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» KamLAND Site and Detector
KamLAND

Kamioka Liquid Scintillator

Anti-Neutrino Detector
. (operated since 2002)

&

@: reactor*, Kashiwazaki 11eU(riN0 cosmic ray
m

Shika
88km ‘\‘
Wakasa \ §
146~192km
. '3 Harmaoka
Q Q 180km 200km

1,000t Liquid Scintillator

- extremely low impurity
(238U:3.5x1028g/g, 232Th:5.2x10-17g/g)

- world’s largest LS detector!
1,879 Photomultiplier Tubes |* Photo coverage 34%




» KamLAND 3/20

KamLAND » Detector Features
2000~ large volume & low backgrounds

» Physics
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» KamLAND-Zen 4/20

KamLAND-Zen » Detector Features
i Zero Neutrino 136X e loaded LS was installed in KamLAND

decay search (344 kg 90% enriched 36Xe installed so far)
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» Anti-neutrino Studies
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2. Geo-neutrino Measurements




» Geo-neutrinos

Electron-antineutrino from natural radioactive decay

_ -deca
Ve 4.1X% 10° /cm? /sec P y

anti-neutrino “ﬂ
detector ——

Number of anti-neutrinos per MeV per parent

Geo-neutrinos

.—>2O6 Pb + 8a + 6e ™ + +
2321, —20% Pb + 6a 4 4e” ++

(89.28%)

Energy threslhold, 1.8 MeV

1015__.3 l —-—-- 238y series
r - B 00 e 22:(Th series
Yl P ; -
,'{"'-"'—“' - i
off i
10 E // \Kﬁ. —— —
F /7 3 )
[ / I !
/ | o)
' ! i
10'1_— I S
o | 5\\\.
| : .
| ' ~
| !
! !
| H L
T ™ J S S Bt -
Anti-neutrino energy, E. (MeV)
Only geo-neutrinos from

Qand Th are detectable




» Geo-neutrino Flux at Kamioka
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» Geo-neutrino Measurements with KamLAND
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3. Analysis Results




» Current Data-set

Reactor Neutrino Flux @Kamioka update
MarCh ‘11 earthquake Data provided according to the special agreements between

Tohoku Univ. and Japanese nuclear power reactor operators.
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3 Reactor neutrino background is
Z
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PRD 88, 033001 (2013)

2013 data-set : 2991 days 2016 data-set : 3901 days
4.90x%103? proton-year 6.39%103? proton-year

- 1.3 times of 2013 data-set

- low-reactor operation period : ~3.5 years livetime
advantages { all Japanese reactor-off period : ~2.0 years livetime

Precise understanding of reactor neutrino spectrum enhances geo-neutrino measurement.




» Reactor Neutrino Spectrum

- Reactor neutrino experiments reported
that there was an excess of events in the

(Daya Bay, arXiv:1607.05378v1)
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d—) excess [/ effect of reactor spectrum uncertainty is
geo-neutrino much smaller than the statistical
energy region uncertainty of geo-neutrino events.



» Event Rate Time Variation (0.9-2.6 MeV) 11/20

before LS purification after LS purification after KamLAND-Zen start - 2016 Preliminary Result
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- Backgrounds :
LS purification — non-neutrino backgrounds reduction
Earthquake — reactor neutrino reduction

- Constant contribution of geo-neutrino
Time information is useful to extract the geo-neutrino signal



» Energy Spectrum (0.9-2.6 MeV)
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2016 Preliminary Result

Livetime : 3900.9 days
Candidate : 1130 ev

Background Summary

oLi 3.4+0.1
Accidental 114.0+£0.1
Fast neutron <4.0
13C(a, n)1%0 205.5 + 22.6
Reactor v, 618.9 + 33.8
Total 941.8 £40.9



» Energy Spectrum, Period 3 (0.9-2.6 MeV)
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Livetime : 1259.8 days 2016 Preliminary Result
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» Rate + Shape + Time Analysis (1)

200 . 2016 Preliminary Result
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» Rate + Shape + Time Analysis (2)
Nu + Nth ratio fixed 2016 Preliminary Result
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» Th/U Mass Ratio (1) 16/20

- According to geochemical studies, 23°Th is more abundant than 238U.
Mass ratio (Th/U) in bulk silicate Earth is expected to be around 3.9.

4.2 :Allegre et al. (1986) 3.76 : Hart & Zindler (1986)
Models : 3.58-4.2 [3-92: McDonough & Sun (1995) 3.71 : Lyubetskaya & Korenaga (2007)

3.89 : Taylor (1980) 3.62 : Jagoutz et al (1979)

3.85 : Anderson (2007) 3.58 : Javoy et al. (2010)

3.77 : Palm & O’Neil (2003)

Chondrite samples analysis : 1.06-6.42

Fall statistics for the meteorites identified

and catalogued since 980 A.D. \

Geo-neutrino observed rate can be
converted to amount of Th & U
assuming homogeneous distribution.

Independent & direct measurement
of entire Earth

slide from McDonough, 2015, in Ehime




» Th/U Mass Ratio (2) 17/20

Th/U=3.9 2016 Preliminary Result

. Best fit
_—~ chondrite data
(106'642) Th/U — 41 +5'5-3.3

............................................................ Th/U < 17.0 (90% C.L.)

_BSE models
(3.58-4.2)

ref) 2013 paper Th/U < 19 (90% C.L.)

M We have a sensitivity of
Th/U mass ratio of entire
1o Earth.

M KamLAND best-fit is
consistent with chondrite

SR R SRR R data and BSE models.

5 10 15 20

Th/U massratio

ref) chondrite data
Ordinary Chondrites : J. S. Goreva & D. S. Burnett, Meteoritics & Planetary Science 36, 63-74 (2001)

Carbonaceous Chondrites : A. Rocholl & K. P. Jochum, EPSL 117, 265-278 (1993)
Enstatite Chondrites : M. Javoy & E. Kaminski, EPSL 407, 1-8 (2014)




» Earth Model Comparison

2016 Preliminary Result
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» Future Prospect 19/20

Uncertainty of Geo-neutrino Flux Measurement

Simulation [ Uncertainty of geo-neutrino flux

(assuming Earth m?del) o measurement is decreased at the same
reactor "ON level of our expectation.

4 .........................................

M Measurement uncertainty gets close to

uncertainty of Earth model prediction.
reactor "OFF"

1t is important to improve accuracy of

Earth model prediction, especially crust
\ \ modelling.
+ 2.5 yr
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»Summary 20/20

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

»Preliminary results are presented.
- Low-reactor operation period : ~3.5 years (33% of total livetime), clear

energy spectrum of geo-neutrino
- geo-neutrino event measurement with 17% uncertainty (164 2855 ev).

It is consistent with our expectation.

- geoscience discussion
- Th/U mass ratio : 4.1 >33, consistent with chondrite data and BSE

models
- Observed flux : consistent with models, but started to disfavour

cosmochemical model

» Measurement uncertainty gets close to the uncertainty of Earth model
prediction.

» Next target :
- Estimation of geo-neutrino contribution from mantle

- Better understanding of crust model



