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Milestones in Neutrino Physics
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1930
hypothesis

1956
Discovery 

(Reines, Cowan)

1962
Discovery of ⱳⱧ

(Lederman, Schwartz, 
Steinberger)

2000
Discovery 

of ⱳ̱

É Neutrino oscillations

1998
Super-K: atmospheric 
neutrino oscillations

(Kajita)

2002
SNO: solar neutrino 
oscillations  
(McDonald)

2012
Reactor/Accelerator 
neutrino oscillations

É Neutrinos as a tool to explore the universe

1960s-1990s
Studies of Solar 

neutrinos (Davis)

1987
Supernova neutrinos
(Koshiba)

2007
Detection of 
geoneutrinos

Mass ordering?
CP phase?
ΧΧ

Neutrino mass̙
Majorana neutrinos?

Sterile neutrinos? 

Supernova Relic neutrinos
Cosmic neutrino background

ΧΧ

É Discovery of neutrinos and their properties

1988
1995

2015 2015

2002 2002
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Parameters in the 3 -flavor Neutrino Paradigm

ÉNeutrino oscillation indicates non-zero neutrino mass
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Neutrino flavor statesand mass states are connected 
by a unitary matrix U: 
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Oscillations from Different Neutrino Sources
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n1

n2

n3

sin22q12 ~ 0.9

sin22q23 ~ 1

q13 

Daya Bay
Ådiscovered the third 

neutrino oscillation 
mode in 2012

ÅCompleted data 
taking in 2020

~6%
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Long -baseline Accelerator Neutrino Experiment
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The NOvA Collaboration., The T2K Collaboration. Joint 
neutrino oscillation analysis from the T2K and NOvA 
experiments.Nature646, 818ς824 (2025).

T2K

NOvA

Next-generation experiments (DUNE/Hyper-K) will 
push the oscillation precision frontier even further.
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ÉReactor neutrinos provide a clean tool to make precision measurements of neutrino 
oscillations

 

Reactor Antineutrino Oscillations

üMeasure how ⱨ▄ oscillate into other 
flavors

üAccess to Ᵽ  , Ᵽ , ◕□ , ◕□  
and the mass ordering

üNo dependence on Ᵽ  and ♯╒╟ 

üBaseline is set by physics goals

6
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Mass Ordering by Reactor Neutrinos 7

Dm221 
|Dm232| 

~ 3%

Require high statistics, excellent energy resolution and low backgrounds. 7

JUNO
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History of Reactor Neutrino Experiments

New results just released!

Presented by J. Pedro Ochoa-Ricoux
Physics of the Two Infinities Conference, 2025

ÉWe are entering a new era of reactor neutrino experiments
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Jiangmen Underground Neutrino Observatory

É Use reactor neutrinos to determine the mass ordering

É Equal distance to two reactor power plants for doubling the neutrino flux

Yangjiang NPP 
17.4 GW

Taishan NPP  
18.4 GW

Daya Bay 

NPP

Huizhou

NPP

Lufeng

NPP

53 km

53 km

Hong Kong

Macau

Guang Zhou

Shen Zhen

Zhu Hai

2.5 h drive

Previous site candidate

Daya Bay JUNO

Talk by Y.F. Wang at ICFA seminar 2008, Neutel 2011;  
Paper by L. Zhan, Y.F. Wang, J. Cao, L.J. Wen,  
PRD78:111103,2008;  PRD79:073007,2009
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JUNO is Actively Taking Data

üOn August 22at ~22:12,water in Acrylic 

tank was fully replaced by Liquid 

Scintinator  

üCalibration started at 14:00 of Aug. 23 

üData taking for physics started on Aug. 26 

at 5:30am (Beijing time)

ü Total  LS in CD: 23231.6 m3 
ü Total  water in  pool :  41225.1 m3

10
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A Golden Reactor Neutrino Event
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Prompt e+ signal Delay neutron signal

Inversed beta decay
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JUNO Detector
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JUNO Timeline

First Results 

announced!

