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~0.3 Hz 

μ±

Near Toyama 

Japan 

Kamioka 
Observatory

KamLAND = Kamioka Liquid Scintillator  Detectorν̄e

 detector originally built for reactor neutrino detection1 kton
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From KamLAND to KamLAND-Zen
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 Double Beta Decay - Candidate for Neutrinoless Double Beta Decay 136Xe
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• Xenon as a noble gas 


• Capable of being highly enriched


• Can be dissolved directly into 
liquid scintillator (LS)


• Clean, recoverable, reusable

  
(  endpoint appears larger here due to detector response)
Qββ(136Xe) = 2.458 MeV
2νββ
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Poster 2/441 

So Young Jeon



Turning KamLAND into a  Detector0νββ
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Turning KamLAND into a  Detector0νββ
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 Decane  + Pseudocumene  +  PPO


 with 745 kg xenon gas  
(  )

82 % 18 % 2.4 g/L

(3.13 ± 0.01)%weight
90.85 % 136Xe

Xenon Liquid Scintillator 
inside Inner Balloon 

1.9 m
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Inner Balloon Film
 Nylon Film25 μm

Turning KamLAND into a  Detector0νββ
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 Decane  + Pseudocumene  +  PPO


 with 745 kg xenon gas  
(  )

82 % 18 % 2.4 g/L

(3.13 ± 0.01)%weight
90.85 % 136Xe

Xenon Liquid Scintillator 
inside Inner Balloon 

1.9 m
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82% Decane +  
18% pseudocumene  
with 2.4 g/L PPO


(3.13±0.01)% Xe Gas   
=745 kg enriched Xenon 
(~91% 136Xe)

KLZ - IB Film 
R=190 cm
25µm Nylon Film

KLZ - Inner Balloon  
(IB) R<190 cm

Turning KamLAND into a  Detector0νββ
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KamLAND Liquid 
Scintillator

→ 6.5 m

9 m

 liquid scintillator 
made of  dodecane 
+ pseudocumene 
+   PPO

1 kton
80 %

20 %
1.36 g/L
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82% Decane +  
18% pseudocumene  
with 2.4 g/L PPO


(3.13±0.01)% Xe Gas   
=745 kg enriched Xenon 
(~91% 136Xe)

KLZ - IB Film 
R=190 cm
25µm Nylon Film

KLZ - Inner Balloon  
(IB) R<190 cm

Water Cherenkov  
(Veto) Detector

 water for  
muon veto
3.2 kton

Turning KamLAND into a  Detector0νββ
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→
KamLAND Liquid 
Scintillator

 liquid scintillator 
made of  dodecane 
+ pseudocumene 
+   PPO

1 kton
80 %

20 %
1.36 g/L

6.5 m

9 m
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Light Yield = 



Photo-Multiplier-Tubes (PMTs) = 



Resolutions 
 
Energy   
 
Vertex  

500 photoelectrons / MeV

17“(1325) + 20“(554)

→
σE

E
∼ 6.7% /  E [MeV]

→
σR

E
∼ 13.7 cm /  E [MeV]

Turning KamLAND into a  Detector0νββ
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PHOTO CATHODE

DYNODE
(Venetian-blind)

PMT  
Charge 
Timing 
Occupancy 
…

Event Reconstruction 
Vertex (x,y,z) 
(visible) Energy 
Particle Identification

PHOTO CATHODE

DYNODE

(Venetian-blind)
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KamLAND-Zen Timeline

12

2011 2012 2013 2015 2019 2024 Now

KL-Zen 400 
Phase-I 
89.5 ⋅ kg ⋅ yr

KL-Zen 400 
Phase-II 
493.5 ⋅ kg ⋅ yr

KL-Zen 800 
Phase-III 
2097 ⋅ kg ⋅ yr

KL2-Zen 
Construction 
DAQ  2028→

Ömer Penek
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ν

• Solar Neutrino Interactions (ES+CC)
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ν

 
~0.3 Hz 

μ±

• Solar Neutrino Interactions (ES+CC) 
• Cosmogenics Xenon Spallation Products



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

4−10

3−10

2−10

1−10

1

10

210

310

410

510

Ev
en

ts
 / 

0.
05

 M
eV

 Backgrounds0νββ

16Ömer Penek

ν

 
~0.3 Hz 

μ±

• Solar Neutrino Interactions (ES+CC) 
• Cosmogenics Xenon Spallation Products 
• Cosmogenics Carbon spallation Products
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~0.3 Hz 

μ±

Internal RI 
238U, 232Th, 222Rn,

40K, 210Bi, 85Kr, …

ν

• Solar Neutrino Interactions (ES+CC) 
• Cosmogenics Xenon Spallation Products 
• Cosmogenics Carbon spallation Products 
• Internal XeLS Radioactive Impurities (RI)
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~0.3 Hz 

μ±

Internal RI 
238U, 232Th, 222Rn,

40K, 210Bi, 85Kr, …

External Bkg 
238U, 232Th, 40K, 
210Bi, 85Kr, …

ν

• Solar Neutrino Interactions (ES+CC) 
• Cosmogenics Xenon Spallation Products 
• Cosmogenics Carbon spallation Products 
• Internal XeLS Radioactive Impurities (RI) 
• External to XeLS from IB + KamLAND-LS
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~0.3 Hz 

μ±

Internal RI 
238U, 232Th, 222Rn,

40K, 210Bi, 85Kr, …

External Bkg 
238U, 232Th, 40K, 
210Bi, 85Kr, …

ν

• Solar Neutrino Interactions (ES+CC) 
• Cosmogenics Xenon Spallation Products 
• Cosmogenics Carbon spallation Products 
• Internal XeLS Radioactive Impurities (RI) 
• External to XeLS from IB + KamLAND-LS 
• 136Xe  (source bkg)2𝜈𝛽𝛽
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~0.3 Hz 

μ±

Internal RI 
238U, 232Th, 222Rn,

40K, 210Bi, 85Kr, …

External Bkg 
238U, 232Th, 40K, 
210Bi, 85Kr, …

ν

• Solar Neutrino Interactions (ES+CC) 
• Cosmogenics Xenon Spallation Products 
• Cosmogenics Carbon spallation Products 
• Internal XeLS Radioactive Impurities (RI) 
• External to XeLS from IB + KamLAND-LS 
• 136Xe  (source bkg) 
• 136Xe (90% Limit)

2𝜈𝛽𝛽
0νββ



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

4−10

3−10

2−10

1−10

1

10

210

310

410

510

Ev
en

ts
 / 

0.
05

 M
eV

 Backgrounds0νββ

21Ömer Penek

 
~0.3 Hz 

μ±

Internal RI 
238U, 232Th, 222Rn,

40K, 210Bi, 85Kr, …

External Bkg 
238U, 232Th, 40K, 
210Bi, 85Kr, …

ν

• Solar Neutrino Interactions (ES+CC) 
• Cosmogenics Xenon Spallation Products 
• Cosmogenics Carbon spallation Products 
• Internal XeLS Radioactive Impurities (RI) 
• External to XeLS from IB + KamLAND-LS 
• 136Xe  (source bkg) 
• 136Xe (90% Limit)

2𝜈𝛽𝛽
0νββ

Region-of-Interest (ROI) = 2.35..2.70 MeV



Spectral Analysis
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Analysis Range 
 

Exposure =  of Xe 
Plots show  

[0.5,4.8] MeV for R < 250 cm
2.1 ⋅ ton ⋅ year 136

R < 157 cm

SD =   Data  Exposure 
LD = Long-Lived Data with isotope  

Untagged/ Singles → 90 %
Tagged τ ≥ 100 sec
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 U.L.)ββνTotal (0
ββνXe 2136 

