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Geo-neutrino measurements with
KamLAND
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KamLAND experiment

he Kamioka Liquid-scintillator Antineutrino Detector
(KamLAND) is a 1 kton liquid scintillator surrounded by 53
nuclear reactor units in JAPAN. Following the Fukushima
nuclear accident in March 2011, the entire Japanese nuclear
industry, which generates > 97% of the reactor neutrino flux at
KamLAND, has been subjected to a protracted shutdown. The
reactor-off period provides a unique opportunity to measure
gen-neutrino with KamLAND.

Geo-neutrino analysis [1]

The data reported here are based on a total live-time of
2991 days, which includes the recent reactor-off period.
Assuming a chondritic Th/U mass ratio, we obtain a geo-
neutrino flux of 3.4*% ¢ x10° cm?s™! from **®U and **Th at the
KamLAND location. The geo-neutrino flux translates to a
total radiogenic heat production of 11.279, TW from **U
and *’Th. The flux estimation is significantly improved by
the reactor-off data. The geodynamical prediction with the
homogeneous hypothesis is disfavored at 89% C.L. (Fig. 1)
The observed flux is in agreement with the predictions from
existing BSE models (geodynamical [2], geochemical [3] and
cosmochemical [4]) with in ~ 20.

Future prospects

The ability of discriminating between models is limited by
the statistical uncertainty. KamLAND contines to measure for
getting further statistics. In the future, improved measurements
with higher statistics and lower background is desired.
Directional geo-neutrino detection is also required to further
understand the deep interior of the Earth.
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Natural analogue study on long term
alteration of bentonite (1) -
Geochemistry and clay mineralogy-
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In order to evaluate the long-term behavior of the
bentonite in geological disposal sites for TRU waste, the
prediction of alkaline alteration by cement influences is very
important. We conducted geochemical analyses of natural
bentonite suffered from Ca-rich groundwater as a natural
analogue of bentonite barrier after ~100kyr..

The drilling survey was carried out on geothermal site at a
Japanese island arc basin to find similar environment to the
bentonite barrier influenced by cement leachates. The hot
spring water near the site has high concentration of Ca and
pH. We drilled down to GL-250 m, and the tuffaceous bed
was recognized in the depth of GL-240m. The sedimentary
age of the bed was estimated as 8.2 - 5.6 Ma by analysis of
microfossils. Post-sedimental thermal history was estimated to
be 20-40 degrees by analysis of stable isotopes. According to
whole-rock XRF data, this bentonite could have been altered
from Dbasalt-dacite (granite) bimodal igneous rocks.
Backscattered electron imaging on the bentoite identified
coexisting Na/Ca-smectite and heulandite (Fig.1).

Even in such a Ca-rich condition, Na-smectite still
remains without complete conversion to Ca-smectite.
Geochronology by fision track dating and **Cl/Cl suggested
about 10Ma for ignesou age and 2Ma for groundwater
entrapment. The composition of present groundwater was
estimated as the mixture of rainwater and near hot spring
water from a result of principal component analysis.

It is inferred that the Na-type smectite could have
coexisted with the Ca-type in the bentonite for this geologic
time-scale. This natural analogue may suggest a supporting
evidence of smectite stability at the repository.
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