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1. Neutrinos



electron
<10"%cm

N Neutrino is an elusive particle.
(neutron) Typ|Ca| prOpert|eS

quark

S \J <10""cm . . .
‘,\\_,J/ nuc.eus @ , - extraordinary light particle

atom~102cm =Heg ~10"%cm J die siec be
u-e ce te

elementary particles Wensmet), oo ue e

mass— 2.4 MeV/c? 1.27 GeV/c? 171.2 GeV/c? 0 =126 GeV/c? = @
@ <
<

Ad W
AN
NSIN
A®D
A® 1L

charge- 2/3

o @ - @ |- @ | @
up charm j| top || photon J  £odd - electrically neutral

€T

d S b : g - most abundant matter-
e W particle in the universe
w ange ottom uon -
2 . other particles:10-8/cm3
f)]..sll MeV/c? il:5.7 MeV/c? -1]:777GEV/C2 zl.ZGEV/Cz V : 300/Cm3
12 e/ 112 l‘j} 12 T/ 1 2 N
electron muon tau Z boson i - easily penetrate even
7)) <2.2 eV/c? <0.17 MeV/c? <15.5 MeV/c? 80.4 GeV/c? - . "
: : : * astronomical objects
E 12 ])9 172 .I)l',l 12 ])5 1 W T J
Q. lectron muon tau 2
- Reutrino neutrino neutrino W boson J =




» Neutrinos Sources & Fluxes
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2. KamLAND



» KamLAND Site & Detector

KamLAND

Kamioka Liquid Scintillator
Anti-Neutrino Detector
" (operated since 2002)

", Kashiwazaki neutr,nocosmlc ray
Shika 199km
88km\ Q
Wakasa ‘A 8
146~192km "
- Hamaoka
180km 214km
@
[«

@:reactor |1,000t Liquid Scintillator

* Dodecane (80%) Pseudocumene (20%) PPO (1.36 g/l)
* extremely low impurily(238U:3.5%x10-18g/g, 23°Th:5.2x10-17g/g)

1,325 17inch + 554 20inch PMTs| |[Water Cherenkov Outer Detector

* Photo coverage 34% * Muon veto




» Physics Target in KamLAND
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» Physics Target in KamLAND
2.6

0.4 1.0

0.0 observed energy [MeV]

electron scattering : _ n
UVte —U+e inverse beta-decay 7, +p —e™ +n

solar neutrino geo neutrino reatctor neutrino supernova neutrino, etc.

Borexino (300t, LS)

small size, specialize in low energy solar  [RENO (GdLS) SK (Water)
geo v, can be measured Daya Bay (GdLS)
Double Chooz (GdLS)

specialize in reactor v,

< KamLAND Physics Target >

M We study neutrino physics in the wide
range of energy comprehensively.

large size, 1V experiment




» History of KamLAND and Neutrino Physics
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[/ Neutrino measurement evoived from understanding of neutrino properties
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3. Recent Results






» Geo Neutrino at KamLAND

Geo neutrinos are a unique, direct window into the interior of the Earth !
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» Backgrounds for Geo-neutrino

In our past publications, major backgrounds were
Non-v: °C (*"°Po a, n)"O , accidental Reactor-v.
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» Recent Condition : reactor operation in Japan

time variation of neutrino flux
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- Reactor neutrino flux, which is outside the control of Shika
the experiment, was significantly reduced. 88km

- Following the Fukushima nuclear accident in March
2011, the entire Japanese nuclear reactor industry has
been subjected to protected shutdown.

- This situation allows for a “reactor on-off” study of ¢
backgrounds for KamLAND neutrino oscillation and e
geoneutrino analysis.
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» Analysis - Event rate (0.9-2.6 MeV)
- event rate time variation (0.9-2.6 MeV) ggﬁ%‘;}‘g;ﬂ
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- Backgrounds

* The non-nu background for geo-neutrino was decreased by half from what it was before 2007.
* Reactor neutrino background was significantly decreased by two times earthquakes.

- Constant contribution of geo-neutrino is seen above the estimated reactor neutrino + non-
neutrino background in the energy range 0.9 - 2.6 MeV.
— Time information is useful to extract the geo-neutrino signal




» Analysis - Correlation (0.9-2.6 MeV)

- Expected Rate vs Observed Rate (0.9-2.6 MeV)
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» Analysis - Rate+Shape+Time Analysis (1)

Nu vs Nth T 0
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» Analysis - Rate+Shape+Time Analysis (2)
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» Analysis - Comparison with Models
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- The measured KamLAND geo-neutrino flux translates to a total
radiogenic heat production : 11.2 #7954 TW

- The geodynamical prediction with the homogeneous hypothesis is
disfavored at 89% C.L.

- The BSE composition models are still consistent within ~2 o.
15



» Neutrino observation applies to two different interests, studying
neutrino properties and investigating optically invisible deep interior of
the astronomical objects utilizing its elusiveness.

» The KamLAND experiment measures anti-neutrino from various
sources over a wide energy range.

»Recent analysis results are presented. (available at arXiv:1303.4667)
e Geo-neutrino
- Observed flux is fully consistent with Earth model.

- We presented the analysis results with very few running reactors. Geo-
neutrino observation is very efficient.

- Now, we enter the era of obtaining geophysical formation from geo-
neutrino measurements.



