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JUNO Project and the Collaboration

* Project firstly approved in China in 2013 and later in other countries. Civil construction started in 2015.
* Collaboration established in 2014, now >700 collaborators from 70 institutions in 16 countries/regions.

Country Institute Country Institute Country Institute
Armenia YerPhl China SDU Italy INEN-CT
Belgium ULB China SJTU Italy INFN-FE
Chile SAPHIR China SUSTech Italy INFN-LNF
Chile UNAB China SYSU Italy INEFN-MI
China BISEE China THU Italy INFN-MIB
China CDUT China UCAS Italy INFN-PD
China CNPRI China WHU Italy INFN-PG
China CUGB China WuYiU Italy INFN-Roma3
China DGUT China XJTU Pakistan PINSTECH (PAEC)
China ECUT China XMU Russia JINR
China GXU China ZZU Slovakia FMFI-UK
China HIT Czech Charles U. Taiwan-China NCTU
China HunanU Finland JyU Taiwan-China NKNU
China IGGCAS France CPPM Taiwan-China NTU
China IHEG-CAGS France IJCLab Taiwan-China NTUT
China IHEP France IPHC Thailand CHULA
China IMP France LP2iB Thailand NARIT
China JNU France Subatech Thailand SUT
China JXNU Germany EKUT U.K. U. Liverpool
China KNRC Germany GSlI U.K. U. Warwick
China Nankai U. Germany U. Hamburg USA UC-Irvine
China NCEPU Germany JGUMainz USA UMD-G
China NJU Germany RWTH-AC
China RNCG Germany TUM

+Observers: USTC, Peking Uni., Jilin Uni., Beijing Normal Uni., CIAE (China), PUC, UEL (Brazil)
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Detector Design & Performance



JUNQO: Location & Primary Physics Goal
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Distance to Reactor (m)

v’ Use reactor neutrinos to determine the mass ordering (sign of Am?s,), independent of matter effects and
CP phase;
v Equal distance to two reactor power plants for doubling the v flux;

v With an overburden of 650 m, reducing the muon rate to 4 mHz/m? with an average energy of 207 GeV;
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JUNO: An unique approach to determine neutrino mass ordering

KEY PARAMETERS x10°

100F .
L 6 years of data takll‘lg —— No oscillations

Only solar term
—— Normal ordering
—— Inverted ordering

® |arge statistics
v 20 ktons of LS

80 Uy —

60

® 3%@IMeV energy resolution
v LSlightyield >1200 P.E./MeV
v LS attenuation length>20m 20(
v’ PMT coverage 15%

a0t

Events per 1 MeV

® 1% energy scale uncertainty Es, (MeV)

v Four complementary calibration .
P-r:-f:(LffEJ - I_PEI_PBI_PSE
systems

Py = cos?(#13)sin®(26012) sin® (Aa1)
® [ow background Py = cos®(f12)sin®(26,3) sin® (Ag)
v A “clean” central detector Piz = sin®(612) sin® (2613) sin®(Aa2)

v’ \eto detector




JUNO Detector

® C(entral Detector:
v 20 ktons of LS + Acrylic Sphere;
v 17612207 PMT +2560037 PMT;
> Coverage: /8%
® \/cto Detector:
v' Water Cherenkov detector
» 41 ktons of ultrapure water;
> 2404207 PMT +348 20" PMT + 600
8" PMT;
» Farth magnetic field compensation
coils;
v Top tracker detector
» Plastic scintillator covering ~half of
the WP;

Top Tracker

Cover

Top WCD PMT

Water pool

Earth magnetic field
compensation Coils

- Calibration House

2 Chimney

: Acrylic spherical
e vessel filled with LS

|

SS structure
CD PMT

E
3 WCDPMT

Supporting legs

d

?43.5 m |
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Liquid scintillator

1) Al,O, for optical transparency 2) Distillation for radiopurity 3) Water extraction to remove
radioactive impurities

