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KamLAND
Kamioka Liquid-scintillator Anti-Neutrino Detector

Kunio Inoue
Research Center for Neutrino Science, Tohoku University

KamLAND at 1000m underground 
monitors one thousand tons of ultra-
pure liquid scintillator with 1879 
photo-sensors arrayed inside the 
18m-diameter stainless steel tank.
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mechanism of 
terrestrial 

magnetism

target 2 earth formation & 
evolution

earth dynamics

toward long-
standing argument

238U →206 Pb + 84He + 6e− + 6ν̄e + 51.7 MeV
232Th →208 Pb + 64He + 4e− + 4ν̄e + 42.7 MeV

Geo-neutrino brings information on heat generation and 
chemical composition from the interior of the earth.

geo-chemist

geo-physicist

rich U/Th in 
lower mantle

44TW? 31TW?

40K→40 Ca + e− + ν̄e + 1.31 MeV total 19TW?
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Testing models of the Earth’s composition

EPSL258, 147 (2007)
238U,232Th        16TW
40K,235U           3.5TW

mantle
crust

EPSL258, 147 (2007)
crust (238U,232Th)        7.0TW
40K,235U                      3.5TW
uniform mantle   (44.2-7.0-3.5)TW

Phys.Lett.B687,299(2010)preliminary

radioactivity sunk at 
the mantle bottom

} “Fully 
Radiogenic”

all heat flow 
originates from 

radioactivity

standard
“Bulk Silicate 
Earth model”
1/2 comes from 

radioactivity

From a geophysical point of view, extracting the mantle contribution is very important.
In the future, the combination of data from multiple sites and possible data from an oceanic 
experiment (where the crust is much thinner and so its contribution much smaller) will provide 
stronger constraints.

KamLAND pioneered “Neutrino Geophysics” and testing models of the Earthʼs composition 
has become possible. For the first time, fully radiogenic model (uniform mantle) was 
excluded at 2.4σ level. The KamLAND result agrees well with the standard BSE model.
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Zero Neutrino 

double beta decay search
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2011~
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degenerated
~60meV

400kg

KamLAND2-Zen

2014~?
covers inverted 

hierarchy
~20meV

light-concentrator 
& brighter LS

1000kg

Super-KamLAND-Zen

2020~??
reaches normal 

hierarchy
~8meV
high pressure Xe

imaging device w/ ~1% coverage

40000kg?

forthcoming
9



KamLAND US-Japan collaboration

KamLAND-Zen US-Japan collaboration

97 members in 2002 65 members in 2010

K.Inoue, J.Shirai, T.Mitsui, M.Koga, K.Nakaumra, Y.Kishimoto, S.Yoshida, Y.Gando, 
H.Ikeda, I.Shimizu, K.Tamae, K.Ichimura, Y.Minekawa, Y.Takemoto, A.Gando, 

H.Watanabe, H.Takahashi, H.Yabumoto, H.Yoshida, N.Takahashi, K.Narita, B.Xu, 
Y.Ohno, R.Kato, T.Nakada, A.Oki, S.Matsuda

RCNS, Tohoku
A.Suzuki

KEK
A.Kozlov
IPMU

Y.Efremenko
University of Tennessee

B.E.Berger, D.Warner
Colorado State University

W.Tornow, D.Markoff, H.Karwowski
TUNL

35 members for the moment
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