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KamLAND

balloon 
φ13m,135μm thick. 
1 kton LS 

Water Cherenkov outer detector 
φ18m, 3.2 kton pure water  

1,325 17inch + 554 20inch PMTs

* Photo coverage 34%

inner detector

* Muon veto 
140 20inch PMTs

 

    

  
    
 

Kashiwazaki 
159km

180km
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214km

Wakasa 
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88km

 
KamLAND

Kamioka Mine
cosmic ray

1000m 
depth

Kamioka Liquid Scintillator Anti-Neutrino Detector
KamLAND

Refurbished in 2016
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Physics 

supernova neutrinos, etc.reactor neutrinos
geo neutrinos

solar neutrinos

electron scattering
inverse beta-decayν + e− → ν + e− ν̄e + p → e+ + n

0.4 1.0 2.6 8.5
observed energy [MeV]

Different neutrino physics in the wide energy range

2 cycles of oscillation were measured precisely
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1k ton LS purification system
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2.4. CALIBRATION EQUIPMENT 29

222Rn, 85Kr and 39Ar. The flow rate of nitrogen is 30 m3/hour which is 20
times higher than that of the LS, and the whole system is depressurize down
to 40 kPa.

5. The completed LS is sent to the KamLAND detector after checking the quality.
It is needed to evaluate the various quality of the LS before filling to the
KamLAND.

• Transparency and light yield

• 222Rn and 85Kr concentration

• PPO concentration

buffer 

tank
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Figure 2.11: Schematic view of 2nd purification system

2.4 Calibration Equipment

KamLAND data quality is checked using the source calibration system which has
known energy and well-controlled position. The neutron quickly thermalized via
elastic interaction with protons ins the LS, and any scintillation emitted by the
recoil nuclei in the process contributed negligible to the brightness of the prompt
signal. The delayed coincidence method provides the extremely powerful background
suppression.

Achieved ultra low impurity (238U:3.5×10-18g/g, 232Th:5.2×10-17g/g)
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‣地球ニュートリノのバックグラウンド
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in-situ calibration with 210Po13C source

Background
In our past publications, major backgrounds were
    Non-ν: 13C (210Po α, n)16O , accidental
    Reactor-ν.

KamLAND has performed intensive purification of 
the liquid scintillator, and the dominant background 
at lower energy, 13C (210Po α, n)16O, has been 
reduced. The uncertainty of the cross section was 
improved by the in-situ calibration.  (MeV)pE
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主要なバックグラウンド
Non-ν: 13C (210Po α, n)16O , accidental Reactor-ν.

13C (210Po α, n)16O
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(2) cross sectionの決定精度を実験室でのキ
ャリブレーションにより向上させる
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(3) 原子炉の運転状況や2度の地震により原子炉ニュート
リノのフラックスが劇的に減少

 Reactor-ν

① 2007.7~, 柏崎刈羽原子力発電所の運転停止の延長

② 2011.3~, 殆どの日本国内の原子力発電所の運転停止
→通常時の~60%に減少

→通常時の~5% に減少
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‣Analysis : Energy Spectrum (0.9-2.6 MeV)
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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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Neutrinoless Double Beta Decay
3
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If we found neutrinoless double beta decay (0νββ)...
 - neutrino is Majorana particle ! i.e. ν = ν
 - Majorana neutrino mass can be measured with the half-life

2n → 2p + 2e- 2n → 2p + 2e- + 2νー

ー

(T 0⌫
1/2)

�1 = G0⌫ |M0⌫ |2hm��i2
Majorana neutrino massphase space factor nuclear matrix element (nucl. physics)
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If neutrinos are Majorana particle, 0v2β may occur.

*effective neutrino mass
*mass hierarchy
* lepton number violation
* evidence of Majorana particle  

Big impact                    
on particle physics!!

Observed 
Not observed 

Neutrinoless double beta decay
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factor 3 uncertainty of NME ---> 
requires 10(BG free)~100 times 

more exposure

More to concern

Experimental / theoretical efforts to reduce NME uncertainty 
are very important. 

Integration of complementary technologies and multiple 
collaborations may be necessary.  Let’s think big!!

There are only a few proposals those offer NH sensitivity, 
but they seem to be very expensive.

Nuclear matrix element
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G: phase space factor 
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KamLAND-Zen

1.54m

Xe loaded LS in 
a mini-balloon

6.5m

KamLAND-Zen History

• Target: 0νββ Xe-136 in LS (*). 

• Funded in FY2009
• KamLAND exists (ultra low radio active BG)
• Liquid scintillator experience. 
• R&D: Xe gas handling system, miniBalloon
• Fabrication in 2010-2011
• Installation into KamLAND 2011 Summer
• DAQ start 2011 September

• 2νββ results from KamLAND-Zen (1st, 2nd result)

• 0νββ limit from KamLAND-Zen (3rd result)

(*) PRL72,1411(1994)

136Xe
136Cs

136Ba

×

Qββ=2.47 MeV

PRC 85, 045504 (2012)  PRC 86, 021601(R) (2012) 

 PRL 110, 062502 (2013)

Let me start to introduce KamLAND-Zen. 

The physics target is to search for the neutrino-less double beta decay of 136-Xe in a LS detector. 
It was initially funded in 2009. 

One of our advantage is we have LS experience and KamLAND already exists. 
It allows us to start KamLAND-Zen relatively quick. 

AFter R&D of Xe gas handling system and miniBalloon in which Xe loaded LS is contained, 
fabrication of these components began in late 2010. 

The miniBalloon was installed with Xe-LS in Summer 2011 and we started DAQ in September 2011. 

The first and the second results on 2nbb was published in 2012 and 0nbb limit was published early this year. 

In this talk, 2bnn analysis is based on the 2nd result, 0nbb analysis is based on the third result. 

136Xe merit 
enrichment is available ~91% 

High solubility:Xe is dissolved in LS 3wt% at 1 atm.

If 0v2β signal was observed, it can be verified 
using same detector with 136Xe removed.

collect Xe from Xe loaded LS by degassing easily.  
purification method is established (LS, Xe)

DAQ was started in Oct. 2011.
(The project was started in 2009 )

320kg 91% enriched 136Xe 

High scalability: replace with big balloon 
and dissolve ton scale 136Xe.

Detector features
Mini-balloon was installed at center of KamLAND (ultra clean) 
Xe loaded LS was installed in Sep. 2011. 

Zero Neutrino Double Beta Decay Search 2.46
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History 

1st phase (Oct.2011- Jun.2012)

Purification (Jun.2012-Nov.2013) Xe extraction, Xe purification, LS purification. 

2nd phase (Dec.2013- Oct.2015)                                                                                  
Latest 0ν2β result was released in 2016.

Preparation for KamLAND-Zen 800 phase was started in 2015                                     
( Zen 400 mini-balloon extraction, new mini-balloon production, extracted xenon & new xenon purification)

 KamLAND-Zen 800 phase was started.     Jan.2019 -        

2011 2012 2013 2014 2015 2016 2017 2018 2019
Purification1st phase 2nd phase

KamLAND-Zen 400 KamLAND-Zen 800
Preparation

PRL 110, 062502(2013)

Started DAQ

Xe 320kg 

 PRL 117, 082503(2016)

Xe 380kg Xe 745kg 
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Mini-balloon production and installation  
Production of real Mini-balloon

24 gores from the film

Ultra-sonic washer

Newly developed welding

 fabrication in Class 1 super-clean-room
  (class 1 = less than one 0.5 micron particle in 1 cube feet

24 gores

cone

pipe

3.08m

Suspended with 
Nylon belts 
connected to 
Vectran strings

  All tools and parts washed here

H
ard tube (7m

)
Film

 part (~6m
)

minimum material   → 25 μm Nylon 6
      transparency 99.4% @400nm
      strength 19.4 N/cm
      Xe permeability  < 220 g/year
low radioactive impurity
   → specially made no filler film

  U  : 150 ! 2x10-12g/g
Th :  59 ! 3x10-12g/g
40K : 140 ! 2x10-12g/g

8

mini-Balloon
Fabrication at Sendai in Spring 2011
Installation into KamLAND in Summer 2011

Making gores. 
Ultrasonic cleaning 
with pure water.