 (90%C.L. U.L.)ββνXe 0136 
Xenon spallation products

Xe137Carbon spallation +  
IB/External RI
Internal RI
Solar Neutrino ES + CC
Data

(a) SD
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 (90%C.L. U.L.)ββνXe 0136 
Xenon spallation products

Xe137Carbon spallation +  
IB/External RI
Internal RI
Solar Neutrino ES + CC
Data

(b) LD

Long-Lived Data (LD) E ∼ 10 % ∼ 111 days

Singles Data (SD) E ∼ 90 % ∼ 1131 days



Spectral Analysis
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(b) LD

Long-Lived Data (LD) E ∼ 10 % ∼ 111 days

Singles Data (SD) E ∼ 90 % ∼ 1131 days

Analysis Range 
 

Exposure =  of Xe 
Plots show  

[0.5,4.8] MeV for R < 250 cm
2.1 ⋅ ton ⋅ year 136

R < 157 cm

 
(Combined KLZ-400 + 800 based on Wilks)


 
We also performed Feldman-Cousins and 

Bayesian Calculations  consistent

T0νββ
1/2 > 3.8 × 1026 years

→

→

Phys. Rev. Lett. 135, 262501

SD =   Data  Exposure 
LD = Long-Lived Data with isotope  

Untagged/ Singles → 90 %
Tagged τ ≥ 100 sec



Results for Effective Majorana Mass
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(𝑇 0𝜈2𝛽
1/2 )

−1
= 𝐺0𝜈 𝑀0𝜈

2
𝑚2

𝛽𝛽

 meV⟨𝑚𝛽𝛽⟩ < 28…122

Model Ref.

QRPA 8 1.11, 1.18 122, 115

EDF 11 4.77 28.4

⟨mββ⟩ [meV]M0ν
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From KamLAND-Zen to KamLAND2-Zen
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• KamLAND-Zen 800: Feb. 5, 2019 − Jan. 12, 2024 

• Decommisioning started in 2024 while KL2Z construction in 2025

Poster 2/260 

Nanami Kawada-san

Ömer Penek
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Towards KL2-Zen  Top Backgrounds in ROI →

→

ROI  in  2.35 . . 2.70 MeV R < 157 cm

Top Backgrounds in Region-of-Interest (ROI)
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∼
6.7 %
E[MeV]

∼ 4 %
@2.5 MeV
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Towards KL2-Zen  Top Backgrounds in ROI →

→

ROI  in  2.35 . . 2.70 MeV R < 157 cm

Top Backgrounds in Region-of-Interest (ROI)
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Energy resolution tail  

 increase light yield 
 increase collection

2νββ → 47 %

→
→
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Towards KL2-Zen  Top Backgrounds in ROI →

→

ROI  in  2.35 . . 2.70 MeV R < 157 cm
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 New Electronics 
 Spallation Tagging 
 Deadtime free

Long-Lived → 33 %

→
→
→

 
 
Energy resolution tail  

 increase light yield 
 increase collection

2νββ → 47 %

→
→
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Towards KL2-Zen  Top Backgrounds in ROI →

→

ROI  in  2.35 . . 2.70 MeV R < 157 cm

Top Backgrounds in Region-of-Interest (ROI)
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 New Electronics 
 Spallation Tagging 
 Deadtime free

Long-Lived → 33 %

→
→
→

 
 
Energy resolution tail  

 increase light yield 
 increase collection

2νββ → 47 %

→
→

 
 

 Scintillating Balloon  
 Reduce Background 

RI in IB → 11 %

→
→
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Towards KL2-Zen  Top Backgrounds in ROI →

→

ROI  in  2.35 . . 2.70 MeV R < 157 cm
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 New Electronics 
 Spallation Tagging 
 Deadtime free

Long-Lived → 33 %

→
→
→

 
 
Energy resolution tail  

 increase light yield 
 increase collection

2νββ → 47 %

→
→

 
 

 Scintillating Balloon  
 Reduce Background 

RI in IB → 11 %

→
→

  
 

→ RI in XeLS → 2 %
→ Solar ν → 6 %

Poster 2/368 

Ö.P.



Light Collection
Winston Cone Approach 
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Light Collection
Winston Cone Approach 
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Efficiency Factor  =  =
#P.E. w/ Mirror

#P.E. w/o Mirror
1.8 times  
more light

polyethylene-terephthalate 

Ömer Penek



PMT Performance
~1879 20 inch PMTs (R12860-03LXA)
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20 inch OLD PMT

20 inch NEW PMT

Ömer Penek



PMT Performance
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PMT 20 inch NEW 20 inch OLD

QE @ 400 nm ~32 % ~20 %

Dark Pulse Rate 
[kHz] 8 22

Time Transit 
Spread [ns] 2.4 7.7

Efficiency Factor =  =
Q.E. New
Q.E. Old

 1.9 times 
more QE
∼

20 inch OLD PMT

20 inch NEW PMT

Ömer Penek

~1879 20 inch PMTs (R12860-03LXA)



Fluor + Wavelength Optimization
More PPO + add 1,4-Bis(2-methylstyryl)benzene (secondary)
• Optimization of the PPO concentration in KamLS and XeLS

• Light Yield(KamLAND Scintillator) = 


• Use bis-MSB (~ ) to shift emission peak from 360 to 400 nm (QE window) 

( 0.164 ± 0.001 ) P.E./Event

15 mg/L

35

PPO old PPO at maximum 
light yield 

KamLS 1.36 g/L 1.50 g/L

XeLS 2.40 g/L 4.00 g/L

Factor 
~1.1

Ömer Penek



Readout Electronics (MoGURA2)
Radio Frequency System-on-a-
chip (RFSoC)—based readout


The Analog Front-End conditions 
the PMT waveforms to feed the 
signal into the RFSoC-ADC


Zero-deadtime electronics to 
improve spallation neutron tagging  

 Short- and Long-Lived Tagging→

36
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Improve Tagging 
Efficiencies (n, LL)
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Scintillating Balloon  PEN→
PEN = Polyethylene naphthalate
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Smal size 
prototype 
balloon 
(In water  
+ UV light)

BG

214Bi

214Po α

β

Ömer Penek



Scintillating Balloon  PEN→
PEN = Polyethylene naphthalate

Distinguish LS (XeLS,KamLS) and IB 
(despite Bi-Po Efficiency) 

 Powerful
> 99 %

→

38

Smal size 
prototype 
balloon 
(In water  
+ UV light)

Time Profiles

BG

214Bi

214Po α

β

Ömer Penek



KERNEL — Clean Lab
KERNEL = Kamioka Extremely Rare phenomena and Neutrino research Lab

• Super Clean Room (ISO14511-1 Class 1)

• Depth = 1km from top of mountain 

• For development of  

ultra-low-radioactivity materials
39

APPLICATIONS 
• Fabrication and cleaning of detector 

components 

•High-purity metal refining

„Cleanest“ Category

Ömer Penek



KamLAND2-Zen Target  Half-Life 0νββ

• Energy Resolution  



• Cover IO region almost 
completely (NME precision)


• Target mass limit  
 meV / 5 Years


• Target half life limit for 5 Years 
 years (90% C.L.)

