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2We are the KamLAND-Zen collaboration !!

>50 researchers from US, Netherlands and Japan

+ many remote participants

Collaboration meeting @ Honolulu in 2023 March
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Neutrinoless double-beta decay 5

https://higgstan.com/

Majorana neutrino

Neutrinoless double-beta decay (0νββ)

=
?

• It happens only if ν is Majorana particle.

• Neutrino can be Majorana particle.

• Majorana neutrino is key componet of 

Ø Tiny neutrino mass (via SeeSaw mechanism)
Ø Matter dominant universe (via Leptogenesis)

Proof of Majorana neutrino

• Experiment: peak search around the Q-value
• Requirements: large exposure, background reduction

KamLAND is a suitable detector

https://higgstan.com/
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KamLAND detector

Φ 13m

Φ 18m

Detector site and components
neutrino cosmic ray

1km
depth

Water Cherenkov outer detector

3.2 kt purified water
225(140) 20” PMTs
passive shielding
active veto to muon

1kt purified liquid scintillator
(PC+Dodecane+PPO mixture)

1325 17” + 554 20” PMTs
photo coverage 34%
energy resolution 6.7%/√E[MeV]
Physics observation

Scintillation inner detector

The rock overburden effectively suppresses 
the cosmic-ray muons by a factor of 10!".

1km depth rock = 2700 m.w.e.
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Broad scientific objectives of KamLAND experiment
• Solar neutrinos https://journals.aps.org/prc/abstract/10.1103/PhysRevC.92.055808
• Reactor neutrinos https://doi.org/10.1103/PhysRevD.88.033001
• Geoneutrinos https://doi.org/10.1029/2022GL099566
• Atmospheric neutrinos https://doi.org/10.1103/PhysRevD.107.072006
• Astrophysical neutrinos https://doi.org/10.3847/1538-4357/ac7a3f

• Proton decay https://iopscience.iop.org/article/10.3847/0004-637X/818/1/91
• Neutrinoless double-beta decay (This talk)

https://doi.org/10.1103/PhysRevLett.130.051801

and more !!

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.92.055808
https://doi.org/10.1103/PhysRevD.88.033001
https://doi.org/10.1029/2022GL099566
https://doi.org/10.1103/PhysRevD.107.072006
https://doi.org/10.3847/1538-4357/ac7a3f
https://iopscience.iop.org/article/10.3847/0004-637X/818/1/91
https://doi.org/10.1103/PhysRevLett.130.051801


KamLAND-Zen experiment

Double-beta decay source : 136Xe
• 0νββ Q-value : 2.46 MeV
• Long 2νββ half life
• (Relatively) easy to enrich/purify by distillation
• Dissolved into liquid scintillator (LS) at 3%

below 208Tl γ BG

Mini-balloon installed to support xenon-loaded LS (XeLS)

Zero-neutrino double-beta decay search with KamLAND detector

• Outer LS provides passive shielding from external radioactive background.
• Concentrated target nuclei can suppress volume-proportional backgrounds.

Advantage of using the KamLAND detector
• Ultra-low radioactive environment  – U, Th ≤ 10-17 g/g
• Huge & scalable  – 1kt liquid scintillator

→ Ideal enviromnet for extremely rare decay search !!
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Φ 3.8m

fewer 2νββ BG
136Xe is enriched to ~90%



History and future of KamLAND-Zen
Past: 2011 – 2015

KamLAND-Zen 400

Present: 2019 – Future:

• Mini-balloon radius = 1.54 m
• 320–380 kg of enriched xenon
•

KamLAND-Zen 800

• Mini-balloon radius = 1.90 m
• 745±3 kg of enriched xenon

KamLAND2-Zen

• Detector upgrade for better 
energy resolution

• ~1 ton of enriched xenon
Phys. Rev. Lett. 117, 082503 (2016)

Cleaner mini-ballon, more xenon
for better sensitivity (this talk) Toward                                         !!