Installation into 
KamLAND

Packed and N2 purged. 
Ready for shipping to 
Kamioka.

25 μm Nylon6
transparency 99.4% @400nm
Xe barrier < 220 g/year

Class 1 clean room

U: 2×10-12 g/g
Th: 3×10-12 g/g

Class 10-100 clean room

214Bi
19.9 m

214Po
164 μs

β+γ

α
210Pb
22 y

238U

These are some pictures from the miniBalloon fabrication in Sendai, Japan. 

Bi-214 in the mini-balloon is a serious BGs for the neutrino-less double beta decay search. 
This event can be tagged by the 214Bi-214Po decays as long as the 214Po decay is not inside of the miniBalloon. 

So the thickness of the miniBalloon is essential. 

We made 25 micro-meter thick miniBalloon to both reduce the amount 
of Bi-214 and also to maximize efficiency for a delayed coincidence 
of the Po-214 alpha. 

U and Th contamination in the miniBalloon was achieved to be 10 to the minus 12th g / g. 

The fabrication was done in the class one ultra clean room at Sendai at Spring 2011. 

This is a picture when the miniBalloon was completed. Then it was 
shipped to Kamioka and was installed into the KamLAND in SUmmer, 2011. 

We built a special clean room on top of the KamLAND for the installation. 

×24

heat welding
test 

at Sendai in June 2011

Deployment of balloon and tube balloon going through light shield

Good job

inflate with dummy LS and then replace with 
Xe-loaded LS

density adjustment and tube extraction follow

surface of mini-balloon

welding line

supply tube

9

 clean room
class ~100

deflated 
Mini-balloon

Deployment of balloon and tube balloon going through light shield

Good job

inflate with dummy LS and then replace with 
Xe-loaded LS

density adjustment and tube extraction follow

surface of mini-balloon

welding line

supply tube

9

Deployment of balloon and tube balloon going through light shield

Good job

inflate with dummy LS and then replace with 
Xe-loaded LS

density adjustment and tube extraction follow

surface of mini-balloon

welding line

supply tube

9

Mini-balloon was made in 
Sendai.
Deflated Mini-balloon was 
delivered to Kamioka.
After the Mini-balloon was 
installed in KamLAND, the 
Mini-balloon was inflated 
using normal LS.
Finally the normal LS was 
replaced with the Xe loaded 
LS.    

at Kamioka mine in Aug 2011
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Xe handling system
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Xe solubility follows Henry’s law.
Dissolving: increase partial pressure of Xe 
Extracting: degassing + nitrogen purge  passing through Xe cold trap 

Temperature < ±0.3℃
Density ~ ±0.01%
Filling Xe-LS 

SVETLANA 

136Xe made in Russia 

Kamioka mine

Compresser 
~6MPa

1m3 LS tank

Xe dissolving Xe-LS extractionXe extraction

4.7 Xe飽和溶解度の分圧依存性

Fig. 4.15 Xe飽和溶解度の分圧依存性

(Fig.4.15)に、Xe溶解度のXe分圧依存性を示す。ｙ軸が n-Xeの 15±0.2℃における溶解度、ｘ軸
が Xeの分圧 (kPa)を表す。Xe分圧の調整は、4.3.2節手順 (1)において溶解度測定装置内を真空引
きする際に空気をある程度残し、そこにXeを導入することで行った。無論、その後の計算過程にお
いて 500cc分の LS体積がXeに置き換わったと考えられる部分もXeの分圧に応じて補正を加えた。
赤が溶解度測定装置による測定値、緑がGCによる追検証である。なお、低圧部分でエラーバーが大
きくなっているのは、酸素濃度計の測定精度が高濃度側で±0.1%から±0.5%になっていることに起
因する。
　液体に対する気体の溶解度は、以下に示すヘンリーの法則に従うことが知られている。ここでのｐ
は気体の分圧 (kPa)、Hdはヘンリー定数、Caは液相内濃度 (mol/m3)である。

p = HdCa (4.5)

(Fig.4.15)の結果はこの法則がXeと LSにおいても成立していることを示す。この結果によって、こ
れ以前の測定においてXe分圧が一気圧 (101.3kPa)でないことをヘンリーの法則によって補正した正
当性が示された。
　また、Xe溶解度が圧力に比例することが明らかになったことで、将来的にミニバルーンをより水
深が深い場所に設置し、圧力を加えることで大量の崩壊核を観測する Super-KamLAND-Zen実験実
現の可能性も示したことになる。
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• mass flow
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1st Phase result 

3

Visible Energy (MeV)
1 2 3 4

Ev
en

ts/
0.

05
M

eV

-110

1

10

210

310

410

510 (a) DS-1 + DS-2 U Series238

Th Series232

Bi210

Kr85

Bi208

Y88

Ag110m

External BG
Spallation

Data
Total

ββνXe 2136

Total
 U.L.)ββν(0

ββνXe 0136

(90% C.L. U.L.)

Visible Energy (MeV)
2.2 2.4 2.6 2.8 3

Ev
en

ts/
0.

05
M

eV

-5

0

5

10

15

20

25

30

35

40 (b)
Bi208

Y88

Ag110m

Data
Total
Total

 U.L.)ββν(0
ββνXe 0136

(90% C.L. U.L.)

FIG. 1: (a) Energy spectrum of selected candidate events together
with the best-fit backgrounds and 2νββ decays, and the 90% C.L.
upper limit for 0νββ decays, for the combined data from DS-1 and
DS-2; the fit range is 0.5 < E < 4.8MeV. (b) Closeup of (a) for
2.2 < E < 3.0MeV after subtracting known background contribu-
tions.

their activity appears to increase proportionally with the area
of the film welding lines. This indicates that the dominant IB
backgrounds may have been introduced during the welding
process from dust containing both natural U and Fukushima
fallout contaminants. The activity of the 214Bi on the IB drives
the spherical fiducial radius in the analysis.

In the combined DS-1 and DS-2 data set, a peak can
also be observed in the IB backgrounds located in the 0νββ
window on top of the 214Bi contribution, similar in en-
ergy to the peak found within the fiducial volume. To ex-
plore this activity we performed two-dimensional fits in R
and energy, assuming that the only contributions on the IB
are from 214Bi and 110mAg. Floating the rates from back-
ground sources uniformly distributed in the Xe-LS, the fit
results for the 214Bi and 110mAg event rates on the IB are
19.0± 1.8 day−1and 3.3± 0.4 day−1, respectively, for DS-1,
and 15.2± 2.3 day−1and 2.2± 0.4 day−1for DS-2. The rejec-
tion efficiencies of the FV cut R < 1.35m against 214Bi and
110mAg on the IB are (96.8 ± 0.3)% and (93.8 ± 0.7)%, re-

spectively, where the uncertainties include the uncertainty in
the IB position.

The energy spectra of selected candidate events for DS-1
and DS-2 are shown in Fig. 1. The ββ decay rates are
estimated from a likelihood fit to the binned energy spec-
trum between 0.5 and 4.8 MeV for each data set. The back-
ground rates described above are floated but constrained by
their estimated values, as are the detector energy response
model parameters. As discussed in Ref. [2], contributions
from 110mAg (β− decay, τ = 360 day, Q = 3.01MeV), 88Y
(EC decay, τ = 154 day, Q = 3.62MeV), 208Bi (EC de-
cay, τ = 5.31× 105 yr, Q = 2.88MeV), and 60Co (β− de-
cay, τ = 7.61 yr, Q = 2.82MeV) are considered as potential
background sources in the 0νββ region of interest. The in-
creased exposure time of this data set allows for improved
constraints on the identity of the background due to the differ-
ent lifetimes of the considered isotopes. Fig. 2 shows the event
rate time variation in the energy range 2.2 < E < 3.0MeV,
which exhibits a strong preference for the lifetime of 110mAg,
if the filtration is assumed to have no effect. Allowing for the
110mAg levels between DS-1 and DS-2 to float, the estimated
removal efficiency of 110mAg is (1±19)%, indicating that the
Xe-LS filtration was not effective in reducing the background.
In the fit to extract the 0νββ limit we include all candidate
sources in the Xe-LS, considering the possibility of composite
contributions and allowing for independent background rates
before and after the filtration.

