
Ultra-sensitive neutron activation 
analysis of U, Th and K in the liquid 

scintillator for the JUNO experiment 
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𝑍
𝐴𝑋 + 𝑛 → 𝑍

𝐴+1𝑋
𝛽−

𝑍+1
𝐴+1𝑌 + 𝛾
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𝑍
𝐴𝑋 + n → 𝑍

𝐴+1𝑋
𝛽− 𝑍+1

𝐴+1𝑌∗ → 𝑍+1
𝐴+1𝑌 + 𝛾

•

•

•

238𝑈 + 𝑛 → 239𝑈
𝛽− 23,5𝑚 239𝑁𝑝

𝛽− 2,36𝑑 239𝑃𝑢

232𝑇ℎ + 𝑛 → 233𝑇ℎ
𝛽− 21,8𝑚 233𝑃𝑎

𝛽− 27𝑑 233𝑈

41𝐾 + 𝑛 → 42𝐾
𝛽− 12,4ℎ 42𝐶𝑎
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α/β

PMT
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•

•
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Muon veto
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β

•

•

•



• β →  →

• β → → 

238𝑈 + 𝑛 → 239𝑈
𝛽− 23,5𝑚 239𝑁𝑝

𝛽− 2,36𝑑 239𝑃𝑢
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U/Th (Np/Pa)

U/Th (Np/Pa)

Sample Eluent

Eluate

Stationary phase Stationary phase

Charging Elution

Leachate

Interfering nuclides

•

•

•

•

•
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±

±

LAB JUNO

Liquid-liquid 

extraction 

(LAB – H2O)

UTEVA Resin
Neutron 

activation
TEVA Resin

Gamma 

measurement

(HPGe)

U – Th 

concentration 

determination
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Blank sample mass 
(g)

40K concentration 
(ppq)

25.34 < 1.3

26.04 < 1.7
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Raw LAB Alumina plant
Distillation 

plant
Mixing plant

Pipes to 
underground

Water extraction 
plant

Steam stripping 
plant

OSIRIS
FOC system (pipes + 

tanks)

Raw LAB Al2O3 LAB Distilled LAB

LS after stripping 
plant

spilling point for 
measurement

LS room tank

U: < 5 ppq
Th: < 16 ppq

K: < 3 ppq

U: < 6 ppq
Th: < 11 ppq

K: < 3 ppq

U: < 0,7 ppq
Th: < 9,5 ppq
K: < 1,7 ppq

U: < 0,8 ppq
Th: < 8,2 ppq
K: < 0,7 ppq
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