4 % → 2 % @2.458 MeV

⟨𝑚𝛽𝛽⟩~ 20

T > 2 × 1027

40Ömer Penek
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KamLAND2-Zen  Construction→

Entering the 
detector
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Use this chance 
to make a photo Kevlar Rope 

System

Steel Support
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First acrylic plate 
removal campaign 
~2025
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Outer balloon 
removal  
campaign ~ 2025
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Outer balloon „watch“ Poster 2/488 

Natsu Obata-san
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Inner view  
without  
balloon



47

PMT 
disassembling 
~2025-2026
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PMT transport
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Destroying 
PMTs 
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Detector 
completely 
emptied

KamLAND2-Zen  Construction



360° view incl. mock-up
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Mock-up 
installation 
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Different 
diamond 
locations 

Mock-up installed
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Installing new  
acrylic plates 

KamLAND2-Zen  Construction



Summary and Outlook

55Ömer Penek

• KamLAND-Zen demonstrated that 
Xenon-loaded liquid scintillator can scale 
to leading sensitivity 


• KamLAND2-Zen keeps that scalable 
isotope source but upgrades the 
detector response around it


• Construction is underway to allow us to 
push beyond  years 1027



Summary and Outlook
• KamLAND-Zen demonstrated that 

Xenon-loaded liquid scintillator can scale 
to leading sensitivity 


• KamLAND2-Zen keeps that scalable 
isotope source but upgrades the 
detector response around it


• Construction is underway to allow us to 
push beyond  years 


• Main DAQ Start 2028 (Fiscal Year 2027)

1027
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From  
Neutrino 2018  
Before KLZ800

Beijing

… Nu 2028 …

Thank You

Ömer Penek
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Backup

Ömer Penek
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Left intentionally blank
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Sensitivity vs. Limit
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Sensitvity checked by MC  
assuming best-fit BG rate

Many Thanks to Itaru Shimizu 

Ömer Penek



KLZ-400 + KLZ-800 Combined Fit
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Combining  Profiles  
of KLZ-400 and KLZ-800

Δχ2

Many Thanks to Haruhiko Miyake

Ömer Penek



RFSoC vs. Conventional
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RFSoC
FPGA-plus-ADC 

with  
TCP logic core

Overkill in terms of raw  
performance but price  
difference not very high

Versus ↔
Needs high-speed serial links between  
FPGA and external ADCs

Increase of heat 
dissipation 

≫ cooling issue ≪

} HV System

HV and Front-End Electronics will be 
integrated 
in E-hut  

 Heat Dissipation  
strong requirement 
→

 not high 

proceed with RFSoC to 

reduce heat generation 

and relax requirements 

on the cooling 

ΔPrice

Many Thanks to Koji Ishidoshiro 

Ömer Penek



Status on the Liquid Scintillators

62

• No calibrations planned for the XeLS


• Ongoing 
PPO increase linked to budget situation 
Reduction of U/Th  
Consequences of adding bis-MSB  

 Re-emission from larger balloon might impact event 
reconstruction 

 Mis-reconstruction effect has to be marginal

→

→

Many Thanks to Yasuhiro Kishimoto 

Ömer Penek



82% Decane +  
18% pseudocumene  
with 2.4 g/L PPO


(3.13±0.01)% Xe Gas   
=745 kg enriched Xenon 
(~91% 136Xe)

KLZ - IB Film 
R=190 cm
25µm Nylon Film

KLZ - Inner Balloon  
(IB) R<190 cm

9.0m

6.5m

Entrance

Inner 
Top View

Turning KamLAND into a  Detector0νββ
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Inner View

Ömer Penek



Selection Cuts
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2.35 < E [MeV] < 2.70
Fiducial Volume R<2.5m  
+ hotspot and deadtime removal

µ and µ + dT < 2 ms veto

Bi-Po veto —> delayed coincidence 
(prompt Bi, delayed Po <=> 2 Pulse) 
—> (dt,dr) = (1.9 ms, 1.7m) 

Reactor nu and e+ and nH gamma veto

Bad Reco Veto (bad vertex-time-charge)

R=1.5
7m

R=1.90m

Hotspot

z

x2 + y2

Analysis Data 
Long-Lived Data (LD) = Classified as Muon Spallation products with   
Singles Data (SD) =  not LD classified Data  Exposure 

τ ≥ 100 sec
→ 90 %

Ömer Penek



KamLAND-Zen Timeline
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2028

KL2-Zen Upgrade
KL2-Zen 
Main DAQ

START …

Now

Zen 400 
Phase-I

Zen 400 
Phase-II Zen 800

Ömer Penek



Analysis Preparation I
Short-Lived Tagging

66

ROI

• Triple Coincidence Tagging = space + 
time correlation of n with muons


• Lifetime veto efficiency —> 100%  
for >100s (when )


• Carbon spallation products rejection 
efficiency > 95%

τ τ(10C) = Flat

• Muon shower correlation 
<=>  
Energy Loss vs. Distance 
of Spallation Product to 
Muon Track

Ömer Penek



Analysis Preparation II
Long-Lived Tagging
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Nucleus; Total rate; ROI rate [/day/kton]; half-
life [sec]