The best-fit event rate of 136Xe 2νββ decays is 82.9 ±
1.1(stat) ± 3.4(syst) (ton·day)−1for DS-1, and 80.2 ±
1.8(stat) ± 3.3(syst) (ton·day)−1for DS-2. These results are
consistent within the uncertainties, and both data sets indicate
a uniform distribution of the Xe throughout the Xe-LS. They
are also consistent with EXO-200 [3] and that obtained with a
smaller exposure [4], which requires the FV cut R < 1.2m to
avoid the large 134Cs backgrounds on the IB, more appropri-
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FIG. 2: Event rate variation in the energy region 2.2 < E <
3.0MeV (136Xe 0νββ window) after subtracting known back-
ground contributions. The three fitted curves correspond to the
hypotheses that all events in the 0νββ window are from 110mAg
(solid), 208Bi (dotted), or 88Y (dashed). The gray band indicates the
Xe-LS filtration period; no reduction in the fitted isotope is assumed
for the χ2 calculation.

> 1.9×1025yr (90% C.L.)T   0ν2β
1/2  

Data sets
 systematic uncertainty 2012(%) 2013 (%)

fiducial volume 5.2 4.0

enrichment of Xe 0.05 0.05

Xe amount 0.34 0.36

energy scale 0.3 0.3

detection efficiency 0.2 0.2

total 5.2 3.9

(*) PRC 86, 021601(R) (2012)       (**) PRL 110, 062502 (2013)

2nd(*)

FV enlarged
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Oct. 2011
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Feb. 2012

DS-2

#
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#

3rd result(*)

# filtration 
(later explained)

VFV/Vtotal= 0.438 ± 0.005 @2012

NFV/Ntotal= 0.423 ± 0.007(stat.) ± 0.004(syst.) @2012
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Event selection
• Fiducial Volume
•Muon veto (∆T2msec)
• 214Bi-Po, 212Bi-Po cut
•Anti-νe cut

Data sets and fiducial volume is shown in this slide. 

Data set is divided in two sets, DS-1 and DS-2. 
DS-1 was used for the analysis 2012. 
DS-2 was added to the analysis 2013. 

I would like to explain both results in this talk to mention what we tried and what we will 
try to improve the detector performance. 

What we tried was Xe-LS circulation through a filter unit between these data sets. 
This will be explained later. 

These plots show event distribution as a function of radius normalized to 
the radius of the miniBalloon for different energy windows. 
Here is the miniBalloon radius. 

The first one and second one explain 134Cs and 214Bi contamination at 
the miniBalloon and we set the FV here for 2012 and here for 2013. 

134Cs comes from Fukushima reactor. I will mention this later. 

The third one is Bi-214 distribution contained in the miniBalloon. 
The fraction of events in the FV to total was compared to the fraction of FV 
and the difference between these two ratios is taken into the systematic uncertainty. 

Currently, this is the largest uncertainty. 

livetime 213.4 days
exposure: 89.5 kg*yr

FV is optimized to 1.35m radius for 0ν2β analysis.

〈mββ〉 < 0.16 - 0.33 eV

Unexpected 110mAg is dominant BG. 

0ν2β result

(90% C.L.)
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FIG. 1: (a) Energy spectrum of selected candidate events together
with the best-fit backgrounds and 2νββ decays, and the 90% C.L.
upper limit for 0νββ decays, for the combined data from DS-1 and
DS-2; the fit range is 0.5 < E < 4.8MeV. (b) Closeup of (a) for
2.2 < E < 3.0MeV after subtracting known background contribu-
tions.

their activity appears to increase proportionally with the area
of the film welding lines. This indicates that the dominant IB
backgrounds may have been introduced during the welding
process from dust containing both natural U and Fukushima
fallout contaminants. The activity of the 214Bi on the IB drives
the spherical fiducial radius in the analysis.

In the combined DS-1 and DS-2 data set, a peak can
also be observed in the IB backgrounds located in the 0νββ
window on top of the 214Bi contribution, similar in en-
ergy to the peak found within the fiducial volume. To ex-
plore this activity we performed two-dimensional fits in R
and energy, assuming that the only contributions on the IB
are from 214Bi and 110mAg. Floating the rates from back-
ground sources uniformly distributed in the Xe-LS, the fit
results for the 214Bi and 110mAg event rates on the IB are
19.0± 1.8 day−1and 3.3± 0.4 day−1, respectively, for DS-1,
and 15.2± 2.3 day−1and 2.2± 0.4 day−1for DS-2. The rejec-
tion efficiencies of the FV cut R < 1.35m against 214Bi and
110mAg on the IB are (96.8 ± 0.3)% and (93.8 ± 0.7)%, re-

spectively, where the uncertainties include the uncertainty in
the IB position.

The energy spectra of selected candidate events for DS-1
and DS-2 are shown in Fig. 1. The ββ decay rates are
estimated from a likelihood fit to the binned energy spec-
trum between 0.5 and 4.8 MeV for each data set. The back-
ground rates described above are floated but constrained by
their estimated values, as are the detector energy response
model parameters. As discussed in Ref. [2], contributions
from 110mAg (β− decay, τ = 360 day, Q = 3.01MeV), 88Y
(EC decay, τ = 154 day, Q = 3.62MeV), 208Bi (EC de-
cay, τ = 5.31× 105 yr, Q = 2.88MeV), and 60Co (β− de-
cay, τ = 7.61 yr, Q = 2.82MeV) are considered as potential
background sources in the 0νββ region of interest. The in-
creased exposure time of this data set allows for improved
constraints on the identity of the background due to the differ-
ent lifetimes of the considered isotopes. Fig. 2 shows the event
rate time variation in the energy range 2.2 < E < 3.0MeV,
which exhibits a strong preference for the lifetime of 110mAg,
if the filtration is assumed to have no effect. Allowing for the
110mAg levels between DS-1 and DS-2 to float, the estimated
removal efficiency of 110mAg is (1±19)%, indicating that the
Xe-LS filtration was not effective in reducing the background.
In the fit to extract the 0νββ limit we include all candidate
sources in the Xe-LS, considering the possibility of composite
contributions and allowing for independent background rates
before and after the filtration.

The best-fit event rate of 136Xe 2νββ decays is 82.9 ±
1.1(stat) ± 3.4(syst) (ton·day)−1for DS-1, and 80.2 ±
1.8(stat) ± 3.3(syst) (ton·day)−1for DS-2. These results are
consistent within the uncertainties, and both data sets indicate
a uniform distribution of the Xe throughout the Xe-LS. They
are also consistent with EXO-200 [3] and that obtained with a
smaller exposure [4], which requires the FV cut R < 1.2m to
avoid the large 134Cs backgrounds on the IB, more appropri-
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FIG. 2: Event rate variation in the energy region 2.2 < E <
3.0MeV (136Xe 0νββ window) after subtracting known back-
ground contributions. The three fitted curves correspond to the
hypotheses that all events in the 0νββ window are from 110mAg
(solid), 208Bi (dotted), or 88Y (dashed). The gray band indicates the
Xe-LS filtration period; no reduction in the fitted isotope is assumed
for the χ2 calculation.
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FIG. 1: (a) Energy spectrum of selected candidate events together
with the best-fit backgrounds and 2νββ decays, and the 90% C.L.
upper limit for 0νββ decays, for the combined data from DS-1 and
DS-2; the fit range is 0.5 < E < 4.8MeV. (b) Closeup of (a) for
2.2 < E < 3.0MeV after subtracting known background contribu-
tions.

their activity appears to increase proportionally with the area
of the film welding lines. This indicates that the dominant IB
backgrounds may have been introduced during the welding
process from dust containing both natural U and Fukushima
fallout contaminants. The activity of the 214Bi on the IB drives
the spherical fiducial radius in the analysis.