4) Gas stripping to remove Rn and O,

e Foroptimaltransparency and light yield: 26.0 ‘ . . . ‘
v Recipe: LAB+2.5g/L PPO +3 mg/L bis-MSB + 322'5{ {Eiﬁ ﬂﬂ}ﬂﬂﬂ E}E}h
= 200 I&@} I -
0.005% BHT; 2 %{ _
v Production: Four purification plants + LS Mixing ; g 150l Weighted Attenuation
v Auxiliary device: HPN plant + UPW system; £ 25} . —length: 20.6 m
>

v Background: U/Th<10%g/g, Rn<ImBg/m?; 100y

2025I Feb Mar Apr May Jun Jul Aug
Sampling time

HEP + NNN26 Seoul - Page8



Central detector

® 263 Acrylic panels thermally pressed and machined to the spherical shape, bonded together in-
situ through PMMA polymerization;
® SSstructureto hold the acrylictank and PMTs, through steel bars with springs and rotating heads;
® (Clearance between PMTsis~3 mm, to maximize coverage;
® \Water soluble paper film on acrylic to stop Rn decay daughters, high-pressured UPW is used to
remove dust and paper film before water filling ;
® Resistivity~18 MQ*cm, U/Th <10 g/g, Rn<10mBg/m?;

Cong Guo + IHEP « NNN26 Seoul * Page9



Water attenuation length (m)

Water Cherenkov detector

®The WCD uses 41 ktons UPW to tag muon and passive shielding;
®The water in the WCD is circulated and purified by an UPW
system at a flow rate of ~100 t/h;

®Muon trigger rate in CD ~5 Hz, in Water Pool (only) ~4 Hz;

®\Muon detection efficiency of CD through-going muons >99.5%;

N
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Detector filling

End of Expected end of
Dec 18,2024 \yater filling "0 82925 Mixed phase - f:'”'”g
' ' Water phase :
Start of Feb 1, 2025 Start of Aug 22, 2025
water filling LS filling

JUNO Liquid Level Display

® UPW filled in CD:
v/ 226R3 < 10 uBg/m3;
v 222Rn<10mBg/m?3;
® ThelLSfilling speedis 7 m3/h;
® [ SintheCD:23231.6 m3;
® Waterin the pool: 41225.1 m3;

Height(m)
= N L) N

004 L
LS:44.12 m CD Water: 15.38 m WP Water: 42.68 m
Vis: 17615.4 m? LSIn: 0.0 m¥/h WaterOut: 0.0 m3/h

N o= O
Stage




Avery clean detector

e F[orreactorneutrinos: (r<17.2m & E>0.7MeV) (17.6m<R<17.69m; 0.7<E<6MeV)
v Clearly see the steel structure: acrylic surface background from 12 ”
dustis limited =» washing is effective sl 4 10?
Single event rate: <6 Hz (design 7.2 Hz) E o
Background simulation includes LS, PMTs, steel structure, _;: 1o
acrylicand water (including Rn) = Good agreement with data sl
10°

e [Spurity:

r<16.5m 3.6+0.1 1.4+0.1 4.80+0.1 2.0+0.1
(+ remove top
hot spot)

Cong Guo + IHEP + NNN26 Seoul - Page 11



Latest Physics Results



Light yield and energy resolution

® Lightyield at the detector center is ~1600 P.E./MeV for 8Ge

and ~1785 P.E./MeV for neutrons, in good agreement with MC;

® Fnergy resolution for %Ge is ~3.5% @ 2x 0.511 MeV at the

center, slightly worse than the expected 3.1%;

® Energy resolution for a from 24Pois ~2.9% @0.93MeV;

SE8 S . ::*,,.«I-"
b Ht‘"‘" ‘‘‘‘‘‘‘ Boog-g-g--- oo ‘.g.
?
: :
¢ %
I -i --4-- 58Ge data "
¢ --8-- 68Ge MC

L o o e i & B BEE S EETTE R ey i

~10 5 0 5 10 15
Source Z position [m]

-15

s

r3 [m3]

_ x*/ndf: 388/351
10" 68G e Pile-up Pro. 4.9 % 1
p: 0.908, o2 0.032 ]
T 0/E 352 %
=) _ MC: Compton
E‘ 10! MC: ¢! in-flight
= \ 7~ 1.08 MeV
[am it PN [ : MC: et +
= I / ) m ' i ___ C pile-up
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M 102 1 -. ! |[ ||“ $ Data
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s i
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* o 00000..0,¢¢,¢0§ !
a |
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|
i i
I
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Calibration and energy uncertainty