<latexit sha1_base64="pjIJxAavheoGzk4Pm53Cjis93Yw="></latexit>

hm��i < 61–165 meV
<latexit sha1_base64="7XAEpRH/1HB8TezfyjjclqHDwHc=">AAACJnicbVDLSgMxFM3UV62vqks3wSK4KjPF16ZQdOOygn1Ap5RMetuGJpkhyQhlmK9x46+4cVERceenmE670NYDCYdz7r25OUHEmTau++Xk1tY3Nrfy24Wd3b39g+LhUVOHsaLQoCEPVTsgGjiT0DDMcGhHCogIOLSC8d3Mbz2B0iyUj2YSQVeQoWQDRomxUq9Y9bMZiYJ+mvicyCEHLHqJH4Ah2ZX6aq5WccX1sS+IGSmRCGimaa9YcstuBrxKvAUpoQXqveLU74c0FiAN5UTrjudGppsQZRjlkBb8WENE6JgMoWOpJAJ0N8lWTPGZVfp4ECp7pMGZ+rsjIULriQhs5WxJvezNxP+8TmwGN92EySg2IOn8oUHMsQnxLDPcZwqo4RNLCFXM7orpiChCjU22YEPwlr+8SpqVsndVvny4KNVuF3Hk0Qk6RefIQ9eohu5RHTUQRc/oFU3Ru/PivDkfzue8NOcseo7RHzjfP9LnppU=</latexit>

hm��i = 20 meV
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Hand-made mini-balloon production in 2017
Geometry

3.8 m

Procedure

Low-radiactivity technique 

1. wash the film 2. cut the film 3. weld the film to 
balloon shape

4. leak hunt and
repair holes

5. Install !!

It took more than 1.5 year with 20+ researchers.

Contamination comes from 
human bodies and clothes.

Class-1 super clean room in Sendai

Clean suit

published as JINST 16 P08023(2021)

• Particle with 0.5+ μm-radius is less than 1 per cubic foot.
• All items in the room is also cleaned well with ethanole and pure water.

• Full-body suit, goggle and double gloves.
• Suits goes to laundry after one-time-use.
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Mini-balloon radioactivity reduction
KamLAND-Zen 400 (530 days) KamLAND-Zen 800 (520 days)

KamLAND-Zen 400 KamLAND-Zen 800
238U (g/g) ~ 5 × 10-11 ~ 3 × 10-12

232Th (g/g) ~ 3 × 10-10 ~ 4 × 10-11

Sensitive volume (m3) 5.7 16.2

• radioactivity reduction by factor of 10
• >x2.5 sensitive volume achieved !!
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Backgrounds in KamLAND-Zen

尾崎さんスライドP.6を真似る

Electron scattering 
by solar neutrinos

Radioactive impurities
• Contamination in/on mini balloon

– well studied with radius distribution

Neutrinos
• Interactions by solar neutrinos

– Negligible for now. In the future, it might 
be serious background.

Cosmic-ray muon spallation products

• 12C spallation (short-lived spallation)

• 136Xe spallation (long-lived spallation)

– effectively tagged by muon-neutron-spallation 
triple coincidence and showering tag method

Major backgrounds (details on the next page)

– The only way to suppress this background 
is separetion by energy.  

Double-beta decay of 136Xe (           )

12



0 10 20 30 40 50 60
Z

0

20

40

60

80

100

120

140A

12−10

11−10

10−10

9−10

8−10

7−10

6−10

5−10

4−10

3−10

))
µ

/(g
 

2
(c

m

KamLAND Xe-LS

0.5 1 1.5 2 2.5 3 3.5 4 4.5
Visible Energy (MeV)

2−10

1−10

1

10

210

Ev
en

ts
/(M

eV
 k

to
n 

da
y)

Total I132

I130 I124

I122 Sb118

In119 Y88

Long-lived spallation products Figures from https://doi.org/10.1103/PhysRevC.107.054612

Primary spallation production yields

Energy spectrum of major 136Xe daughters

Carbon spallation

Xenon spallation
Xenon spallation background

• FLUKA simulation for primary spallation product yields
• GEANT4 + ENSDF for daughters yields
• Expected event rate : 0.082 event/day/Xe-ton/ROI

Production yield estimation

• Muon spallation on xenon nuclei yields a number of isotopes.
• Many isotopes have lifetimes of a few days or longer.
• Yields of each isotope is tiny.
• However the total yield is not negligible.

