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Jiangmen Underground Neutrino Observatory
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Jiangmen Underground Neutrino Observatory

Overburden

~650 m 

(1800 m.w.e.)

Vertical tunnel: 

563 m

Civil construction finished in Dec, 2021

Detector construction finished in Dec, 2024
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JUNO detector design
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Central detector
• Steel structure
• Acrylic sphere + 20kt 

Liquid scintillator
• 17612 20” PMT
• 25600 3’’ PMT

VETO system (for cosmic muon detection)
• Top Tracker: plastic scintillator
• Water + 2400 20’’ PMT
• Earth Magnetic Field shielding coils

Calibration

AS: ID35.4m

SSS: ID40.1m

• Two-layers structure for simplicity and cost: stainless steel frame + Acrylic tank 

• Water as VETO and Buffer(instead of oil) → radiopurity control of water



Central detector (SS structure)

Acrylic tank is supported by D = 40.1 m stainless steel structure via 590 Connecting Bars

Assembly precision: < 3 mm for each grid. The final radius deviation -13 mm (0.06%)

Connected by 120,000 sets of special rivet bolts:  high strength, high consistency, no welding. 

2022.1~2022.6, pillar and shell most finished. 2024.11, bottom 4 layers of SS shell finished.
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Central detector (acrylic tank)
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13 layers

23 layers

3 layers

16 layers
20 layers

5 layers

23 layers/263 spherical panels + top and bottom chimneys were bonded onsite (finished in Oct. 2024).

✓ A total of 21 cyclic operations for the construction, each lasting 20-30 days, with a total bonding length reaching 2 km.

✓ Developed large-volume injection, polymerization and annealing technology. The final fitting result of the diameter deviation: -23mm (0.06%)



Central detector (acrylic tank)
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• Final checks of the acrylic tank inside and outside.

• Moisture spray over two days reduced dust levels 

inside CD air from ~10,000 to ~100. 

• Two weeks high pressure water jet to remove the 

protection film and clean the inner acrylic surface 

by 3D rotating nozzle. Check water cleanness until 

satisfactory.



PMT testing

LPMT (20-inch) SPMT (3-inch)

Hamamatsu NNVT HZC

Quantity 5000 15012 25600

Charge Collection Dynode MCP Dynode

Photon Detection Efficiency 28.5% 30.1% 25%

Mean Dark Count Rate 

[kHz]

Bare 15.3 49.3
0.5

Potted 17.0 31.2

Transit Time Spread (σ) [ns] 1.3 7.0 1.6

Dynamic range for [0-10] MeV [0, 100] PEs [0, 2] PEs

Coverage 75% 3%

Reference EPJC 82 (2022) 12, 1168 NIM.A 1005 (2021) 165347
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All PMTs were produced, tested, and instrumented with waterproof 

potting

12.6k NNVT PMTs with highest PDE are selected for light collection from LS 

and the rest are used in the Water Cherenkov detector.

Water proof potted PMT

Acrylic 

cover

Stainless 

Steel 

cover



PMT installation
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Clearance between PMTs: 3 mm → Assembly precision: < 1 mm

Synergetic 20-inch and 3-inch PMT systems to ensure energy resolution and charge linearity

17612-16 LPMTs installed for CD, 2400-1 LPMTs installed for VETO, 25600-13 sPMT installed for CD
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Filling the detector with water
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✓ Filling started on Dec. 18, 2024, and finished in 45 days. No light and gas leak. Keep the temperature uniformity 21.1℃±0.5℃

✓ Liquid and air pressure were kept the same between the inside and outside of the acrylic tank. Water pipes and acrylic tank “breath” with N2

✓ Stress of the detector structure closely monitored, in good agreement with expectations

Muon rate [Hz] Efficiency [%] Attenuation length [m] U/Th [10-15 g/g] 222Rn [mBq/m3] 226Ra [mBq/m3]

Design ~4 99.5 30-40 10 <10 <1

Reached 5 99.99 >60 <0.4 <5 <0.01

Simultaneous filling of ultrapure water inside and outside the sphere → totally filled 60 kt



JUNO

Liquid scintillator (20 kton)
Four purification plants + LS Mixing + QA/QC + high purity N2 and water production plant 
to guarantee radio-purity and transparency
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Distillation to remove 

radioactive impuritiesAl2O3 to remove particles5000 m3 LAB tank

SS pipes to 

underground

NIM.A 908 (2021) 164823

Add 2.5 g/L PPO and 3 mg/L bis-MSB

Water extraction to remove 

radioactive impurities

Gas stripping to remove 

Rn and O2OSIRIS for LS qualification

Samples tested by ICP-MS every week for radiopurity, verified by NAA and other methods

