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KamLAND2

• High Quantum Efficiency PMT (x1.9)
• Light-collection mirror on PMT (x1.8)
• High transparency liquid scintillator (x1.4)

Upgrade plan

Reduce RI of Balloon

13m

Role
• Maintaining LS
• Blocking radioactive 

contaminants

Film: unique 5-layer laminated film

Nylon EVOH※

135 μm

◎ strength ◎ Low gas permeability
◎ High dielectric loss
△ Hygroscopicity

※ Ethylene vinyl alcohol copolymer

Rope: Kevlar super fiber

• 210Bi was attached to the balloon surface
• The production environment was not sufficiently clean

Rn rich air
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Summary

7Be 210Bi

FV: R=4.5m

BG for 7Be solar neutrino

FV limitation of 
7Be solar neutrino

Produced by 
muon spallation

Emitted 
from rope

Improvement list
• Use low Rn air
• Optimize the production 

environment → Cover film
• Reduce radioactive 

impurities in the rope

This
work

!"Kγ

KL1
Const. +Ae#$

KL2
Const. +0.43Ae#$

Expected increase in the 7Be-𝝂 fiducial volume

🛡Scratch
🛡Dust
🛡Rn ・Self-adhesive film

・Attached during balloon production 

Weight change

w/ cover w/o cover

In water

• No adverse effect on weld strength
• No degradation under high-humidity conditions
• Suppresses moisture absorption

→ The cover film is suitable for KamLAND2 
balloon production.

KamLAND1: Kevlar 29, 9000 lbs strength (52 g/m)

▶Material with lower radioactivity ▶Minimum required strength

%%C

Materials

Strength

• Candidates: Kevlar 129, Siveras
• Radioactivity assay results:

Kevlar 129 Siveras

Para-aramid fibers
C14H10N2O2

Liquid-crystal polyester fiber
HOC6H4COOH

KamLAND2:

Ø By High-Purity Ge detector

40K 
(1461keV)

137Cs 
(662keV)

Ø By ICP-MS (U, Th, K)

Selected Kevlar 29 due to its 
lowest 40K activity

• Required strength for KL2: 16kN
• KL1: 9000 lbs (40kN) → KL2: 4000 lbs (17.8kN)

KamLAND2 uses a 4000-lbs Kevlar 29 rope
52.0 g/m 22.2 g/m

57% reduction in 
material quantity

Rope mass ×0.43

40K background reduced

Fiducial volume 29%↑

KL1 fiducial radius

Same 11C/40K ratio
Expected KL2 fiducial radius
(Same 11C/40K ratio as KL1)

Effect by humidity

(Early 2028-)

nDetector upgrade

nBalloon
• Low radioactivity Balloon
• Low radioactivity Rope

→ See Kawada’s
poster #260

nEnhanced Energy Resolution
• ~5-fold increase in light collection expected
• σE: 4% → 2% @2.45 MeV
• 2νββ background suppression: ~1/100

Balloon pull-out

Balloon production & structure
High frequency welding

Panel x44

20m

1m

Cut film & welding

Cut

Quality validation

sample

pull

Tensile test

Effect on welding
Result

Balloon in KL1

K Ichimura
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Cover filmLiquid Scintillator
(LS)

PMT

Buffer oil

Ultra pure water
(muon shield)

Large balloon

Rope

ü Developed a low-radioactivity balloon with a cover 
film and optimized rope to suppress backgrounds 
and increase the fiducial volume for ⁷Be neutrinos 
measurement

ü Quality validation completed for production 
conditions

ü Full-scale manufacturing starts October 2026;
KamLAND2 operation begins early 2028
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Welding standards