Background reduction technique

• Xenon spallation is accompanied by many neutrons (n-cluster).
• (Muon)–(n-cluster)–(spallation product) tagging is effective.
• We achieved 42±8.8% rejection with 8.6% signal sacrifice.
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Cosmic-ray muon spallation products
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KamLAND Xe-LS

Spallation products in XeLS
(FLUKA simulation)

Carbon spallation
• Short lives (τ < 30 s, excl. 11C)
• Sufficient reduction by:

• 3-fold coincidence
(μ, neutron, the decay)

• Correlation with μ (track & charge)

Xe 
spa
llat
ion

• 137Xe (τ = 5.5 min) from 136Xe + n
• Cross section measured by Zen800:
236 ± 145 mb in consistent with
prior researches

• 75% vetoed by 3-fold coinc.

• Long-lived (LL) isotopes
• τ ~ O(hours)
• Dominant 0nbb BG after all cuts
n

n

n

n
π

≈

136Xe μ secondary

BG isotope(s)

*muon rate: 0.3 Hz per KamLAND
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8.5. DATA SET 121

Table 8.2: Summary of the systematic error

Source Error (%)
Fiducial volume 4.1
136Xe enrichment 0.1

Xe amount 0.4
Total 4.1
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Figure 8.3: Spectrum of the final 0νββ candidates and long-lived spallation candidates. The
left figure shows the energy spectrum of the final 0νββ candidates. Each color corresponds to
the spectrum after each event selection listed in the legend. The right figure shows the energy
spectrum of long-lived spallation candidates in r < 157 cm.

8.5 Data Set

In this study, the data of a period from Run015431 to Run016789 (from 2019/02/05 to
2021/05/08) is used. The energy spectrum of the final 0νββ candidates and Long-lived
spallation candidates in r < 157 cm (internal 10 volume bins and the most sensitive region)
are shown in Figure 8.3

The time distribution and vertex distribution of 2.35–2.70 MeV events are shown in
figure.8.4. Number of events in 2.35–2.70 MeV in r < 157.49 cm, is 24 events and 15 events
for 0νββ candidates data set and Long-lived candidates data set, respectively. The livetime
of for each data set is 523.4 days and 49.3 days. This data set is divided into three time bins.
The first border is Run015812 (2019/09/30). Since this run the operation of HV reduction
had been changed. This can affect the energy scale and resolution, thus Run015812 is adopted
as a first border of the time bins. The second border is Run016473 (2020/10/20). Around
this run, the AMPs of MoGURA has been installed. As the result of this time bin division, we
have three time bins with the livetimes of 167.0 days, 221.2 days and 135.1 days, respectively.
The table 8.3 summarizes the time bin division and livetime in each.

Double-beta decay analysis
Analysis volume selection Single (0νββ candidate) dataset Long-lived spallation (L.L.) tagged dataset

~10% of 0νββ
~40% of L.L.
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Figure 8.3: Spectrum of the final 0νββ candidates and long-lived spallation candidates. The
left figure shows the energy spectrum of the final 0νββ candidates. Each color corresponds to
the spectrum after each event selection listed in the legend. The right figure shows the energy
spectrum of long-lived spallation candidates in r < 157 cm.