Recipe: LAB + 2.5g/L PPO + 3 mg/L bis-MSB



Liquid scintillator filling
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Comprehensive QC/QA program for LS production, 

measured for batches:

✓ Radiopurity by ICP-MS every week: U/Th < 1×10-16 g/g

✓
222Rn in fresh LS, monitored by CD: <1 mBq/m3

✓
222Rn leak < 0.5 mBq/h

✓ Frequent radiopurity monitoring for N2 and water 

✓ Weighted average attenuation length > 20m

Simultaneous water extraction and LS filling
2024, Dec 18 Start of Water Filling

2025, Feb 1 End of Water Filling

2025, Feb 8 Start of LS Filling

2025, Aug 22 End of LS Filling

Start of Data Taking

Water Phase

Mixed Phase

Full detector calibration

2025, Aug 26

08:00

2025, Aug 23 Replace 100 t old LS

Attenuation length 

Weighted average: 20.6m



A clean detector
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◆ VETO Water: 

 U/Th<0.410-15 g/g, 222Rn<10 mBq/m3, 226Ra<1 mBq/m3

◆ Acrylic, water, PMTs, steel and LS are clean and water shielding 
works :

 Single rate <7 Hz for R<17.2m & E>0.7MeV (design 7.2Hz)

 Good enough for reactor neutrinos

◆ LS cleanness is very close to other solar neutrino experiments


238U < 3×10-17 g/g (low radon area in a small fiducial volume)

< 1×10-16 g/g (fitted plateau from full detector radon decay)


232Th < 1×10-16 g/g (R<13m)


210Po < 1×105 [cpd/kt]

Radiopurity control of raw material:

✓Meticulous Monte Carlo Simulation for 
proper distribution of radioactivity budget

✓Careful material screening

✓Accurate detector production handling

Better than spec. by 15% !

Radiopurity control during installation : 

➢ Leak check of all joints (each < 10-8 mbar∙L/s) for 222Rn and 85Kr 
➢ Cleaning and washing of all pipes & vessels to remove dust (by 

check water/LAB cleanness) 
➢ Clean room environment during installation  
➢ Acrylic Surface treatment and protection(Rn daughters) 
➢ LS filling scheme: water replacement and water washing 

Recirculation probably impossible, unlike Borexino, KamLAND, SNO+,…

JHEP 11 (2021) 102



Calibration 
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1D, 2D, 3D scan systems using laser/e+/g/n sources + n/a background events

JHEP 03 (2021) 004

Calibration position performed

Energy Non-linearity is known to < 1%  !

Preliminary

Preliminary



Uniformity and light yield 
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◆ For R<16m, residual energy non-uniformity scanned along the Z-axis is <0.5%

◆ Light yield is >1600 PE/MeV for 68Ge, >1800 PE/MeV for neutron, better than expectations 

(difference due to non-linearity, Chinese Phys. C 49 (2025) 013003 )

◆ Edge effects still exist, more calibration data and software work needed



Energy Resolution 
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◆ Energy resolution for alpha from 214Po is ~3% @0.92MeV

◆ Energy resolution for 68Ge is ~3.4% @ 2 0.511 MeV, already close to but slightly worse than the 
expectation of 3.1%

◆ Further improvement are coming:  more calibration data, noise/flasher removal, reconstruction 
and fit, …
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For topics not covered here, please refer to PPNP 123 (2022) 103927



A multi-purpose observatory
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Neutrino oscillation & properties

Neutrinos as a probe

Reactor SupernovaAtmosphere Earth Solar

~60 IBDs per day Several IBDs per 

day

Several per day Hundreds per day
~5000 IBDs for 

CCSN @10 kpc

+
New 

physics

IBD: inverse beta decay

CCSN: core-collapse supernova
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Neutrino Mass Ordering

JUNO sensitivity on NMO: 3σ (reactors only) @ ~6 yrs * 26.6 GWth exposure

Combined reactor + atmospheric neutrino analysis is in progress:  further improve the NMO sensitivity

Design

(J. Phys. G 43:030401 (2016) )

Now (2022)

Thermal Power 36 GWth 26.6 GWth (26%↓)

Overburden ~700 m ~650 m

Muon flux in LS 3 Hz 4 Hz (33%↑)

Muon veto efficiency 83% 93% (12%↑)

Signal rate 60 /day 47.1 /day (22%↓)

Backgrounds 3.75 /day 4.11 /day (10%↑)

Energy resolution 3% @ 1 MeV 2.9% @ 1 MeV (3%↑)

Shape uncertainty 1% JUNO+TAO

3𝜎 NMO sensitivity 

exposure

< 6 yrs × 35.8 GWth ~ 6 yrs × 26.6 GWth

JUNO+TAO

Inverse beta decay reaction

21
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Neutrino oscillation parameters
Precision of sin22𝜃12, ∆𝑚21

