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TABLE I: Estimated backgrounds for νe in the energy range between 0.9MeV and 8.5MeV after event selection cuts.

Background Period 1 Period 2 Period 3 All Periods
(1486 days) (1154 days) (351 days) (2991 days)

1 Accidental 76.1 ± 0.1 44.7 ± 0.1 4.7 ± 0.1 125.5 ± 0.1
2 9Li/8He 17.9 ± 1.4 11.2 ± 1.1 2.5 ± 0.5 31.6 ± 1.9

3
{

13C(α,n)16Og.s., elastic scattering 160.4 ± 16.4 16.5 ± 3.8 2.3 ± 1.0 179.0 ± 21.1
13C(α,n)16Og.s., 12C(n, n ′)12C∗ (4.4 MeV γ) 6.9 ± 0.7 0.7 ± 0.2 0.10 ± 0.04 7.7 ± 0.9

4
{

13C(α,n)16O∗, 1st e.s. (6.05 MeV e+e−) 14.6 ± 2.9 1.7 ± 0.5 0.21 ± 0.09 16.5 ± 3.5
13C(α,n)16O∗, 2nd e.s. (6.13 MeV γ) 3.4 ± 0.7 0.4 ± 0.1 0.05 ± 0.02 3.9 ± 0.8

5 Fast neutron and atmospheric neutrino < 7.7 < 5.9 < 1.7 < 15.3
Total 279.2 ± 22.1 75.2 ± 7.6 9.9 ± 2.1 364.1 ± 30.5
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FIG. 2: Time evolution of expected and observed rates at KamLAND for νe’s with energies between (a) 0.9MeV and 2.6MeV and (b)
2.6MeV and 8.5MeV. The points indicate the measured rates in a coarse time binning, while the curves show the expected rate variation for
reactor νe’s (black line), reactor νe’s + backgrounds (colored line), and reactor νe’s + backgrounds + geo νe’s (gray line). The geo νe rates
are calculated from the reference model [17]. The vertical bands correspond to data periods not used in the analysis. In the right panel of (a),
the data are grouped according to periods of similar expected reactor νe + background rates, as denoted by the colored bands. The observed
event rate for each group is plotted at the exposure-weighted expected event rate within the group. The efficiency-corrected best-fit value of
the geo νe rate from the full spectral analysis (dashed line), its 1σ error (shaded region), and the model expectation (gray line) are drawn for
comparison. The contribution of geo νe’s in (b) is negligible. The oscillation parameters used to calculate the expected reactor νe rate are the
best-fit values from the global oscillation analysis: tan2 θ12 = 0.436+0.029

−0.025 , ∆m2
21 = 7.53+0.18

−0.18 × 10−5 eV2, and sin2 θ13 = 0.023+0.002
−0.002 .

and reshuffling data for all Japanese commercial reactors. The
thermal power generation used for the normalization of the
fission rates is measured to within 2%. Only four isotopes
contribute significantly to the νe emission spectra; the relative
fission yields, averaged over the entire live-time period for this
result, are (0.567 : 0.078 : 0.298 : 0.057) for (235U : 238U :
239Pu : 241Pu), respectively. A recent recalculation of the νe

spectra per fission of these isotopes introduced a ∼3% upward

shift [19, 20] relative to the previous standard calculation [21,
22], causing past measurements at short-baselines to appear
to have seen fewer ν̄e’s than expected. It has been speculated
that this so-called Reactor Antineutrino Anomaly may be due
to some systematic uncertainty or bias, or could potentially
be due to oscillation into a heavy sterile neutrino state with
∆m2 ∼ 1 eV2 [23]. To make our analysis insensitive to these
effects, the normalization of the cross section per fission for

- 液体シンチレータの純化により極低バックグラウンド環境
を実現。(2005年時の20分の1) 測定精度が大幅に向上した。
- 地球反ニュートリノにとっては原子炉反ニュートリノは
バックグラウンド。停止した原子炉が多い期間もデータ取得
を継続。