® Four complementary subsystems, Automated Calibration
Unit (1D), Cable Loop Systems (2D), Guide Tube Calibration
System (2D), and Remotely Operated Vehicle (3D);
® Performed calibration:
v 1D (ACU, central axis): 13’Cs, >*Mn, 49K, %8Ge, 0Co, Am-C,
Am-Be, sensors, laser
v 2D (CLS, vertical plane): Am-C, ¢8Ge, 137Cs
v 3D using cosmogenic backgrounds:
» Bi-Po214 from Rn decays, spallation neutrons,
other cosmogenic isotopes
® Non-linearities of LS and electronics are determined by
calibration sources at the center: %8Ge, 137Cs, >*Mn, 40K, %0Co,
Am-C, and Am-Be;

® Uncertainty < 1%;

L L L L L L BB ]
N — " Am-C + T Ge ]
L ///____.-—-,?E—-—En“:s _
151 o - " o4 +%co -
L //, Yoo Q  uin ¢ Laser 266nm |
[~ * : b 3 + Laser nim @ Laser nm T
| et BB RS R
C // voo ol " :"§ 7
L ¥, O _
. R .
5// / F,.i * . e com | q —
L/ R Fiw ]
- . * .. = ] -
E o [ P ! N M
N :\ \ - . e 3 2 ]
_\ . i | N ]
AL P AR S e R )
L \ . B / N ) _
- ® + . E —
710_ ‘\\ M : / ha E 1
C Nt / i : ]
SN .
-15 R i i 08 8 7 & & 4 [
- }iﬂj:;jt::;/ e
Do b I b b b L
-15 -10 -5 0 5 10 15
Y [m]
1.05 ~
'I(-o‘
1
0.95 y @Detector

o
©

0.85

Data / best fit  Scintillator nonlinearity

0.980

¢ Single gamma source
¢ Multiple gamma source
—— Best fit model

center

e

1.01F

—_
T]TT

Fvova b b b b by o ben i L |
1 2 3 4 5 6 7 8 9

Effective gamma energy [MeV]



Reactor neutrino selection

15.0 ——
300 : . : :
a 103 b + Data c +
1251 Mpemeeey 180 ‘ 250 — TFit: ] +
Q 1
3 : 7=203.147.7s bt
= 10.0 : 200} ¢ A }
23 i 102 2 4
g 75 i Z 150 ¢
: e S A
= 5.0 . o0 ¢ ++
e ! <ol A ot
A 95t i- ot
= -: . . . . . . . ........_.__.,_
TR T 10° 00.0 03 0.6 09 00 03 06 09 12 15
Delayed energy (MeV) Time interval At (ms) Spatial separation Ad (m)
JUNO Preliminary. June 2026 @ Expected IBD rate ¢ Data IBD rate
50 | ] L .
~70 { ______________________ Full-power expected e Promptanddelayed coincidence in time,
£ 40 :
Y space with energy features;
= 30 t .
%3 e Measured reactor neutrino event rate
g 20 : : :
s consistent with expectation;
10
2025-09 202510 202511 202512 202601  2026-02 2026-03  2026-01  2026-05 e Jotallivetimeis207.2 da S,
Date
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Meas. osc.

Measured reactor neutrino spectrum

Resi. (o)