Be7    ; 234.2329381; 0.0000000; 4.598e+06

Be10   ; 0.0001671; 0.0000000; 4.765e+13

Be11   ; 0.0000450; 0.0000008; 1.376e+01

C10    ; 0.0171459; 0.0043906; 1.929e+01

C11    ; 596.5558647; 0.0000000; 1.222e+03

C14    ; 0.0016904; 0.0000000; 1.799e+11

N13    ; 0.1234676; 0.0000002; 5.979e+02

N16    ; 0.0000165; 0.0000002; 7.130e+00

N16m1  ; 0.0000098; 0.0000000; 5.250e-06

N17    ; 0.0000000; 0.0000000; 4.173e+00

O14    ; 0.0008826; 0.0000009; 7.061e+01

O15    ; 0.0668565; 0.0014714; 1.222e+02

O19    ; 0.0000170; 0.0000025; 2.688e+01

O20    ; 0.0000000; 0.0000000; 1.351e+01

F17    ; 0.0003782; 0.0000087; 6.449e+01

F18    ; 0.0028939; 0.0000000; 6.586e+03

F20    ; 0.0000001; 0.0000000; 1.107e+01

F21    ; 0.0000000; 0.0000000; 4.158e+00

F22    ; 0.0000000; 0.0000000; 4.230e+00

Ne19   ; 0.0000002; 0.0000000; 1.722e+01

Ne23   ; 0.0000525; 0.0000067; 3.724e+01

Ne24   ; 0.0005266; 0.0000000; 2.028e+02

Na22   ; 0.0005114; 0.0001080; 8.213e+07

Na24   ; 0.0036137; 0.0000003; 5.399e+04

Na24m1 ; 0.0005269; 0.0000000; 2.018e-02

Na25   ; 0.0000999; 0.0000139; 5.910e+01

Mg27   ; 0.0014979; 0.0000167; 5.675e+02

Mg28   ; 0.0003760; 0.0000000; 7.529e+04

Al25   ; 0.0000000; 0.0000000; 7.183e+00

Al26   ; 0.0000000; 0.0000000; 2.263e+13

Al28   ; 0.0017326; 0.0003057; 1.347e+02

Al29   ; 0.0028727; 0.0006109; 3.936e+02

Si31   ; 0.0025412; 0.0000000; 9.442e+03

Si32   ; 0.0000674; 0.0000000; 4.828e+09

Si33   ; 0.0000000; 0.0000000; 6.110e+00

P30    ; 0.0001494; 0.0000256; 1.499e+02

P32    ; 0.0041719; 0.0000000; 1.233e+06

P33    ; 0.0039114; 0.0000000; 2.190e+06

P34    ; 0.0000000; 0.0000000; 1.243e+01

P35    ; 0.0000155; 0.0000035; 4.730e+01

S35    ; 0.0077073; 0.0000000; 7.549e+06

S38    ; 0.0005717; 0.0001419; 1.022e+04

Cl36   ; 0.0000001; 0.0000000; 9.508e+12

Cl38   ; 0.0021041; 0.0001519; 2.234e+03

Cl39   ; 0.0015572; 0.0003480; 3.372e+03

Cl40   ; 0.0000523; 0.0000004; 8.100e+01

Cl41   ; 0.0000078; 0.0000008; 3.840e+01

Ar37   ; 0.0051574; 0.0000000; 3.025e+06

Ar39   ; 0.0000909; 0.0000000; 8.489e+09

Ar41   ; 0.0028093; 0.0000135; 6.577e+03

Ar42   ; 0.0001358; 0.0000000; 1.038e+09

K40    ; 0.0000000; 0.0000000; 3.938e+16

K42    ; 0.0035445; 0.0004498; 4.450e+04

K43    ; 0.0046570; 0.0000000; 8.028e+04

K44    ; 0.0011224; 0.0000393; 1.328e+03

K45    ; 0.0002545; 0.0000515; 1.069e+03

K46    ; 0.0001006; 0.0000027; 1.050e+02

Ca41   ; 0.0000001; 0.0000000; 3.219e+12

Ca45   ; 0.0026652; 0.0000000; 1.405e+07

Sc43   ; 0.0007459; 0.0000000; 1.401e+04

Sc44   ; 0.0058252; 0.0020870; 1.429e+04

Sc45m1 ; 0.0000002; 0.0000000; 3.180e-01

Sc46   ; 0.0035349; 0.0000017; 7.239e+06

Sc47   ; 0.0024617; 0.0000000; 2.894e+05

Sc48   ; 0.0029529; 0.0000008; 1.572e+05

Sc49   ; 0.0016418; 0.0000000; 3.431e+03

Ti44   ; 0.0000180; 0.0000000; 1.865e+09

Ti45   ; 0.0009443; 0.0000000; 1.109e+04

Ti51   ; 0.0014550; 0.0000030; 3.456e+02

Ti52   ; 0.0000744; 0.0000000; 1.020e+02

Ti53   ; 0.0000042; 0.0000005; 3.270e+01

V47    ; 0.0009717; 0.0000540; 1.956e+03

V48    ; 0.0030711; 0.0000206; 1.380e+06

V49    ; 0.0049661; 0.0000000; 2.851e+07

V52    ; 0.0024084; 0.0005062; 2.246e+02

V53    ; 0.0005229; 0.0000806; 9.258e+01

Cr51   ; 0.0101984; 0.0000000; 2.393e+06

Cr55   ; 0.0002993; 0.0000032; 2.098e+02

Cr56   ; 0.0008444; 0.0000000; 3.564e+02

Mn52   ; 0.0025831; 0.0002000; 4.831e+05

Mn52m1 ; 0.0002896; 0.0000298; 1.266e+03

Mn53   ; 0.0000000; 0.0000000; 1.180e+14

Mn54   ; 0.0122261; 0.0000000; 2.697e+07

Mn56   ; 0.0060941; 0.0010492; 9.284e+03

Mn57   ; 0.0005429; 0.0000092; 8.540e+01

Mn59   ; 0.0000000; 0.0000000; 4.590e+00

Fe52   ; 0.0002884; 0.0000000; 2.979e+04

Fe53   ; 0.0002871; 0.0000526; 5.106e+02

Fe55   ; 0.0044286; 0.0000000; 8.659e+07

Fe59   ; 0.0035349; 0.0000000; 3.844e+06

Fe60   ; 0.0000000; 0.0000000; 8.268e+13

Fe61   ; 0.0005119; 0.0000938; 3.588e+02

Co56   ; 0.0019124; 0.0000242; 6.673e+06

Co57   ; 0.0074877; 0.0000000; 2.348e+07

Co58   ; 0.0134447; 0.0000000; 6.122e+06

Co60   ; 0.0042385; 0.0026948; 1.663e+08

Co61   ; 0.0069199; 0.0000000; 5.940e+03

Co62   ; 0.0002973; 0.0000331; 9.240e+01

Co63   ; 0.0000024; 0.0000002; 2.740e+01

Ni59   ; 0.0000003; 0.0000000; 2.398e+12

Ni63   ; 0.0002176; 0.0000000; 3.194e+09

Ni63m1 ; 0.0000109; 0.0000000; 1.670e-06

Ni65   ; 0.0017977; 0.0000000; 9.063e+03

Ni66   ; 0.0009555; 0.0000000; 1.966e+05

Cu59   ; 0.0000687; 0.0000105; 8.150e+01

Cu60   ; 0.0008674; 0.0000043; 1.422e+03

Cu61   ; 0.0056425; 0.0000000; 1.200e+04

Cu62   ; 0.0106324; 0.0018324; 5.802e+02

Cu64   ; 0.0213482; 0.0000000; 4.572e+04

Cu66   ; 0.0059750; 0.0000789; 3.072e+02

Cu67   ; 0.0026640; 0.0000000; 2.226e+05

Cu68   ; 0.0000075; 0.0000011; 3.090e+01

Cu69   ; 0.0001675; 0.0000032; 1.710e+02

Zn62   ; 0.0007502; 0.0000000; 3.309e+04

Zn63   ; 0.0023193; 0.0003525; 2.308e+03

Zn65   ; 0.0255268; 0.0000000; 2.108e+07

Zn65m1 ; 0.0011882; 0.0000000; 1.600e-06

Zn67m1 ; 0.0161220; 0.0000000; 9.070e-06

Zn69   ; 0.0023724; 0.0000000; 3.384e+03

Zn71   ; 0.0002595; 0.0000081; 1.470e+02

Ga65   ; 0.0029120; 0.0003770; 9.120e+02

Ga66   ; 0.0092072; 0.0006517; 3.416e+04