8.5 Data Set

In this study, the data of a period from Run015431 to Run016789 (from 2019/02/05 to
2021/05/08) is used. The energy spectrum of the final 0νββ candidates and Long-lived
spallation candidates in r < 157 cm (internal 10 volume bins and the most sensitive region)
are shown in Figure 8.3

The time distribution and vertex distribution of 2.35–2.70 MeV events are shown in
figure.8.4. Number of events in 2.35–2.70 MeV in r < 157.49 cm, is 24 events and 15 events
for 0νββ candidates data set and Long-lived candidates data set, respectively. The livetime
of for each data set is 523.4 days and 49.3 days. This data set is divided into three time bins.
The first border is Run015812 (2019/09/30). Since this run the operation of HV reduction
had been changed. This can affect the energy scale and resolution, thus Run015812 is adopted
as a first border of the time bins. The second border is Run016473 (2020/10/20). Around
this run, the AMPs of MoGURA has been installed. As the result of this time bin division, we
have three time bins with the livetimes of 167.0 days, 221.2 days and 135.1 days, respectively.
The table 8.3 summarizes the time bin division and livetime in each.

214Bi 208Tl

2νββ

+ ~90% of 0νββ
+ ~60% of L.L.

• 2D scan of 0νββ rate and L.L. rate
• Simultaneous fit of 2 datasets with:

Ø 86 energy bins
Ø 40 equal-volume bins
Ø 3 time bins

Equal-volume binning

Analysis Method

15



Best-fit energy spectra in KamLAND-Zen 800
Figures and numbers from https://doi.org/10.1103/PhysRevLett.130.051801

Single (0νββ candidate) dataset (R < 1.57)
Livetime : 523 days

Long-lived spallation (L.L.) tagged dataset (R < 1.57)

Livetime : 49 days
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Δχ2 map of 0νββ rate and L.L. rate in ROI

• Dominant background : 2νββ & Long-lived spallation
• Best-fit 0νββ rate : 0 [event/day/Xe-ton]
• 90% U.L. on the number of 0νββ event : 7.9
• Corresponding 0νββ half-life 90% lower limit : 2.0 × 1026 years
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Combined analysis of KamLAND-Zen 400 and 800 17

Δχ2 map of 0νββ rate and L.L. rate in ROI
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Δχ2 profile of 0νββ-half life

• KamLAND-Zen 400 dataset was re-analyzed with the new strategy.
• Zen400 and Zen800 dataset were combined in Δχ2 map.

• 0νββ half-life lower limit (90% C.L.):
Ø Zen400 : 0.9 × 1026 years
Ø Zen800 : 2.0 × 1026 years
Ø Combined : 2.3 × 1026 years  — >2x better half-life limit !!

• This analysis also gave the most precise measurement of Xe spallation.
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(a) KamLAND-Zen 400
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(b) KamLAND-Zen 800

Figure 8.10: The result of the χ2 scan. In these figures, the axes show the event rate against
the unit xenon mass to consider the difference of the xenon concentration between Zen 400 and
Zen 800. The missed long-lived spallation because of the double pulse fitter and MoGURA
neutron veto is considered. (a) shows the result of Zen 400 and (b) shows the result of Zen 800.

Table 8.6: Summary of the limit on the 0νββ half-life and the sensitivity

Zen 400
Phase1

Zen 400
Phase2

Zen 800
Zen 400 Phase2

+ Zen 800
Combined

Half-life [yr] 0.13× 1026 0.90× 1026 1.98× 1026 2.25× 1026 2.29× 1026

Sensitivity [yr] – 0.59× 1026 1.4× 1026 1.5× 1026 1.5× 1026

Production Rate of Xenon Spallation Background

The combined ∆χ2 distribution of figures 8.10 (a) and (b) is shown in figure 8.11. The
projection onto the Long-lived spallation rate is also shown. The result on the xenon spallation
production obtained by the combination of KamLAND-Zen 400 and Zen 800 is (1.11 ±
0.19)× 10−1 event/day/Xe-ton/ROI while the prediction by FLUKA is (0.82± 0.06)× 10−1

event/day/Xe-ton/ROI. They are consistent within about 1.5σ.