2025.11.19
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Clean and High -precision Detector

ÉñInitial Performance of the Detectorò submitted to Chinese Physics C 

(arXiv:2511.14590) 

Keys to achieving good measurements

Â High-efficiency muon veto detector

Â Ultra-low natural radioactivity inside 
detector

Â Unprecedented energy precision and 
resolution in large LS detectors
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Muon Veto Detector Performance 

Â Cosmic muons tagging efficiency ~99.98%Â Ultra-pure water attenuation length ~75 m 

arXiv:2511.14590 

To ensure high detection efficiency in the WCD, water transparency is very important.
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Measurement of Cosmic Muons 

Â Measured muon flux & angular distribution highly consistent with Monte Carlo prediction

arXiv:2511.14590 The mountain profile is accurately simulated.
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Clean Detector

Â Ultra-low natural radioactivity, fulfill reactor neutrino oscillation measurement

Muon Veto Detector Specification Measure

222Rn (mBq/m 3) < 10 <10
226Ra (mBq/m 3) < 1 < 0.01

U/Th (³10-15 g/g) <10 <0.4
20,000 tons of liquid scintillator with 
dust levels on the order of 10 milligrams.

Central Detector Specification Measure

Singles Rate (Hz) < 7.2 Hz < 7 Hz

238U/ 232Th (³10-15 g/g) < 1 < 0.1

210Po (× 104 cpd/kt) < 8 < 5
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Low -Level Detector Performance

5ŀǊƪ ǊŀǘŜ ƻŦ нлέ ta¢ǎ ƛƴ /5  

Waveform of a typical PMT

ÅLarge PMTs work fine
Å17612-16 LPMTs installed for CD                                                              

Å~22 dead PMTs (0.1%), ~300 flashing PMTs

Å20.6 kHz and 22.7 kHz of Dark Count Rate (DCR) for 
dynode and MCP-PMTs, respectively.

ÅGreat performance of electronics:
ÅGood grounding and low noise: 
ÅRMS ~2.8 ADC ch. Č ~0.055 PE

ÅPMT threshold: 0.2-0.3 PE/ch. 

ÅTrigger and DAQ work fine
ÅTrigger threshold: ~200 keV

arXiv:2511.14590 
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Calibration System & Strategy

Â Precisecalibration to understand 
detector response, using 
multiple sources, 
from 1D to 3D:

arXiv:2511.14590 
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Light Yield and Non -uniformity

Â  Light yield  ~1600 p.e./MeV for 68Ge and ~1785 p.e./MeV for 
neutron, better than designed values

Â  Energy non-uniformity is better than  ± 1% in the R<16.5m region 

arXiv:2511.14590 

Light-yield and residual non-uniformity are essential to achieve the target 
energy resolution to measure the mass ordering
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Energy Non -linearity

Â Energy Non-Linearity Characterized to <1% precision
-- a key factor for neutrino oscillation measurement

Good agreement between LPMT and SPMT Good agreement between data and MC

arXiv:2511.14590 
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Energy Non -linearity

Â Energy Non-Linearity Model agrees well with calibration data and cosmogenic 12B and 11C

arXiv:2511.14593 

11C
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Energy Resolution

Â Energy resolution for ‌ from 214Po is < 3% @0.93MeV
Â Energy resolution for 68Ge is ~3.4% @ 0.90 MeV
Â Furtherimprovements are possible with better calibration and reconstruction

arXiv:2511.14590 
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First Results from JUNO

ÉReleased on Nov. 19. ñFirst measurement of 

reactor neutrino oscillations at JUNOò, 

arXiv:2511.14593

Press Conference in Jiangmen
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Reactor Neutrino Selection

Â Coincidence of energy, time and space

Â Precise reconstruction of energy and vertex 
Č high precision measurement of oscillation 
parameters 

arXiv:2511.14593 



26

Backgrounds

Weekly Rate of reactor neutrino candidates

arXiv:2511.14593 

Good correlation between predicted and 
measured reactor IBD rate after background 
subtraction

Main backgrounds:

Â Correlated signals from decay of long-lived 9Li/8He
Â Geo-neutrinos: emitted from the decay of U and 

Th in the Earth
Â World reactors: Neutrinos from other nuclear 

power plants
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Results: Energy Spectrum

arXiv:2511.14593 

Â Consistent results from three 
independent analyses

Â Unoscillated reactor spectrum 
constrained through joint fit with 
released Daya Bay data 

Â The oscillation parameters were 
extracted through a frequentist 
analysis using a binned Ⱶ  with pull 
terms:
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Results: Neutrino Oscillation Parameters

Neutrino Oscillation Parameters

Â Precision of q12 andDm2
21 improved 

over experiments in the last 5 
decades by a factor of 1.6

PDG 2025 JUNO

Ўά 2.5% 1.55%

ίὭὲ— 3.9% 2.81%

World leading precision with 
only 59 days of data taking 

arXiv:2511.14593 
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Rich Physics beyond Reactor Neutrino 

JUNO
U. Katz and C. 
Spiering, Prog. Part. 
Nucl. Phys. 67, 651 
(2012)


