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Majorana neutrino and
Neutrino-less double-beta decay (0"##)
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PRL 117, 082503 (2016)

• Only happens if ν is Majorana
• Lepton# violation

Search a peak at Qββ

Requirement for exp.
• O(100‒1000) kg of isotope
• BG reduction at Qββ
• Better energy resolution 

2"##
continuum

E spectrum from KamLAND-Zen result

~Summed e- kinetic energy

Majorana neutrino is a key to
ü Tiny mass of neutrinos

• See-saw mechanism*

ü Matter/anti-matter asym.
• Leptogenesis**

%='% ?

(%)) decay

*M. Gell-Mann, P. Ramond, R. Slansky (’79),  T. Yanagida (’79),R. N. 
Mohapatra, G. Senjanovic (’80), **M. Fukugita, T. Yanagida (’86)

NOTObserved yet
2"##
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Effective Majorana mass
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Convert half life 
to effective Majorana mass

G : Phase space factor
M : Nuclear matrix element

Allowed region limited by 
oscillation parameters

PRL 117, 082503 (2016)
PRL 120, 132501 (2018)

U : PMNS matrix
mi : neutrino mass eigenvalue

Hint of absolute mass scale

Current limit>1026 yr
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KamLAND

§ Ultra pure liquid scintillator(LS)
238U: O(10-18) g/g, 232Th: O(10-17) g/g

§ Energy res.: σ= 6.4%/√E(MeV)
§ Vertex res.: σ=12 cm/√E(MeV)

Kamioka Liquid scintillator Anti-Neutrino Detector      since 2002
7/14/16, 13:02池ノ山 - Google マップ

Page 1 of 1https://www.google.co.jp/maps/place/池ノ山/@35.7127326,136.72544…2f4376ffeb1:0x140bc5bfbb0ad6af!8m2!3d36.4273255!4d137.3110342

地図データ ©2016 Google、SK telecom、ZENRIN 50 km 

池ノ山

池ノ山

2700 m.w.e
μ flux 1/100k of surface level

Gifu, Japan

20 m

LS
1kton

Wa
ter

no
n s
cin
t. o
il

20” PMT x140
for outer detector

17” PMT x1325
20” PMT x554

Nylon/EVOH
multi-layer film

Outer detector
• Cherenkov muon detector
• external γ shielding

13 m

Kamioka Liquid scintillator 
Anti-Neutrino Detector
Since 2002
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FIG. 4: Allowed regions projected in the (tan2 θ12, ∆m2
21) plane,

for solar and KamLAND data from the three-flavor oscillation anal-
ysis for (a) θ13 free and (b) θ13 constrained by accelerator and short-
baseline reactor neutrino experiments. The shaded regions are from
the combined analysis of the solar and KamLAND data. The side
panels show the ∆χ2-profiles projected onto the tan2 θ12 and ∆m2

21

axes.

by term (iv). Table II summarizes the systematic uncertainties
on ∆m2

21 and the expected event rate of reactor νe’s. The
overall rate uncertainties for Period 1 and for Periods 2 and 3
are 3.5% and 4.0%, respectively. Systematic uncertainties
are conservatively treated as being fully correlated across all
data taking periods. The penalty term (v) optionally provides
a constraint on the neutrino oscillation parameters from so-
lar [27–31], accelerator (T2K [6], MINOS [7]), and short-
baseline reactor neutrino experiments (Double Chooz [8],
Daya Bay [9], RENO [10]).
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FIG. 5: Ratio of the observed νe spectrum to the expectation for
no-oscillation versus L0/E for the KamLAND data. L0 = 180 km
is the flux-weighted average reactor baseline. The 3-ν histogram is
the best-fit survival probability curve from the three-flavor unbinned
maximum-likelihood analysis using only the KamLAND data.