約21兆ワット

地熱の収支

地表での熱流量の全てが放射性物質起源では無いことを証明、
原始の熱が残存し徐々に冷える地球を示した。

「地表での熱流量44.2兆ワット」̶「放射性物質起源の熱生成21兆ワット」

「地球形成時の原始の熱」

カムランドは、2005年の「ニュートリノ地球物理」創出に加え、
今回ついに、ニュートリノ観測から地球科学の重要な知見を得た。
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Figure 4 |Measured geoneutrino flux and models. a, Measured
geoneutrino flux at Kamioka and Gran Sasso, and expected fluxes at these
sites and Hawaii4. The solid and dashed red lines represent, respectively,
the fluxes for a fully radiogenic model assuming the homogeneous and
sunken-layer hypotheses. b, Measured geoneutrino flux after subtracting
the estimated crustal contribution. No modelling uncertainties are shown.
The right axis shows the corresponding radiogenic heat production
assuming a homogeneous mantle. The solid red line indicates the fully
radiogenic model where the contributions from the crust (7.0 TW) and the
other isotopes6,24 (4.3 TW) are subtracted from the total heat flow7

(44.2 TW). Error bars, see text.

on the mantle by making simple but appropriate assumptions to
constrain the model.

We take the Th:U ratio for each contributing layer to be fixed at
the standard BSEmodel value of 3.9 (ref. 5). The composition of the
crust is derived from a BSE model that incorporates the crust and a
detailed description of the local geology4. As a simplifying hypothe-
sis, U and Th are assumed to be uniformly distributed in themantle.
Figure 4a shows the measured geoneutrino fluxes at the Kamioka
and Gran Sasso experimental sites along with the predictions for
these locations and Hawaii, as an example of an oceanic site with a
significantly smaller crustal contribution. Combining the 238U and
232Th geoneutrino measurements of Borexino3 and KamLAND we
obtain 20.0+8.8

�8.6 TW. The result is in good agreement with the BSE
model prediction of 16 TW (ref. 5), as illustrated in Fig. 4b, where
the crust contribution is subtracted for clarity.

The fraction of the global heat production from radioactive
decay is called the ‘Urey ratio’. The mantle contribution alone is
referred to as the ‘convective Urey ratio’22. Most models, including
the BSEmodel used here, set the convective Urey ratio to about 0.3,
allowing for a substantial fraction of the heat to be of primordial
origin. Other models require convective Urey ratios up to⇥1.0 (see
discussion in ref. 23). Assuming extra mantle heat contributions
of 3.0 TW from other isotope decays6,24, the convective Urey ratio
deduced from the KamLAND and Borexino data is between 0.18
and 0.67 at the 68%CL, consistent with 0.3 from the BSEmodel.

A fully radiogenic model (Urey ratio of 1) is constructed by
introducing U and Th uniformly in the mantle (homogeneous
hypothesis) or, alternatively, by putting all of the U and Th at
the mantle–core interface (sunken-layer hypothesis). The latter
assumption is used in an attempt to test the compatibility of a
fully radiogenic model with the observed geoneutrino flux, by
distributing the source as far from the detectors as possible. The
fully radiogenic, homogeneous hypothesis is disfavoured at the
97.2% CL with the combination of KamLAND and Borexino data,
or at the 98.1% CL by KamLAND alone. Even within the sunken-
layer hypothesis, the fully radiogenic model is still disfavoured at
the 87%CL using KamLAND data alone.

The radiogenic heat estimation from the geoneutrino flux
depends on the modelling of the geology. We account for crustal
uncertainties by assuming 17% and 10% errors for the U and
Th content, including correlated errors as suggested in ref. 9. We
use the crustal model of ref. 25, assuming independent errors for
each layer (upper, middle and lower crust), and include extra

contributions from the error in the mass distribution and the
fractional uncertainty in the Th:U ratio9. The radiogenic heat
contribution from 238U and 232Th is estimated to be 19.9+9.2

�9.1 TW
by KamLAND and Borexino data, excluding the fully radiogenic
model at the 96.6% CL. If we use the more recently determined
heat-loss rate of 46±3 TW (ref. 26) the fully radiogenic exclusion
increases to 98.0% CL, slightly enhanced owing to the larger mean
value of the heat flow as compared with ref. 7, despite its larger
error. We conclude that these uncertainties have little impact on
the results at this stage.

It is expected that geoneutrino detectors operated at different
locations will significantly improve our knowledge of radiogenic
sources in the Earth. Larger detectors distant from commercial
reactors will reduce the uncertainties on the measured geoneutrino
flux. The geoneutrino flux strongly depends on the distance from
thick continental crusts, so the exposure to �es at different locations
will provide better knowledge of the crustal contribution and
greater insight into the mantle. A detector in an oceanic location
with small crustal contribution would be very interesting in this
regard. The present detectors are all insensitive to 40K, and this will
remain an uncertainty unless new geoneutrino detectors with lower
threshold are developed.

