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Outline

×Introduction of Neutrino Mass  Hierarchy

×Searching  for  a Solution  at Reactors

×The JUNO Approach  and Design

×Summary and Future Perspectives
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One Page History  of  Discovering  Reactor Neutrino  Oscillations

ɗ12 Driven

ñNo water here, try another placeò

2012: 1̒3 ґ 0! ItΩs relatively large! 

11

Shape distortions consistent with three-flavor oscillation predictions 

Nature is kind to us!

We will be able to know the neutrino mass ordering and ɻ CP in 2030s

Daya Bay, March 2012
Phys.Rev.Lett. 108 (2012) 171803

Double Chooz far detector
Phys.Rev.Lett. 108 (2012) 131801

RENO, April 2012
Phys.Rev.Lett. 108 (2012) 191802
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ÅAt different distances, the 

survival rate is dominated by 

different mixing angles

Å To measure ɗ13, a baseline 

of ~2 km is optimal

Å To measure ɗ12, a baseline 

of ~50-60 km is optimal
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Which Mixings Drive  Which  Reactor Neutrino Oscillations?

~sin 22ɗ13

~sin 22ɗ12

ɗ13 Driven

ɗ12 Driven
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Known ɗ13 Enables Neutrino Mass Hierarchy at Reactors
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Petcov&Piai , Phys. Lett. B533 (2002) 94 -106

ṉMass hierarchy reflected in the spectrum

ṉIndependent of the unknown CP phase

L~20km

sθin22ɗ13

Who 

made the 

idea more 

plausible?

After a few ȅŜŀǊǎΧΧ
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Plausible  Extracting  the  Mass Ordering  Information?  Yes!
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J. G. Learned, S. T. Dye, S. Pakavasa, R. C. Sovobota, PHYSICAL REVIEW D 78, 071302(R) (2008)
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üEnergy resolution: ~3%/sqrt(E)

üEnergy scale uncertainty: <1%

üStatistics (the more the better)

üReactor distribution: <~0.5km

Challenges in Resolving MH using Reactors

8

Y.F. Li et al
PRD88(2013)013008

S.F. Ge et al 

JHEP 1305 (2013) 131

X. Qian et al PRD 87, 
033005 (2013)
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Suitable Nuclear Power Plants (very  easy  now)  in China

9

Å China builds 6-8 new reactors a year

Å Each reactor needs an average of 

800 professional workers
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Å Proposed as a reactor neutrino experiment for mass ordering in 2008  (PRD78:111103,2008;  PRD79:073007,2009)

ï driving the design specifications: location , 20 kton LS , 3% energy resolution , 700 m underground

Å Rich physics program in solar, supernova, atmospheric, geo-neutrinos, proton decay, exotic searches

Å Approved in 2013. Construction in 2015-2024

Jiangmen Underground Neutrino Observatory (JUNO)

10

J.Phys.G43, 030401 (2016)

70+ institutions, ~750 collaborators
Asia: China (34), Taiwan,China(3) Thailand (3), Pakistan, Armenia

Europe: Italy (8), Germany (7), France (5), Russia (3), Belgium, Czech, 

Finland, Latvia, Slovakia, UK

America: Brazil (2), Chile (2), USA (2)

Optimal Baseline

6 cores, 17.4 GWth

2 cores, 9.2 GWth
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The JUNO experiment

M. Colomer Molla, LLWI conference 2025, Status and physics prospects of JUNO

Sur face Buildings

Å Office/Dorm/Computation

Å Surface Assembly Building

Å LAB storage (5 kton)

Å Water purification / 
Nitrogen

Å Power station

Å Cable train

Jiangmen Underground Neutrino Observatory
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Acrylic Sphere: 
Inner Diameter (ID): 35.4 m

Thickness:12 cm

Stainless Steel (SS) Structure:
ID: 40.1 m, Outer Diameter (OD): 41.1 m

17612 20-inch PMTs, 25600 3-inch PMTs

Water pool:
ID: 43.5 m, Height: 44 m, Depth: 43.5 m
2400 20-inch PMTs

The JUNO Central Detector

12

20 kton LS

35 kton

water

Top Tracker (TT)
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The Detector Performance Goals
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KamLAND Daya Bay PROSPECT
JUNO Concept