Figure 2 plots the time variation for the rates of reactor νe’s,
geo νe’s, and backgrounds for the three data taking periods,
assuming the best-fit oscillation parameters, and geo νe fluxes
from the reference model of [17]. Also drawn are the correla-
tions between the measured and expected best-fit event rates,
which should fit to a line with unit slope and zero offset in the
absence of geo νe’s. The vertical displacement of the trend
for events below 2.6 MeV is attributed to the contribution of
geo νe’s.

Figure 3 shows the prompt energy spectra of νe candidate
events for each period. The reduction of the 13C(α, n)16O
background in Period 2 and of reactor νe’s in Period 3 can
clearly be seen. For the three-flavor KamLAND-only anal-
ysis (χ2

osci = 0), the fit oscillation parameter values are
∆m2

21 = 7.54+0.19
−0.18 × 10−5 eV2, tan2 θ12 = 0.481+0.092

−0.080,
and sin2 θ13 = 0.010+0.033

−0.034. The contours are nearly symmet-
ric about tan2 θ12 = 1, but the best-fit values for tan2 θ12 > 1
are slightly disfavored over those for tan2 θ12 < 1, with
∆χ2 = 0.8. Assuming CPT invariance, the oscillation pa-
rameter values from a combined analysis including constraints

TABLE II: Contributions to the systematic uncertainty in the neutrino
oscillation parameters ∆m2

21, θ12, and θ13 for the earlier / later pe-
riods of measurement, denoted in the text as Period 1 / Period 2 & 3.
The overall uncertainties are 3.5% / 4.0% for Period 1 / Period 2 & 3.

Detector-related (%) Reactor-related (%)
∆m2

21 Energy scale 1.8 / 1.8 νe-spectra [32] 0.6 / 0.6

Rate Fiducial volume 1.8 / 2.5 νe-spectra [24] 1.4 / 1.4
Energy scale 1.1 / 1.3 Reactor power 2.1 / 2.1
Lcut(Ep) eff. 0.7 / 0.8 Fuel composition 1.0 / 1.0
Cross section 0.2 / 0.2 Long-lived nuclei 0.3 / 0.4
Total 2.3 / 3.0 Total 2.7 / 2.8

PRD 88, 033001 (2013)

~180 km from 
reactors
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KamLAND-Zen

Pros of using KamLAND
• Already running, quick start. 
• Large mass & Scalable
• Low BG
• Active veto with Outer-LS

Xe loaded LS (XeLS)
Xe 383 kg
136Xe 91%

Thin(25 um) nylon 
film vessel 
(Inner Balloon: IB)
U, Th O(10-12) g/g 
(before construction)

!"#Xe → !"#Ba + 2+,
Q = 2.46 MeV

Isotope:136Xe
• Dissolve into LS (3 w%).
• On/off measurement.
• Easy to purify.

Zen400からZen800へ - リーク発見 -

2017/2/15 LBGT2017, OBARA (on behalf of KamLAND-Zen collaboration) 6

① balloon install ② dummy-LS filling ③ Xenon dissolve

Xe-LS

Zen400
380 kgXe
’11̶’15

Zen800
750 kgXe
NOW

2-Zen
1000 kgXe
Future

KamLAND-Zen 400 KamLAND-Zen 800 KamLAND2-Zen

Zero-neutrino double-beta decay search
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Inner Balloon (IB)

…

Weld 24 gores

φ3.84 m (Zen800)
(φ3.08 m for Zen400) body body

belt
belt

z

y x

x

y z

4-layer
welding

Tube

Cone

Gore

Polar

• Tension of stable 
running ~1 N/cm

• Strength requirement
10 N/cm
(safety factor of 10)

Welding methods

 X

237 degree C heating with 3.5 sec 235 degree C heating with 6.0 sec
Zen400 Previous production

- Heating direction was different. 
- Heating time was different because 3.5 seconds heating by machine was not sufficient for 
film welding. It looks pressing power was not sufficient then we needed more heating time.