In the combined DS-1 and DS-2 data set, a peak can
also be observed in the IB backgrounds located in the 0νββ
window on top of the 214Bi contribution, similar in en-
ergy to the peak found within the fiducial volume. To ex-
plore this activity we performed two-dimensional fits in R
and energy, assuming that the only contributions on the IB
are from 214Bi and 110mAg. Floating the rates from back-
ground sources uniformly distributed in the Xe-LS, the fit
results for the 214Bi and 110mAg event rates on the IB are
19.0± 1.8 day−1and 3.3± 0.4 day−1, respectively, for DS-1,
and 15.2± 2.3 day−1and 2.2± 0.4 day−1for DS-2. The rejec-
tion efficiencies of the FV cut R < 1.35m against 214Bi and
110mAg on the IB are (96.8 ± 0.3)% and (93.8 ± 0.7)%, re-

spectively, where the uncertainties include the uncertainty in
the IB position.

The energy spectra of selected candidate events for DS-1
and DS-2 are shown in Fig. 1. The ββ decay rates are
estimated from a likelihood fit to the binned energy spec-
trum between 0.5 and 4.8 MeV for each data set. The back-
ground rates described above are floated but constrained by
their estimated values, as are the detector energy response
model parameters. As discussed in Ref. [2], contributions
from 110mAg (β− decay, τ = 360 day, Q = 3.01MeV), 88Y
(EC decay, τ = 154 day, Q = 3.62MeV), 208Bi (EC de-
cay, τ = 5.31× 105 yr, Q = 2.88MeV), and 60Co (β− de-
cay, τ = 7.61 yr, Q = 2.82MeV) are considered as potential
background sources in the 0νββ region of interest. The in-
creased exposure time of this data set allows for improved
constraints on the identity of the background due to the differ-
ent lifetimes of the considered isotopes. Fig. 2 shows the event
rate time variation in the energy range 2.2 < E < 3.0MeV,
which exhibits a strong preference for the lifetime of 110mAg,
if the filtration is assumed to have no effect. Allowing for the
110mAg levels between DS-1 and DS-2 to float, the estimated
removal efficiency of 110mAg is (1±19)%, indicating that the
Xe-LS filtration was not effective in reducing the background.
In the fit to extract the 0νββ limit we include all candidate
sources in the Xe-LS, considering the possibility of composite
contributions and allowing for independent background rates
before and after the filtration.

The best-fit event rate of 136Xe 2νββ decays is 82.9 ±
1.1(stat) ± 3.4(syst) (ton·day)−1for DS-1, and 80.2 ±
1.8(stat) ± 3.3(syst) (ton·day)−1for DS-2. These results are
consistent within the uncertainties, and both data sets indicate
a uniform distribution of the Xe throughout the Xe-LS. They
are also consistent with EXO-200 [3] and that obtained with a
smaller exposure [4], which requires the FV cut R < 1.2m to
avoid the large 134Cs backgrounds on the IB, more appropri-
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FIG. 2: Event rate variation in the energy region 2.2 < E <
3.0MeV (136Xe 0νββ window) after subtracting known back-
ground contributions. The three fitted curves correspond to the
hypotheses that all events in the 0νββ window are from 110mAg
(solid), 208Bi (dotted), or 88Y (dashed). The gray band indicates the
Xe-LS filtration period; no reduction in the fitted isotope is assumed
for the χ2 calculation.
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Time Energy Spectrum Fit
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DS-3 : 15.5 days, Inlet Cut

2ν2β
110mAg

Purification methods

Xe#LS&+&110mAg& LS&+&110mAg& new&LS& new$Xe&LS$

Xe

LS#+#110mAg#
drain new$LS$

water extraction, distillation

purified Xe

Further LS purification 
using distillation system
~ 3 cycles 

remaining 110mAg 
1st phase (100days) After 90%Xe extraction After New LS filling

not 0ν signal

�12

1st phase

2nd phase
380kg



Xe purification system

charcoal filter
LS vapor < 1ppb
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MC3000

Metal also trapped in charcoal.

adsorption type filter

sintered metal filter (SUS)
ガスクリーン V
超高純度ガス用インラインフィルター
コンパクトで大流量（1200 NL/min）対応

PFSH065a

（注）ガスクリーンはポール社の登録商標です。（商標登録第2720960号）

特長
●低い圧力損失
●コンパクトな設計構造
●非常に小さい内容積
●Ｏ-リングのないシール構造
●出荷前のプレコンディショニング（VCRタイプ）

利点
●大流量処理が可能
●最小限の設置スペース
●優れたガス置換特性
●幅広い流体適合性、高温での使用が可能
●速やかなドライダウン、ガス純度の維持

■材質
構成部品 材　　質

フィルターメディア
メディアサポート
コア、エンドキャップ
フィルターハウジング

PTFE
フッ素樹脂
PFA
316Ｌステンレススチール（VAR）

■仕様
定格ろ過精度（nm）＊1

最高使用圧力（140℃）
耐差圧（20℃）
耐逆差圧（20℃）

ヘリウムリーク率 （atm・cc/sec）＊3

最高使用温度
内面仕上げ
初期清浄度（プレコンディショニングオプション対応仕様）

3 nm ＊2

1 MPaＧ＊3

0.7 MPa
0.3 MPa
＜1ｘ10－9 （出荷前試験）
＜1ｘ10－11（設計値）
１40℃
≦0.18μm/7μin Ra
≦10 ppb （H20、THC、O2）

＊1 NaClエアロゾル試験による定格付け
＊2 CNCカウンター（TSI Model 3025）で計測した場合の検出限界値
＊3 本製品の設計圧力および製品上の表示は　750 PSIG 、5.26 MPaGであり、全品耐圧試験後 出荷しています。ただし、日本国内で使用する場合本製品は高圧ガス取締法

適合品ではありませんので、ガス用途に使用される場合、最高使用圧力は 1 MPaGとなります。高圧ガス取締法適合品に関しては、当社各営業所までお問い合わせくだ
さい。

“ガスクリーンＶ”は、半導体プロセス用高純度ガス用の最新
インラインフィルターです。フィルターメディアとサポート
材はすべてフッ素樹脂製で、ハウジング材質には高品位のス
テンレスを使用しています。
O-リングを使用していないシール構造は、ポール独自の特許
技術です。
最小限の設置面積で装着可能です。コンパクトなデザインで
大流量を処理できますので、ドライプロセスの大幅なコスト
ダウンを実現します。

p r t
g×

R ´ Rp nR ,) i m

a a ]kac m a mKKN ´ke

t ´ m akac

: R

´

: AR4

p
R l a

ici

i i

5

i t 1
R p

i

t

s R

6R

i

R r ´ ´

´R p a

t

t

n

p

p

o o

R

( =0
(R=0 r

T(R8:

t E (

t (O

p g a

p E g ai m h akb

ht m p h

m h kb

=/0
´ ) FC AH

) HHP HHP HH ,F ) HI
) HHP HHP HH 'F ) HI

o o =/0
RR )HHP )(HHP 99HH FC

t

3 . 3. 09 09. 03 o ´8.

t /LR3 RR RKK RR RKK RR RKK RR RKK RR RKK RR KK RR RKK R V RK A2N H

R 8. RKK RR RKK RR RK RR RKK RR RKK RKK RRV RK AEN H

R 3. RKK RR RKK RKK RR RKK RR RKK V RJ A2N H

getter 
• Input gas should be <50ppm nitrogen concentration.

• H2O,N2,O2,CH4,CO,CO2 <1ppb

• 7*104 m3 of xenon can be processed. (1ppm N2)

• Metal is also remove.
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Zr alloy 
~400 ℃

getter

SAES

SAES

Zr alloy
350~400℃

PTFE filter
pore size 3nm

Distillation to reduce krypton
A distillation system was made and tested.
System specification:

Boiling 
point 
(@1 atm)

Xe 165K
Kr 120K

~3m
13 stage of Operation: 2 atm(abs.)

