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The Jiangmen Underground Neutrino Observatory

JUNO is a 20 kton multi-
purpose underground 
liquid scintillator 
detector. 

Baseline of about 32.6 
miles from two nuclear 
plants in the Guangdong 
Province of South China.
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Neutrino physics 

Why a reactor experiment at an accelerator devoted conference?
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Detector technology 

1. Gigantic detector -       engineering challenges 

2. Strict requirements on energy resolution for 
NMO determination 

3. Strict requirements on internal radiopurity 
especially for solar neutrino analysis
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The aim of this talk is  
describing how we will meet  

the physics requirements 



What do we need to measure the NMO?

1) Energy resolution
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What do we need to measure the NMO?

1) Energy resolution 
       High number of detected 
        photons 

2) High statistics 
       Low backgrounds 
        Huge mass 

3) Precise and accurate  
knowledge of the detector 
       Multi calibration 

campaign 13
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Huge active mass

The Central Detector of the JUNO experiment is 
a gigantic sphere of 40 m of diameter which 
support all the parts of the detector:

14

40 m



Huge active mass

The Central Detector of the JUNO experiment is 
a gigantic sphere of 40 m of diameter which 
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with all the electronic boxes 

_ An acrylic sphere of 35.5 m of diameter 
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_ 20 000 tons of an organic liquid scintillator: 
LAB + 2.5 g/l PPO + 3 mg/l bis-MSB 

All submerged in ultra-pure water
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High Energy Resolution

The energy resolution is related to the total 
number of photon detected. For these reason 
several strategies were adopted to increase this 
number as much as possible: 

1. Exceptional optical coverage: 78 % 

This is possible thanks to an enormous number 
of PMTs (42 000) divided in two system, small 
and large to fill the gaps between different PMTs  

20” PMTs called Large PMTs 
3” PMTs called Small PMTs
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High Energy Resolution

The energy resolution is related to the total 
number of photon detected. For these reason 
several strategies were implied to increase this 
number as much as possible: 

2. Good matching of the photon spectral 
emission with the PMTs detection efficiency 

The JUNO liquid scintillator receipt: the addition 
of two elements (PPO and bis-MSB) move the 
emission of LAB in the optimal spectral region 
for Large PMTs 

LAB + 2.5 g/l PPO + 3 mg/l bis-MSB

18



High Energy Resolution

The energy resolution is related to the total 
number of photon detected. For these reason 
several strategies were implied to increase this 
number as much as possible: 

3. High transparency in the 400-420 nm region 

Given the large JUNO dimensions, the 
scintillator absorption length must be larger than 
20 m 

A plant dedicated to the optical purification of 
the liquid scintillator is present, the Alumina 
Filtration Plant (AFP)
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Low backgrounds

Reducing the backgrounds inside the JUNO 
detector is crucial not only for the purpose of 
measure the NMO but also for detecting 
geoneutrinos or solar neutrinos 

Backgrounds could be divided in external or 
internal
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laboratory with 650 m of rock above
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Low backgrounds: external

The main source of external backgrounds are 
muons and the material around the acrylic 
vessel 

To reduce muons JUNO is build in an 
underground laboratory with 650 m of rock 
above 

A top tracker will be placed over the acrylic 
vessel to tag about 30 % of the muons 

The water pool will be instrumented with more 
then 2400 LPMTs to tag the Cherenkov light
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Low backgrounds: internal

To measure the NMO a limit of  g/g on the concentration of  and  was set in the design phase  
In addition a level of  -  g/g is aimed for the Solar neutrino campaign  

An online purification chain is mandatory during the filling to reach those levels. 

10−15 238U 232Th
10−16 10−17
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Status of the JUNO detector
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Experimental hall
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From what we started …



Experimental hall
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… digging hole …

Excavation of the pool
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(Except 4 layers waiting for the acrylic) 

17/23 acrylic layers completed: 
_ production completed (<1 ppt U/Th/K 
contamination) 

_ high transparency reached (>96%) 
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… to where we are now

Last week update



Stainless steel structure completed  
(Except 4 layers waiting for the acrylic) 

17/23 acrylic layers completed: 
_ production completed (<1 ppt U/Th/K 
contamination) 

_ high transparency reached (>96%) 

All PMTs tested and characterized 
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… to where we are now

More then 80% installed
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Purification of the liquid scintillator

More the half installed

All the plants have been fully installed and commissioned.  
4 campaigns of joint commissioning have been done testing the purification efficiency and the filling speed of 7  
( six moth to fill JUNO). 
Radiopurity of samples have been tested with NAA and ICMPs, with a sensibility of ~  level

m3/h

10−15 g/g
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Conclusion

More the half installedJUNO is a colossal work of engineering 

The construction is going to be completed in Fall 
2024 

Filling with water will start before the end of 2024 

Filling with liquid scintillator will start in late Winter/
start of Spring 2025 

The data-taking will start in 2025 

JUNO will be the biggest liquid scintillator  

Stay tuned!



Thank you

More the half installed

Since 2014, >700 collaborators from 74 institutions in 17 countries/regions 

Me



Backup: Alumina



Backup: Distillation



Backup: Mixing



Backup: Water extraction



Backup: Stripping



Backup: Acrylic

More the half installed

Distribution of defects

 Production: 
➢ Complete production of all panels in the factory: 263 panels + 2 chimneys;
➢ 256/263 panels transported onsite: layer -9# panels are ready onsite
 Construction:
➢ Completed the construction of layer -5# acrylic ring.
➢ Layer -6# is under bonding
➢ Repairing works: ~74 defects at the upper hemisphere, ~37 defects at the lower hemisphere. Now, 

only 1 defect is under repaired at the layer -5#
➢ The top layers of bonding have been thoroughly inspected, and regular inspections are planned.



Backup: Solar neutrino backgrounds



Backup: Energy resolution


