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The JUNO Detector System
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Water pool: Φ43.5m

Stainless steel latticed shell: Φ40.1m

Acrylic sphere: Φ35.4m Top Tracker

CD PMT
~18,000 20” PMTs
+ ~25,000 3” PMTs

Water Cherenkov
35 kton pure water
2,000 20” veto PMTs

Central detector
Acrylic sphere
Stainless-steel truss

LS Filling room
Calibration room

Pure water room

Reference talk by Qingmin Zhang, JUNO: A multi-purpose Underground Precision Detector (ID#940)
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The PMT Array of the JUNO Central Detector
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LPMT & SPMT systems
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A Demo for the PMT module

3” PMTs: ~2% photo-coverage

20” MCP-PMT
15,000

20” Dynode-PMT
5,000

3.1” PMT, 25,000

20” PMTs: ~75% photo-coverage

SPMT system
• Cross-check the LPMT 

system. Energy 
measurement via 
“photon-counting”. 

• Extend the dynamic 
range of detecting 
muons. Better muon 
tracking Zhonghua Qin, the 20-inch PMT system 

for the JUNO experiment (ID# 654)

Jilei Xu, 3-inch PMT system of 
JUNO experiment (Poster, ID# 827)



PMT Characterization Summary ReportPMT Instrumentation Group

Three Types of JUNO PMTs 

• 20” PMTs 

– Hamamatsu PMTs, 
R12860-50, 5K 

• Used in Central Detector 
(assumption) 

– MCP-PMTs by NNVT, 
15K 

• Used in both Central 
Detector and the water 
Cherenkov veto detector 

– Electronics are housed 
with the PMT 

• 3” PMTs 

– Not covered in this 
talk
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1. Scope 
This document clarifies the specification for a photomultiplier tube type number  
R12860-50 
provided from Hamamatsu Photonics K.K. to  
INSTITUTE OF HIGH ENERGY PHYSICS (IHEP), CHINESE ACADEMY OF SCIENCE (CAS) 
 

2. Type               
Head-on PMT (20-inch PMT) 
 

3. Part Number       
R12860-50 
 

4. General 
4-1 Dimensional Outline (Figure 1) Tube Length = 640±10 mm 

Outer Diameter = 508±5 mm 
4-2 Incident Light Angle Parallel to a Tube Axis 
4-3 Window Material Water-resistant Glass 
4-4 Photocathode Effective Area 460 mm Diameter Minimum 
4-5 Dynode Structure 10 Stages/ Box-and-Grid Dynode 
4-6 Suitable socket E678-20B or equivalent 
4-7 Weight Approx. 6.5 kg 

 

(Figure 1)  Dimensional Outline 
                                                            Unit : mm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MCP-PMT photocathode 
4mm taller
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Why MCP-PMTs Could Do Better?
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Photon Detection Efficiency : PDE  =  QETrans+Ref * CE

Dynode:(PDE)= QETrans * CE 

 = 20% * 70% = 14%  (2009) 
 = 30% * 90% = 27%  (2015)

MCP :(PDE)= QETrans * CE 

 = 27% * 100% = 27%  (2016)

➢ 1.0   The design of the MCP-PMT in 2009



HEP in Sun Yat-Sen University王为/Wei Wang

PMT Work Flow and Logistics
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Acceptance (Commercial Electronics)

Storage House 
(20K PMTs)

Module 
Assembly

Integration tests 
and training (?) of 
all electronics 
components/ 
电⼦子学整合测试

Potting/Characterization 
(JUNO Electronics)

Potting

Curing
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The PMT Testing and Characterization Site
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Close-to-onsite PMT Test Station
• The JUNO Pan-Asia PMT PMT potting & characterization station has 

been built in Zhongshan city, Guangdong Province, with great 
support from the host company.

• PMTs delivery since May 2017. First take visual check (bubbles, 
weight, scratches/damages, etc), then do performance test

4
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The PMT Testing&Characterization Lab Layout
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Acceptance and testing of 20” PMT 

the test and potting station 

Storage of received PMTs PMT visual inspection 

Batch test of 72 PMTs  
in two containers  

 scanning test of PMT  
within a dark room 

7 

• A test and storage warehouse of 4500m2  has been prepared near to JUNO site. 
• JUNO has received about 10k PMTs:  6K from NNVT  +  4K from  Hamamatsu 
• Visual inspection and performance test are ongoing: 
             7k finished for visual inspection,   and 5k  finished for performance test 

 
54m 

90m 
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The Container Mass Testing System
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PMT MASS TESTING FACILITY IN COMMERCIAL SHIPPING CONTAINERS

5

Every PMT will be tested in this system at 
least 2 times: acceptance test with naked 
PMT after delivery, full characterization 
test after potting of the PMTs

Shielding against Earth Magnetic Field 
with soft- iron/aluminum layers, reduced 
to ~ 5 µT (≤ 10% of EMF)

Uniform 
light field on 
PMT surface 
(simulation)
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Container Magnetic Field Shielding
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The 20kt liquid scintillator JUNO (Jiangmen 
Underground Neutrino Observatory) detector is being 
built by the International collaboration in China with the 
primary goal to answer the question of neutrino mass 
ordering (hierarchy). The main JUNO challenge is to 
achieve an extreme energy resolution ~3% at 1MeV, 
which is vital to perform mass hierarchy measurement. 
About 80% light detection coverage in JUNO detector is 
achieved by ~20’000 large 20” PMTs with high photon 
detection efficiency (PDE) and good uniformity 
parameters. 