Processed speed: 0.6 kg / hour
Design factor: 1/1000 Kr / 1 pass

Lower 
temp.

Higher 
temp.

~1%

2cmI

~99%

Purified Xe:
(3.3±1.1) x 10-12 Kr

(by a high sensitivity 
measurement method)

Off gas Xe:
330±100 x 10-9 Kr
(measured)

Original Xe:
~3 x 10-9 Kr

178±2K in tower

z Process speed: 0.6kg Xe/hour
z Collection efficiency:  > 99%
z Kr concentration after process: < 1/1000 

Xe distillation system 

column 

borrowed from XMASS

Nitrogen concentration in Xe 
was reduced  from 2%                      
to less than 100ppm.
Metal might be removed.

~410kg Xe was purified. 
H2O,N2,O2,CH4,CO,CO2 <1ppb

design goal: reducing Kr by more than 
3orders of magnitude. (achieved)  

Xe was collected passing through LS cold trap. 
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Ag BG reduction results

110mAg BG was reduced by a factor of more than 10. 

Date
Oct 2011 Nov 2011 Dec 2011 Jan 2012

Ev
en

ts
/D

ay

0

0.5

1

Date
Dec 2013 Jan 2014 Feb 2014 Mar 2014 Apr 2014

Ev
en

ts
/D

ay

0

0.5

1

Ev
en

ts

1

10

210

Visible Energy (MeV)
1 2 3 4

3
(R

/1
.5

4m
)

0

0.5

1

1.5

2
Ev

en
ts

1

10

210

Visible Energy (MeV)
1 2 3 4

3
(R

/1
.5

4m
)

0

0.5

1

1.5

2
137Cs

134Cs 214Bi (U) 208Tl (Th)

110mAg (Xe-LS)

137Cs

134Cs 214Bi (U) 208Tl (Th)

Phase 2 (first 114.8 days)Phase 1 (first 112.3 days)

< 1/10

110mAg BG 
reduction to

2.2 < E < 3.0 MeV, R < 1 m 2.2 < E < 3.0 MeV, R < 1 m

Primary BG : 214Bi (U) at balloon / spallation 10C / remaining 110mAg?

R = 1 m

2νββ 0νββ 2νββ 0νββ

110mAg Background Reduction

preliminary 

110mAg (balloon film)

balloon film

R = 1 m

balloon film

Date
Oct 2011 Nov 2011 Dec 2011 Jan 2012

Ev
en

ts/
D

ay

0

0.5

1

Date
Dec 2013 Jan 2014 Feb 2014 Mar 2014 Apr 2014

Ev
en

ts
/D

ay

0

0.5

1

Ev
en

ts

1

10

210

Visible Energy (MeV)
1 2 3 4

3
(R

/1
.5

4m
)

0

0.5

1

1.5

2

Ev
en

ts

1

10

210

Visible Energy (MeV)
1 2 3 4

3
(R

/1
.5

4m
)

0

0.5

1

1.5

2
137Cs

134Cs 214Bi (U) 208Tl (Th)

110mAg (Xe-LS)

137Cs

134Cs 214Bi (U) 208Tl (Th)

Phase 2 (first 114.8 days)Phase 1 (first 112.3 days)

< 1/10

110mAg BG 
reduction to

2.2 < E < 3.0 MeV, R < 1 m 2.2 < E < 3.0 MeV, R < 1 m

Primary BG : 214Bi (U) at balloon / spallation 10C / remaining 110mAg?

R = 1 m

2νββ 0νββ 2νββ 0νββ

110mAg Background Reduction

preliminary 

110mAg (balloon film)

balloon film

R = 1 m

balloon film

Date
Oct 2011 Nov 2011 Dec 2011 Jan 2012

Ev
en

ts/
D

ay

0

0.5

1

Date
Dec 2013 Jan 2014 Feb 2014 Mar 2014 Apr 2014

Ev
en

ts/
D

ay

0

0.5

1

Ev
en

ts

1

10

210

Visible Energy (MeV)
1 2 3 4

3
(R

/1
.5

4m
)

0

0.5

1

1.5

2

Ev
en

ts

1

10

210

Visible Energy (MeV)
1 2 3 4

3
(R

/1
.5

4m
)

0

0.5

1

1.5

2
137Cs

134Cs 214Bi (U) 208Tl (Th)

110mAg (Xe-LS)

137Cs

134Cs 214Bi (U) 208Tl (Th)

Phase 2 (first 114.8 days)Phase 1 (first 112.3 days)

< 1/10

110mAg BG 
reduction to

2.2 < E < 3.0 MeV, R < 1 m 2.2 < E < 3.0 MeV, R < 1 m

Primary BG : 214Bi (U) at balloon / spallation 10C / remaining 110mAg?

R = 1 m

2νββ 0νββ 2νββ 0νββ

110mAg Background Reduction

preliminary 

110mAg (balloon film)

balloon film

R = 1 m

balloon film

Date
Oct 2011 Nov 2011 Dec 2011 Jan 2012

Ev
en

ts/
D

ay

0

0.5

1

Date
Dec 2013 Jan 2014 Feb 2014 Mar 2014 Apr 2014

Ev
en

ts/
D

ay

0

0.5

1

Ev
en

ts

1

10

210

Visible Energy (MeV)
1 2 3 4

3
(R

/1
.5

4m
)

0

0.5

1

1.5

2

Ev
en

ts

1

10

210

Visible Energy (MeV)
1 2 3 4

3
(R

/1
.5

4m
)

0

0.5

1

1.5

2
137Cs

134Cs 214Bi (U) 208Tl (Th)

110mAg (Xe-LS)

137Cs

134Cs 214Bi (U) 208Tl (Th)

Phase 2 (first 114.8 days)Phase 1 (first 112.3 days)

< 1/10

110mAg BG 
reduction to

2.2 < E < 3.0 MeV, R < 1 m 2.2 < E < 3.0 MeV, R < 1 m

Primary BG : 214Bi (U) at balloon / spallation 10C / remaining 110mAg?

R = 1 m

2νββ 0νββ 2νββ 0νββ

110mAg Background Reduction

preliminary 

110mAg (balloon film)

balloon film

R = 1 m

balloon film

1st Phase (first 112.3 days) 2nd Phase (first 114.8days)

Date
Oct 2011 Nov 2011 Dec 2011 Jan 2012

Ev
en

ts/
D

ay

0

0.5

1

Date
Dec 2013 Jan 2014 Feb 2014 Mar 2014 Apr 2014

Ev
en

ts/
D

ay

0

0.5

1

Ev
en

ts

1

10

210

Visible Energy (MeV)
1 2 3 4

3
(R

/1
.5

4m
)

0

0.5

1

1.5

2

Ev
en

ts

1

10

210

Visible Energy (MeV)
1 2 3 4

3
(R

/1
.5

4m
)

0

0.5

1

1.5

2
137Cs

134Cs 214Bi (U) 208Tl (Th)

110mAg (Xe-LS)

137Cs

134Cs 214Bi (U) 208Tl (Th)

Phase-II (first 114.8 days)Phase-I (first 112.3 days)

< 1/10

110mAg BG 
reduction to

2.2 < E < 3.0 MeV, R < 1 m 2.2 < E < 3.0 MeV, R < 1 m

Primary BG : 214Bi (U) at balloon / spallation 10C / remaining 110mAg?