Ga67   ; 0.0210847; 0.0000000; 2.818e+05

Ga68   ; 0.0371302; 0.0019053; 4.063e+03

Ga70   ; 0.0076887; 0.0000000; 1.268e+03

Ga72   ; 0.0017916; 0.0001337; 5.076e+04

Ga73   ; 0.0009486; 0.0000000; 1.750e+04

Ga75   ; 0.0000964; 0.0000435; 1.260e+02

Ge66   ; 0.0003703; 0.0000000; 8.136e+03

Ge67   ; 0.0019487; 0.0003419; 1.134e+03

Ge68   ; 0.0130467; 0.0000000; 2.341e+07

Ge69   ; 0.0222031; 0.0000000; 1.406e+05

Ge69m1 ; 0.0001230; 0.0000000; 5.100e-06

Ge69m2 ; 0.0000162; 0.0000000; 2.810e-06

Ge71   ; 0.0319572; 0.0000000; 9.876e+05

Ge71m1 ; 0.0005924; 0.0000000; 2.041e-02

Ge73m1 ; 0.0286139; 0.0000000; 2.920e-06

Ge73m2 ; 0.0286020; 0.0000000; 4.990e-01

Ge75   ; 0.0019478; 0.0000000; 4.967e+03

Ge75m1 ; 0.0000018; 0.0000000; 4.770e+01

As68   ; 0.0002671; 0.0000010; 1.516e+02

As69   ; 0.0012942; 0.0002285; 9.120e+02

As70   ; 0.0026343; 0.0000421; 3.156e+03

As71   ; 0.0140735; 0.0000000; 2.351e+05

As72   ; 0.0311448; 0.0061475; 9.360e+04

As73   ; 0.0394631; 0.0000000; 6.938e+06

As73m1 ; 0.0114064; 0.0000000; 5.700e-06

As74   ; 0.0158186; 0.0000114; 1.535e+06

As75m1 ; 0.0023432; 0.0000000; 1.762e-02

As76   ; 0.0028354; 0.0002160; 9.446e+04

As77   ; 0.0003763; 0.0000000; 1.396e+05

As78   ; 0.0011016; 0.0001512; 5.442e+03

As79   ; 0.0002242; 0.0000000; 5.406e+02

Se71   ; 0.0002314; 0.0000371; 2.844e+02

Se72   ; 0.0094731; 0.0000000; 7.258e+05

Se73   ; 0.0116279; 0.0000030; 2.574e+04

Se73m1 ; 0.0003683; 0.0000017; 2.388e+03

Se75   ; 0.0497489; 0.0000000; 1.035e+07

Se77m1 ; 0.0007696; 0.0000000; 1.736e+01

Se79   ; 0.0000000; 0.0000000; 9.309e+12

Se79m1 ; 0.0002594; 0.0000000; 2.352e+02

Br73   ; 0.0001909; 0.0000340; 2.040e+02

Br74   ; 0.0033070; 0.0000284; 1.524e+03

Br75   ; 0.0136282; 0.0010768; 5.802e+03

Br76   ; 0.0255377; 0.0025535; 5.832e+04

Br76m1 ; 0.0000491; 0.0000000; 1.310e+00

Br77   ; 0.0472066; 0.0000000; 2.053e+05

Br77m1 ; 0.0011688; 0.0000000; 2.568e+02

Br78   ; 0.0173759; 0.0027949; 3.870e+02

Br80   ; 0.0080853; 0.0000000; 1.061e+03

Br82   ; 0.0024602; 0.0017421; 1.270e+05

Br83   ; 0.0014827; 0.0000000; 8.640e+03

Br84   ; 0.0003503; 0.0000308; 1.906e+03

Kr75   ; 0.0007540; 0.0001134; 2.760e+02

Kr76   ; 0.0056933; 0.0000000; 5.328e+04

Kr77   ; 0.0124435; 0.0008942; 4.464e+03

Kr79   ; 0.0421826; 0.0000000; 1.261e+05

Kr79m1 ; 0.0041446; 0.0000000; 5.000e+01

Kr81   ; 0.0000011; 0.0000000; 7.227e+12

Kr81m1 ; 0.0463118; 0.0000000; 1.310e+01

Kr83m1 ; 0.0224595; 0.0000000; 6.588e+03

Kr85   ; 0.0000863; 0.0000000; 3.389e+08

Rb76   ; 0.0000084; 0.0000001; 3.650e+01

Rb78   ; 0.0011694; 0.0000132; 1.060e+03

Rb79   ; 0.0101715; 0.0019542; 1.374e+03

Rb80   ; 0.0039930; 0.0004618; 3.340e+01

Rb81   ; 0.0486684; 0.0000000; 1.646e+04

Rb81m1 ; 0.0000102; 0.0000000; 1.830e+03

Rb82   ; 0.0511601; 0.0085717; 7.545e+01

Rb83   ; 0.0783473; 0.0000000; 7.448e+06

Rb83m1 ; 0.0321405; 0.0000000; 3.000e-04

Rb84   ; 0.0192101; 0.0001052; 2.836e+06

Rb85m1 ; 0.0346986; 0.0000000; 1.015e-06

Rb86   ; 0.0027814; 0.0000000; 1.611e+06

Rb87   ; 0.0000000; 0.0000000; 1.518e+18

Rb88   ; 0.0003308; 0.0000281; 1.066e+03

Sr79   ; 0.0002698; 0.0000361; 1.350e+02

Sr80   ; 0.0036291; 0.0000000; 6.378e+03

Sr81   ; 0.0062435; 0.0012059; 1.338e+03

Sr82   ; 0.0452856; 0.0000000; 2.190e+06

Sr83   ; 0.0494066; 0.0000002; 1.167e+05

Sr83m1 ; 0.0001138; 0.0000000; 4.950e+00

Sr85   ; 0.0858434; 0.0000000; 5.603e+06

Sr85m1 ; 0.0500906; 0.0000000; 4.058e+03

Sr87m1 ; 0.0606737; 0.0000000; 1.013e+04

Sr89   ; 0.0009561; 0.0000000; 4.369e+06

Sr90   ; 0.0000465; 0.0000000; 9.085e+08

Y82    ; 0.0000000; 0.0000000; 8.300e+00

Y83    ; 0.0039306; 0.0006328; 4.248e+02

Y84    ; 0.0206552; 0.0004766; 2.370e+03

Y85    ; 0.0491928; 0.0032672; 9.648e+03

Y85m1  ; 0.0050571; 0.0004740; 1.750e+04

Y86    ; 0.0843196; 0.0058203; 5.306e+04

Y87    ; 0.1151444; 0.0000000; 2.873e+05

Y87m1  ; 0.0551999; 0.0000000; 4.813e+04

Y88    ; 0.1358634; 0.1084524; 9.212e+06

Y88m1  ; 0.1052652; 0.0000000; 3.010e-04

Y89m1  ; 0.1224834; 0.0000000; 1.566e+01

Y90    ; 0.0059250; 0.0000023; 2.304e+05

Y91    ; 0.0013329; 0.0000000; 5.055e+06

Y92    ; 0.0016050; 0.0002013; 1.274e+04

Zr84   ; 0.0032057; 0.0000028; 1.548e+03

Zr85   ; 0.0039100; 0.0005901; 4.716e+02

Zr86   ; 0.0297762; 0.0000000; 5.940e+04

Zr87   ; 0.0541172; 0.0061663; 6.048e+03

Zr88   ; 0.1052653; 0.0000000; 7.206e+06

Zr88m1 ; 0.0094141; 0.0078050; 1.320e-06

Zr89   ; 0.1226329; 0.0000000; 2.823e+05

Zr89m1 ; 0.0005981; 0.0000044; 2.497e+02

Zr90m1 ; 0.0933841; 0.0144075; 8.092e-01

Zr93   ; 0.0000000; 0.0000000; 5.081e+13

Nb85   ; 0.0000003; 0.0000000; 2.050e+01

Nb86   ; 0.0004317; 0.0000197; 8.800e+01

Nb88   ; 0.0143305; 0.0017209; 8.700e+02

Nb89   ; 0.0382375; 0.0073089; 7.308e+03

Nb89m1 ; 0.0000160; 0.0000029; 3.960e+03

Nb90   ; 0.0952298; 0.0233804; 5.256e+04

Nb90m1 ; 0.0246846; 0.0000000; 6.300e-05

Nb90m2 ; 0.0229874; 0.0000000; 1.881e+01

Nb90m3 ; 0.0229855; 0.0000000; 6.190e-03

Nb91   ; 0.0008415; 0.0000000; 2.146e+10

Nb91m1 ; 0.0000281; 0.0000000; 5.258e+06

Nb92   ; 0.0000000; 0.0000000; 1.095e+15

Nb94   ; 0.0000022; 0.0000000; 6.406e+11