250 T | L | . a Antineutrinos (V,) Candidates Summary
:a' "11‘ JUNO Preliminary. June 2026 @ DAQ live time (days) 2072
500 F,'J I"-.I v, candidates 8204
| r b ) . ] Selection Efficiencies (%) € Orel
,‘Il ‘L'- JUNO live time: 207.2 days Fiducial volume 87.12% 0.96% o )
J JUNO Data PMT flasher rejection >999%  Negligible Fitting  constrain ed
i X*/ndf=495.27/500 ] 1 veto 93.67% 0.02%
i 7, signal Multiplicity cut 95.94%  negligible by the near detector
' + Non-oscillated 77, Prompt-delayed coinc. 95.50% 0.32%
’Li/*He | Correlated discriminator 98.99% 0.15% S p eCJ[ a ]CrO Mm J U N O -
Geo-neutrinos Total efficiency (&) 74.01% 1.02%
world reactors V. signal (cpd) TAO  measurement
' Bi-""Po | w/o gp corrected 36.02 + 0.62
Other backgrounds W/ £ corrected 48.67 + 1.08 resu ItS an d D aya Bay
) Backgrounds (cpd) Pre-fit Best-fit
] °Li/*He 1.05+£0.27 1.41+0.26 measurement result
Lo : ° o3, - “. - o ':{ - c . . Geoneutrinos Free 2.12
0Fedg s ':*;'s.:,_-":.':'-".’-."ﬂ-',,-.‘af:'-'-:-‘“r e L LT World reactors 0.92 £ 0.09 0.92 = 0.09 (PRL 130 16, 161802)
A P 214B;214pg 0.42+ 031 057 +0.34 ’
—3 ' . BC(a, n)1%0 0.05 + 0.02 0.05 + 0.02
g; 1 2 _+ _____ _I_'_ I SR Fast neutrons 0.024+0.02 0.02 +0.02
g T — Double neutrons 0.104+0.10 0.13 £0.10
7 . . Atmospheric neutrinos 0.09 £0.04 0.11 £0.05
0 2 4 6 8 10 12 Accidentals 0.07 +0.01 0.07 + 0.01

Prompt energy (MeV)



Results of the solar oscillation parameters

. - e [Fventhough the statistical uncertainty is dominant,
JUNO Preliminary. June 2026 @
o \ / """"" systematic errors become important:
5 °f =7 : 214R] i '
N A v Bi bkg. and detection eff. can be improved
8 (5) [ e :_ RS R IR sinz(i‘12 Precision (%) stat.+1 syst.
"I % JUNO 207.2 days [ ] Stat-Only 1.2995 |
[ ISNO+ ] Power 0.1368 1
8.0 lo (2025) ] Spent nuclear fuel 0.0415 |
LT . : e Non-equilibrium 00631
JUNO 59.1 day Kdl‘n]“‘fx‘\]‘) Fission fraction 0.1059 W
o JUINLU 9. Sl (2013) Fission energy 0.0398 |
> 50 [ T Detection efficiency 0.5755 |
[ [ e Matter density 0.0673 | |
o [ Detector response covariance 0.4081 [
< 70F 4k 4 Reactor spectrum 0.3961 [
'; [ Bkg rate 10781 [
S L . : Bkg shape 0.2081 -
el it : AlSys LoIT2 |
‘S . Total 2.0700 I||\||\||\|||1| ||‘|\\
< ——— ® ] Am; Precision (%) stat.+1 syst.
6.0 F : I 1k - Stat-Only 0.8741 \
[ SK + SNO 10 ] Power 0.0729 ||
(2024) I Spent nuclear fuel 0.0261 1
55F 1t ] Non-equilibrium 0.0384 |
) [ 1 Fission fraction 0.1069 [
............................. Fission energy 0.0194 |
0.26 028 030 032 034 0360 5 Detection efficioncy 02775 |—
. 9 9 Matter density 0.0125 |
S1n 01 9 AX Detector response covariance 0.1531 -
Reactor spectrum 0.2794 |
A 2 _|_ 0 9 0 Bkg rate 0.3585
m2,, | 7.388%0.078 (1.60% ->1.06%) T,
- AllSyst 0.6090 I
sin%,, | 0.30360.0064 (2.8%->2.1%) U067 bR

000 025 050 075 100 .
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Result of Am?;,

JUNO Preliminary,June 2026 @ === DYB Constraint JUNO
20.0 L ) T T T ] > T T T T T T T
1 '.f 'l| )
. \ I
ks | i \ !
i I A !
15.0 \ ] \ ]
\ I ] !
12,5 \ ! \ ]
. \‘ J’ \‘ J"
> 10.0 \
< \ ! \ |
\ ) \ [}
\ 1 \ I}
5.0 \ /i \ i
\ I A f)
25 Y ! \ li
: \ / \ /
A\ / N\ /
0.0 : " : : : e : : : R :
3.0 28 26 24 22 20 1.8 L6 L6 L3 20 2.2 24 2.6 2.8 3.0
Am3, [10 # eV Am3, 10 eV
o = ——Amj3, profile with DYB constraint
JUNO Preliminary. June 2026 D :
===-Feldman-Cousins lo
14 ; 14 — \ :
120 AmZ = — 248210052 x 1077 eV 12F  Ami =2.5097005: x 1073 eV/
10} [-1.05%, +1.00%)] 10} [-1.00%, +1.08%]
o™ 8F ™ 5 L
o< <
<1 4 <1 6}
At At
27 o e e gy — . 2- L —— - e e .
0 L 0 [ L L
2.40 2.45 2.50 hh 2.60