Limit on the half-life of 0νββ-decay of 136Xe

The ∆χ2 distribution against the 0νββ half-life is plotted in figure 8.12. The lower limit
on the half-life of the 0νββ decay is summarized in the table.8.6. The all KamLAND-Zen
combined result is

T 0ν
1/2 > 2.29× 1026 [year] (90%C.L.) (8.11)

Zen 400
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(a) KamLAND-Zen 400
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(b) KamLAND-Zen 800

Figure 8.10: The result of the χ2 scan. In these figures, the axes show the event rate against
the unit xenon mass to consider the difference of the xenon concentration between Zen 400 and
Zen 800. The missed long-lived spallation because of the double pulse fitter and MoGURA
neutron veto is considered. (a) shows the result of Zen 400 and (b) shows the result of Zen 800.

Table 8.6: Summary of the limit on the 0νββ half-life and the sensitivity

Zen 400
Phase1

Zen 400
Phase2

Zen 800
Zen 400 Phase2

+ Zen 800
Combined

Half-life [yr] 0.13× 1026 0.90× 1026 1.98× 1026 2.25× 1026 2.29× 1026

Sensitivity [yr] – 0.59× 1026 1.4× 1026 1.5× 1026 1.5× 1026

Production Rate of Xenon Spallation Background

The combined ∆χ2 distribution of figures 8.10 (a) and (b) is shown in figure 8.11. The
projection onto the Long-lived spallation rate is also shown. The result on the xenon spallation
production obtained by the combination of KamLAND-Zen 400 and Zen 800 is (1.11 ±
0.19)× 10−1 event/day/Xe-ton/ROI while the prediction by FLUKA is (0.82± 0.06)× 10−1

event/day/Xe-ton/ROI. They are consistent within about 1.5σ.

Limit on the half-life of 0νββ-decay of 136Xe

The ∆χ2 distribution against the 0νββ half-life is plotted in figure 8.12. The lower limit
on the half-life of the 0νββ decay is summarized in the table.8.6. The all KamLAND-Zen
combined result is

T 0ν
1/2 > 2.29× 1026 [year] (90%C.L.) (8.11)

Zen 800

+ =
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Upper limit on effective Majorana mass 18

Theoretical predictions
(a) Phys. Rev. D 86, 013002 (2012)
(b) Phys. Lett. B 811, 135956 (2020)
(c) Eur. Phys. J. C 80, 76 (2020)

• 0νββ half-life is translated to effective Majorana mass as

• Combined                  lower limit ( 2.3 × 1026 years ) is translated to
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with different NMEs.

• KamLAND-Zen achieved the first search for neutrinoless double-
beta decay in the Inverted-Ordering band below 50 meV.
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Background summary

• (b) and (c) are accompanied by γ-ray, while 0νββ is pure β.
• Finding γ-cascade resulting nonisotropic event topology 

would be a key technique.
• KamNet (Phys. Rev. C 107, 014323) was developed and has 

achieved 27% L.L. rejection accepting 90% of 0νββ signal.

# of event in ROI

(a) 2νββ 12.0

(b) Long-lived spallation 12.5

(c) IB 214Bi 3.0

A. LI et al. PHYSICAL REVIEW C 107, 014323 (2023)

(a)

(b)

FIG. 3. (a) Pressure map produced by conventional CNN de-
scribed in Ref. [12]. (b) Pressure map produced by KamNet on the
same dataset. The values in each cell are the 10C rejection efficiency
at 90% 136Xe acceptance. The lower left cell (circled in dashed red)
represents the KamLAND-Zen detector configuration.

To check the MC-data agreement, we study signal-like
2νββ events and backgroundlike events in data and MC. For
the signal-like 2νββ events, we select events from 1.7 to
2.2 MeV within the 157-cm radius, a region dominated by
2νββ events. For the background-like events, we use 214Bi-
214Po tagged events from 2.0 to 3.0 MeV within the 157 cm
radius. The selection criteria are identically applied to both
data and MC. KamNet is then applied to the MC and data
events. The resulting KamNet scores are shown in Fig. 4.
Excellent agreement is observed between the data and MC
spectrum shape.