Nb95   ; 0.0067799; 0.0000000; 3.023e+06

Nb96   ; 0.0031241; 0.0015251; 8.406e+04

Nb97   ; 0.0003648; 0.0000000; 4.326e+03

Mo89   ; 0.0005428; 0.0000615; 1.266e+02

Mo90   ; 0.0246606; 0.0000000; 2.002e+04

Mo91   ; 0.0510301; 0.0081027; 9.294e+02

Mo91m1 ; 0.0000147; 0.0000008; 6.460e+01

Mo93   ; 0.0001416; 0.0000000; 1.262e+11

Mo99   ; 0.0011583; 0.0000000; 2.375e+05

Mo101  ; 0.0002474; 0.0000205; 8.766e+02

Tc91   ; 0.0009995; 0.0000763; 1.884e+02

Tc92   ; 0.0065747; 0.0002002; 2.550e+02

Tc92m1 ; 0.0002002; 0.0000000; 1.030e-06

Tc93   ; 0.0691204; 0.0052420; 9.900e+03

Tc93m1 ; 0.0000080; 0.0000010; 2.610e+03

Tc94   ; 0.0814135; 0.0063208; 1.758e+04

Tc94m1 ; 0.0344320; 0.0079862; 3.120e+03

Tc95   ; 0.1458288; 0.0000000; 7.200e+04

Tc95m1 ; 0.0014261; 0.0000000; 5.270e+06

Tc96   ; 0.0592898; 0.0119006; 3.698e+05

Tc97   ; 0.0000002; 0.0000000; 1.329e+14

Tc98   ; 0.0000000; 0.0000000; 1.325e+14

Tc99   ; 0.0000003; 0.0000000; 6.662e+12

Tc99m1 ; 0.0010156; 0.0000000; 2.162e+04

Tc100  ; 0.0000006; 0.0000000; 1.546e+01

Tc101  ; 0.0035114; 0.0000000; 8.532e+02

Tc101m1; 0.0000648; 0.0000000; 6.360e-04

Tc102  ; 0.0000000; 0.0000000; 5.280e+00

Tc103  ; 0.0000876; 0.0000011; 5.420e+01

Tc104  ; 0.0003320; 0.0000293; 1.098e+03

Tc106  ; 0.0000077; 0.0000003; 3.560e+01

Ru92   ; 0.0002000; 0.0000328; 2.190e+02

Ru93   ; 0.0001847; 0.0000168; 5.970e+01

Ru94   ; 0.0329768; 0.0000000; 3.108e+03

Ru95   ; 0.0586786; 0.0002221; 5.915e+03

Ru97   ; 0.1552476; 0.0000000; 2.445e+05

Ru103  ; 0.0052443; 0.0000000; 3.391e+06

Ru105  ; 0.0006607; 0.0000000; 1.598e+04

Ru106  ; 0.0007353; 0.0000000; 3.212e+07

Ru107  ; 0.0001565; 0.0000096; 2.250e+02

Rh95   ; 0.0012618; 0.0001259; 3.012e+02

Rh96   ; 0.0103212; 0.0005742; 5.940e+02

Rh96m1 ; 0.0003531; 0.0000073; 9.060e+01

Rh97   ; 0.0438524; 0.0067676; 1.842e+03

Rh97m1 ; 0.0000694; 0.0000153; 2.772e+03

Rh98   ; 0.0764069; 0.0107051; 5.232e+02

Rh99   ; 0.1295677; 0.0000000; 1.391e+06

Rh99m1 ; 0.0420236; 0.0000000; 1.692e+04

Rh100  ; 0.2340934; 0.0890196; 7.488e+04

Rh101  ; 0.0779298; 0.0000000; 1.041e+08

Rh101m1; 0.1603885; 0.0000000; 3.750e+05

Rh102  ; 0.0565180; 0.0000041; 1.791e+07

Rh103m1; 0.2627585; 0.0000000; 3.367e+03

Rh104  ; 0.0007532; 0.0000018; 4.230e+01

Rh105  ; 0.0109412; 0.0000000; 1.273e+05

Rh105m1; 0.0001904; 0.0000000; 4.290e+01

Rh106  ; 0.0007730; 0.0000800; 3.007e+01

Rh107  ; 0.0025974; 0.0000000; 1.302e+03

Rh107m1; 0.0000050; 0.0000000; 1.000e-05

Rh108  ; 0.0000001; 0.0000000; 1.680e+01

Rh109  ; 0.0000666; 0.0000005; 8.000e+01

Pd96   ; 0.0002139; 0.0000248; 1.220e+02

Pd97   ; 0.0015264; 0.0001427; 1.860e+02

Pd98   ; 0.0152637; 0.0000000; 1.062e+03

Pd99   ; 0.0387815; 0.0050858; 1.284e+03

Pd100  ; 0.1261593; 0.0000000; 3.136e+05

Pd101  ; 0.1603789; 0.0000000; 3.049e+04

Pd103  ; 0.2869305; 0.0000000; 1.468e+06

Pd107  ; 0.0000000; 0.0000000; 2.051e+14

Pd109  ; 0.0025719; 0.0000000; 4.932e+04

Pd111  ; 0.0008663; 0.0000000; 1.404e+03

Pd112  ; 0.0002892; 0.0000000; 7.574e+04

Pd113  ; 0.0000653; 0.0000054; 9.300e+01

Ag98   ; 0.0000203; 0.0000001; 4.750e+01

Ag99   ; 0.0001895; 0.0000175; 1.240e+02

Ag100  ; 0.0027614; 0.0000825; 1.206e+02

Ag100m1; 0.0001288; 0.0000048; 1.344e+02

Ag101  ; 0.0204431; 0.0035601; 6.660e+02

Ag101m1; 0.0000939; 0.0000000; 3.100e+00

Ag102  ; 0.0640277; 0.0076792; 7.740e+02

Ag102m1; 0.0095576; 0.0008846; 4.620e+02

Ag103  ; 0.1564958; 0.0007844; 3.942e+03

Ag103m1; 0.0051776; 0.0000000; 5.700e+00

Ag104  ; 0.1598118; 0.0131540; 4.152e+03

Ag104m1; 0.1108110; 0.0181395; 2.010e+03

Ag105  ; 0.3090213; 0.0000000; 3.567e+06

Ag105m1; 0.1329502; 0.0000000; 4.338e+02

Ag106  ; 0.1124012; 0.0045366; 1.438e+03

Ag107m1; 0.3513586; 0.0000000; 4.430e+01

Ag108  ; 0.0209470; 0.0000000; 1.429e+02

Ag109m1; 0.0025713; 0.0000000; 3.960e+01

Ag110  ; 0.0000658; 0.0000023; 2.456e+01

Ag111  ; 0.0128560; 0.0000000; 6.437e+05

Ag111m1; 0.0008812; 0.0000000; 6.480e+01

Ag112  ; 0.0036670; 0.0005126; 1.127e+04

Ag113  ; 0.0056837; 0.0000000; 1.933e+04

Ag113m1; 0.0001141; 0.0000000; 6.870e+01

Ag114  ; 0.0000000; 0.0000000; 4.600e+00

Ag115  ; 0.0003356; 0.0000365; 1.200e+03

Cd100  ; 0.0000172; 0.0000028; 4.910e+01

Cd101  ; 0.0001378; 0.0000101; 8.160e+01

Cd102  ; 0.0072341; 0.0000028; 3.300e+02

Cd103  ; 0.0211734; 0.0038340; 4.380e+02

Cd104  ; 0.1067156; 0.0000000; 3.462e+03

Cd105  ; 0.1505903; 0.0033892; 3.330e+03

Cd107  ; 0.3514203; 0.0000000; 2.340e+04

Cd109  ; 0.5367353; 0.0000000; 3.986e+07

Cd109m1; 0.0195511; 0.0000000; 1.200e-05

Cd113m1; 0.0000246; 0.0000000; 4.450e+08

Cd115  ; 0.0046436; 0.0000000; 1.925e+05

Cd115m1; 0.0000182; 0.0000000; 3.850e+06

Cd117  ; 0.0009415; 0.0000017; 8.964e+03

In103  ; 0.0000343; 0.0000025; 6.500e+01

In104  ; 0.0007947; 0.0000019; 1.080e+02

In105  ; 0.0102977; 0.0015742; 3.042e+02

In105m1; 0.0001155; 0.0000000; 4.800e+01

In106  ; 0.0246716; 0.0002423; 3.720e+02

In106m1; 0.0046371; 0.0002605; 3.120e+02

In107  ; 0.1349945; 0.0189469; 1.944e+03

In108  ; 0.1944572; 0.0878441; 3.480e+03

In108m1; 0.0669234; 0.0098857; 2.376e+03

In109  ; 0.4177015; 0.0000000; 1.500e+04

In109m1; 0.0435481; 0.0000000; 8.040e+01

