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Physics potential of JUNO

Page 2

● A. Abusleme et al., JUNO physics and detector, Progr. Part. Nucl. Ph. 123 (2022) 103927
● A. Abusleme et al., JUNO sensitivity to 7Be, pep, and CNO solar neutrinos, submitted to Journal of Cosmology and Astroparticle Physics
● A. Abusleme et al., JUNO Sensitivity on Proton Decay p→ν¯K+ Searches, submitted to Chin. Phys. C.
● J. Zhao et al., Model Independent Approach of the JUNO B8 Solar Neutrino Program, submitted to APJ. 
● A. Abusleme et al., Prospects for Detecting the Diffuse Supernova Neutrino Background with JUNO, J. Cos. Astro. Phys. 10 (2022) 033. 
● A. Abusleme et al., JUNO sensitivity to low energy atmospheric neutrino spectra, Eur. Phys. J. C 81 (2021) 887. 

~47/day

https://www.sciencedirect.com/science/article/abs/pii/S0146641021000880
https://arxiv.org/abs/2303.03910
https://arxiv.org/abs/2212.08502
https://arxiv.org/abs/2210.08437
https://iopscience.iop.org/article/10.1088/1475-7516/2022/10/033
https://doi.org/10.1140/epjc/s10052-021-09565-z


Jiangmen Underground Neutrino Observatory:
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JUNO is the first multi-kton liquid scintillator (LS) detector ever built, located in China.
Main goal: determination of the Neutrino Mass Ordering (NMO), 3𝝈 in 6 years

47 anti-νe /day after suppressing the cosmogenic backgrounds
vacuum oscillation pattern independent of δcp and 𝜽23
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❑ Large antineutrino statistics O(100k) @ 52.5 km baseline: 20 kton liquid scintillator powerful reactor (26.6 
GW𝑡ℎ)

❑ Resolving signature wiggles in the L/E spectrum
• excellent energy resolution 3% @ 1 MeV
• better than 1% understanding of the intrinsically non-linear energy scale of the liquid 

scintillator
• possible fine structures in the reactor spectrum under control -> JUNO-TAO detector to measure 

shape uncertainty
❑ Backgrounds: 

○ radio-purity of all materials and depth of 700 m. JUNO collaboration, JHEP 11 (2021) 102 
○ Muon veto system with > 99.5% efficiency
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JUNO requirements 



JUNO detector design 
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700 m in 
depthSlope tunnel：1265 m @ slope of 42%

Vertical 
tunnel: 
563 m

43.5 m

17611 20” PMTs
25600 3” PMTs 
(78% coverage)

20 kton 
liquid 
scintillator

Water pool
~2400 20:PMTs
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Detector Construction status

April 2023



Construction Highlights
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 Acyrlic vessels is to be completed

Liquid scintillator room

All purification stages are 
installed 

Mounting the 20” and 3” PMTs modules

Guide tube cable 

Updates up to April 2023

Calibration 
installation

Cable loop system 

Installation in the electronic room

successful light-off test has been performed 

Calibration installation



Neutrino mass ordering with reactor antineutrinos
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3σ (reactors only) @ ~6 yrs * 26.6 GWth exposure

Collaboration paper is under preparation!
Complementary to other experiments based on matter effects

doi: 10.5281/zenodo.6683749
doi: 10.5281/zenodo.6775075

Recent results



Precision Measurement of Neutrino Oscillation Parameters
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Chin. Phys. C 46 (2022)no.12, 123001

● JUNO will measure sinᒾθ12, Δ㎡13, Δ㎡12 with <1% precision level 



-> In contrast to the previous JUNO NMO sensitivity estimation, F. An et al. (JUNO), J. 
Phys. G 43, 030401 (2016), 
-> The new NMO sensitivity results consider the following changes:

● the final location and overburden of the experimental site
○ JUNO experimental hall 60 m shallower -> 30% higher flux of cosmic muons

