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• JUNO was proposed to determine the 
neutrino mass ordering

• Detects electron antineutrinos produced 
by β-decays in nuclear reactors

Introduction & Motivation
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• 650 m of rock overburden (~1800 m water 
equivalent)

• 20 kton of liquid scintillator in the Central 
Detector

• 17,596 20-inch (large) PMTs

• 25,587 3-inch (small) PMTs

• Outer Water Cherenkov Detector for 
shielding against radioactivity and tagging 
cosmic muons

• Top Tracker provides high-purity and 
high-precision muon sample

Experimental Design
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Calibration & Reconstruction
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• Detector response calibrated via radioactive sources 
and naturally occurring backgrounds
1. Light yield
2. Event reconstruction
3. Energy resolution
4. Non-linearity of the energy scale
5. Residual spatial non-uniformity
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• 3 independent analyses

• 59.1 days of data (across 69 days)

• Inverse Beta Decays (IBDs) interactions:

– Prompt signal: positron annihilation
•

– Delayed signal: neutron capture
• τ ~ 200 μs

Data Analysis: Selection (1)
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• Spatio-temporal coincidence
– Prompt energy cut: 0.7 MeV < Ep < 12 MeV
– Delayed energy cut: 2.0 MeV < Ed < 2.5 MeV
– Time interval: 5 μs < Δt < 1 ms
– Spatial separation: Δd < 1.5 m

• Fiducial volume cuts
– r < 16.5 m, |z| < 15.5 m

• Muon veto
– Temporal veto applied to remove short-lived backgrounds
– Spatio-temporal veto around spallation neutrons to suppress 

long-lived backgrounds

• Multiplicity cut
– Reduce instrumental + multiple particle coincidence 

backgrounds

Data Analysis: Selection (2)
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Reactor Neutrino Candidate Characteristics (1)
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Reactor Neutrino Candidate Characteristics (2)
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• Main backgrounds:
1. Cosmogenic 9Li/8He
2. Geoneutrinos
3. Antineutrinos from other reactors around the world
4. 214Bi-214Po

Data Analysis: Background Evaluation (1)
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Data Analysis: Reactor-Neutrino Signal Prediction (1)
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Emitted spectrum of core r:

IBD cross section
Detector response

calculated using:
● reactor thermal power
● fission fractions
● energy per fission
● spent fuel



Data Analysis: Reactor-Neutrino Signal Prediction (2)
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Systematic Uncertainties on Prediction
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• Distortion primarily shaped by solar 
oscillation parameters

• ꭓ2 function for minimization:

Spectral Fits
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Results on Solar Oscillation Parameters
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^ Assumes normal mass ordering
Inverted mass ordering values are comparable



• Most precise and simultaneous 
measurement of solar oscillation 
parameters

– Improved precision by 1.6x the 
combination of all previous measurements

• Precision will improve with increased 
statistics and model-independent analysis 
using data from JUNO’s satellite 
experiment TAO

Discussion & Outlook
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