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▪ Main physics goal of JUNO is to determine neutrino mass ordering and make a 

sub-percent measurement of three oscillation parameters.

▪ The Central Detector (CD) includes a 20 kt Liquid Scintillator (LS) target.

▪ 25,600 3-inch “small” and 17,612 20-inch “large” photomultiplier tubes (SPMTs and 

LPMTs, respectively) detect the light produced by neutrino interactions in the CD.
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Why SPMT?
▪ Calibrating charge non-linearity of 

LPMTs and their electronics.

▪ Aid for high-energy and high-rate 

events: muon, supernova neutrino.

▪ Semi-Independent measurement: 

𝜽𝟏𝟐, ∆𝒎𝟐𝟏
𝟐

200 Underwater 
boxes (UWBs)

• Contain  frontend 
electronics

• The deepest point is 
~ 40 m underwater.

1600 groups

• Each group 
shares the 
same HV and 
threshold.

25600 SPMTs

• Installed in the 
space 
between 
LPMTs

× 8 groups 

(128 PMTs) 

per UWB

× 16 PMTs 

per group

PMT performance 
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Summary of the 3-inch PMTs acceptance criteria and test results for different parameters.[2]
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Tests during integration

a. Check cables with 

HV test board

b. Pedestal test before 

closing UWB

c. Test with SPMTs in dark room

d. Leakage test system

▪ A SF6 based leakage test system was designed for UWB.

▪ Sensitivity  is ~ 𝟏𝟎−𝟖 𝑷𝒂 ∙ 𝒎𝟑/𝒔

All electronics finished integration and passed tests!

PMT installation
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▪ 3600/25600 (~14%) 

PMTs were installed

▪ QR codes to make 

sure correct 

installation position.

Electronics installation
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Pedestal test after installation

Leakage test after installation

▪ 30/200 (~15%) UWBs were installed.

▪ To validate installed SPMTs and UWBs.

▪ 3 times light-off tests already done.

▪ Take pedestal and SPE data with light off.

▪ Problematic channels (<1/1000) were identified and resolved. 

JUNO detector with lights offOperate in electronics room Charge spectra of one group of 16 SPMTs

Perspective

PMT installation is going to be finished this year and the commissioning 

with liquid scintillator will start in 2024.

16-channel waterproof 

connector between PMTs 

and electronics

Heat sink
ASICs battery card (ABC)

equipped with 8 CatiROCs

for charge and time 

measurement [1]

High voltage 

splitters (HVS)

Global control unit 

(GCU)

▪ Bare PMTs were produced and characterized in Hainan Zhanchuang
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▪ Acceptance of SPMTs after waterproofing done in Guangxi University
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