● 8 reactor cores, instead of 10 cores
● updated background estimation (Chin. Phys. C 46 (2022)no.12, 123001) 
● electron anti-neutrino spectral shape uncertainty -> TAO (arXiv:2005.08745 (2020))
● more realistic detector response model: calibration plan (JHEP03(2021)004)
● updated estimation of energy resolution from 3 -> 2.9 @ 1MeV, (Eur.Phys.J.C 82 

(2022) 12, 1168)   

Page 11



-> In contrast to the previous JUNO NMO sensitivity estimation, F. An et al. (JUNO), J. 
Phys. G 43, 030401 (2016), 
-> The new NMO sensitivity results consider the following changes:

● the final location and overburden of the experimental site
○ JUNO experimental hall 60 m shallower -> 30% higher flux of cosmic muons

● 8 reactor cores, instead of 10 cores
● updated background estimation (Chin. Phys. C 46 (2022)no.12, 123001) 
● electron anti-neutrino spectral shape uncertainty -> TAO (arXiv:2005.08745 

(2020))
● more realistic detector response model: calibration plan (JHEP03(2021)004)
● updated estimation of energy resolution from 3 -> 2.9 @ 1MeV, (Eur.Phys.J.C 

82 (2022) 12, 1168)   

Page 12



JUNO Inverse beta decay detection and backgrounds
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Chin. Phys. C 46 (2022)no.12, 123001

Geo-𝝂

Accidentals

Rates after selection cuts

9Li/8He



Taishan Anti-neutrino Observatory (TAO)
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Physics Goals:
● provide model-independent reference spectrum for JUNO

● provide benchmark to examine nuclear databases

● reactor monitoring, sterile neutrino…

TAO

Daya Bay

2016 ● 2.8 ton Gd-loaded liquid scintillator detector at -50°C at ~30 
m baseline from the Taishan-1 reactor core (4.6 GW th)

● reactor anti-neutrino signal ~2000/day
● < 2% energy resolution @ 1 MeV



Calibration system

Page 15

How to reach <1% uncertainty on the energy scale ?
Meticulous Calibration!

● 1D, 2D, 3D scan systems with many sources over the whole 
energy range, controlled by γ/α/β, UV-laser, and light pulses 
sources
● many positions to keep residual non-uniformity low

250 calibration points in a half vertical 
plane of the JUNO CD

non linearity of energy scale

JHEP03(2021)004



Updates on the energy resolution
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Excellent energy resolution 2.9% @ 1 MeV

exposure 
[kton.GWth.year]

High light yield (LY ~ 104 photons/MeV)
● good transparency: λatt > 20 m @ 430 nm
● very high PMT coverage 78%

New reference
● photo detection efficiency (PDE) 29.1% -> 30.1% (Mass PMT 

testing data) Eur.Phys.J.C 82 (2022) 12, 1168
● more realistic PMT optical model. 10.5281/zenodo.6785356
● new detector geometry. 10.5281/zenodo.6805544

exposure [kton.GWth.year]

NMO dependence on resolution and exposure 



Atmospheric neutrinos: accessible from the first year of data taking
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~15 events/day

 P𝝂𝝁 -> 𝝂𝝁  Normal ordering (NO)  Inverted ordering (IO)

● Determine NMO by probing Earth matter effects on the 
oscillation of atmospheric neutrinos in the GeV energy 
range.