Methods
The KamLAND inner detector consists of 1 kt of ultrapure LS contained
within a 13-m-diameter spherical balloon made of 135-µm-thick transparent
nylon/EVOH (ethylene vinyl alcohol copolymer) composite film. The balloon is
suspended in a bath of purified non-scintillating mineral oil contained inside an
18-m-diameter stainless-steel sphere. The LS contains 80% dodecane and 20%
pseudocumene (1,2,4-trimethylbenzene) by volume, as well as 1.36±0.03 g l�1

PPO (2,5-diphenyloxazole) as a fluorophore. The inner surface of the containment
sphere is covered by an array of 1,325 specially developed fast 20-inch-diameter
photomultiplier tubes (PMTs) masked to 17 inch diameter, and 554 older
unmasked 20 inch PMTs. The PMTs provide 34% solid-angle coverage in total. The
containment sphere is surrounded by a 3.2 kt cylindrical water–Cherenkov outer
detector instrumented with 225 PMTs of 20 inch diameter. The outer detector acts
as a veto counter for muons and helps shield the inner detector from �-rays and
neutrons produced in the surrounding rock.

Radioactive sources are periodically deployed inside the detector to calibrate
its energy response and position-reconstruction accuracy. The reconstruction of
event location is important to establish the prompt–delayed event correlation
and to define the fiducial volume used in the measurement. After accounting for
systematic effects, we find that the deviation of reconstructed event locations from
the actual locations is less than 3 cm, from which we derive a 1.8% uncertainty
in the absolute size of the fiducial volume. Source calibration data for the entire
fiducial volume are available only for the data recorded before the start of the LS
purification campaign in 2007. For the remaining data we carried out calibrations
along the vertical axis only. These calibrations were augmented with a study of
muon-induced 12B/12N decays27, resulting in a larger uncertainly of 2.5% on the
absolute size of the fiducial volume for the post-purification data.

KamLAND was designed and sited primarily to study the phenomenon of
neutrino oscillations using reactor �e s. Therefore, such �e s represent the largest
background in the present measurement because their energy spectrum partially
overlaps that of geoneutrinos. Substantial discrimination between the two is
achieved not only by fitting their energy spectra but also by exploiting the fact
that the reactor �e rate varies with the output of the power plants whereas the
geoneutrino rate can be taken as constant over the timescale of the experiment.

The �e event-selection criteria are optimized as a function of energy to
maximize the sensitivity to geoneutrinos while rejecting the accidental background
from radioactive contaminants in the detector. The event selection is based on the
discriminant L= f�e/(f�e + facc), where f�e and facc are probability density functions
for �e signals and accidental backgrounds, respectively. These probability density
functions are based on six parameters (Ep, Ed, ⇥R, ⇥T , Rp, Rd), which represent,
respectively, the prompt and delayed event energies, their relative separations
in space and time and their radial distances from the detector centre. Owing to
an observed variation of the background rate with time, the probability density
function for accidental backgrounds is a time-dependent function constructed by
dividing the data set into five time periods. For the discrimination of accidental
backgrounds, we determine a selection value, Lcut(Ep), to maximize the figure of
merit S/

⇤
S+Bacc for each prompt energy interval of 0.1MeV, where S denotes

the expected signal rate and Bacc corresponds to the accidental background rate.
The selection efficiency and its uncertainty are obtained by comparing Monte
Carlo simulations with 68Ge and 241Am9Be source calibration data. The selection
efficiencies for geoneutrino signals produced by U and Th decays with energies
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地球ニュートリノ観測
1. 地球の熱
(1) 地球活動

マントル

コア

• 何がエネルギー源なのか？エネルギー量は？
• マントルはどのように対流しているのか？
• なぜ地磁気は不規則に反転するのか？

地形の形成過程地震•火山活動 地磁気

内部構造

地球活動の謎

→ “地球の熱”の解明が重要

(2) 地球の熱
地球の熱収支

地球ニュートリノ検出によって放射化熱を直接テストできる

核の熱源
外核（金属流体）の対流によって地磁気が発生している

対流させるための熱源が必要 潜熱や重力エネルギーの解放
 or 放射性熱源が存在？

44TW

地表からの熱流量

U : 8 TW

Th : 8 TW

K : 3 TW

隕石の成分解析

放射化熱
19 TW

ケイ酸塩地球モデル (BSE model)