In110  ; 0.2361147; 0.0613072; 1.771e+04

In110m1; 0.3513593; 0.0656188; 4.146e+03

In111  ; 0.7111909; 0.0000000; 2.423e+05

In111m1; 0.0017175; 0.0000000; 4.620e+02

In112  ; 0.1463896; 0.0001666; 8.928e+02

In113m1; 0.7505743; 0.0000000; 5.969e+03

In114  ; 0.0111244; 0.0000000; 7.190e+01

In115m1; 0.0046467; 0.0000000; 1.615e+04

In116  ; 0.0000018; 0.0000001; 1.410e+01

In117  ; 0.0191427; 0.0000000; 2.592e+03

In117m1; 0.0008752; 0.0000000; 6.972e+03

In118  ; 0.0003603; 0.0000423; 5.000e+00

In119  ; 0.0013056; 0.0000003; 1.440e+02

In121  ; 0.0000028; 0.0000003; 2.310e+01

In123  ; 0.0000000; 0.0000000; 6.170e+00

In125  ; 0.0000000; 0.0000000; 2.360e+00

Sn105  ; 0.0000113; 0.0000005; 3.400e+01

Sn106  ; 0.0017620; 0.0005338; 1.150e+02

Sn107  ; 0.0054601; 0.0007970; 1.740e+02

Sn108  ; 0.0539465; 0.0000000; 6.180e+02

Sn109  ; 0.1208747; 0.0265146; 1.080e+03

Sn110  ; 0.3482008; 0.0000000; 1.495e+04

Sn111  ; 0.4263080; 0.0003568; 2.118e+03

Sn111m1; 0.0036885; 0.0000000; 1.250e-05

Sn113  ; 0.7720881; 0.0000000; 9.944e+06

Sn113m1; 0.0674896; 0.0000000; 1.284e+03

Sn115m1; 0.0067046; 0.0000000; 3.260e-06

Sn117m1; 0.0000698; 0.0000000; 1.210e+06

Sn119m1; 0.0002506; 0.0000000; 2.532e+07

Sn121  ; 0.0142819; 0.0000000; 9.731e+04

Sn121m1; 0.0000113; 0.0000000; 1.385e+09

Sn123  ; 0.0041065; 0.0000000; 1.116e+07

Sn123m1; 0.0006103; 0.0000000; 2.404e+03

Sn125  ; 0.0006736; 0.0000010; 8.329e+05

Sn125m1; 0.0002368; 0.0000001; 5.712e+02

Sn126  ; 0.0000000; 0.0000000; 7.258e+12

Sb108  ; 0.0000000; 0.0000000; 7.400e+00

Sb110  ; 0.0000398; 0.0000007; 2.360e+01

Sb111  ; 0.0077600; 0.0010291; 7.500e+01

Sb112  ; 0.0107350; 0.0004053; 5.350e+01

Sb113  ; 0.2309693; 0.0353727; 4.002e+02

Sb114  ; 0.2974355; 0.0202747; 2.094e+02

Sb115  ; 0.8394472; 0.0304535; 1.926e+03

Sb116  ; 0.9391824; 0.0720372; 9.480e+02

Sb117  ; 1.1975352; 0.0000000; 1.008e+04

Sb118  ; 1.2878303; 0.1636356; 2.160e+02

Sb119  ; 1.7280188; 0.0000000; 1.375e+05

Sb120  ; 0.1951218; 0.0010617; 9.534e+02

Sb122  ; 0.1166713; 0.0000000; 2.353e+05

Sb124  ; 0.0543566; 0.0155389; 5.201e+06

Sb125  ; 0.0303595; 0.0000000; 8.705e+07

Sb126  ; 0.0166008; 0.0041414; 1.067e+06

Sb127  ; 0.0117591; 0.0000000; 3.326e+05

Sb128  ; 0.0049337; 0.0004824; 3.244e+04

Sb129  ; 0.0032167; 0.0000016; 1.572e+04

Sb130  ; 0.0006286; 0.0000375; 2.370e+03

Sb131  ; 0.0009435; 0.0002308; 1.382e+03

Te111  ; 0.0000012; 0.0000001; 1.930e+01

Te112  ; 0.0016793; 0.0002976; 1.200e+02

Te113  ; 0.0056346; 0.0004522; 1.020e+02

Te114  ; 0.0775548; 0.0000810; 9.120e+02

Te115  ; 0.1240033; 0.0123794; 3.480e+02

Te116  ; 0.4967031; 0.0000000; 8.964e+03

Te117  ; 0.5943898; 0.0534077; 3.720e+03

Te118  ; 1.0929205; 0.0000000; 5.184e+05

Te119  ; 1.3455442; 0.0000013; 5.778e+04

Te119m1; 0.0055589; 0.0000352; 4.061e+05

Te121  ; 2.5977002; 0.0000000; 1.656e+06

Te121m1; 0.0035327; 0.0000000; 1.419e+07

Te125m1; 0.0067270; 0.0000000; 4.959e+06

Te127  ; 0.2150476; 0.0000000; 3.366e+04

Te127m1; 0.0015580; 0.0000000; 9.167e+06

Te129  ; 0.0786742; 0.0000000; 4.176e+03

Te129m1; 0.0005280; 0.0000000; 2.903e+06

Te131  ; 0.0233862; 0.0000004; 1.500e+03

Te131m1; 0.0000714; 0.0000001; 1.197e+05

Te132  ; 0.0209095; 0.0000000; 2.768e+05

Te133  ; 0.0099715; 0.0013038; 7.500e+02

Te134  ; 0.0018918; 0.0000000; 2.508e+03

I113   ; 0.0000000; 0.0000000; 6.600e+00

I115   ; 0.0013719; 0.0001643; 7.800e+01

I116   ; 0.0003675; 0.0000210; 2.910e+00

I117   ; 0.0369804; 0.0054815; 1.332e+02

I118   ; 0.1500045; 0.0084087; 8.220e+02

I119   ; 0.5326891; 0.0528497; 1.146e+03

I120   ; 0.9533280; 0.0913593; 4.896e+03

I121   ; 1.8073924; 0.0000000; 7.632e+03

I122   ; 1.9651323; 0.2863591; 2.178e+02

I123   ; 3.5623940; 0.0000000; 4.760e+04

I124   ; 1.6540644; 0.1869688; 3.608e+05

I125   ; 5.9401589; 0.0000000; 5.133e+06

I126   ; 1.8980645; 0.0000000; 1.117e+06

I128   ; 1.5774951; 0.0000079; 1.499e+03

I129   ; 0.0000005; 0.0000000; 4.955e+14

I130   ; 1.1878933; 0.1812238; 4.450e+04

I131   ; 1.0121065; 0.0000000; 6.934e+05

I132   ; 0.4271757; 0.1477665; 8.262e+03

I133   ; 0.4026702; 0.0000000; 7.499e+04

I133m1 ; 0.0000002; 0.0000000; 9.000e+00

I134   ; 0.1833369; 0.0441792; 3.150e+03

I135   ; 0.1442334; 0.0050485; 2.369e+04

I136   ; 0.0043921; 0.0001828; 8.340e+01

Xe116  ; 0.0003649; 0.0000618; 5.900e+01

Xe117  ; 0.0008838; 0.0000898; 6.100e+01

Xe118  ; 0.0176835; 0.0008927; 2.280e+02

Xe119  ; 0.0513033; 0.0076458; 3.480e+02

Xe120  ; 0.2797566; 0.0000000; 2.400e+03

Xe121  ; 0.5400359; 0.0986662; 2.406e+03

Xe122  ; 1.2851305; 0.0000000; 7.236e+04

Xe123  ; 1.6943271; 0.0069739; 7.488e+03

Xe123m1; 0.0001596; 0.0000000; 5.490e-06

Xe125  ; 3.6831316; 0.0000000; 6.084e+04

Xe127  ; 11.5774358; 0.0000000; 3.140e+06

Xe127m1; 0.0000744; 0.0000000; 6.920e+01

Xe131m1; 0.0106937; 0.0000000; 1.023e+06

Xe133  ; 9.5175086; 0.0000000; 4.534e+05

Xe133m1; 0.0118343; 0.0000000; 1.899e+05

Xe135  ; 11.2282128; 0.0000000; 3.290e+04

Xe135m1; 0.0239962; 0.0000000; 9.174e+02

Xe137  ; 3.0013537; 0.0000000; 2.291e+02

Cs119  ; 0.0000231; 0.0000018; 4.300e+01

Cs120  ; 0.0007246; 0.0000400; 6.130e+01