The JUNO 20-inches Photomultiplier tubes
~15k NNVT 
MCP-PMTs

~5k Hamamatsu!
Dynode-PMTs

• High PDE (@420 nm)  
PDE>24 %, <PDE>~27%!

• Uniformity of PDE < 15%!

• Gain = 107!

• Magnetic field ~ 1/10 EMF!
• P/V ratio > 2.5!
• Dark rate < 50 kHz

All of 20  000 PMTs will be tested by 
4 containers. Each container allows checking 
36 PMTs simultaneously.  

Each drawer provides reproducible plane-uniform 
light field. Allows easy to replace the PMT.

20’’ PMT

Diffusive tube
Light source

width = 93 cm

Testing methods for large 20-inch 
PMTs of the JUNO experiment!

Nikolay Anfimov, Joint Institute for Nuclear Research (Dubna) !
on behalf of the JUNO PMT Instrumentation Group!

About 5% of PMTs will be tested more precisely by 4 scanning stations. This instrument allows 
studying distribution of the PMT characteristics (PDE, Gain, P/V ratio, magnetic field sensitivity 
etc) along the photocathode.

Conclusions

To ensure proper characteristics of 20 000 large 
(20’’-diameter) PMTs for JUNO neutrino 
detector, special test equipment was designed 
and constructed:!

• 36-PMT Test container which allows 
m e a s u r i n g a l l n e c e s s a r y i n t e g r a l 
characteristics of PMTs !

• Single PMT Scanning system for measuring 
differential parameters along photocathode

Light intensity 0.1 - 2 ph.e 
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PMT Mass Testing Operation and Parameters
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6

PMT MASS TESTING FACILITY IN COMMERCIAL SHIPPING CONTAINERS

Cover most parameters and all tubes be measured
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PMT Photocathode Uniformity Evaluation

 12

PMT Scanning Station

7

• Batch test of ~ 5% of all delivered PMTs to check for 
photocathode uniformity, and cross-checks of suspicious PMTs 
(PDE ~ 24%) from the container tests. Two stations in total

The dark room is surrounded with 
EMF compensation coils, the residual 
field at PMT position is ~ 2 µT

6 LEDs on a 
rotatable arm 

LEDs: self-stabilized with monitored 
light intensity, periodical calibration 
with reference PMT
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Earth Magnetic Field Compensation
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The Specially Made LED Light Source
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The 20kt liquid scintillator JUNO (Jiangmen 
Underground Neutrino Observatory) detector is being 
built by the International collaboration in China with the 
primary goal to answer the question of neutrino mass 
ordering (hierarchy). The main JUNO challenge is to 
achieve an extreme energy resolution ~3% at 1MeV, 
which is vital to perform mass hierarchy measurement. 
About 80% light detection coverage in JUNO detector is 
achieved by ~20’000 large 20” PMTs with high photon 
detection efficiency (PDE) and good uniformity 
parameters. 

The JUNO 20-inches Photomultiplier tubes
~15k NNVT 
MCP-PMTs

~5k Hamamatsu!
Dynode-PMTs

• High PDE (@420 nm)  
PDE>24 %, <PDE>~27%!

• Uniformity of PDE < 15%!

• Gain = 107!

• Magnetic field ~ 1/10 EMF!
• P/V ratio > 2.5!
• Dark rate < 50 kHz

All of 20  000 PMTs will be tested by 
4 containers. Each container allows checking 
36 PMTs simultaneously.  

Each drawer provides reproducible plane-uniform 
light field. Allows easy to replace the PMT.

20’’ PMT

Diffusive tube
Light source

width = 93 cm

Testing methods for large 20-inch 
PMTs of the JUNO experiment!

Nikolay Anfimov, Joint Institute for Nuclear Research (Dubna) !
on behalf of the JUNO PMT Instrumentation Group!

About 5% of PMTs will be tested more precisely by 4 scanning stations. This instrument allows 
studying distribution of the PMT characteristics (PDE, Gain, P/V ratio, magnetic field sensitivity 
etc) along the photocathode.

Conclusions

To ensure proper characteristics of 20 000 large 
(20’’-diameter) PMTs for JUNO neutrino 
detector, special test equipment was designed 
and constructed:!

• 36-PMT Test container which allows 
m e a s u r i n g a l l n e c e s s a r y i n t e g r a l 
characteristics of PMTs !