>

地球内部で発生する熱（放射化熱）は地表から放出される熱の約半分
地球は冷却中

地表からの熱流量
(地球が宇宙に放出する熱量)

放射性物質の熱生成
(地球内部で発生する熱量)

地表での多地点ボーリング調査で温度勾配
を測定して地球全体での熱流量を算出。

地球を作ったのと同等の隕石(コンドライ
ト隕石)の成分分析を元に算出。

44.2±1.0 TW

BSE モデル
U : 8 TW
Th : 8 TW
K : 4TW

20 TW>

地球内部で発生する熱は地表から放出される熱の約半分！

放射性物質が生成する熱を直接測定して確かめたい
透過能力の高いニュートリノの得意分野

2. 地球ニュートリノ

地球内部に含まれる放射性物質も、ベータ崩壊を
して反電子ニュートリノを放出する。

ウラン、トリウム、カリウムなどは崩壊によってエネルギーを生成し、反電子
ニュートリノも放出するので、反ニュートリノ流量から熱生成量がわかる。

カムランドは、ウラン、トリウムからの反電子ニュートリノに感度がある。

238U!206 Pb + 8� + 6e� + 6⇥̄e + 51.7 MeV
232Th!208 Pb + 6� + 4e� + 4⇥̄e + 42.7 MeV
40K!40 Ca + e� + �̄e + 1.311 MeV(89.28%)

2005年には、地球反ニュートリノを観測できることを実証
KamLAND collaboration, “Experimental investigation of geologically produced antineutrinos with KamLAND”
Nature  436, 03980 (2005)

9

地球内部の放射性物質が崩壊時に反電子ニュートリノを放出
[反電子ニュートリノエネルギースペクトル]

KamLANDで見える領域
(1.8 MeV以上)

ベータ崩壊
← 測定出来る
← 測定出来る
← 感度以下なので測定出来ない

地球反ニュートリノの流量
を測定することで、地球内
部の熱生成量がわかる！

KamLAND

3. KamLANDの観測結果
2005年 7月 地球ニュートリノを世界初観測

KamLAND collaboration, “Experimental investigation of geologically produced 
antineutrinos with KamLAND” Nature 436, 03980 (2005)

•エネルギースペクトル

データ : 2002年4月~2004年10月 (有効時間 749日)
地球反ニュートリノ事象数 : 25+19-18 event
232U, 238Thからの反ニュートリノ流量 : 1.62 × 107 /cm2 / sec

”nature”の表紙に登場

2011年 7月 地球反ニュートリノを測定することで地球モデルに制限を与える
KamLAND collaboration, “Partial radiogenic heat model for Earth revealed by geoneutrino measurements” Nature Geoscience 1205

2013年 3月 原子炉停止期間を含んだ解析により精度を高める
KamLAND collaboration, “Reactor On-Off Antineutrino Measurement with KamLAND” arXiv:1303.4667

“ニュートリノ地球物理”の創出

データ : 2002年4月~2012年11月 (有効時間 2991日)
地球反ニュートリノ事象数 : 116+28-27 event
232U, 238Thからの反ニュートリノ流量 : 3.4+0.8-0.8 × 106 /cm2 / sec

•地熱への換算

地表の熱流量が全て放射性物質
起源とするモデルによる計算値

[地殻とマントル] [マントルのみ]

● KamLANDの測定結果
明らかに低い値

Crust

Mantle

地球モデルの地殻とマントル
の放射性物質による推定値

良く一致

信頼度 98.1% で排除 放射性物質による熱生成
マントル 10 TW
地殻 7 TW
カリウム等 4 TW

合計 21 TW

地球反ニュートリノの観測で地球モデルに
直接測定による強い裏付けを与えることに成功

地表からの熱流量
44.2±1.0 TW

放射性物質の熱生成
21 TW

(KamLAND測定結果)

ー地球の熱収支

地球形成時の原始の熱
“除々に冷える地球”を示す！

ついにニュートリノ測定で地球科学の謎を解き明かすことに成功
“ニュートリノを道具として利用する”時代の到来！

導かれた結果①

導かれた結果②

改善ポイント
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FIG. 6: Prompt energy spectrum of the νe events in the low-energy
region for all data taking periods. Bottom panel: data together with
the best-fit background and geo νe contributions. The fit incorporates
all available constraints on the oscillation parameters. The shaded
background and geo νe histograms are cumulative. Middle panel:
observed geo νe spectrum after subtraction of reactor νe’s and other
background sources. The dashed and dotted lines show the best-fit
U and Th spectral contributions, respectively. The blue shaded curve
shows the expectation from the geological reference model of [17].
Top panel: the energy-dependent selection efficiency.

from solar neutrino experiments are tan2 θ12 = 0.437+0.029
−0.026,

∆m2
21 = 7.53+0.19

−0.18 × 10−5 eV2, and sin2 θ13 = 0.023+0.015
−0.015.