To quantify the MC-data agreement, we define a cut at the
KamNet score corresponding to 90% 2νββ-MC acceptance.
At this same KamNet score, the corresponding 2νββ data has
a slightly smaller acceptance of 89.3% due backgrounds in the
data. This is consistent with the results in this region presented
in Ref. [1]. The acceptance of 214Bi data events are 69.5%
compared to 72.2% of 214Bi MC events. 214Bi data events
are rejected more efficiently because 14.1% of the events
originated on the balloon film. Film 214Bi are rejected much

FIG. 4. KamNet score spectrum for MC and data of signal events
(136Xe 2νββ) and background events (214Bi). The number in paren-
theses shows the survival percentage if we make a cut at 90% 136Xe
MC acceptance (purple dashed line).

more efficiently by KamNet, as shown in Table I. Adding
14.1% of film 214Bi into the 214Bi MC will reduce the data-MC
difference to only 1.7%.

A bootstrapping-based evaluation is conducted to quantify
KamNet’s statistical and systematic uncertainties. We gen-
erated 78 bootstrapped datasets and trained 78 bootstrapped
KamNets to study the variation of output. Compared to 90%
signal acceptance in base KamNet, the Gaussian-fitted ac-
ceptance of all bootstrapped KamNet reads 89.7% ± 0.58%,
corresponding to a one-sigma agreement and 0.58% statis-
tical uncertainty. We also conducted a series of systematic
uncertainty studies involving energy, position, and data-
MC comparisons. The combined statistical and systematic

TABLE I. Result of trained KamNet classifier on 0νββ analysis.
The second column of the table indicates the type of decay the
isotope undergoes. e− indicates a strictly single vertex, β like events.
β± + γ indicates a β decay with γ casacade, and LL stands for
long-lived spallation backgrounds. The KamNet rejection percentage
is evaluated at 90% signal acceptance (or equivalence speaking, 10%
signal rejection). ROC AUC is the area under curve of receiver
operating characteristic curve [23], higher AUC under ROC curve
indicates the better separation between signal and background.

Isotopes Type ROC AUC Rejection

0νββ Signal 0.5 10%
Solar ν e− 0.49 9.5%
10C β+ + γ 0.72 40.0%
214Bi XeLS β− + γ 0.65 27.0%
214Bi film β− + γ 0.83 58.8%
118Sb β+ + γ , LL 0.59 18.3%
122I β+ + γ , LL 0.61 22.2%
124I β+ + γ , LL 0.67 30.6%
130I β− + γ , LL 0.67 27.2%
132I β− + γ , LL 0.66 28.5%

014323-6

Electron scattering 
by solar neutrinos

PID with neural network

What we can do for 2νββ background reduction?

Best fit spectrum in KamLAND-Zen 800

β/γ discrimination 
performance by KamNet

β+γ

ββ
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• Separation by observed energy is the only way.
• Energy resolution is definitive.

numbers from https://doi.org/10.1103/PhysRevLett.130.051801
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— Next-generation KamLAND-Zen

• Light yield increase by
Ø High light-yield scintillator (x1.4)
Ø Light-correcting Winston cone on PMT (x1.8)
Ø High quantum efficiency PMT (x1.9)

Detector upgrade plan

ü x5 increased effective light yield
ü Twice better energy resolution@Q-value
ü 2νββ background reduction by order of 2.

• State-of-the-art read-out electronics: MoGURA2
Ø RFSoC powered data acquisition
Ø Huge buffer for SN-burst detection

• New mini-balloon of scintillating material

ü ~100% spallation neutron detection
ü More efficient L.L. tagging

ü Film-214Bi rejection by α-tagging
ü Expanding effective volume

KamLAND2-Zen

• Increased xenon: 745 kg → 1,000 kg ü More xenon, more exposure.

Target sensitivity

• The half-life : 2.0 × 1027 year
• (in 10 years)

KamLAND2-Zen will be the first search 
to cover the Inverted-Ordering band !!

20 meV
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21KamLAND2-Zen R&D in prototype detector

KamLAND２-Zen: prototype

16

The performance demonstration in a 50 m3 tank is ongoing.

✔ High QE PMT. 

✔ Light collecting mirror.

