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Nature 646, 818-824 (2025).
e T2K and NOvA combined fit shows favor of inverted ordering.

® JUNO is committed to provide the independent & orthogonal NMO input

® — Synergy with accelerator v facilities
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Nevormo v Mass Ordering (NMO): Sign of Am3,

Oscillation _Neutrino Mass Ordering
Results from e — m
JUNO e
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Newtrino Jiangmen Underground Neutrino Observatory
Oscillation
Results from

JUNO

v Osc.illation H
Machine Overburden
~650 m
(1800 m.w.e.)

Vertical tunnel /—.

563 m

Yangjiang

736.0m
6x2.9 GW,,

Slope tunnel
1265 m 4 42%

i

® 52.5km captures the first minimal of v12 oscillations.
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et /v scintillation light are collected by photomultipliers.
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Machine

Exemplary spectrum, 6y
(10° events, 0, /E = 3%VE[MeV])
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Sensitivity to v Mass Ordering
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Ax? is the x? difference between correct and wrong hypothesis.
30 determination in 6.5 years. Chin. Phys. C 49 033104
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JUNO Design

veto
detectors:
tracker, water

A
S| \nquid

1

117596 250cm

125587 27.6cm

photomultiplier

\ \ [Itubes
= 1|2404 250cm veto

20kt

scintillator

A Liquid Scintillator Detector

Large Exposure
® proven technology to scale up.
e world's largest by 20x.
Measurement of v Energy
® bright liquid scintillator.

® maximize the coverage of
photomultiplier tubes.

® > 1700 photo-electrons/MeV.
Control of Backgrounds

o effective impurity removal:
filtration, distillation, absorption.

® active shield of water and p tracker.
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Oscillation

Results from
JUNO KamLAND 1 000t

{- Proximity to 8 nuclear reactors 1
| and unprecedented size

JUNO Design
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High Energy Resolution with Dense PMT Array

KamLAND JUNO

PE vyield per MeV 250 >1700
Resolution @ 1MeV 6%7% ~ 3%
Photocoverage/% 34 78
PMT QE x CE/% 12 30
Relative light yield 1 1.5

supporting-bar

4

[ AN
___acrylic sphere
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Oscillation
Solvent: LAB ’ . Wavelength
Linear Alkyl-Benzene - P 5FI>J|?;PO ';Q{‘PGQ’ shifter:
88% C +12% H 9

JUNO

Results from
3mg/L bis-MSB

JUNO Design
g 1.001 = ppo absorption
20.75 X —==- bis absorption |
E 1‘ ppo emission
i . . 2050 1" v7  bis emission
e Carefully designed liquid < Vi S -
o . 0.25 4 Wiy
scintillation cocktail. > A
g 0.00
° ici issi S —— Hamamatsu R12860
_Effllaer?ct transmission of £ 030 T Hamamateu R12
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. . . -l Y .
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NIM A 967, 163860 (2020), JINST 20, P05009 (2025).
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Neutrino Decade-Long Endeavor

Oscillation

RESJ“L'RI gOm 2013 2015 2022 1 Dec 2024 18 Dec 2024 1Feb 2025 8Feb 2025 22 Aug 2025 26 Aug 2025

Project Start of civil  Detector Detector Water filling LS filling Start of
begin construction installation completed data-taking

Detector
Performance

12-years from civil excavation to sub-percent precision physics.
® total LS 23231.6 m3; total water 41225.1 m?.
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Neutrino Stable Operatlon
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Results from
JUNO e Data taking > 98 %.
e Calibration twice a week with laser and AmC sourcel.
[}

Physics data > 92 % duty factor.

Runs 9737 - 11039
D 100 ———— .
etector %
Total good data time:
Performance S 60
s 80 tgood = 59.08 days 2
g Fraction of good data: 50 E
= tgood/tonys = 99.44 % :
2 ‘00 t = 9 40%
e ‘good/tphys + calib = 94.60 % %
S tgooaltatternn = 91.44 % | === == Bad/test data 30§
5 40 tgood/teatendar = 85.92 % 7*/* High Rn data 3
= = Calibration (258 runs) o
= == 203
5 20 L == Good data (665 runs) £
0 b= ~— DAQ time (phys.+calib.) || 193
.--""‘EﬂJ —— Good physics data
¥ et Y T =
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70 72077 10

!Detector maintenance performed during calibration source moving.
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Neutrino Calibration chin. Phys. ¢ 50, 043001 (2026)

Oscillation
Results from

JUNO ® Extensive calibration at the beginning of data
taking of Aug. 2025

® Multiple calibration sources covering wide
energies and positions.

