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Reactor Neutrinos
The JUNO Experiment
First Physics Results
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APS/Carin Cain

A PowerfuNeutrino Source

A Neutronrich radioisotopes e.g3%U,238U, 239Pu and?4Pufragment
A Daughter nuclei betalecay(towardsstability) emitting’ [
A ~6’ [ emitted per fission-0 ¢ 10 MeVin energy
A ~2x1020° [ st GigaWatt Thermal Power
A e.g.Yangjiangind Taisharin Guangdong26.6 GW
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https://physics.aps.org/articles/v13/36
https://www.energy.gov/ne/articles/nuclear-101-how-does-nuclear-reactor-work

Antineutrino Detection
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Neutrino Oscillation

3a a a
A6 parameters: - | ~

A2 independent massplittings
A4 angles (3 real + 1 complex)

Can probe oscillation parameters by
measuring neutrinos distance
travelled(L)and energyE)

Nuclearreactorsare excellent tools

for this!

JUNO's First Results | CERN + EUCAPT | Iwan MBld&a

" \‘1

1!
A /75

ll

/

16/12/2025



"Precision Measurement of Neutrino Oscillation Parameters
with KamLAND"Phy®ev. Lett. 100, 221803 (2008)

KamLANDLong Baseline Oscillations
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& h 0 a S Nadiedtrbreanfineutrino disappearance "Indication for the Disappearance of Reactor Electron Antineutrinos "Observation of Reactor Electron Antineutrino Disappearance

atDaya. | éPhyE. Rev. Lett. 108 (2012) 171803. in the DoubleChooZExperiment"PhysRev. Lett. 108, 131801 (2012) in the RENO Experiment "Phys. Rev. Lett. 108, 191802 (2012)
- 4 ~
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— Far Hall
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NEEIRRES

8x 20 tonliquid scintillatordetectors

Measured— ~ ¥ A makes NMQ accessibls

\_

Precision Measurement of Reactor Antineutrino Oscillation at
KilometerScale Baselines BayaBay PRIL30, 161802 (2023
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.130.161802

(Some) Outstanding Questions

PDG 2025 Value

Have measured neutrino
mass differences, what
about themass orderin@

-

-

~

— is relatively large,
# ¢ jcouldgive insight
Into matter-antimatter

asymmetry

/Are neutrinos Majora@
particles?

k(@)

What is the mechanism

for neutrino mass?
\ /

Are there more than 3
neutrinos? Are there non
standardinteractions?
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/1) Determine Neutrino Mas?
Ordering (NMO)

atmospheric:

2.5%1073 eV? 2) Precisely determine

atmospheric: oscillation parameters
2.5x107 eV?

) \_ o ml  andOE[l Y

solar: 7.5><10'5 eV

Normal Ordering Inverted Ordering
Qa Qa Q Qa Qa Qa
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JUNO Reactor Neutrlnos
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Screenshot Google Earth 2024

1) Determine Neutrino Mass

Ordering (NMO) U Maximal sensitivitfound at a baselineof ~53km

2) Precisely determine U Need 20,000 ton detector for enough statistics!

oscillation parameters

2 2 2
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.013008
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JUNO : Reactor Neutrinos
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oPotential to Identify the Neutrino Mass Ordering with
Reactor Antineutrinos in JUNIEhinesePhys. C 49, (2025)

]
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Excellent Energesolution
Needed to resolve fine oscillation structure
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https://iopscience.iop.org/article/10.1088/1674-1137/ac8bc9
https://iopscience.iop.org/article/10.1088/1674-1137/ad83aa

JangmenUndergroundNeutrino Observatory

20,000 tonliquid scintillatordetector, 700m underground

Vertical
shaft

.'l§

1.3km tunnel %
~23 incline
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16/12/2025 JUNO's First Results | CERN + EUCAPT | Iwan MBld&a 16