Due to statistical fluctuations,
JUNO only profiles of Am?s;
nave multiple minimal;

The final minimum for each
mass ordering is obtained by
using the Am?;; constraint
from the Daya Bay result (PRL
130 16, 161802);
Feldman-Cousins (FC) method
is used to determine the 10
~1%

range  of  Am?y,

orecision achieved;



Adding Constraint from NuFit-LBL

e /Am<;; from reactor and accelerator neutrinos should align at the right mass ordering[1]

e Adoptthe NuFit-LBL results from [2]: normal mass ordering is favored at Ax?=4.86

—=- DYB Constraint  —@— JUNO w/ DYB constraint

&
JUNO Preliminary. June 2026 @’) ==+ LBL Constraint  —#— JUNO w/ DYB+LBL constraints
T T T T A T T T T T T T T T l T T

515

510 |

- [
> 505

2 PN TS

—2.70 —2.65 —260 —255 —250 —245 —240 -235 —230 ~ 230 2.35 2.40 2.45 2.50 2.5 2.60 2.65 2.70
AmZ, [107% eV?] Am2, 1073 eV?]

195 |

[1] H. Nunokawa, S. Parke and R.Z. Funchal, Phys. Rev. D 72 (2005) 013009; VY. F. Li et al., Phys. Rev. D 88, 013008 (2013)
[2] NuFIT 6.0 (JHEP 12 (2024) 216 [arXiv:2410.05380]), www.nu-fit.org and M. Maltoni private communication



http://www.nu-fit.org/

Neutrino Mass Ordering Significance

Frequentist approach using pseudo exp. to e Bayesian approach using Markov Chain Monte
convert Ax? to significance Carlo(MCMC) method
Influence of 6.p considered (scanned) e Normal Orderingis favored with a Bayes factor of 10.18

Normal Ordering is favored at 2.1c (one-sided) => 2In k=4.64 Consistent with the frequentist Ax?

JUNO Preliminary. June 2026 @

Ax? Distributions: 17.2m FV + LBL & DYB Am?, Pulls JUNO Preliminary. June 2026 @ w/ DYB and NuFit-LBL const.
0.10r ' ' : | . . I|\\Ill\ﬂ/ﬂl|l\l\|l\llll
—-— Data: Ay? = 4.855 . MO rejection: 2-sided / 1-sided L
True NO , | NO:076/0.00,p=0.489 - B MCMCIO B (MCMC NO
g~ Trelo ':_i . 10:230/2.10,p=0.0197 20 F
= s b Bayes factor
§006_ E 15 k=P(NO)/P(1I0)=10.18
=N - | 2Ink=4.64
2 S
= = B
2 810
=0.04 & L
g a |
m —
5 -
0.02- -
_::l O;I_LA~| A
0.0055 S - i W 20 2.5 2.4 2.4 2.5 2.6
i 2 -3 a2 2 -3 a2
AX* = Xib, fit — XRio, it Amyzy [1077 eV7] Amjz [1077 eV7]
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Comparison of Results on Oscillation Parameters

sin220,,

JUNO %

—

SNO+ %+, constrained

Solar+KamLAND
Solar global

SNO

KamLAND

2.8

Am?,,

2.9
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sin? fy2. 107!