Cs121  ; 0.0050703; 0.0006128; 1.550e+02

Cs122  ; 0.0000376; 0.0000025; 2.118e+01

Cs123  ; 0.0660352; 0.0093087; 3.528e+02

Cs124  ; 0.0028315; 0.0002880; 3.090e+01

Cs124m1; 0.0000006; 0.0000000; 6.300e+00

Cs125  ; 0.2656874; 0.0123465; 2.802e+03

Cs126  ; 0.0802006; 0.0109548; 9.840e+01

Cs127  ; 0.4918965; 0.0000000; 2.250e+04

Cs128  ; 0.2286544; 0.0307949; 2.196e+02

Cs129  ; 0.4731528; 0.0000000; 1.154e+05

Cs130  ; 0.2992021; 0.0095915; 1.753e+03

Cs131  ; 0.3055494; 0.0000000; 8.371e+05

Cs132  ; 0.1235194; 0.0000000; 5.599e+05

Cs134  ; 0.0496529; 0.0000000; 6.517e+07

Cs135  ; 0.0000187; 0.0000000; 7.258e+13

Cs136  ; 0.0075327; 0.0000000; 1.137e+06

Ba124  ; 0.0010804; 0.0000011; 6.600e+02

Ba125  ; 0.0007049; 0.0001236; 1.980e+02

Ba126  ; 0.0009343; 0.0000000; 6.000e+03

Ba127  ; 0.0017634; 0.0001458; 7.620e+02

Ba128  ; 0.0019111; 0.0000000; 2.100e+05

Ba129  ; 0.0013955; 0.0000001; 8.028e+03

Ba133  ; 0.0000875; 0.0000000; 3.330e+08

La130  ; 0.0002888; 0.0000203; 5.220e+02

Total; 926.441;   2.326

Carbon

Xenon

• Likelihood-based tagging  
—> uses space-time information of muons with 
Neutrons wrt spallation isotopes and its lifetimes


• Construct tagging variable based on Three-dim. 
Likelihood function 


• Rejection Efficiency for Xe spallation products 
(47±9)%

LKL(Nn, dRn, dT)

Long time veto 

required

N S.Lived
n

< N L.Lived
n

Ömer Penek



Results for Effective Majorana Mass
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PEN film study around 2019
• Basic tests were conducted to understand the characteristics of PEN film.
• Heat welding

• Same welding machine as production of KamLAND-Zen 800 balloon
• Same PEN film is sandwiched as glue for welding line
• Force gauge tests were done
→The strength of the film after welding appears to be sufficient.

• Problems
• The tested PEN film is no longer available because of the company’s situation.
• Level of radioactive impurity did not achieve the requirement.
• Many holes were found around the welding line.  The method for repairing the 

holes was unclear.  PEN film did not stick with the glue used to repair nylon balloon.

S.Obara et al., Prog. Theor. Exp. Phys. 2019, 073H01 (DOI: 10.1093/ptep/ptz064)

PEN
PEN
PEN

Cylinder

heat

Many Thanks to Hiroko Watanabe 

https://academic.oup.com/ptep/article/2019/7/073H01/5532739


Recent updates
• We could get PEN film supply from another company.  The level of the radioactive impurity is 

acceptable!
• Basic characteristics tests are ongoing (e.g. light yield, transparency, Xe-gas transmission rate etc.)
• Heat welding

• New method: we found that hot-melt film works well as glue for welding.

PEN
Hot-melt film
PEN

Cylinder

heat

New PEN filmOld PEN film

- PEN has high melting point (265-280 degree C).  High temperature 
can cause holes around the welding line.

- “Hot-melt film” melts at 105-120 degree C.  Hopefully less number of 
holes around the welding line.

Polyester-based hot melt adhesive (thermoplastic adhesive)

Many Thanks to Hiroko Watanabe 



• Tested:
• Hot-melt film has chemical compatibility with liquid scintillator.
• Weld line strength: Maintained above requirement post-LS soaking.
• There is negligible leakage from the weld line!
• Some types of hot-melt film have very high RI impurities.  

• Ongoing test:
• Fixing the type of hot-melt film regarding welding quality & RI
• Investigating PEN film’s surface treatments for enhanced transmittance

Recent updates

parameter check
welding lines

too high

too low

Strength test

Many Thanks to Hiroko Watanabe 



Many Thanks to Spencer N. Axani  

Improved PMTs (R12860-03LXA) KamLAND2-Zen

New HQE PMTs will collect 1.9x the photons enhancing energy resolution & lower TTS will help with positional 
reconstruction and background reduction. 

New 20” (50.8cm) High Quantum Efficiency (HQE) PMTs are being used for KamLAND2-Zen. 

Datasheet link

Box & Line

30%

2.4ns 2.8

The collection efficiency was also 
measured to be ~95%. 
IEEE Nuclear Science Symposium and Medical Imaging Conference (NSS/MIC). IEEE, 2021.

+ improved dark count rate (8kHz compared to 22kHz) and charge resolution

Ömer Penek

https://www.hamamatsu.com/content/dam/hamamatsu-photonics/sites/documents/99_SALES_LIBRARY/etd/LARGE_AREA_PMT_TPMH1376E.pdf


KamLAND2-Zen

Winston Cones

PEN Balloon 

Smal size 
prototype 
baloon 
(In water  
+ UV light)

MoGURA2 is 
the Radio 
Frequency 
System-on-a-
chip (RFSoC)

New 20“ PMTs

Significantly Enhanced 
Quantum Efficiencies x1.9

Energy Resolution  
(Feeding in all 
improvements) 
4% —> 2% @ 2.458 MeV


Cover IO region 
completely 


Target mass sensitivity 
 meV / 5 Years


Target Half Life for 5 Years 
 Years

⟨𝑚𝛽𝛽⟩~ 20

T > 2 × 1027

Sensitivity

KERNEL = Kamioka 
Extremely Rare 
phenomena and 

Neutrino research Lab

KERNEL = Class 1 Clean Lab

PPO optimization (=increase) towards 
achieving maximum light yield in 

KamLAND-LS and Xenon-LS 
 

Add bis-MSB to reach optimal match of 
Emission + High QE window

>x1.8

Main DAQ Start 2028 
(FY 2027)

Readout Electronics

Low noise front end to 
extract smaller pulses


Streaming DAQ