balloon balloon

Push & Heat
balloon balloon

Push

Heat

Heat absorbed film

by  
company 
person 

by  
machine

Heat absorbed film

15 mm

5 mm

*production details
to be explained later
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KamLAND-Zen 400
(completed)
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Zen400 history

IB installation 
to KamLAND

Source 
calibration

’11Q3 ’11Q4 ’12Q1 ’12Q2 ~ ’13Q4 ~ ’15Q4

1st phase

Purification

2nd phase

IB withdrawal

impurities in the Xe-LS; those from muon-induced spalla-
tion products; and those external to the Xe-LS, mainly
from the IB material. The U and Th contaminations in
the Xe-LS can be investigated by the delayed coincidence
detection of 214Bi-214Po and 212Bi-212Po. Assuming secular
equilibrium, the 238U and 232Th concentrations are esti-
mated to be ð1:3 " 0:2Þ $ 10% 16 g=g and ð1:8 " 0:1Þ $
10% 15 g=g, respectively. The 238U level reported in
Ref. [2] was overestimated due to slight contamination of
222Rnin early data, which can be removed. To allow for the
possibility of decay chain nonequilibrium, however, the
Bi-Po measurements are used to constrain only the rates for
the 222Rn-210Pb subchain of the 238U series and the
228Th-208Pbsubchain of the 232Thseries, while other back-
ground rates in both series as well as a contribution from
85Kr are left unconstrained.

Spallation neutrons are captured mainly on protons
(2.225 MeV) and 12C (4.946 MeV) in organic scintillator
components, and only rarely on 136Xe (4.026 MeV) and
134Xe (6.364 MeV), with fractions of the total captures,
9:5 $ 10% 4 and 9:4 $ 10% 5, respectively, for the latter
two. The neutron capture product 137Xe (!% , " ¼
5:5 min, Q ¼ 4:17 MeV) is a potential background,
but its expected rate is negligible in the current 0#!!
search. For carbon spallation products, we expect event
rates of 1:11 " 0:28 ðton' day Þ% 1 and ð2:11 " 0:44Þ $
10% 2 ðton' day Þ% 1 from 11C (!þ , " ¼ 29:4 min, Q ¼
1:98 MeV) and 10C (!þ , " ¼ 27:8 s, Q ¼ 3:65 MeV),
respectively. There are no past experimental data for
muon spallation of Xe, but background from short-lived
products of Xe with lifetimes of less than 100 s is con-
strained from the study of muon time-correlated events [2].

By looking at events near the IB radius, we found that
the IB, which was fabricated 100 km from the Fukushima-I
reactor, was contaminated by fallout from the Fukushima
nuclear accident in March 2011 [2]. The dominant activ-
ities from this fallout are 134Cs (! þ $’s) and 137Cs
(0.662 MeV $), but they do not generate background in
the energy region 2:2<E< 3:0 MeV relevant to the 136Xe
0#!! decay search (i.e., the 0#!! window). In this
region, the dominant IB contaminant is 214Bi (! þ $’s)
from the U decay chain. The Cs and U are not distributed
uniformly on the IB film. Rather, 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 contam-
inants. 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 0#!!
window on top of the 214Bi contribution, similar in energy
to the peak found within the fiducial volume. To explore
this activity we performed two-dimensional fits in R and
energy, assuming that the only contributions on the IB are

