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The JUNO Collaboration
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More than 700 collaborators from 74 institution in 17 countries/regions



The JUNO Experiment

Yangjiang
6 x 2.9 GWth

Taishan
2 x 4.6 GWth

Daya Bay
2 x 2.9 GWth

52.5 km

215 km

October 27, 2025JUNO's Sensitivity to Geoneutrinos 3

Located in Jiangmen region, China Main goal: Determination of the neutrino mass ordering 



The JUNO Detector

ÅLarge statistics
Å20 kton Liquid Scintillator (LS)

ÅHigh energy resolution: 
<3% @ 1 MeV
ÅLarge PMT coverage in Central 

Detector (CD) ~ 78%
ÅHigh light yield (>1300 pe/MeV by 

design)

ÅBackground control
ÅTwo veto detectors for muons: Top 

tracker (TT) and Water pool (WP)
ÅOverburden of 650 m
ÅClean material selection and 

several steps of LS purification

PMTs:
Central Detector
Water Pool

Veto Detectors:
Top Tracker
Water Pool

Stainless Steel
Structure

20 kton Liquid 
Scintillator (LS)
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Central Detector
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November 2024 November 2024



Central Detector
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November 2024 November 2024

WP: 2400 20-inch PMTsStainless Steel 
structure

Water Pool 
detector



Acrylic Sphere and PMTs
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November 2024 October 2024



Acrylic Sphere and PMTs
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November 2024 October 2024

Acrylic Vessel

Acrylic Vessel

CD (~78% photo-
cathode coverage):
Å 17612 20-inch PMTs
Å 25600 3-inch PMTs



7ĲŉŸƖĲШ[ŔũũŔŰŊв
December 2024
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JUNO Physics Phase

ÅEnd of construction and installation 
in December 2024

ÅWater filling from December to 
February

ÅSoon after replacement of water in 
the Acrylic Vesel with LS begun until 
22nd of August

ÅAfter more than 10 years JUNO is 
taking data! 

December 2024
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Preliminary Detector Performance
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Å Detector performance on first data

Å Using calibration sources:
Å >1600 pe/MeV of light yield
Å Resolution ~3.4% @ (2 x 0.511) MeV т 

68Ge source at detector center

Å Natural source of 214Po (from 222Rn) gives 
~3% @ 0.92 MeV

Å Further improvements on 
ƖĲĦŸŰƚƣƖƨĦƣŔŸŰЯШĦċũŔĤƖċƣŔŸŰЯШвШċƖĲШŸŰШƣőĲШ
works!

Preliminary

Preliminary



Event Selection - IBD
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Delayed:  neutron 
takes ~200 ‘s to 
thermalize and get 
captured

Prompt:  quick deposition 
of kinetic energy plus 
subsequent annihilation 
of the positron

Charged Current Interaction

Selection

Muon Veto

Fiducial Volume R < 17.2 m

Prompt: [0.8, 12.0] MeV
Delayed: [1.9, 2.5] U [4.4, 5.5] MeV

Time Prompt-Delayed: 1 ms

Distance Prompt-Delayed: 1.5 m

Efficiency: 82.2%
Angel Abuslemeet al2022ChinesePhys. C46123001

ÅAntineutrino signal 
detected via Inverse Beta 
Decay
ÅRelatively clean signal 

thanks to distinct time 
correlation

Note: this slide and onwards are 
based on predictions and not data 



Geoneutrinos
ÅDominant HPEs are Uranium, Thorium, and 

Potassium
ÅHPE (Heat Producing Elements): natural radioactive 

elements on the Earth

ÅIBD interaction lower energy limit is ~1.806 MeV
Å40K and 235U cannot be detected via this channel
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IBD Threshold

IBD
cross - section

S. Enemoto

A. Strumia and F. Vissani

https://www.awa.tohoku.ac.jp/~sanshiro/research/geoneutrino/spectrum
https://www.awa.tohoku.ac.jp/~sanshiro/research/geoneutrino/spectrum
https://www.sciencedirect.com/science/article/abs/pii/S0370269303006166?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0370269303006166?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0370269303006166?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0370269303006166?via%3Dihub


Geoneutrinos at JUNO - Lithosphere
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ÅLocal crust (LOC) geoneutrinos 
dominate the geoneutrino signal
ÅLOC area within few hundred km 

from JUNO (~ 500 km)
ÅImportant to have a good 

description to determine mantle 
contribution

ÅSeveral models available at JUNO 
location т Adopt the range
ÅCentral values between 

28.8 т 40.4 TNU

1 TNU = 1 event / year / 10 32  target protons @ 100% efficiency



Geoneutrinos at JUNO - Mantle
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ÅÂƖĲĬŔĦƣŔŸŰШŸŉШ~ċŰƣũĲќƚШĦŸŰƣƖŔĤƨƣŔŸŰШ
using different classes of Bulk Silicate 
Earth models based on the estimated 
radiogenic contribution (H) 

