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The JUNO collaboration

• 76 institutes, 18 countries

• >650 collaborators
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Jiangmen Underground Neutrino Observatory

• JUNO is a 20-kton Liquid Scintillator neutrino 

observatory located in Southern China.
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Jiangmen Underground Neutrino Observatory

• JUNO is a 20-kton Liquid Scintillator neutrino 

observatory located in Southern China.

• JUNO studies reactor electron antineutrino 

oscillations over a medium baseline to:

• Determine the neutrino mass ordering: 3σ in 6 years.

• Measure Δm2
31, Δm

2
21, and sin22θ12 with sub-percent 

precision.

ഥ𝝂𝒆
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JUNO key experimental features

• Large statistics

o 20-kton Liquid Scintillator (LS)

o Powerful nuclear reactors (26.6 GWth)

• Energy resolution: 3% @ 1MeV

o High photon yield, highly transparent LS

o Very high PMTs coverage (78 %)

o High PMT efficiency (30%)

• Low background

o 650m or 1800 m.w.e overburden

o Efficient veto system (>99.5%) 

o Material screening, clean environment

• Precise knowledge of reactor spectra

o Satellite detector TAO
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JUNO key experimental features

• Large statistics

o 20-kton Liquid Scintillator (LS)

o Powerful nuclear reactors (26.6 GWth)

• Energy resolution: 3% @ 1MeV

o High photon yield, highly transparent LS

o Very high PMTs coverage (78 %)

o High PMT efficiency (30%)

• Low background

o 650m or 1800 m.w.e overburden

o Efficient veto system (>99.5%) 

o Material screening, clean environment

• Precise knowledge of reactor spectra

o Satellite detector TAO

• 20kton LS: LAB + 2.5g/L PPO + 3 mg/L bis-MSB

• Osiris: measures radiopurity of LS.

35.4m
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JUNO key experimental features

• Large statistics

✓ 20-kton Liquid Scintillator (LS)

o Powerful nuclear reactors (26.6 GWth)

• Energy resolution: 3% @ 1MeV

✓ High photon yield, highly transparent LS

o Very high PMTs coverage (78 %)

o High PMT efficiency (30%)

• Low background

o 650m or 1800 m.w.e overburden

o Efficient veto system (>99.5%) 

✓ Material screening, clean environment

• Precise knowledge of reactor spectra

o Satellite detector TAO

• Two nuclear power plants

• 8 reactor cores

• 26.6 GWth

Taishan Yangjiang
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JUNO key experimental features

• Large statistics

✓ 20-kton Liquid Scintillator (LS)

✓ Powerful nuclear reactors (26.6 GWth)

• Energy resolution: 3% @ 1MeV

✓ High photon yield, highly transparent LS

o Very high PMTs coverage (78 %)

o High PMT efficiency (30%)

• Low background

o 650m or 1800 m.w.e overburden

o Efficient veto system (>99.5%) 

✓ Material screening, clean environment

• Precise knowledge of reactor spectra

o Satellite detector TAO

• 17,512 20” PMTs + 25,600 3” PMTs
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JUNO key experimental features

• Large statistics

✓ 20-kton Liquid Scintillator (LS)

✓ Powerful nuclear reactors (26.6 GWth)

• Energy resolution: 3% @ 1MeV

✓ High photon yield, highly transparent LS

✓ Very high PMTs coverage (78 %)

✓ High PMT efficiency (30%)

• Low background

o 650m or 1800 m.w.e overburden

o Efficient veto system (>99.5%) 

✓ Material screening, clean environment

• Precise knowledge of reactor spectra

o Satellite detector TAO

• Veto strategy :

57 reactor ഥ𝜈𝑒 + 127 9Li + 40 8He events/day

47 reactor ഥ𝜈𝑒 + 0.8 9Li/8He events/day

• 650m overburden: 4Hz of cosmic muons in LS

• Top Tracker: arXiv:2303.05172

o Opera plastic scintillator

• Outer Cherenkov Detector:

o 35 kton ultrapure water

o 2400 20” PMTs

https://arxiv.org/abs/2303.05172
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JUNO key experimental features

• Large statistics

✓ 20-kton Liquid Scintillator (LS)

✓ Powerful nuclear reactors (26.6 GWth)

• Energy resolution: 3% @ 1MeV

✓ High photon yield, highly transparent LS

✓ Very high PMTs coverage (78 %)

✓ High PMT efficiency (30%)

• Low background

✓ 650m or 1800 m.w.e overburden

✓ Efficient veto system (>99.5%) 

✓ Material screening, clean environment

• Precise knowledge of reactor spectra

✓ Satellite detector TAO

• TAO can perform a precise measurement of 

reactor ഥ𝝂𝒆 spectrum:

o 30m from reactor → 30 times JUNO event rate

o 2.8 ton Gd-LS, 1 ton fiducial volume

o 4500 PEs/MeV

o SiPM: 94% coverage with 50% PDE

➢ Energy resolution <2% @ 1 MeV

➢ Sub-percent shape uncertainty
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• Support Structure completed.

• 43% of Acrylic Vessel installed.

• All PMTs produced and tested.