from 214Bi and 110m Ag. Floating the rates from background
sources uniformly distributed in the Xe-LS, the fit results
for the 214Bi and 110m Ag event rates on the IB are
19:0 " 1:8 day % 1 and 3:3 " 0:4 day % 1, respectively, for
DS-1, and 15:2 " 2:3 day % 1 and 2:2 " 0:4 day % 1 for
DS-2. The 214Bi rates are consistent between DS-1 and
DS-2 given the different fiducial volume selection, while
the 110m Ag rates are consistent with the decay time of
this isotope. The rejection efficiencies of the FV cut
R< 1:35 m against 214Bi and 110m Ag on the IB are
(96:8 " 0:3) and (93:8 " 0:7)%, respectively, 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 !! 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
background rates described above are floated but con-
strained by their estimated values, as are the detector
energy response model parameters. As discussed in
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FIG. 1 (color). (a) Energy spectrum of selected candidate
events together with the best-fit backgrounds and 2#!! decays,
and the 90% C.L. upper limit for 0#!! decays, for the combined
data from DS-1 and DS-2; the fit range is 0:5<E< 4:8 MeV.
(b) Closeup of (a) for 2:2<E< 3:0 MeV after subtracting
known background contributions.

PRL 110, 062502 (2013) P HY S I CA L R EV I EW LE T T E R S
week ending

8 FEBRUARY 2013

062502-3

110mAg

0νβ
β

90%
 U.L
.

In the 1st phase,
ROI was dominated by 110mAg

used due to large deadtime after muons in Phase-I, thereafter, new trigger to solve it
was developed for Phase-II (Oki, 2013 [46]). The rejection procedure and efficiency are
described in Secs. 7.3.4 and 8.6.1, respectively.

Fiducial Volume Optimization All volume analysis is applied for the first time. Though
fiducial volume was limited to R < 1.35 m by 214Bi on the IB (R = 1.54 m), multi-volume
selection enabled to use whole volume inside 2-m-radius.
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Figure 4.20.: Background reduction in Phase-I and Phase-II. Only the first ∼110 days
were used to show their differences. Each energy region of 2ν and 0ν mode
are defined as 1.2 - 2.0 MeV and 2.2 - 3.0 MeV here. (a), (b) Time vari-
ation of 0ν region events inside 1-m-radius. In Phase-II, there are evident
reduction compared to Phase-I. (c), (d) Correlation of vertex and energy.
In 0ν region, events in internal region decrease, as also seen in (a) and (b).
Though 214Bi dominates events around the IB (R = 1.54 m), 110mAg is also
contributor in the Phase-I. In phase-II, events around the IB increase in all
energy region, because contamination was introduced into the IB bottom
by troubles during purification.

65

Event rate reduced

1st phase 2nd phase

S. Matsuda, Ph. D thesis (2016)

PRL 110, 062502 (2013)
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Phase II spectrum and BGs
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214Bi from film
(238U daughter)

μ

10C
n

τ= 28 s
Q = 3.7 MeV

2νββ

• (μ,n,10C) 3-fold tag.
o Eff. 64+/-4%
o Livetime loss 7%

Muon spallationEnergy spectrum (R< 1m)

!"#$/" = 2.21 ± 0.02 stat. ± 0.07 syst. (10"$yr)
2νββ measurement result

• 136Xe exposure = 126 kg*yr
• Consistent with EXO-200 results*

PRL 117, 082503 (2016)

*PRC 89, 015502 (2014)
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0νββ search results
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*90% C.L.

!"" < 61̶165 meV
gA~1.27 assumed

no significant 
0νββ signal found

PRL 117, 082503 (2016)

most stringent limit so far
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KamLAND-Zen 800
(in preparation)
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Problem of Zen400
2

LS was purified by vacuum distillation during each cycle. We
also purified a mix of recovered and new Xe through distilla-
tion and refining with a heated zirconium getter. Finally, the
Xe was dissolved into the purified LS. In December 2013, we
started the second science run (Phase-II), and found a reduc-
tion of 110mAg by more than a factor of 10. We report on the
analysis of the complete Phase-II data set, collected between
December 11, 2013, and October 27, 2015. The total live-
time is 534.5 days after muon spallation cuts, discussed later.
This corresponds to an exposure of 504 kg-yr of 136Xe with
the whole Xe-LS volume.