ÅThree different estimations of mantle
geoneutrinosignals:
ÅPoor-H: ςȢψ Ȣ

Ȣ TNU
ÅMedium-H: ψȢπ Ȣ

Ȣ TNU
ÅRich-H: ρχȢτ Ȣ

Ȣ TNU



Geoneutrinos at JUNO т Total Signal
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ÅThe total geoneutrino rate expected in 
JUNO is 28.6 to 60.3 TNU
ÅRange combination of lithosphere 

and mantle contributions

Preliminary



JUNO Expected Signal and Background
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Rate [cpd] 
(82.2% eff.) Rate Unc. [%] Shape Unc. [%]

Geoneutrinos 0.92 т 1.95 - 5

Reactor nu 43.2 - Daya Bay

Accidentals 0.8 1 0

LiHe 0.8 20 10

Alpha-n 0.09 25 25

Fast-n 0.1 100 20

World Reactor 1.4 10 5

Atmospheric NC 0.16 50 50

ÅLatest rate and shapes for all 
components
ÅAsimov and Toy Monte Carlo sensitivity 

studies
Fake dataset
Example fit

Pseudo-dataset fit for 10 years of exposure



Analysis Method

October 27, 2025JUNO's Sensitivity to Geoneutrinos 18

ÅAsimov approach: fit single total spectrum with no statistical fluctuations
ÅToyMC approach: produce and fit many pseudo-dataset using realistic statistical 

fluctuations 



Toy Monte Carlo Approach
ÅProduce and fit many pseudo-datasets with realistic statistical fluctuations
ÅEnables to understand correlations of parameters
ÅLow statistics cases when geo-neutrino signal rails to zero are removed т less than 

3„ significance
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Total Geoneutrino Signal
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ÅJUNO sensitivity to total signal of 
geoneutrinos
ÅAssume S(Th)/S(U) = 0.29

ÅReach current Borexino and 
uċůx  ?ќƚШƓƖĲĦŔƚŔŸŰШŔŰШċĤŸƨƣШ
3 - 6 years
ÅBorexino ~17% in 8.9 years1
ÅKamLand ~15% in 14.3 years2

1. M. Agostini et al., Phys. Rev. D101, 012009
2. S. Abe et al., Geophys. Res. Lett. 49 (16), 2022

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012009
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2022GL099566
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2022GL099566
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2022GL099566
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2022GL099566


Independent U and Th Contribution
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ÅRatio between U and Th is left 
free т independent 
contributions on the fit

ÅLarge statistics is important т 
238U can be measured in 3-4 
years while 232Th will take at 
least 6 years



Independent U and Th Contribution
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ÅRatio between U and Th is left 
free т independent 
contributions on the fit

ÅLarge statistics is important т 
238U can be measured in 3-4 
years while 232Th will take at 
least 6 years

ÅCombined rate is possible 
thanks to the anti-correlation



Independent U and Th Contribution
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ÅRatio between U and Th is left 
free т independent 
contributions on the fit

ÅLarge statistics is important т 
early exposures have no 
enough sensitivity

ÅCombined rate is possible 
thanks to the anti-correlation

ÅJUNO could be able to 
constrain Th/U in 10 years



Comparison of Th/U Scenarios
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ÅConsider scenario of 40 TNU of 
total geoneutrino signal with 
chondritic Th/U ratio

ÅExpected degradation of precision 
by leaving Th/U free

ÅWith increase exposure the 
difference is smaller

ÅNonetheless, JUNO can provide 
comparable results in 3 years to 
existing measurements



Mantle Discovery Potential т Statistics Test 
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ÅMantle discovery potential using a test 
statistics
Åɝ… : no-mantle dataset
Åɝ… : mantle dataset

ÅEach dataset fitted twice: model with 
mantle and model without mantle 
contribution

ÅCalculate p-value as the probability of 
ɝ…  being larger than the ɝ…  median

ÅYields similar result as Asimov approach
ÅSensitivity: „ ɝ…



Mantle Discovery Potential (Medium-H) 
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ÅAsimov scan assuming medium -H (8 
TNU) model of the mantle

ÅScan over lithospheric prior
ÅModel uncertainty and rate

ÅWith current models JUNO would only 
achieve <1.2Ɑ in 6 years
ÅLow-H scenario has no enough 

sensitivity



Mantle Discovery Potential (High-H) 
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ÅAsimov scan assuming high-H (17.4 
TNU) model of the mantle

ÅScan over lithospheric prior
ÅModel uncertainty and rate

ÅWith current models JUNO would only 
achieve <3Ɑ in 6 years

ÅGood knowledge of LOC is needed!