R = 1 m

2νββ 0νββ 2νββ 0νββ

110mAg Background Reduction

110mAg (balloon film)

balloon film

R = 1 m

balloon film

�14



KamLAND-Zen 400 result 

To demonstrate the low background levels achieved in the
0νββ region, Fig. 2 shows the energy spectra within a 1-m
radius, together with the best-fit background composition
and the 90% C.L. upper limit for 0νββ decays. Combining
the results, we obtain a 90% C.L. upper limit of
< 2.4 ðkton dayÞ−1, or T0ν

1=2 > 9.2 × 1025 yr (90% C.L.).
We find that a fit including potential backgrounds from
88Y, 208Bi, and 60Co [3] does not change the obtained limit.
A MC of an ensemble of experiments assuming the best-fit
background spectrum without a 0νββ signal indicates a
sensitivity of 5.6 × 1025 yr, and the probability of obtaining
a limit stronger than the presented result is 12%. For
comparison, the sensitivity of an analysis in which
the 110mAg background rates in period 1 and period 2 are
constrained to the 110mAg half-life is 4.5 × 1025 yr.
Combining the phase-I and phase-II results, we

obtain T0ν
1=2 > 1.07 × 1026 yr (90% C.L.). This corresponds

to an almost sixfold improvement over the previous

KamLAND-Zen limit using only the phase-I data, owing
to a significant reduction of the 110mAg contaminant and the
increase in the exposure of 136Xe.
From the limit on the 136Xe 0νββ decay half-life, we

obtain a 90% C.L. upper limit of hmββi < ð61 − 165Þ meV
using an improved phase space factor calculation [17,18]
and commonly used NME calculations [19–25] assuming
the axial coupling constant gA ≃ 1.27. Figure 3 illustrates
the allowed range of hmββi as a function of the lightest
neutrino mass mlightest under the assumption that the decay
mechanism is dominated by exchange of a pure-Majorana
Standard Model neutrino. The shaded regions include the
uncertainties inUei and the neutrino mass splitting, for each
hierarchy. Also drawn are the experimental limits from
the 0νββ decay searches for each nucleus [2,26–28]. The
upper limit on < mββ > from KamLAND-Zen is the most
stringent, and it also provides the strongest constraint on
mlightest considering extreme cases of the combination of
CP phases and the uncertainties from neutrino oscillation
parameters [29,30]. We obtain a 90% C.L. upper limit
of mlightest < ð180–480Þ meV.
In conclusion, we have demonstrated effective back-

ground reduction in the Xe-loaded liquid scintillator by
purification, and enhanced the 0νββ decay search sensi-
tivity in KamLAND-Zen. Our search constrains the mass
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FIG. 2. (a) Energy spectrum of selected ββ candidates within a
1-m-radius spherical volume in period 2 drawn together with
best-fit backgrounds, the 2νββ decay spectrum, and the 90% C.L.
upper limit for 0νββ decay. [(b) and (c)] Close-up energy spectra
for 2.3 < E < 3.0 MeV in period 1 and period 2, respectively.
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FIG. 3. EffectiveMajorana neutrino mass hmββi as a function of
the lightest neutrino mass mlightest. The dark shaded regions are
the predictions based on best-fit values of neutrino oscillation
parameters for the normal hierarchy (NH) and the inverted
hierarchy (IH), and the light shaded regions indicate the 3σ
ranges calculated from the oscillation parameter uncertainties
[29,30]. The horizontal bands indicate 90% C.L. upper limits on
hmββi with 136Xe from KamLAND-Zen (this work), and with
other nuclei from Refs. [2,26–28], considering an improved
phase space factor calculation [17,18] and commonly used NME
calculations [19–25]. The side panel shows the corresponding
limits for each nucleus as a function of the mass number.
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  > 1.07×1026yr (90% C.L.)T   0ν2β
1/2  

best upper limit

〈mββ〉 < 61 - 165 meV 

Combined Result (1st & 2nd Phase)

〈mββ〉 limit reached near IH region below 100meV �15
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33 ０νββ崩壊レート

136Xe 0νββ崩壊レート上限値

‣信号領域の観測事象数 (2.3 - 2.7MeV, R < 1m)

T1/20ν > 9.2 × 1025 yr (90% C.L.)
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Period-2 90% C.L.

136Xe 0ν2β 136Xe 2ν2β 214Bi LS 110mAg 214Bi film spallation Total BG Observed

Period-1 
(270.7 
days)

Estimated - - 0.23 ± 0.04 - - 3.4 ± 0.8 -
22

Best-fit 0 5.48 0.25 8.5 2.56 4.04 20.8

Period-2 
(263.8 
days)

Estimated - - 0.03 ± 0.01 - - 3.3 ± 0.8 -
11

Best-fit 0 5.29 0.03 0.0 2.45 3.43 11.3

222Rnの崩壊 有意な減少 10Cが~80%有意な超過はなかった
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 2nd Phase Result  
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270.7 days
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Phase-II (534.5 days)

ROI : 2.3 < E < 2.7 MeV, R < 1.0 m  
(0νββ search sensitivity is dominated by this data)

22 events 11 events

known BG rate  
other than 110mAg

~2σ discrepancy from 
simple 110mAg decay

Data-set division into two equal time period ~ 110mAg lifetime (τ = 360 days)

110mAg may decrease by “dust” settling to the bottom of the balloon film (unpredictable)

Period-1 Period-2

R<1.0m 2.3<E<2.7 MeV 
(0ν2β sensitive region)

22 events 11events



Toward KamLAND-Zen 800 phase

Xe collection from mini-balloon

Mini-balloon has been extracted.  (Dec. 2015)

Xenon has been recovered 
during recirculation and 

deflation of the mini-balloon.

deflation

mini-balloon extraction

for tank investigation required by law

KamLAND-Zen 400 removal 
2011 2012 2013 2014 2015 2016 

10  12  

1. Xe extraction from LS  
2. LS draining from inner balloon  
3. Inner balloon  removal 
4. Close top flange 

inner balloon 

Smooth work !! 

Mini-balloon has been extracted.  (Dec. 2015)

Xenon has been recovered 
during recirculation and 

deflation of the mini-balloon.

deflation

mini-balloon extraction

for tank investigation required by law

Mini-balloon has been extracted.  (Dec. 2015)

Xenon has been recovered 
during recirculation and 

deflation of the mini-balloon.

deflation

mini-balloon extraction

for tank investigation required by law
Mini-balloon has been extracted.  (Dec. 2015)

Xenon has been recovered 
during recirculation and 

deflation of the mini-balloon.

deflation

mini-balloon extraction

for tank investigation required by law

remaining Xe in LS was collected 
by N2 purge ~10kg

by degassing ~370kg

Purified collected Xe and new Xe
using distillation system. 

770kg Xe was purified 
for KamLAND-Zen 800 phase. 

deflation

increase 136Xe & ultra clean mini-balloon production

Zen-400 mini-balloon extraction

�16



Zen 800 mini-balloon production

Example of improvements
before after

keep staying away 
goggle

welding machine
cover sheet .
glove on glove

laundry twice a day .
clean underwear .

changing room in a clean room .
dust visualization
more neutralizer

・・・
cover 
sheets

clean 
underwear

changing 
room in a 
clean room

laundry 
twice a day

Example of improvements
before after

keep staying away 
goggle

welding machine
cover sheet .
glove on glove

laundry twice a day .
clean underwear .

changing room in a clean room .
dust visualization
more neutralizer

・・・
cover 
sheets

clean 
underwear

changing 
room in a 
clean room

laundry 
twice a day

Balloon film protection Clean underwear
9

To'avoid'dusts
M'Cleaning'the'super'clean'room'
M'Cleaning'the'tools'
M'Wear'
'''Wear'clean'inner'suit'in'changing'room'
''''''wear'clean'suit'1'in'changing'room'in'clean'room'
'''''''''take'off'clean'suit'1'and'wear'clean'suit'2'in'super'clean'room'
''''''''''''wash'the'hands'with'ultraMpureMwater'in'working'room'
''''''''''''''Once'wear'the'clean'suit'2,'this'suit'is'send'to'cleaning'company'
M'Always'we'are'washing'hands'with'ultraMpureMwater'and'cleaning''
''the'tools'by'IPA'or'ethanol'
M'We'are'using'some'neutralization'devices'to'avoid'dusts'by'staticMelectricity'
M'We'set'cover'nylon'film'to'miniMballoon'nylon'film