➢ 4000 20” PMTs installed.

➢ 3100 3” PMTs installed.

• Detector completion expected by end 2023.

Updates on JUNO construction

June 2023
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Neutrino landscape in JUNO

• JUNO’s design also enables a rich physics program.
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Neutrino landscape in JUNO
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Neutrino landscape in JUNO
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Neutrino landscape in JUNO

ഥ𝝂𝒆
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Neutrino landscape in JUNO
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Solar neutrinos

Model Independent Approach of the 

JUNO 8B Solar Neutrino Program

arXiv:2210.08437

JUNO sensitivity to 7Be, pep, 

and CNO solar neutrinos

arXiv:2303.03910

• JUNO sensitive to both high and intermediate energy solar neutrinos.

https://arxiv.org/abs/2210.08437
https://arxiv.org/abs/2303.03910
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High energy solar neutrinos

• Model independent detection of 8B neutrinos 

via three interaction channels CC, NC and ES:

➢ 5% uncertainty on 8B neutrino flux

➢ 20% uncertainty on Δm2
21

➢ 8% uncertainty on sin2θ12 

arXiv:2210.08437

https://arxiv.org/abs/2210.08437
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Intermediate energy solar neutrinos

• Possible thanks to radiopurity efforts.

• World leading constraints after a few years.

• Day/Night asymmetry sensitivity <1%.

Radiopurity scenario:

arXiv:2303.03910

https://arxiv.org/abs/2303.03910
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Reactor neutrino oscillations

• 47 IBD per day expected:

o Prompt + delayed signals to strongly suppress backgrounds.

o 7% backgrounds, mostly below 3MeV.

o ~105  IBD candidates in 6 years.



06/20/2023 Steven Calvez | IRN Neutrino June 202321

Precision measurement of neutrino oscillations parameters

• “Sub-percent Precision Measurement 

of Neutrino Oscillation Parameters 

withJUNO” arXiv:2204.13249

• An order of magnitude improvement 

over current knowledge of Δm2
31, 

Δm2
21, and sin2θ12.
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Determination of the neutrino mass ordering

• NMO paper in preparation.

• JUNO reactor neutrino oscillation analysis 

alone provides a 3σ sensitivity to NMO in 

6 years!

• Combination with atmospheric neutrino 

analysis in progress.
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• Development of analysis framework AveNu_e.

• Sensitivity studies for JUNO:

o Data taking in 2024.

o Until now, only Asimov sensitivities.

o Development of statistically realistic framework: median 

sensitivity vs Asimov, biases, statistical coverage, pulls, etc…

• Preparation for a 100-day measurement: statistical 

challenges being identified and addressed.

• Improve JUNO NMO sensitivity using NOvA and T2K 

results.

Reactor neutrino analysis at Subatech
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Conclusions

• JUNO detector construction underway: first 

data next year!

• Multipurpose 20-kton Liquid Scintillator neutrino 

observatory with a rich physics program.

➢ JUNO will measure Δm2
31, Δm

2
21, and sin2θ12 with unprecedented accuracy <0.5%. 

➢ JUNO will determine the Neutrino Mass Ordering at 3σ significance in 6 years.
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Backup



06/20/2023 Steven Calvez | IRN Neutrino June 202326

Proton decay

• p → ഥ𝝂 K+ : three-fold coincidence to detect proton 

decay with high efficiency (36.9%).

• Good energy resolution helps reduce the 

backgrounds: less than 0.2 events after 10 years.

• Competitive limit on proton lifetime of                

9.6 × 1033 years for 200 kton-year exposure.

• More details in arXiv:2212.08502 .

https://arxiv.org/abs/2212.08502
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TAO

• Sub-percent precision on reactor neutrino spectrum shape.

• TAO can search for sterile neutrinos.
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Precision measurement

• Statistical and systematic

uncertainties for 6 years.
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Atmospheric neutrinos

• Detect and discriminate 𝝂𝒆 and 𝝂µ CC interactions through event time profile.

• Sensitivity to NMO through matter effects: 0.7-1.4σ in 6 years.

• Can be combined with reactor NMO analysis.
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Core collapse supernova neutrinos

• Core collapse supernova neutrinos detection channels :
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DSNB

• DSNB 2-4 per year (w/o PSD)

• 3σ discovery potential in 3 years (reference model).



06/20/2023 Steven Calvez | IRN Neutrino June 202332

Geoneutrinos

• Geoneutrinos: 400 ഥ𝝂𝒆 per year (0-3MeV)

• More than Borexino and KamLAND combined in 1 year. To date, Borexino + KamLAND = ~200 events.

• Decay of radionuclides (U/Th/K) within the Earth.

• Measure U and Th abundances, U/Th ratio in crust and mantle : 30% uncertainty in 10 years.

• Probes : Earth’s formation, Mantle convection, Plate tectonics,Earth’s magnetic field production



06/20/2023 Steven Calvez | IRN Neutrino June 202333

• A 5σ determination of NMO is possible by 

combining JUNO and NOvA+T2K’s results.

• See arXiv:2008.11280 

Synergy between JUNO and NOvA+T2K

https://arxiv.org/abs/2008.11280
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