Following the end of Phase-II, we performed a detector
calibration campaign using radioactive sources deployed at
various positions along the central axis of the IB. The event
position reconstruction — determined from the scintillation
photon arrival times — reproduces the known source posi-
tions to within 2.0 cm; the reconstruction performance is bet-
ter than 1.0 cm for events occurring within 1 m of the IB cen-
ter. The energy scale was studied using γ-rays from 60Co,
68Ge, and 137Cs radioactive sources, γ-rays from the cap-
ture of spallation neutrons on protons and 12C, and β + γ-ray
emissions from 214Bi, a daughter of 222Rn (τ = 5.5 day) that
was introduced during the Xe-LS purification. The calibration
data indicate that the reconstructed energy varies by less than
1.0% throughout the Xe-LS volume, and the time variation
of the energy scale is less than 1.0%. Uncertainties from the
nonlinear energy response due to scintillator quenching and
Cherenkov light production are constrained by the calibra-
tions. The light yield of the Xe-LS is 7% lower than that of the
outer LS, which is corrected in the detector simulation, while
the non-linearities for both the LS regions are consistent. The
observed energy resolution is σ ∼ 7.3%/

√

E(MeV), slightly
worse relative to Phase-I due to an increased number of dead
PMTs.

We apply the following series of cuts to select ββ decay
events: (i) The reconstructed vertex must be within 2.0 m
of the detector center. (ii) Muons and events within 2 ms
after muons are rejected. (iii) 214Bi-214Po (τ=237µs) de-
cays are eliminated by a delayed coincidence tag, requiring
the time and distance between the prompt 214Bi and delayed
214Po decay-events to be less than 1.9 ms and 1.7 m, respec-
tively. The cut removes (99.95 ± 0.01)% of 214Bi-214Po
decays, where the inefficiency is dominated by the timing
cut, and the uncertainty is estimated from analysis of peri-
ods with high Rn levels. The same cut is not effective for
212Bi-212Po (τ=0.4µs) decays which occur within a single
∼200-ns-long data acquisition event window. Therefore, the
cut is augmented with a double-pulse identification in the pho-
ton arrival time distribution after subtracting the time of flight
from the vertex to each PMT. The 212Bi-212Po rejection ef-
ficiency is (95 ± 3)%, confirmed with high-Rn data. (iv)
Reactor νe’s identified by a delayed coincidence of positrons
and neutron-capture γ’s [6] are discarded. (v) Poorly recon-
structed events are rejected. These events are tagged using
a vertex-time-charge discriminator which measures how well
the observed PMT time-charge distributions agree with those
expected based on the reconstructed vertex [7]. The total cut
inefficiency for ββ events is less than 0.1%.
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FIG. 1: (a) Vertex distribution of candidate events (black points) and
reproduced 214Bi background events in a MC simulation (color his-
togram) for 2.3 < E < 2.7MeV (the 0νββ window). The nor-
malization of the MC event histogram is arbitrary. The solid and
thick dashed lines indicate the shape of the IB and the 1-m-radius
spherical volume, respectively. The thin dashed lines illustrate the
shape of the equal-volume spherical half-shells which compose the
2-m-radius spherical fiducial volume for the 0νββ analysis. (b) An
example of the energy spectrum in a volume bin with high 214Bi
background events around the lower part of the IB film (shaded re-
gion in (a) at 1.47 < R < 1.53m, z < 0). (c) R3 vertex distribution
of candidate events in the 0νββ window. The curves show the best-
fit background model components.