Detector ® Natural radioactivity and cosmogenic sources
Performance Comp|ementS

PY 210PO, 214Bi-214P0, 12B, 110.

. —— %Ge (10 min)
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1705 (20 min)
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Event Count / 20 PE
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Newtrino PE Yield and Residual Non-Uniformity

Oscillation
Results from
JUNO 2.30 | Neutron a
° H i A AmC source
Analytic/ML tools driving the energy 28] O ao s
resolution limit. = [ Muon spallation inside fiducial volume
3
] ) ) . \2_/ 2.26
® Energy non-uniformity within £0.5% for =~ 2 W o0
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Chin. Phys. C 50, 043001 (2026); arXiv:2511.14593



Newtrino Energy Resolution and Non-Linearity
Oscillation
Results from

JUNO ® Energy non-linearity calibrated to < 1 %.

® Energy resolution is approaching the design level.
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Chin. Phys. C 50, 043001 (2026); arXiv:2511.14593
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! The Reactor 7, Sample
scillation

Results from

JUNO S0F JUNO 2025 —— Prediction ]
. i . . . P 59.1 days é Daa
® Final IBD coincidence selection is by B ey
T 40
tempo-spatial and energy criteria. £ s
e Signal efficiency ~ 70 %, fiducial volume N ;
25 . off
R < 16.5m dominant. o e
FFFTFF P SO
Oscillation
Measurement 15.0 300
a 103 b ¢ Data c +
1251 20 IBD 250 — Fit: t
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arXiv:2511.14593
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Oscillation
Measurement

Events /0.1 MeV

———
JUNO 2025
59.1 days
Data
Best fit
T signal
Non-oscillated 7,
Li/*He
Geoneutrinos
World reactors
214p.214p
Other backgrounds

o wo

Resi. (0)

I
w

Meas. osc.
Non-osc

arXiv:2511.14593

Prompt energy (MeV)

The Reactor 7, Spectrum

® Show the breathtaking data vs. un-oscillated prediction plot.
® The visible oscillation patterns.

Antineutrinos (7.) Candidates Summary

DAQ live time (days) 59.1

Ve candidates 2379

Selection Efficiencies (%) € Orel
Fiducial volume 80.6 1.6
PMT flasher rejection >99.9 negligible
 veto 93.6 negligible
Multiplicity 97.4 negligible
Prompt-delayed coinc. 95.1 0.13

Total efficiency (£¢ot) 69.9 1.6

Ve signal (cpd!)

W/0 ot corrected 33.5+£1.7

W/ Etot corrected 479+2.6

Non-oscillated e 150.9£2.7
Backgrounds (cpd) Pre-fit Best-fit

9Li/®He 4.3+14 3.9+0.6

Geoneutrinos 1.24+0.5 14404

0.88+0.09 0.88+0.09
0.18+0.10 0.20%+0.10
0.04£0.02  0.04 £0.02
0.024+0.02 0.02£0.02
0.05+0.05 0.07+0.05
0.08+0.04 0.07£0.04
49403 4.9+£03

World reactors

214p; 214p,

3C(a, n)'°0

Fast neutrons

Double neutrons
Atmospheric neutrinos
Accidentals (x10—2)
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Results from
JUNO . . . . . Experiment Value
E PDG 2025
~ :
5 St : SNO (2011) - 0209 000 5089,
0 . ) / . . SK (2024) _ . 0324 +0021 7729
3 9r : ; : : =0 ——
JUNO 2025 all solar v (2024) t 0306 083 @
59.1 days SNO+ ’
8.0 oL AND (2025) KamLAND (2013) —5 0325 +008 12.0%
am
& s al (2013) JUNO i 0309 ;g;ggg.@
Gt a T 025 03 035 04
Measurement 5 Exnerimont ’ ’ ) ’ il
xperimen alue
s 70} . ]
RS SNO (2011) —_— 1 . 5.6 *15 2946%
g 651 % Best fit [ 1 SK (2024) 6.10 +128 17.38%
< =
60L & s I ¢ ] all solar v (2024) 6.10 097 14.43%
' SK + SNO o
(2024) 3o ‘ KamLAND (2013) 7.54 1019
55¢ F 1
SNO+(2025) s 7.96 X348 5.65%
026 028 030 032 034 036 0 5 JUNO - 750 108
Lo ) P0G 2028
sin” 61, AX 4 6 7 s 9

g
Am3, [x1075 eV?]

Unprecedented precision achieved by JUNO. arxiv:2511.14593
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Neutrino Summary and Prospect

Oscillation

T e JUNO is fully operational and delivering sub-percent precision on A m<p;.