✔ Pure-water and acrylic box w/ LAB LS.

✔ New electronics and DAQ system.

✔ LED light and source calibration.

Fig. 6 KamLAND2-Zen prototype detector: (left) 50m3 tank and (right) high quantum

efficiency (HQE) PMTs with light collective mirrors in the tank.

γ’s or e+-e− pair annihilation γ’s. Thus, background events from xenon spallation products

have multisite energy deposits in the Xe-LS spreading over O(10 cm) distances due to γ-ray

diffusion, while the 0νββ events are localized in smaller < 1 cm distances. Such dispersion

of scintillation location can be statistically evaluated by using the photon hit time of the

PMTs. To remove the xenon spallation backgrounds, an Integrated Spatiotemporal Deep

Neural Network, referred to as KamNet [43], was developed in KamLAND-Zen. The simula-

tion study using KamNet showed the ability to improve the 0νββ search sensitivity by the

background removal.

In the future, the KamLAND detector is planned to be upgraded to improve the 0νββ

search sensitivity, denoted as KamLAND2-Zen. The discrimination between 0νββ and 2νββ

can be improved by the upgraded detector with better energy resolution. The energy reso-

lution (σ) improves from 4.0% to <2.5% at the Q-value of 136Xe 0νββ decay. This will be

achieved by employing light collective mirrors (>1.8× light yield), new brighter LS (1.4×
light yield), and high quantum efficiency (HQE) PMTs (1.9× light yield). To maximize light

collection, new polygonal-shape mirrors, that do not have dead space in conventional circle-

shape mirrors, were newly developed. To demonstrate this high detector performance, the

KamLAND2-Zen prototype, which consists of a 50m3 stainless tank, 14 HQE PMTs and light

collective mirrors, new brighter LS, new state-of-the-art electronics, has been constructed at

the Kamioka mine (Fig. 6). The data-taking in the prototype will begin soon. In addition, a

scintillation balloon film made of Polyethylene naphthalate (PEN) has been also developed

to remove the backgrounds from the balloon film by α-tagging method. Also, research is

underway to effectively reduce γ-emission backgrounds using a scintillation imaging system

12

Acrylic box w/ LS


Construction
• 2022/DEC Installation of the LS

11
Acrylic box w/ LS.

Source calibration.

23

KamLAND2-Zen
• 1/100 2νββ reduction
by higher light yield
• x5 L.Y. to be achieved by:

• Light collecting mirror: x1.8
• High Q.E. PMT: x1.9
• New LS: x1.4

• σenergy at Q-value = 2%

• New electronics (MoGURA2)
• Improve the neutron detection
efficiency after muons

• Target Q77  ~20 meV (5 yr)

Scintillating IB:
100% fiducial vol. Imaging device

Options
Sets of PMT and mirror

Ongoing R&D

Me installing radioactive source very very very carefully

Acrylic box filled 
with LAB LS

50 m3 tank was built for benchmark 
of light-yield increase

14 High-QE PMTs were installed at the 
bottom of the tank with Winston cones.
The tank is filled with filtered water.

Tank overview Tank inside view LS-filled Acrylic box

LAB LS is filled into 30 cm x 30 cm x 30 cm 
acrylic box and installed at the center

The light-yield increase performance is under demonstration !!

• radioactive source calibration
• long-term DAQ test

New read-out electronics is also tested in this detector.



Summary
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• The latest result of the 0νββ search by KamLAND-Zen were reported.

• 0νββ half-life lower limit (90% C.L.):
Ø Zen400 : 0.9 × 1026 year
Ø Zen800 : 2.0 × 1026 year
Ø Combined : 2.3 × 1026 year

• Effective Majorana mass limit (90% C.L.)
Ø

• New analytical techniques are being developed for further sensitivity.

• R&D for the future of KamLAND-Zen, “KamLAND2-Zen”, is on-going !!

<latexit sha1_base64="KYMWn8woo5vGUF8vRrnGtbNd6xw="></latexit>

hm��i < 36� 156 meV