Change clean suits
 in the clean room

φ3.84m 
(Zen400 φ3.08m )

2 class 1 clean rooms

Toward ultra clean mini-balloon production

~$6000/month

+

�17Ion generation systemHumidity control

Mistgeneration system

Static-electricity control

Room1:mini-balloon production
Room2: changing clean suits 

 cleaning all equipments 

Semi-automatic welding machine Example of improvements
before after

keep staying away 
goggle

welding machine
cover sheet .
glove on glove

laundry twice a day .
clean underwear .

changing room in a clean room .
dust visualization
more neutralizer

・・・
cover 
sheets

clean 
underwear

changing 
room in a 
clean room

laundry 
twice a day

 13

Example of improvements
before after

keep staying away  
goggle 

welding machine 
cover sheet 
glove on glove 

laundry twice a day  
clean underwear  

changing room in a clean room  
dust visualization 
more neutralizer 

・・・
cover 
sheets

clean 
underwear

changing 
room in a 
clean room

laundry 
twice a day

Zen 400

goggle
Double gloves 

Zen 800



Zen 800 mini-balloon installation

 26

mini-balloon installation

50cm width for detector access

May 10, 2018

mini-balloon installation  
with + 0.4% weight  
liquid scintillator to  
KamLAND LS

 26

mini-balloon installation

50cm width for detector access

May 10, 2018

mini-balloon installation  
with + 0.4% weight  
liquid scintillator to  
KamLAND LS

 26

mini-balloon installation

50cm width for detector access

May 10, 2018

mini-balloon installation  
with + 0.4% weight  
liquid scintillator to  
KamLAND LS

�18

Zen 800 mini-balloon was installed
 in May 2018



30.5m3 normal LS filling

�19

Without Xe
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30.5m3 normal LS filling
Without Xe
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Zen 800  vs  Zen 400
30.5m3 16.5m3 



Xe dissolving circulation 1 

main tank subtank

pump
⑥Xe collection 

by degassing

pump

MIB
pump ①XeLS filling   

15nm
filter

 

S110-480_A, DCN 3058 www.saespuregas.com Specification subject to change 
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770kg  
Purified-Xe 

reserver 
tank 
1m3

getter 
400℃charcoal

ガスクリーン V
超高純度ガス用インラインフィルター
コンパクトで大流量（1200 NL/min）対応

PFSH065a

（注）ガスクリーンはポール社の登録商標です。（商標登録第2720960号）

特長
●低い圧力損失
●コンパクトな設計構造
●非常に小さい内容積
●Ｏ-リングのないシール構造
●出荷前のプレコンディショニング（VCRタイプ）

利点
●大流量処理が可能
●最小限の設置スペース
●優れたガス置換特性
●幅広い流体適合性、高温での使用が可能
●速やかなドライダウン、ガス純度の維持

■材質
構成部品 材　　質

フィルターメディア
メディアサポート
コア、エンドキャップ
フィルターハウジング

PTFE
フッ素樹脂
PFA
316Ｌステンレススチール（VAR）

■仕様
定格ろ過精度（nm）＊1

最高使用圧力（140℃）
耐差圧（20℃）
耐逆差圧（20℃）

ヘリウムリーク率 （atm・cc/sec）＊3

最高使用温度
内面仕上げ
初期清浄度（プレコンディショニングオプション対応仕様）

3 nm ＊2

1 MPaＧ＊3

0.7 MPa
0.3 MPa
＜1ｘ10－9 （出荷前試験）
＜1ｘ10－11（設計値）
１40℃
≦0.18μm/7μin Ra
≦10 ppb （H20、THC、O2）

＊1 NaClエアロゾル試験による定格付け
＊2 CNCカウンター（TSI Model 3025）で計測した場合の検出限界値
＊3 本製品の設計圧力および製品上の表示は　750 PSIG 、5.26 MPaGであり、全品耐圧試験後 出荷しています。ただし、日本国内で使用する場合本製品は高圧ガス取締法

適合品ではありませんので、ガス用途に使用される場合、最高使用圧力は 1 MPaGとなります。高圧ガス取締法適合品に関しては、当社各営業所までお問い合わせくだ
さい。

“ガスクリーンＶ”は、半導体プロセス用高純度ガス用の最新
インラインフィルターです。フィルターメディアとサポート
材はすべてフッ素樹脂製で、ハウジング材質には高品位のス
テンレスを使用しています。
O-リングを使用していないシール構造は、ポール独自の特許
技術です。
最小限の設置面積で装着可能です。コンパクトなデザインで
大流量を処理できますので、ドライプロセスの大幅なコスト
ダウンを実現します。

3 nm
filter

control 
tank

D41 B 
tank

2nd dist. area

25m3 
tank

①,④Xe dissolving   

②,⑤decane   

③LS   

⑦ LS drained

Xe amount released to outside of 
Xe system was decreased.   

decane

1m3 1m3

Xe dissolving 
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Picture taken on 29 January 2019

mini balloon with 745 kg of enriched xenon

�22

745kg Xe was installed. 
Physics run was started in Jan. 2019. 

Nov. 2018~ Jan. 2019

Rn    single spectrum    balloon    /   Bi Kr    muon rate    gamma rate    SN    /   mini-balloon    Zen    Xe    
home    manual    log    zen-log    animation   

Online Monitor for KamLAND-Zen800

214Bi-Po (1hour)
214Bi - Po
Condition

0.45 < Eprompt17 < 3.5 MeV
0.3 < Edelayed17 < 0.8 MeV

dR < 90 cm
R < 400 cm

5 < dT < 1200 µ sec

Figures in these days

0

100
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400
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700

800

0 10 20 30 40 50 60 70

Xe	in	MIB

m3

kg

Circulation volume

Second cycle

First cycle

After Xe-LS filling

Rn distribution

Xe dissolving system



2ν2β event distribution

2ν2β events distribution   
(1.0<Evis<2.3)
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0ν2β search status 
Zen 400 phase 2

2ν2β dominates in all volume

1.5 m
1.92 m
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after 214Bi-Po cut

 22MeV

208Tl and probably 214Bi are 
seen in higher energies. 

214Bi rejection efficiency on 
the mini-balloon is ~50%.

No strange BG is seen in 2ν2β 
region even in all volume.

~all volume
(rballoon =1.92m)

muon spallation veto 
double pulse veto (212Bi-Po)

MeV

210Po
210Bi

Radius cut reduces 208Tl and 
214Bi (potential BG) very well. 
FV can be 3~4 times larger  

and equivalent with all volume of 
Zen 400.

visible energy [MeV]
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10
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137Cs

134Cs

214Bi

208Tl

2

visible energy [MeV]
0.5 1 1.5 2 2.5 3 3.5 4 4.5

e
ve

n
ts

/0
.0

5
M

e
V

1

10

210

310

410

510

Z > 0

R < 2.8m

R < 2.4m

R < 2.0m

R < 1.6m

R < 1.2m

R < 0.8m

R < 0.4m

Z > 0Zen 400

After double pulse veto >1MeV 
(212Bi-Po) 

Energy spectrum after 214Bi-Po veto

No strange BG!!

Zen400

Zen800

FV will be increased to 3~4 times of Zen400.
Mini-balloon was clean!!   ~1/10 low BG

0ν region (2.3~2.7MeV)r3 event distribution

2ν2β

210Po

Surface Surface

0ν region
(mask)

〈mββ〉 ~ 40meV Target Sensitivity : (5yr data taking)
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First result from KamLAND-Zen 800 
will be released in Next Month.