Background sources external to the Xe-LS are dominated
by radioactive impurities on the IB film. Based on a spectral
fit to events reconstructed around the IB, we find that the dom-
inant background sources are 134Cs (β + γ, τ = 2.97 yr) in
the energy region 1.2 < E < 2.0MeV (2νββ window), and
214Bi in the region 2.3 < E < 2.7MeV (0νββ window). The
observed activity ratio of 134Cs to 137Cs (0.662 MeV γ, τ =
43.4 yr) indicates that the IB film was contaminated by fallout
from the Fukushima-I reactor accident in 2011 [8]. 214Bi is
a daughter of 238U, a naturally occurring contaminant. The
observed rate of 214Bi decays indicates that the 238U concen-
tration in the nylon film is 0.16 ppb assuming secular equilib-

Comparison btw. Zen400 2nd phase 
data and 214Bi(MC) vertex distribution

Around 136Xe Q-value

PRL 117, 082503 (2016)

238U
(10-12g/gfilm)

232Th
(10-12g/gfilm)

Initial 2 6
Zen 400 1st 14+-1 79+-3
Zen 400 2nd 46.1+-4 336+-2Pump failure

• IB was contaminated.
• Fiducial vol. ratio at
2nd phase ~43%* (150 kgXe)

*S. Matsuda, Tohoku U., Ph. D thesis (2016).
Whole volume was binned and simultaneously 
analyzed at final result of 2nd phase.

RI in/on film

x7
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KamLAND-Zen 800
238U

(10-12g/gfilm)
232Th

(10-12g/gfilm)
Initial 2 6

Zen 400 1st 14+-1 79+-3
Zen 400 2nd 46.1+-4 336+-2

RI in/on film

Zen400からZen800へ - リーク発見 -

2017/2/15 LBGT2017, OBARA (on behalf of KamLAND-Zen collaboration) 6

① balloon install ② dummy-LS filling ③ Xenon dissolve

Xe-LS

φ3.84 m

Xe-LS
Xe 750 kg
136Xe 91% IB Target!

!

 (eV)lightestm

4−10 3−10 2−10 1−10

3−10

2−10

1−10

1

IH

NH

Xe)
136

KamLAND-Zen (

A

50 100 150

Ca

Ge

Se
Zr

Mo

Cd
Te

Te

Xe

Nd

 (
eV

)
mLarger and cleaner IB

Enter into IH region
Aiming <mββ> ~ 40 meV

• Double Xe amount.
• Triple the fiducial volume
of 2nd phase of Zen400
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Toward a Cleaner IB Production
• Clean wears

Change-room shared 
with other labs
(changing done only
here at Zen400)

Change again
in change-room
in clean room

Clean inners
adopted

Goggle
Wash hands
frequently
Suits go to laundry
after one-time-use

• Covering film

Cut with covers.
Strip edge when welding.

Main

Misc.
• Clean clean-room
• Clean tools
• More neutralizers
• Semi-auto welding
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Semi-auto welding

• Hand-welding by 
a professional 
from a company

• Semi-auto welding
o speed up
o stay away, less dust.

Welding methods

 X

237 degree C heating with 3.5 sec 235 degree C heating with 6.0 sec
Zen400 Previous production

- Heating direction was different. 
- Heating time was different because 3.5 seconds heating by machine was not sufficient for 
film welding. It looks pressing power was not sufficient then we needed more heating time.

balloon balloon

Push & Heat
balloon balloon

Push

Heat

Heat absorbed film

by  
company 
person 

by  
machine

Heat absorbed film

Zen400

Zen800
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Zen800 history & schedule
’15Q2 ’15Q3 ’15Q4 ’16Q1 ’16Q2 ’16Q3 ’16Q4

’17Q1 ’17Q2 ’17Q3 ’17Q4 ’18Q1 ’18Q2 ’18Q3 ’18Q4

IB production.

Zen400 IB removal.
Xe purification.

Continued.

IB installation
to KamLAND.

Leakage from IB confirmed.
Removal.

IB re-production.

LS purification.
Xe dissolving.

Start
phys. run

IB installation
to KamLAND.

NOW

Suspension due 
to low humidity

!

"

2̶3 mm

5 mm

2 cm
1 cm
1 cm

Failed800

*before Xe-loading.

suspected cause:
mistakenly applied 
pressure during 
installation work.