A global analysis including also constraints on θ13 from accel-
erator and short-baseline reactor neutrino experiments yields
tan2 θ12 = 0.436+0.029

−0.025, ∆m2
21 = 7.53+0.18

−0.18 × 10−5 eV2,
and sin2 θ13 = 0.023+0.002

−0.002. The fit values for the different
combinations are summarized in Table III. Figure 4 shows the
extracted confidence intervals in the (tan2 θ12, ∆m2

21) plane
with and without the θ13 constraint.

TABLE III: Summary of the fit values for ∆m2
21, tan2 θ12 and

sin2 θ13 from three-flavor neutrino oscillation analyses with various
combinations of experimental data.

Data combination ∆m2
21 tan2 θ12 sin2 θ13

KamLAND 7.54+0.19
−0.18 0.481+0.092

−0.080 0.010+0.033
−0.034

KamLAND + solar 7.53+0.19
−0.18 0.437+0.029

−0.026 0.023+0.015
−0.015

KamLAND + solar + θ13 7.53+0.18
−0.18 0.436+0.029

−0.025 0.023+0.002
−0.002
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FIG. 7: (a) Confidence level (C.L.) contours for the observed number
of geo νe events. The small shaded region represents the prediction
of the reference model of [17]. The vertical dashed line represents
the value of (NU − NTh)/(NU + NTh) expected for a Th/U mass
ratio of 3.9 derived from chondritic meteorites. (b) ∆χ2-profile from
the fit to the total number of geo νe events, fixing the Th/U mass ratio
at 3.9. The grey band represent the geochemical model prediction,
assuming a 20% uncertainty in the abundance estimates.

The KamLAND data illustrates the oscillatory shape of re-
actor νe’s arising from neutrino oscillation. The ratio of the
background- and geo-νe-subtracted reactor νe spectrum to the
no-oscillation expectation is shown in Fig. 5 as a function of
L0/E, where L0 = 180 km is the flux-weighted average re-
actor baseline. The improved determination of the geo νe flux
resulting from the addition of the reactor-off data makes the
second peak at L0/E = 70 km/MeV more evident than in
previous analyses.
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1.	MoHvaHon	
Physics	with	supernova	neutrino	detecHon	
•  Mechanism	of	supernova	
•  Neutrino	mass	hierarchy	

We	want	to	take	supernova	neutrinos	at	KamLAND.	
KamLAND	will	take	~300	inverse	beta	decay	events	when	a	supernova	occurs	
at	10kpc	distance	(galacHc	supernova).	
KamLAND	electronics	cannot	take	super-high	rate	events	(>100	kHz)	induced	
by	nearby	supernova	neutrino.	
->KamLAND	electronics	update	is	required	to	improve	this	problem.	

Nearby	supernova	candidate	
•  Betelgeuse	:	200	±	50	pc	
•  Antares	:	~170	pc	
•  Gamma	Velorum	:	~336	pc	

Kamioka	Liquid	ScinHllator	AnH-Neutrino	Detector	
1. 	1,000	m	underground	
2. 	1,000	t	Liquid	scinHllator	
3. 	1,879	PMTs	
4. 	Water	Cherenkov	detector	for	muon	veto	

Supernova	channels	in	KamLAND	

Inverse	beta	decay	(sensiHve	to							)	
Almost	background	free	with	delayed	coincidence	
method	
Proton	recoil	(sensiHve	to	all						)	
Advantage	of	KamLAND	
->Water	Cherenkov	detector	does	not	have	

��!������� ������"�

⌫̄e
e+

e�

d

P

n

�

�

P

�

n

������
���

������
���

����
���

#��
�����$����

����� ��������

����"����������

����������	�����
���

�
	�	��
��	���

⌫̄
x

⌫
x

	
� P
P

⌫̄
x

⌫
x

	
�

2.	KamLAND	

The	low	energy	neutrino	detecHon	for	wide-range	physics	
ex)	Neutrino	oscillaHon,	Geoneutrino,	Solar	neutrino,	etc.	