2 , |∆𝑚32
2 | < 0.5% in 6 yrs

Best measurement for the foreseeable future

The improvement in precision over existing constraints will be about one order of magnitude

arXiv:2204.13249, Chin. Phys. C 46 (2022) 123001
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A: Inverse Beta Decay
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◼ Early warning

◼ CCSN Characteristics

◼ Time evolution & Energy spectra

◼ Total energy, luminosity, …

◼ Neutrino properties

◼ Mass ordering

◼ Absolute mass

◼ New physics

CCSN potential at JUNO

Multi-channel detection, all flavors
~5000 IBD, ~300 eES, ~2000 pES，
~200 12C CC, ~300 12C NC @10 kpc

24
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JUNO: Feasibility (high energy)
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Neutrinos from Sun (B8)
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B: Low Energy Scattering on Carbon
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B: Low Energy Scattering on Carbon
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Atmospheric neutrinos

MSW effect → Neutrino Mass Ordering (NMO) → Independent measurement from reactor antineutrinos
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Before background suppression

JUNO, arXiv: 2205.08830
JCAP 10 (2022) 033

◼ DSNB: 2-4 events in JUNO per year
✓ Not detected yet

Holding:
► Supernova (SN) rate (𝑹𝑺𝑵 𝟎 )
► Average energy of SN neutrinos ( 𝑬𝝂 )
► Fraction of black hole (𝒇𝑩𝑯)

◼ Dominant background (above 12 MeV): 
✓ Atm-𝜈 NC interactions

◼ Highlights on background suppression
✓ Muon veto 
✓ Pulse shape discrimination (PSD) 

technique 
✓ Triple coincidence (11C delayed decay)

Improvements compared to JUNO physics book J. Phys. G43:030401(2016) :

✓ Background evaluation: 0.7 per year → 0.54 per year
✓ PSD: signal efficiency 50% → 80% (1% residual background)
✓ Realistic DSNB signal model: non-zero fraction of failed Supernova

S/B improved from 2 to 3.5

Diffuse Supernova Neutrino Background (DSNB)

30
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Diffuse Supernova Neutrino Background (DSNB)

arXiv: 2205.08830, JCAP 10 (2022) 033

Reference model

◼ If no positive observation, JUNO can set the world-leading best limits of DSNB flux
◼ With the nominal model (black solid curve (left plot)): 3𝝈 (3 yrs) and 6𝝈 (10 yrs) 
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C: GeV neutrino-nucleus interactions
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C: Generators in the Market
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C: General components in generators
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C: New component: adding deexcitation

35
Yu-Feng Li



C: TALYS-based Deexcitation
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C: Impact on exclusive cross sections
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Summary and outlook 
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➢ After 17 years efforts, from idea to construction, JUNO detector is fully completed, 

despite numerous challenges

➢ Initial testing and performance studies show that key specifications have been mostly met

➢ We are excited to have started the physics data taking

➢ Many important and challenging topics on neutrino-scattering physics! 

Physics Sensitivity 

Neutrino Mass Ordering 3σ (~1σ) in 6 yrs by reactor (atmospheric) തν𝑒

Neutrino Oscillation Parameters Precision of sin2θ12, ∆𝑚21
2 , |∆𝑚32

2 | < 0.5% in 6 yrs

Supernova Burst (10 kpc) ∼5000 IBD, ∼300 eES and ∼2000 pES of all-flavor neutrinos

Diffuse Supernova Neutrino Background 3σ in 3 yrs

Solar neutrino Measure Be7, pep, CNO simultaneously, measure B8 flux independently

Nucleon decays (𝑝 → തν𝐾+) 9.6×1033 years (90% C.L.) in 10 yrs (CPC 47, 113002 (2023))

Geo-neutrino ∼400 per year, 8% measurement in 10 yrs

PPNP 123 (2022) 103927
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Central detector (acrylic tank)

265 pieces

Pre-assembly at Donchamp

Layer 2

LS container: 

Inner diameter: 35.40±0.04 m

Thickness: 124±4 mm 

Light transparency > 96% @ LS

Radiopurity: U/Th/K < 1 ppt

Polishing 

Cleaning 
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50 μm PE film protection



Veto detector
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Water Cherenkov: 

✓ 40 kt pure water for backgrounds shielding & tagging + 2400 

20” PMTs + Tyvek for light reflection

✓ 100 t/h pure water production system

✓ Pool lining: 5 mm HDPE for clean water and Rn prevention

✓ Pool cover by using 0.6 mm vulcanized fabric

Top tracker: refurbished OPERA plastic scintillators

Earth magnetic field compensation coil

Top

Bottom 

Top trackerPool cover