Atmospheric 
neutrino interact 
with the Earth’s 
matter and change 
the oscillation 
pattern 

 P𝝂𝝁 -> 𝝂𝝁  

https://www-sk.icrr.u-tokyo.ac.jp/en/sk/neutrino/about/
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Measurement of energy spectra and flavor identification 

G.Settanta et al. 
Prog.Part.Nucl.Phys. 123 (2022) 1
03927

Energy spectra

Applied an unfolding method to extract the energy 
spectrum: 25% precision after 5 years

Flavor identification,𝜈𝑒/𝜈𝜇, based on the charge 
detected by the PMTs (NPE) and the residual time

Eur. Phys. J. C 81 (2021) 887 



Atmospheric neutrino sensitivity to NMO
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J. Phys. G43:030401 (2016)

JUNO sensitivity on NMO: 

0.7~1.4 σ (atmospheric only) @ ~6 yrs exposure

statistcal only (blue) and realistic (work in progress) 

(red) scenarios for NMO sensitivities as a function of 

lifetime for the true NH 

[1] DOI: 10.5281/zenodo.6769313. [2] DOI: 10.5281/zenodo.6782362. [3] DOI: 10.5281/zenodo.6785153. [4] DOI: 10.5281/zenodo.6804861

"statistical only" “realistic (work-in-progress)”



Atmospheric neutrino sensitivity to NMO
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J. Phys. G43:030401 (2016)

JUNO sensitivity on NMO: 

0.7~1.4 σ (atmospheric only) @ ~6 yrs exposure

statistcal only (blue) and realistic (work in progress) 

(red) scenarios for NMO sensitivities as a function of 

lifetime for the true NH 

[1] DOI: 10.5281/zenodo.6769313. [2] DOI: 10.5281/zenodo.6782362. [3] DOI: 10.5281/zenodo.6785153. [4] DOI: 10.5281/zenodo.6804861

"statistical only" “realistic (work-in-progress)”

on going! analysis with the new detector updates 
to be released by the end 2023!   



Neutrino model interaction 

Page 21[1] DOI: 10.5281/zenodo.6769313. [2] DOI: 10.5281/zenodo.6782362. [3] DOI: 10.5281/zenodo.6785153. [4] DOI: 10.5281/zenodo.6804861 [5]DOI: 10.5281/zenodo.6774990 [6]DOI: 10.5281/zenodo.6785153 

Energy rec. Machine 
learning based

Energy and direction 
reconstructions

anti-/particles identification 

neutrino 
primary track 
(MC)

Directionality rec. conventional

All analysis ingredients in progress

3 Generators is being implemented in JUNO:
GENIE, NuWro and GiBUU

GiBUU 

Validation physics w.r.t to transverse Kinematic imbalance

Improving generator: Fixing GENIE AGKYLowW (DIS)  
and aka directionality bug

https://github.com/GENIE-M
C/Generator/issues/226

Method based on DeepSphere Machine 
learning

Visible energy [GeV]

GENIE

𝝼e/𝝼e CC 

𝝼𝝁 /𝝼𝝁CC 



Summary and outlook

● neutrino mass ordering: 3σ in about 6 years with reactor antineutrinos 

● joint analysis with atmospheric neutrinos will enhance the sensitivity (release expected this year)

● sinᒾθ12, Δ㎡13, Δ㎡12 sub-percent level in 6 years

● several others goal in neutrinos and astroparticle physics
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End of
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Thank you!



Backup
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Electron antineutrino detection : 

● Golden channel for neutrino detection:

○  High cross section (about ×10 wrt. νe -elastic scattering @3 MeV )

● Two-signal coincidence:

○ Prompt signal: annihilation of positron.

○ Delayed signal: neutron capture after ~200 μs.

● Neutrino energy can be reconstructed from positron energy

○ Threshold of 1.8 MeV 



Detection via the Inverse Beta Decay (IBD)
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● Golden channel for neutrino detection:

○  High cross section (about ×10 wrt. νe -elastic 

scattering @3 MeV )

● Two-signal coincidence:

○ Prompt signal: annihilation of positron.

○ Delayed signal: neutron capture after ~200 μs.