 (Design&Simulation )

Target Mass ~1kt 20t ~4t ~20kt

Photocathode 

Coverage
~34% ~12% (Effective) ESR + PMTs ~80% (75%+3%)

PE Collection ~250 PE/MeV ~160 PE/MeV ~850 PE/MeV ~1200 PE/MeV (1665)

Energy Resolution ~6%/ãE ~7.5%/ãE ~4.5%/ãE 3%/ãE

Energy Calibration ~2% 1.5%Ÿ 0.5% ~1% <1%

An extremely demanding detector and a challenging job
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Packing PMTs as Tight as Possible and Keep Them Safe

14

20ò PMT(~18K)

MCP-PMT (~13K)

Hamamatsu HQE (5K)

3òsPMT(~25K)

HZC XP72B22 (Photonis)



Neutrino Physics and Its Applications to World Peace, with a tribute to Prof. John LearnedWei Wang/  SYSU

Double Calorimetry: Large PMTs and Small PMTs

20ò LPMT (~18K)

MCP-PMT (~13K) + Hamamatsu HQE (5K)

3òsPMT(~25K)

HZC XP72B22 (HZC Photonics)

Å 3ò-PMT photocathode coverage: ~2.7% (~75.2% 

for LPMTs)

Å More importantly, double calorimetry for energy 

non -linearity 

ü For details, see arXiv: 2104.02565

15
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Epoxy

SS shell

Polyurethane

Mastic tape

20ò PMT Water-Proof Potting

Å Potting technique developed and matured in 2019; 

Assemble line built and potting started in Jul 2019, 

with a capacity of 40ï50 PMTs/day; 

Å The technique  has been very  successful:  No leaks 

found after leakage tests (sampled) using 

pressurized water (@ 5 bar) and SF 6 gas sniffing

A Potting Lab of 650m 2 in the PMT workshop

16
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20ò PMT Implosion Prevention  System

PMT protection design

Å Top cover: acrylic, 9~11mm, mass production 

started and 6,000 have been delivered

Å Bottom cover: stainless-steel, 2mm; stainless-

steel covers production started

Å Multiple implosion tests have been carried out Ą 
SAFE!

17
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A PMT Characterization, Potting and Assembly Station in a Warehouse
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Characterizing/Testing Every Single PMT with Great Care

19

1000PE,gain=1X107

SPE Gain reduced by 

30%@charge=41C.
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Å 20-inch PMT: 15,012 MCP-PMT (NNVT) + 5,000 Dynode PMT(Hamamatsu HPK)
3.1-inch PMT: 25,600 Dynode PMT (HZC XP72B22)

ï All PMTs delivered and their performance tested OK

Å Water proof potting done: failure rate < 0.5%/6 years

Å Implosion protection: acrylic top & SS bottom (JINST 18 (2023), P02013)

ï Mass production completed

PMT System Summary

20

LPMT (20-in) SPMT (3-in)

Hamamatsu NNVT HZC

Quantity 5,000 15,012 25,600

Charge Collection Dynode MCP Dynode

Photon Det. Eff. 28.5% 30.1% 25%

Dynamic range for 

[0-10] MeV
[0, 100] PEs [0, 2] PEs

Coverage 75% 3%

Reference
Eur.Phys.J.C 82 

(2022) 12, 1168

NIM.A 1005

(2021) 165347
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PMTs

Front-end bellows and 

cables (1.5m)

Connectors

GCU, HV, Splitters and 

Cooling

Lid

Back-end bellows and cables 

(30-100m)UWBox

BEC

Power supply

Switch board

The 20ò PMT Electronics System Scheme

Å The 1F3 system cases Splitter, HV FEC, ADC, GCU&FPGA in the underwater 

boxes

Å Two cables, one CAT5 and one CAT6, supply low voltage DC power, timing 

signal and data transfer

21
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The 3ò PMT Electronics System Scheme

22
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ü A 35.4m spherical acrylic 

vessel  containing 20kton LS

ü Supported by the 41.1 m 

Stainless Steel structure via 

590 supporting bars

The Construction  of  the  Central Detector  

23

arXiv: 2311.17314 (2023)
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JUNO Detector and Tightly Packed PMTs

24

arXiv: 2311.17314 (2023)