JUNO %
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KamLAND
Solar+KamLAND
SNO+ %

Solar global

SNO

DD 6.0 6.5 7.0 7.0 8.0
Alugl. 1075 eV2

3.036+0.064
3.10 +0.12
3.07 +0.12
3.06 +0.13

2.09 10.16

—0.15

316, T8

—0.26

7.388+0.078

7.63 017

< +0.19
.54 Tog
- = +0.19
7.50 Zgig

= g2 +0.21
93 -0.24

6.10 1D2° 14.4%

5.60 1190

-140 =

9

1%

3.9%

)4] sl

)

JUNO ( —o—
NOvA —a—
NOvA+T2K ——
T2K —
IceCube ——
SuperK+T2K —_
Dava Bay nGd .
SuperK _—
MINOS+ ———
RENO nGd s
Daya Bay nH ——
ORCA .
RENO nH
1.8 2.0 2.2 2.4 26 2.8
|Am3, |, 1073 eV?
. [nverted mass ordering
JUNO (+Daya Bay) e
NOvA+T2K ——
NOvA ——
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Daya Bay nGd ——
MINOS+ _—
SuperK —
RENO nGd e
Dayva Bay nH e
ORCA
RENO nH =
1.8 2.0 2.2 2.4 2.6 2.8
|Am3,|, 107 eV?

Results from JUNO have smallest uncertainties

2
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Normal mass ordering,

+Daya Bay)

.
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Results on Geo-neutrinos

Fits are performed without constraint on geo-neutrino flux, but with 3.4(+10%) U/Th ratio

v

Constraining the geo-nu flux does not change oscillation results;

Clear geo-nu signals at 1-3 MeV, giving a flux of 73 = 11 TNU;

v

JUNO resultis higher than expectation from existing models, but not statistically significant

Largest geo-neutrino samples so far, and most precise measurement

Need more JUNO data and more refined geological model predictions;

Events / 40 keV

100

JUNO Preliminary. June 2026 @

1 JUNO live time: 207.2 days
4+ JUNO Data
—— Beost fit

7, signal

"Li/*He

—— (Geo-neutrinos

World reactors
2R 2H P,

Other backgrounds

6 8 10 12
Prompt cncrgy (MeV)

Measured Total Signal [TNU]

100 T T T T

T
a Lo .
JUNO Preliminary. June 2026
)
80 A4
-~
-
| - :
-
60 ‘ |
- V
-
Borexino :
=
>
o
A0+ - -
P
/".
-
>
w7
g KamLAND
o
20~ oS N
G (Experiment Data 1o
SNO M. Abreu et al. 2025 [. Strati e
KamLAND N. Kawada (TAUP 2023) . Bellini

Borexino M. Agostini et al. 2020 Agostin |

JUNO 207.2 days . Gao et )

0 1 ! (- 1 1 1 _

0 10 20 30 40 50 60 70

Predicted Lithosphere [TNUJ

)



Life is not always easy!
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Cracks on the Acrylic Tank

e However, alSleak towater happened on March 21, 2025:

v' Abnormal trigger rate observed and confirmed by under water robot;

v Leak was stopped within 1 week using epoxy and tape by divers;

v' Furtherrepair by epoxy and acrylic plate to reduce the stress (pulling open the crack) by 50% ;
e Anotherleak of water to LS happened on March 19, 2026:

v' Experienced divers were called to stop the leak within 2 days;

v Furtherrepairin the following two days;

v Atotal of ~1Bg 222Rn went into LS, 13 days of data excluded;

v' Nootherincrease of radioactive backgrounds in LS;

° Main structure is safe, stress within expectations;
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Upgrade Plans & Future Program



JUNO-B3

Insert a balloon/Directly filled
with 136Xe-loaded LS(or 13°Te)
into the JUNO detector
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® Once mass ordering is determined (~2030), JUNO will be

upgraded for B3-decays, in addition to existing capabilities;
® 130Te/136Xe will be loaded into the LS;

® R&D aboutthe Te/Xe-LSis under going;
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Summary

® The JUNO detector and TAO are successfully built and operating smoothly;

® [nitial performance shows that the detector works well as designed;

® Precision of solar oscillation parameters further improved by a factor of 1.3-1.5;
® First measurement on Am?;; achieved a precision of ~1% ;

® \Vith external constraint, Normal Mass Ordering is favored at ~2.1o(one-sided);

® First geo-neutrino results yield a flux of 73 = 11 TNU;

® JUNO will be working for 30 years and it will be
upgraded to OvB searching experiment at ~2030;

Thanks for your attention!