● Neutrino energy can be reconstructed from positron energy

○ Threshold of 1.8 MeV 



Geoneutrinos

• Detected channel: inverse beta decay
• Geo-neutrinos from 238U and 232Th decay chains in earth: 400/year
• High Statistic of IBD
• Significant constraint from the reactor neutrinos

Main goal: understanding the radiogenic heat distribution in the Earth
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Reactor
Geo-neutrinos
9Li-8He
Accidental
Fast neutrons

IBD spectrum - 1 year simulated data

JUNO will outnumber the current 
precision of Borexino and 
KamLAND

JUNO will reach 13.5% precision within the
first year 



Solar Neutrinos: 8B
“Model Independent Approach of the JUNO 8B Solar Neutrino Program,”arXiv:2210.08437
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Correlated events

Singles event

~0.2 ktons of 13C in the LS -> potential model independent observation of B8 solar neutrino (CC, NC and ES)

Potential to measure 8B solar neutrinos with 
5% precision in 10 years

Low threshold of 2 MeV for elastic scattering (ES)



Solar Neutrinos: 7Be, pep, CNO
“JUNO sensitivity to 7Be, pep, and CNO solar neutrinos,” arXiv:2303.03910
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Potential to improve the precision of the existing Borexino 
measurements
● 7Be: in 1-2 years time < 2.7% for all radiopurity scenarios
● pep: in 1-2 years time < 17%, for the most radiopurity 

scenario
● CNO: 20% precision might be feasible for the first time 

without constraint on
210Bi internal background (constraining pep solar neutrino rate 
is crucial)

Critical backgrounds:
● 7Be → 85Kr, 226Ra, 210Po
● pep → 11C, TFC parameters 
● CNO → 210Bi, (pep), 11C, TFC parameters



Supernova Neutrinos
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99% of a supernova burst’s energy is released via neutrinos
● JUNO is able to observe the 3 supernova phases
● Better understanding of supernova models
● Obtain informations about Mass Hierarchy
● Take part in multi-messenger astronomy

○ part of SNEWS (SuperNova Early Warning System)

Main channel: IBD ~5000 events in 10s (for a 10 kpc SN)

Visible energy distribution in JUNO of a typical SN at 10 kpc

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



Diffuse Supernova Neutrino Background
“Prospects for Detecting the Diffuse Supernova Neutrino Background with JUNO,” JCAP 10 (2022), 033
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● DSNB: isotropic flux of neutrinos from extra-galactic 
supernovae

● Detection via inverse beta decay (IBD)
● It holds precise information on the 

○ The average core-collapse SN neutrino spectrum
○ The cosmic star formation rate
○ The fraction of failed black hole forming SNe

● Background:
○ NC interaction of atmo -ν -> pulse shape discrimination 

(eff 80%)
○ Reactor neutrinos -> go above 10 MeV

DSNB discovery potential: 3𝜎 in 3 years with nominal models
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Satellite detectors of JUNO
1. The JUNO OSIRIS detector (Online Scintillator Internal Radioactivity Investigation System)

IDea: Monitors scintillation radiopurity during filling
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Idea: Detect radioactive contaminated scintillator
● After purification
● Before filling into acrylic vessel

● 18t LS volume (Ø=3 m, H=3 m)
● Instrumented by

● 64 20” PMTs for the scintillator
● 16 20” PMTs for the water cherenkov veto

● Can reach the sensitivity of 10-16 g/g of 238U 
and 232Th

● Requirements for JUNO:
● solar ν : < 10-16 g/g
● MH (IBD) : < 10-15  g/g

OSIRIS

Central 
detector of 

JUNO



Satellite detectors of JUNO- Taishan Anti-neutrino Observatory 
(TAO)
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TAO

JUNO Yellow Book 

● 2.8 ton Gd-loaded liquid scintillator detector at ~30 m

● Baseline From the Taishan (1 reactor core).

● Measure the reactor spectrum for JUNO

○ Provide model-independent reference for JUNO

○ Possible improvement of nuclear databases

○ 30 × JUNO statistics

● ~Full coverage with SiPMs with ~50% PDE (@-50°C)

○  ~4500 p.e./MeV

○  1.5% energy resolution @1 MeV

○  <2% resolution at 1 MeV



Muon veto strategy
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