*all at the edges of 
welding-lines
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Results from Failed800
232Th(10-12g/gfilm) 238U(10-12g/gfilm)

Upper 49+-11 9.3+-1.9
Mid. 18+-9.4 3.1+-0.8

Lower 52+-14 7.7+-2.5

*Weighted average
by film mass

232Th(10-12g/gfilm) 238U(10-12g/gfilm)
Initial 6 2

This time* 31+-7 5.3+-0.8
Zen 400 1st 79+-3 14+-1
Zen 400 2nd 336+-2 46.1+-4

ü BG reduction was confirmed!!
• 238UMid close to initial.
• 1/3 reduction from Zen400**

**1/9 from 2nd phase

PRELIMINARY

Target

x2+y2>(50 cm)2

dR_inlet>120 cm

z=+192 cm

z=+100 cm

z=-100 cm
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IB re-production 2017̶2018

Wash everything Wash film

Mark and cut

Weld He-leak check 
and repair Fold and 

deliver
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New Zen800 IB Installation
May 2018

Zen400からZen800へ - リーク発見 -

2017/2/15 LBGT2017, OBARA (on behalf of KamLAND-Zen collaboration) 6

① balloon install ② dummy-LS filling ③ Xenon dissolve

Xe-LS

Finished expansion by filling Xe-less LS on May 19th
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Simulation
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800 vs. 400
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Now purifying LS

0 0.5 1 1.5 2 2.5 3 3.5 4
Evis (MeV)

Ev
en

ts
/0
.0
5M

eV

0

600

500

400

300

200

100

Bi

Po
Bi+Po

After purification, continue to
• Xe loading
• Physics run starts in this year

232Th in LS
After IB inst. : O(10-15)g/g
Aim : O(10-16)g/g
Zen400 2nd :  5.9x10-17 g/g

Zen400からZen800へ - リーク発見 -

2017/2/15 LBGT2017, OBARA (on behalf of KamLAND-Zen collaboration) 6

① balloon install ② dummy-LS filling ③ Xenon dissolve

Xe-LS

Circulate

!"## $%&

212Bi 212Po 208Pb
β α

τ430 ns
~event window
à PileupEnergy spectra of tagged Bi&Po

from Zen400

232Th daughtersDistill
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KamLAND2-Zen
(future)
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KamLAND2-Zen
qImprove energy resolution 
to reduce 2νββ BG.
• Target σ= 2.5% at 2.5 MeV

q>x5 light yield than now
• (x1.4) New LS

• brighter
• more transparent

• (x1.8) Light collecting mirror
• (x2.1) High Q.E. 20” PMT

qCover IH region 
• aiming $%% ~20 meV
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26

R&Ds
New LS
Linear AlkylBenzene(LAB) base

Purification studies are ongoing.
• For optical: Activated charcoal
• For RI: Metal-scavenger

Light collecting mirror
• Design: “String method”
• Material: PET+Al deposition

High Q.E. PMT
• Testing

o Tolerance against high light 
yield

o Overshoot and after-pulse

New electronics (MoGURA2)
• On-board logic for 
improving neutron tag.

• Developing prototype.

Tr
an
sm
itt
an
ce

Wavelength

Current LS • Simulation for optimizing 
arrangement is ongoing.

Nucl.Instrum.Meth. 
A530 (2004) 453-462

New
 LS

Prototype
H. Tachibana(’15)
A. Hayashi(‘17)

K. Kamizawa(’18)

x1.35 achieved

Other options
• Scintillating balloon
• Pressurize by density diff.
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Summary
• KamLAND-Zen searches for Majorana
neutrino with 136Xe-loaded liquid scintillator.

• Limit on Majorana effective mass from 
KamLAND-Zen 400 result is the most 
stringent so far.

• KamLAND-Zen 800 starts this year and 
expected to enter into IH region.

• KamLAND2-Zen is now in R&D stage aiming 
to cover IH region. 




