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Geologically Produced Anti-Neutrino
Beta-decay of radioactivities (U, Th, K) in the Earth

2381 — 206ph 4 8*He + 6e~ + 677, + 51.7 MeV (100%)
22Th — 208Ph + 6*He + 4e™ + 47, + 42.7 MeV (100%)
0K 90Ca + e + 7, + 1.31 MeV (89.28%)

WK 17 20 Ar 4+, + 1.51MeV (10.72%)

Bulk Silicate Earth (BSE) model

chondrite meteorite pppam

U:8TW
Th:8TW
K:3TW

mWm*

Surface heat flow S Radiogenic heat
47 £ 2 TW 19 TW



Geo Neutrino

e G. Eder (1966)

 G. Marx (1969)

e L. Krauss et al. (1988)

* M. Kobayashi, Y. Fukao (1981)
* R. Raghavan et al. (1998)

* Rothschild et al. (1998)

e G. Fiorentini et al. (2003)

first calculation in science literature

systematic search of target detector material

feasible plan in KamLAND and Borexino

detailed neutrino flux calculations
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anti-neutrino detection by inverse beta-decay




Neutrino Geoscience

Heat sources in the Earth

~ 4 billion years ago

Solid Fe

5 Big Questions:

- What are earth’s K/U & Th/U ratios?

planetary volatility curve

- Radiogenic contribution to heat flow?

secular cooling

- Distribution of reservoirs in mantle?

whole vs layered convection

- Radiogenic elements in the core??

Earth energy budget

- Nature of the Core-Mantle Boundary?

hidden reservoirs

15 July 2009 McDonough-Trieste-2009

geo reactor

Energy release by radioactive decay of
U, Th, K — radiogenic heat

Earth L.

. Release of gravitational ener
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L — primordial heat
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still remain ?

Experimentally investigated

(Geo neutrino detector

- KamLAND (Japan)
- Borexino (ltaly)

e

Geo neutrino experiment will
play a key role in answer
all the questions |




KamLAND



KamLAND

Kamioka Liquid Scintillator Anti-Neutrino Detector

operated since 2002 | = Ty | cosmic-ray
) )'\v( |
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Kamioka

1,000 ton Liquid Scintillator
Dodecane (80%) Pseudocumene (20%) PPO (1.36 g/l)

1,325 17 inch + 554 20 inch PMTs
/

commissioned in February, 2003
photocathode coverage : 22% — 34%

Water Cherenkov Outer Detector



Scintillation Signal Record
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Reference Earth Model

UCC U:28ppm/Th:10.7 ppm .
oceanic crust
MCC U:1.6 ppm/Th:6.1 ppm U:0.10 ppm / Th: 0.22 ppm

LCC U:0.2ppm/Th:1.2 ppm
continental Rudnick et al. (1995) |

crust

chondrite meteorite

IIIIIIII

Th/U ~ 3.9
radiogenic heat ~ 16 TW

Inner Core o«@
FeNi O

solid

. y o E
mantle core
U:0.012 ppm/ Th:0.048 ppm U:0ppm/Th:0 ppm
no U/Th in core

Mantle = BSE (Primitive Mantle) — Crust



Distance and Cumulatlve Fqu

x10°
:Sed|ment |
- ——— crust : ; i 221100
. p—— mantle
S I total
& _ I 80 g
& I ; :
z [ g
= | 160 g
g o 2
T 1o &
s 0 Mantld 3
O 1 ®
_ i 20
- Sedlment
peangees | -.,-lﬁrrl ..... LTt O

_ 10 10° 104
Distance from KamLAND (km)
neutrino oscillation

1 .
P(E,L) ~1 — 5 sin® 2012  (constant suppression)

50% of the total flux originates within 500 km



Latitude [deg]
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Effect of Local Geology

Uranium

Japan Arc Geochemistry
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Anti-Neutrino Flux in Kamioka

time variation of reactor anti-neutrino flux

Data provided according to the special agreements between
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significant reduction of anti-neutrino flux
from reactors after Fukushima-l accident

"Reactor on-off" study for neutrino
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Time Variation of Event Rate

Period 1: Mar. 2002 - May 2007

Total livetime
Period 2: May 2007 - Aug. 2011 (after LS purification)

2991 days | period 3: Oct. 2011 - Nov. 2012 (after KamLAND-Zen start)
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Observed Energy Spectrum
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Earth Model Comparison

Three classes BSE compositional estimates

0. Sramek et al. Earth. Plan. Sci. Letters 361 (2013) 356-366 6  Cosmochemical Geodynamical
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Geo-v measurement is in agreement with BSE models



Future Prospect



Future Geo Neutrino Detector

S/N Ratio: (Crust + Mantle) / Reactor
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Large detector (> 50 kton size) Oceanic site
aim to reduce the statistical uncertainty Hawaii is a good candidate to measure

of flux down to < 10% the contribution from the mantle
Multi-site measurement Directional sensitivity
useful to avoid the flux uncertainties can be powerful tool to reduce the

from local geology ~ 10% backgrounds from reactor or crust



Directional Study
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Summary

e KamLAND showed the geo neutrino results.

- Observed flux is fully consistent with Earth model

- Radiogenic heat contributes only half of Earth's total
heat flow — fully-radiogenic models are disfavored

Observed geo-neutrino event 11677, events
flux  3.4%05x 106 /cm?/sec
(mass Th/U = 3.9)

e Tests of primitive meteorite and mantle convection
model are the next target.

e Multi-site measurements at geologically different
locations (e.g. Japan and lItaly) will be important for
the tests.