~650m
overburden

Top Tracker
3 plasticscintillator layers

a ™
Outer Cherenkov Detector
35kilotons ultrapure water

>2500HN € t a dj

PMTs
17,596H n £25.8900 ¢
e f

Acrylic Vessel
17.7 min radius
20 kilotonsof liquid scintillator

LAB + 2.5 g/L PPO + 3 mg/L-MSB
) L ¢ mg/L-NBB
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The JUNQO Detector

Chimney

LLiquid Scintillator
(1 kton

? _Photo-
<~ Multipliers

«—Buffer Oil

| Belly Plates
1 AV

External Water

>20x size increase compared to its

U Ultrapure water vs mineral oil LS shielding

i

predecessors!

S| NA

. 2+ w35
detector design

NI

U Nylon balloon vs acrylic vessel?

Stainless steel tank vs support structure

20 kton LS

Inner Vessel: $35.4m
Out Vessel: $40 m

Muon Tracker

Outer Vessel

a Kl

LJ

JUNO Conceptual DesiBeport,

Water Pool

20 kton pure water

arXiv:1508.07166 (2015)
Neutrino physics with JUNQ,

6 kton mineral oil
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https://arxiv.org/abs/1508.07166
https://iopscience.iop.org/article/10.1088/0954-3899/43/3/030401

The JUNQO Detector
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Want maximal light collection from charged particles
Liquidscintillator~10,000 photons MeV
2 A 0K W' B IN€edl a~20/mbldton attenuationlength inLS*
Light collection is positicdependentA non-uniformity

* Optimizationof the JUNO liquid scintillator compaosition
using eDayaBay antineutrinaletector, NIMA 988 (2021)  JUNO's First Results | CERN + EuCAPT | lwan MBld&a 19



https://www.sciencedirect.com/science/article/pii/S0168900220312201?via=ihub

dPrediction of Energy Resolution in the JUNO

=

JUNO : Detector Comparison™ "

-
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JUNO:

Energy Resolutiof

<3% @ 1I\/IeV)
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https://iopscience.iop.org/article/10.1088/1674-1137/ad83aa

ﬂ JUNO
7
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U ~40m baseline frontaisharNPP

U 2.8 t Gdloaded LS (1t fid. volume
U SiPMcoverage: 94%

U Operating temperature:503 _
(i Energy resolution <2% @ 1 MeV
( 1000 IBDs / day =

(i Under commissioning, physics data . . .
taking soon upcoming Internal view of TAO an@iPMs
U Measurement ofeactor energyspectrum Construction of TAO detector
with unprecedented energgesolution connectingSiPMs

16/12/2025 JUNO's First Results | CERN + EUCAPT | lwan MBldka 21


https://www.sciencedirect.com/science/article/pii/S0168900223000207
https://www.sciencedirect.com/science/article/pii/S0168900223000207

NMO withReactor Neutrinos

Expected NMO sensitivity lrgetime

Reactor U, signal IBD event number (x103) . . ] ] ]
e - . Oscillation physics with reactor neutrinos

Parameter shift: |6
+30 of PDG2020
—30 of PDG2020

JUNO 6
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3 2.4% 0.3%
OE+ 4.0% 0.5%
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Expect roughly order of magnitude improvement
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Commissioning

2013 A Project begins

Jan . _
2015 A Civil construction starts
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Commissioning

2013 A Project begins

NET

2015 A Civil construction starts

2022 A Detector installation

2024 A Installation complete

16/12/2025

Evolution of detector installation
(animated gif)
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Commissioning

2013 A Project begins

Jan . _
2015 A Civil construction starts

2022 A Detector installation

2024 A Installation complete

Construction of the acrylic vessel
(video)
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Commissioning

2013 A Project begins

Jan . _
2015 A Civil construction starts

2022 A Detector installation

2024 A Installation complete

Preparing and cleaning the acrylic vessel
(video)
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Commissioning

2013 A Project begins
NEL . _
2015 A Civil construction starts

2022 A Detector installation

2024 A Installation complete

Checking the acrylic surface prior to filling
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