Future prospects  

KamLAND2-Zen

まとめ
● KamLAND は火災後迅速に復旧し、良質の反ニュートリノデータを取得中
● KamLAND-Zen は、0ν2β探索で世界最高感度を実現し、KKクレイムを排除
● KamLAND-Zen は、現在は復旧中で、８月頃データ取得再開の予定
● 逆階層構造をカバーするには高エネルギー分解能のKamLAND2が必要
● KamLAND2 では0ν2β探索に加えて、
　反ニュートリノ観測も継続し、
　第４世代ニュートリノ探索（Ce-LAND）や、
　DAMA/LIBRAの検証（KamLAND-PICO）など
　豊富なオプションを計画

● KamLAND2-Zenは、宇宙線研究者会議の中型
　プロジェクトに対する評価で「最優先で推す課題」
　との判定を得ている。

ご支援よろしくお願いします。
23

KamLAND2-Zen

2. High Q.E. 20”PMT 
QE~22% →  >30%
light yield ×1.9

1. Winston cone 
light yield ×1.8 

3. High light yield LS
KL LS 8000ph/MeV
Standard 12000ph/MeV
→ light yield ×1.4

>1000kg 136Xe

E resolution at 2.6MeV 4% → < 2.5%  
(simple calculation < 2%)

sensitivity ~20meV (2×1027yr)  5 yr
cover inverted hierarchy region 

wavelength [nm]
350 360 370 380 390 400 410

9c
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no purification
distillation only
Al2O3 adsorption only
distillation + Al2O3

c�ⅳ. 純化結果 

(比較のため波長415 nmで全てのデータを揃えている) 
→ 蒸留、化学吸着ともに純化の効果があることを確認 

c�ⅲ. 液シンの純化方法 
① 蒸留 …… 沸点の違いを利用してLABと不純物を分留 

真空引き 

N2 

ステンレス 
スチール 

受け皿 

加熱オイルバス 

蒸留条件 
真空*1 0.21 kPa (N2 供給前) !

→ 0.28 kPa (N2 供給後) 
沸点*2! 140 ～ 160 ℃ 
所要時間*3 ~ 6時間 

② 化学吸着 …… 活性アルミナ(Al2O3) 粉末で不純物を吸着 

③ 蒸留の後に吸着を行う 

*1 減圧することで沸点を下げ、蒸留効率を上げる!
*2 加熱される大フラスコ内温度!
*3 採取純化液  ~160 mL → 効率 ~25 mL/hr 

LAB�

Al2O3�

受け皿 

石英ウール 
吸着条件 

Al2O3量 ~ 50 g 

液ロス! 100 mL → 60 mL (40%) 
所要時間*4! ~ 5時間 

KamLAND2-Zen実験用液体シンチレータ開発の現状 
東北大学 ニュートリノ科学研究センター 修士1年 大浦 智也 

05/30/2014　高エネルギー物理 春の学校 2014 

c�ⅰ. KamLAND とは？ 

c�

c�

ⅱ. 新液体シンチレータの選定 

! アップデート計画 “KamLAND2-Zen” ! ニュートリノレス二重ベータ崩壊 (0ν2β) 
!  KamLAND検出器 0ν2β観測のため更なるエネルギー分解能の向上へ 

"  136Xeの増量 (1,000 kg)!
" 新液体シンチレータ 
"  PMT用集光ミラー 
" 高量子効率PMT!

ニュートリノ質量階層構造 
 → 逆階層領域までカバー 
逆 :    　　　 ?    
         @@@@@             
順 :    　　　 ? 

(20 meV < m�� < 60 meV)

d

d 

u 

u 

W- 

W- 

e- 

e- 

＝ 

Qββ-=2.46MeV 

× 

double β-decay 

β- 

   136Xe 
136Cs 

  136Ba 

β- 54 

56 

55 

二重ベータ崩壊しうる原子核 : 136Xe 

の出ない二重ベータ崩壊 (0ν2β) 

ニュートリノが 
マヨラナ粒子(          )ならば… ⌫ = ⌫̄

"  マヨラナ性の検証 
"  レプトン数非保存 
"  ニュートリノ有効質量・階層構造の決定 

"  神岡鉱山地下1,000m → 極低BG環境 
"  φ18mタンク、φ13mバルーン!
"  1,000トンの液体シンチレータ!
"  1,879本の光電子増倍管 (PMT) !

これまでの成果!
"  原子炉　  振動の観測!
"  地球ニュートリノの観測!
"  低エネルギー太陽　 の観測!
現在進行中の新実験!
"  0ν2βの観測実験 “KamLAND-Zen”!

2-Zen実験用新液シンへの要請!
" 高い発光量 
" 長い減衰長 
" 高い発火点 (安全のため) 
" 低コスト (大量使用のため) 

(エネルギー分解能 
　　　　　向上のため) 

 “Linear Alkyl-Benzene”!
 "

" 他実験で大光量が確認 
" 発火点 140℃、価格 ~2$/L !

"
"
�

不純物が原因の２つの吸収ピーク 
→ 発光剤の発光領域(~378nm)を阻害 
→ 　 純化で取り除く必要！!

↓LAB(JX製造)の波長ごとの透過率!

ⅴ. その他のトピック 
! 集光ミラー (Winston cone) 
17inch、20inch PMTの光電面に装着 

"  光電面の実効的な表面積が増加!
"  コーン内に入射した光が全て光電面中心に集まり、!
　光電面の量子効率の最も良い部分で捕らえられる!

サンプル品評価結果＠実験室系 : 
　PMT Hit数がコーンなし比 1.91 ± 0.11 倍 に増加 

   耐油性の劣化試験、より良いミラー蒸着の試験、 
   KamLANDサイズでのシミュレーション等を実施中 

PMT 

150 cm パイプ 
(容積1827 mL) 

ハーフミラー 

コーナーキューブ 
(上下に可動) 

積分球 

色素レーザー 

! 液シン減衰長測定方法の開発 
現在の透過率測定方法 : 石英セルで9cm透過率を測定!
 → 6.5m (KamLANDサイズ) に換算したときに大きな不定性!

 150cmの筒とコーナーキューブを用いた測定法を検討!
"  コーナーキューブを上下移動させて光のpathを変化!
"  複数の測定点　で光強度　を測定し、減衰長　を評価!
        c.f.) !
"  ひとつの系で測定ができ、系統誤差がキャンセル!

        　現在装置の準備、開発中!

Al2O3 : 化学的に安定な塩!
Al2O3 : 極性の大きい分子を選択的に吸着する 

*4 効率 ~12 mL/hr!
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" 蒸留が効果的!
"  2種類の組み合わせでより効果を発揮!

純化前! 蒸留 化学吸着 蒸留+吸着 現在の液シン 
0.42� 1.16� 0.52 1.37 1 

! 純化後の透過率 

!  KamLANDサイズでの集光量 (現在の液シンを1としたときの相対値) 

( *集光量 = 発光剤PPOの発光スペクトル × PMT量子効率 × 6.5m透過率 ) 

→　   純化によって大型サイズでの集光量が大きく改善 
! 今後の課題 

" 純化効率の改善!
" 液のロスの改善!
" 減衰長の正確な測定 → 液シンへの要求 : 20 m以上の減衰長!
　　　　　　（現段階の測定では大きな誤差がつき、正確な測定が困難）!

現在4% → 目標2.5%以下 (@2.6MeV)
　　　　　(有効質量20meVの観測) 

"  Q値が高い!
"  136Xeの天然存在比が多く、濃縮も容易!
"  2βの半減期が他核種よりも短い !
"  現在の液シンへの溶解度が高い(~3wt%)!

(KamLANDの感度波長領域) 

Winston cone

Improve σE 

Reduce 2ν2β,214Bi
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R&D for KamLAND2-Zen and future
○ winston cone ○ HQE-PMT ○ New LAB-LS
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Summary 

The 110mAg BG was reduced by a factor of more than 10.

KamLAND-Zen latest result:                                                      
the 0v2β half life limited to more than 1.07×1026 yr (90% C.L.)

The installed new mini-balloon was cleaner than Zen400 
balloon.  

745kg Xe was installed. KamLAN-Zen 800 DAQ was started 
in January 2019.  

〈mββ〉 < 61 - 165 meV (90%C.L.)     Near IH region
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〈mββ〉 ~ 40meV  (5yr data taking)