Impact on the 3-flavor v oscillation paradigm

e JUNQ's precision tightly constrains the parameter space.
® Powerful input to test leptonic flavor models.

® Setting the stage for the mass ordering measurement.

\ ACU o
\ _Plastic Scintillator
Summary —If:;:‘_idd (HDPE)
o o
JUNO-TAO i
2 - Overflow Tank
® JUNO-TAO as the ultimate k L b e
reference for reactor spectrum. . e
. . ™ SiPM Array
® TAO started data-taking in Feb. o : I
+Acrylic Vessel
2026 . o ® g + SS Tank
—T= 1 Insulation (PU)
o o 3 - C
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Backup

PMT electronics stability

Large PMTs (LPMTs):

Lost 0.1% LPMTs during installation in the Central
Detector (CD)

Approximately 2-3% of large PMTs flashing at any one time

20.6 kHz and 22.7 kHz of Dark Count Rate (DCR) for
dynode and MPC-PMTs, respectively

Electronics:

Low noise levels (mean pedestal RMS of 2.6 ADC
counts roughly 0.05 PE)

PMT Threshold at 0.2-0.3 PE

Trigger:

Threshold at 200 keV

arXiv:2511.14590

10

100 [ CD LPMTs
1 Dynode LPMTs
2 300 1 MCP LPMT:
.é
5 200
100
0
0 25 50 75 100
DCR [kHz]
%107
1.0F —1-MCP 1
08 ] Dynode ]
w [ CDLPMT
Q
‘5 0.6
=
=]
= 0.4
0.2 1
0.0 4 6 8
RMS (ADC)
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Backup

* Water Cherenkov + TOp tracker ‘ NIMA 1057 (2023) 168680
» Water Cherenkov detector
— 35 kton water to shield backgrounds from the rock
— Instrumented w/ 2400 20-inch PMTs on SS
structure
— Water pool lining: 5mm HDPE (black) to keep the
clean water and to stop Rn from the rock, covered
w/ tyvek
— 100 ton/h pure water system
Requirement: U/Th/K<10-'* g/g and Rn<10
mBg/m3, attenuation length>40 m, temperature
controlled to (21+1) °C
* Top tracker
— Refurbished OPERA scintillators

— 3 layers, ~60% coverage on the top
— A0 ~0.2°, AD~20cm
» Earth Magnetic Field compensation coil

2/6



Recent

Neutrino
Oscillation
Results from

JUNO

Backup

Clean detector

Measured radioactivity in LS and water better than specification

 Radiopurity control of raw material, cleaning of inner surface, 222Rn control

Central Detector Specification Measure (17.6m<R<17.69m; 0.7<E<6MeV)
Singles Rate (Hz) <7.2Hz <7Hz o
238 /232Th (x10°5 g/g) <1 <0.1 - 102
210pg (x10% cpd/kt) <8 <5 = =

E o
Muon Veto Detector Specification Measure ™ 5 10t
222Rn (mBg/m?3) <10 <10 -10
226Ra (mBqg/m3) <1 <0.01 -15 ; .

10

U/Th (x1015 g/g) <10 <0.4 S g PR
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theta

Water phase: stopping muon

RUN.3639.JUNODAQ WaterFull.ds-2.global_trigger.20250207 170922 ulo dat

id: 4629, Ilmealamp 1738919396.668489648, Ingger CD, st



Recent
Neutrino
Oscillation
Results from
JUNO

Backup

theta

o Acs
Dynode.

Water phase: michel electron

RUN, iéw JUNODAQ.WaterFull.ds-3.mm_trigger.20250207 I7L!920 004.dat
31755, urmump 248465.526773024, Ingger MM, start: 0

1355
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The oscillation parameters are extracted
. through a fit of the oscillated energy spectrum

Backup

Data from nearby Reactor Unoscillated Flux i,
| lant
) T e o T e
70b JUNO 2025 |
i Huber-Mueller Mode F | 59.1 days

+ Data |
Oscillation Parameter:

w
S S
IRRE SRR RS

>
in® ‘ ﬁ | \ ‘ |
(sin” 0y, Ams, free) Oscillation Effects S40F \\ {b HMH} {
Matter effects (small §30 *\ {M H W\\
: @

o . . -l b . 200 ’H{ E
...... St - Detector Response 1ok iy E
----------------------------------- grm————————— +++++

A.' 0 L TR SR - | 't L
3 < Prompt energy (MeV)
................ BaCkrondS . TAO data will be available for
Energy Resolution St ot [— future analyses
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