-2004
PRL94,081801

Data-2008
PRL100,221803







KamLAND: DataKamLAND: DataKamLAND: DataKamLAND: Data----2008200820082008

Data-2008
PRL100,221803

∆m2=7.59+0.21
−0.21×10−5 eV2

∆m2 uncertainty: about 2/3 of 
data-2004               (“+0.6

−0.5”
in data-2004 was not 
marginalized)
LIA-0, and II disappeared by 
more than 3σ
Of course θ is also important. 
For state-of-the-art 
“calibration” see E. 
Lisi (July 13)



Geoneutrino: Geoneutrino: Geoneutrino: Geoneutrino: 
datadatadatadata----2005 vs. data2005 vs. data2005 vs. data2005 vs. data----2008200820082008

Data-2004:   PRL94, 081801  (Reactor)
Data-2005:   Nature436, 28    (Geo)
Data-2008:   PRL100,221803 (Combined)



Nature 436, 28 July 2005

Data-set:
749.1 days
(Mar. 9, 2002
-Oct. 30, 2004)
Fiducial:
5 m radius

13C(α,n)16O42±11  

reactor 80.4

±7.2
Total BG 127.0

±±±±13.1

152 events observed
“signal” 25 +19

−18

232Th

238U

Systematic

uncertainty

(Eν=Eprompt+0.8MeV)

DataDataDataData----2005200520052005



Th/U=3.9 (in mass ratio)

(“definitely” expected in

BSE model (“chondritic”))

BSE model

Best fit:

(NU, NTh) = (3, 18)
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Relative intensity (U and Th)

Rate + Shape analysisRate + Shape analysisRate + Shape analysisRate + Shape analysis
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Th/U=3.9: fixedTh/U=3.9: fixedTh/U=3.9: fixedTh/U=3.9: fixed



DataDataDataData----2008200820082008
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Data-2005:  7.09××××1031 proton yr
Data-2008:  2.44××××1032 proton yr (××××3.4)



DataDataDataData----2008200820082008



DataDataDataData----2008200820082008

geo-ν (U+Th, ratio fixed):
4.4±1.6×106 cm−2 s−1 (73±27 events)

Finite signal: 2.7σ (~2σ for Data-2005)
U+Th: 69.7 events expected
in Reference-3 (Enomoto)

Georeactor at the center of the Earth
< 6.2 TW  (solar + KamLAND data)



““““Probe calibrationProbe calibrationProbe calibrationProbe calibration”””” and geoand geoand geoand geo----νννν

Reference-3

Reference-2



Also for reactor bg uncertainty,    Also for reactor bg uncertainty,    Also for reactor bg uncertainty,    Also for reactor bg uncertainty,    θθθθ
and and and and ∆∆∆∆mmmm2222 are importantare importantare importantare important
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Reactor event rate is constrained from high Reactor event rate is constrained from high Reactor event rate is constrained from high Reactor event rate is constrained from high 
statistics above Estatistics above Estatistics above Estatistics above Epppp > 2.6 MeV> 2.6 MeV> 2.6 MeV> 2.6 MeV
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almost pure reactor



Only problem is the spectral distortionOnly problem is the spectral distortionOnly problem is the spectral distortionOnly problem is the spectral distortion
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almost pure reactor

uncertainty
from distortion
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Careful analysis of distortionCareful analysis of distortionCareful analysis of distortionCareful analysis of distortion

“Right distortion” by ∆m2 vs. “wrong distortion” by 
energy scale error
Other “wrong distortion” (reactor spectral 
uncertainty etc) are carefully examined



Systematic uncertainty is now Systematic uncertainty is now Systematic uncertainty is now Systematic uncertainty is now 
becoming dominantbecoming dominantbecoming dominantbecoming dominant

Total ∆m2 uncertainty (KamLAND+solar): 2.77 %



Energy scale determination in the Energy scale determination in the Energy scale determination in the Energy scale determination in the 
organic scintillatororganic scintillatororganic scintillatororganic scintillator

Cherenkov-Birks model



FutureFutureFutureFuture



FutureFutureFutureFuture
Data are being taken with 210Po-reduced scintillator 
(distillation was done 2006~2009)
Directional sensitivity

Vertex resolution:
KamLAND : ~300 p.e., 10cm, 1 kton
Imaging:          ~1 p.e.,   1cm, 100 cc

(see H. Watanabe)
“new technology” but 107 enlargement of the target 
volume is needed: continue the development

Continue to provide the “prove calibration” for future 
multi-point measurement (Borexino, SNO+, 
Hanohano, LENA, EARTH, …)
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