3.Status	of	KamLAND	electronics	

4.	Event	rate	reconstrucHon	by	using	the	trigger	data	

6.	Conclusion	

Trigger	rate	=	Event	rate	
NHIT	max	depends	on	the	energy	of	event.	
->Energy	of	event	can	be	derived	from	NHIT	max.	

Trigger	rate	≦	Event	rate	
Many	events	pile	up.	
->Energy	of	event	cannot	be	derived.	
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Simulated event rate

Trigger event rate

150pc_intp1303_p=0.69

More	than	70%	of	events	are	detectable.	
->	True	event	rate	is	reconstructed	by	using	the	trigger	data.	

Betelgeuse	like	star	
Distance	:	150	pc	
Mass	:	13	Msolar	
Metallicity	:	0.02	Fe/H	
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Proton recoil(PR)
IBD + PR

150pc_intp1303_p=0.69

ExpectaHon	(Betelgeuse	like	star)	
0.5	–	2.4	MEvents/20	sec	
Calculated	by	using	Nakazato	model.	

1.  ScinHllaHon	light	is	detected	by	PMTs	and	its	waveform	is	digiHzed	by	
MoGURA.	

2.  Hit	signal	is	generated	by	discriminaHng	the	waveform.	
3.  Sum	of	hit	signal	(HITSUM)	is	sent	to	trigger	board.	
4.  When	the	trigger	board	finds	events,	it	makes	TRIGGER.	

	
5.  Triggered	waveform	and	trigger	data	are	buffed	on-board	SDRAM	and	

then	translated	to	PC	respecHvely.	

NHIT	:	SummaHon	of	HITSUMs	in	6	clock(120	nsec).	
TRIGGER:	NHIT	becomes	larger	than	threshold.	
Trigger	window	:	waveform	taking	window(120	-	480	
nsec).	Next	trigger	cannot	output	in	this	window.	
NHIT	max	:	Maximum	NHIT	in	the	Trigger	window.	

	

•  Waveform	taking	stops	immediately	by	buffer	full	on	MoGURA.	
						Usual	trigger	rate	is	~100	Hz.	
						->	Trigger	rate	is	more	than	100	kHz	at	nearby	supernova	event.	
•  Recording	trigger	data	may	fail	even	though	it	can	be	generated.	
						Maximum	transiHon	speed	of	inside	of	trigger	board	is	~1	MHz.	
						->Trigger	rate	may	be	more	than	1	MHz.	

2016年1月6-7日　新学術「地下素核研究」第二回超新星ニュートリノ研究会	

MoGURA	
(FADC	board)		

⌫̄e

Electronics	problem	for	nearby	supernova	

•  SN	DAQ	was	installed	into	electronics	system	of	KamLAND.		
•  SN	DAQ	record	trigger	data	when	nearby	supernovae	occur.	
•  SN	event	rate	is	reconstructed	by	using	the	trigger	data.	

EsHmaHon	of	deriving	event	rate	from	trigger	rate	
(On	the	assumpHon	that	trigger	data	is	recordable	completely.)	

Extract	event	informaHon	from	trigger	data	
We	want	to	know	event	rate	and	energy	of	event.	

Parameter	
Revival	Hme	of	shockwave	:	300	msec	
Survival	probability	:	0.69	

•  Thin	out	trigger	will	be	installed	for	taking	a	part	of	waveform.	
							->	Time	dependence	of	SN	neutrinos	energy	spectra	can	be	reconstructed	
•  Real	Hme	trigger	threshold	decrease	funcHon	will	be	installed.	
							->	More	proton	recoil	events	can	be	detected	at	galacHc	supernova	
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Worst	case	 Calculated	by	using	Nakazato	model.	
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5.	KamLAND	electronics	update	

SN	Trigger	board	
	-	It	can	record	~4	MHz	trigger	data.	
	-	It	always	copy	HITSUM	to	MoGURA	Trigger	board	even	though	SN	Trigger	
			board	detect	any	error.		
SN	DAQ	
	-	It	operate	SN	Trigger	board	independently	
				from	MogDAQ.	

SN	DAQ	(SN	Trigger	board	and	SN	DAQ	PC)	installed	into	electronics	
system	in	September,	2015.	
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SN	DAQ	controller	&	monitor	

7.	Future	prospect	

New	components	