• Single PMT Scanning system for measuring 
differential parameters along photocathode

Light intensity 0.1 - 2 ph.e 
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PMTs Sensitive to Earth Magnetic Field
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The 20kt liquid scintillator JUNO (Jiangmen 
Underground Neutrino Observatory) detector is being 
built by the International collaboration in China with the 
primary goal to answer the question of neutrino mass 
ordering (hierarchy). The main JUNO challenge is to 
achieve an extreme energy resolution ~3% at 1MeV, 
which is vital to perform mass hierarchy measurement. 
About 80% light detection coverage in JUNO detector is 
achieved by ~20’000 large 20” PMTs with high photon 
detection efficiency (PDE) and good uniformity 
parameters. 

The JUNO 20-inches Photomultiplier tubes
~15k NNVT 
MCP-PMTs

~5k Hamamatsu!
Dynode-PMTs

• High PDE (@420 nm)  
PDE>24 %, <PDE>~27%!

• Uniformity of PDE < 15%!

• Gain = 107!

• Magnetic field ~ 1/10 EMF!
• P/V ratio > 2.5!
• Dark rate < 50 kHz

All of 20  000 PMTs will be tested by 
4 containers. Each container allows checking 
36 PMTs simultaneously.  

Each drawer provides reproducible plane-uniform 
light field. Allows easy to replace the PMT.

20’’ PMT

Diffusive tube
Light source

width = 93 cm

Testing methods for large 20-inch 
PMTs of the JUNO experiment!

Nikolay Anfimov, Joint Institute for Nuclear Research (Dubna) !
on behalf of the JUNO PMT Instrumentation Group!

About 5% of PMTs will be tested more precisely by 4 scanning stations. This instrument allows 
studying distribution of the PMT characteristics (PDE, Gain, P/V ratio, magnetic field sensitivity 
etc) along the photocathode.

Conclusions

To ensure proper characteristics of 20 000 large 
(20’’-diameter) PMTs for JUNO neutrino 
detector, special test equipment was designed 
and constructed:!

• 36-PMT Test container which allows 
m e a s u r i n g a l l n e c e s s a r y i n t e g r a l 
characteristics of PMTs !

• Single PMT Scanning system for measuring 
differential parameters along photocathode

Light intensity 0.1 - 2 ph.e 
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PMTs Need to “Cooled” Down Overnight
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Hamamatsu R12860-50 (just from the box)

PMT Cool down Count vs time at fixed 
threshold (0.15 ph.e.)

Dark Noise Counts Evolution wrt Time
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Quality Control Steps for Bare PMTs
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Container Testing

Scanning Station Testing

Visual Inspection

Fetching PMTs
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The Current Status of 20” PMTs
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Test Status

8

Two containers running Two scan stations running

• Totally received 10048 tubes (till to 26th June, 2018)
– MCP-PMT from NNVT: 6048 tubes
– From Hamamatsu: 4000 tubes

• Each working day
– Visual check: ~60 tubes
– Container testing: ~60 tubes
– Scan station: 2~4 tubes

Container #1: 
Finished mass 221 (7735 tests)

Container #2: 
Finished mass 34 (1224 tests)

Scan station: finished ~730 tests
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PMT Performance
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Preliminary Test Results

9

Quantity
NNVT MCP-PMT

Mean (RMS)
Hamamatsu PMT

Mean (RMS)
S/N 7.4% 7.6%

Amplitude (mV) 7.7 (1.1) 6.5 (0.4)
charge Resolution (%) 32.2 (2.7) 27.7 (2.6)

P/V 4.5 (1.5), all >2.5 3.9 (0.7), all >2.5
Rise time (ns) 4.5 (0.6) 6.8 (0.6)

Dark count rate (kHz) 41 17
DE Uniformity 7% 17%

Early delivered PMTs
( batch #1 to #17) 

Averaged PDE: 27.9% 
-- NNVT: 27.5% 
-- Hamamatsu: 28.3% 
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High-DE PMTs Newly Manufactured by NNVT
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High QE PMT
• The MCP-PMT producer (North Night Vision Technology Co. LTD) has 

kept improving the QE with new technologies
• The average QE of the most recent batch (18th) reached ~30%, 

with similar dark noise. It’s expected that the rest batches are 
all high QE tubes.

10

Confirmed by 
~100 samples at 
JUNO Pan-Asia 

test station
Mean: 30.1%
RMS: 2.5%

Test data 
from vendor
(253 tubes)
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Summary

• The JUNO Experiment is primarily aimed at resolving the neutrino mass 

hierarchy problem —— an unprecedented massive LS detector with an 

unprecedented energy resolution 

➡One key factor: to collect enough photoelectrons with high photocathode 
coverage and high detection efficiency 

• The JUNO detector system needs ~20k 20” PMTs: 5k conventional 

dynode PMTs and 15k MCP-type PMTs. Both types are being used for 

the first time at this (large) scale 

• JUNO collaboration has developed a dedicated quality control and 

performance characterization system 

➡ Two systems have been developed 

➡ Elaborated testing procedures have been implemented 

• Our preliminary results show that both types of PMTs are exceeding the 

requirements by the JUNO experiment
 21
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