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Reactor Antineutrino Oscillations @
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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



JUNO Project and the Collaboration @
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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
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China HIT Czech Charles U. Taiwan-China NCTU
China HunanU Finland JyU Taiwan-China NKNU
China IGGCAS France CPPM Taiwan-China INTU
China IHEG-CAGS France 1JCLab Taiwan-China NTUT
China IHEP France IPHC Thailand CHULA
China IMP France LP2iB Thailand NARIT
China JNU France Subatech Thailand SUT
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+Observers: USTC, Peking Uni., Jilin Uni., Beijing Normal Uni., CIAE (China), PUC, UEL (Brazil) 4



JUNO Project and the Collaboration @
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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) 5



3 JUNO Detector ()
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Steel Structure and the Installation Platform @







JUNO Status in 2024 Summer

TEYEFSERMEISF THREENFYEFARAIIN, 20245F, §5

JUNO Detector Installation

e JUNO construction is close to completion
e PMT and electronics commissioning

® LS purification commissioning

e Detector filling at the end of this year
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2025¢F2 58 AFFIAERIA ()

BAEA  OEMH NIM.A 908 (2021) 164823

to guarantee radio-purity and transparency  Recipe: LAB + 2.5g/L PPO + 3 mg/L bis-MSB

5000 m® LAB tan

SS pipes to
underground

‘WE

KR — i%@ﬂ%ﬁ%ﬁ

|BAVUNO & | e
— OSIRIS for LS qualification EF %fﬁﬁ X&ﬁ

Samples tested by ICP-MS every week for radiopurity, verified by NAA and other methods
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Height(m)

2025¢E8 B 26 HFHATE AL ()

JUNO Liquid Level Display

1 2025-08-23 16:57:38

LS: 46.92 m
Vis: 23231.6 m?

CD Water: 0.0 m
LSIn: 0.0 m3/h

WP Water: 43.74 m
WaterOut: 0.0 m3/h

O . L L S S . DL AL
0 00N O WL s W N

» On August 22,2025 at ~22:12, water in
Acrylic tank was fully replaced by Liquid
Scintillator

» Calibration started at 14:00 of Aug. 23

> Total LS in CD: 23231.6 m?3
> Total water in pool: 41225.1 m3
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First Results from JUNO I
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CD - Central Detector
LS - Liquid Scintillator
WP = Water Pool

TT = Top Tracker

[ - Liquid Scintillator
[] -Water

[ - Air

[%] - Rock

¢ Released on Nov. 19, 2025. “First measurement

of reactor neutrino oscillations at JUNO?”,
arXiv:2511.14593

Press Conference in Jiangmen

| F‘ |

JUNO

INemFREEERRAY
EETVWERRER =

Préss Conference for the Completion of JUNO

i and First Physics Results

2025%11H19H BE I

November 192023 Jiangmens China
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First Results from JUNO I

“Initial Performance of the Detector” First results using 59 days of data recently published

Ch i n ese PhyS. C 50, 04300 1 (2026) Article Published: 10 June 2026
Measurement of reactor neutrino oscillation with the

pmEwEl (Rx) PR AR L CRAONTIINS ﬁrStJUNO data

Chinese Physics s

Theinternational journal of science / 11 June 2026

The JUNO Collaboration

Nature 654, 343-348 (2026) | Cite this article

trino oscillations with
,simproved precision

Now trending Framework forlife H1
Is the hypearound How Al use might 3D structures of l;
peptide drugsbacked add up to success for protein lactices In ; M

} ]

—
Cuinese Pursicat Sociery | = IOP Publishing up by the science? maths and physics mouse égg cells
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JUNO Timeline I

JUNO Liquid Level Display
%) 19.00.48 (XL

Collaboration etetor i | Start of First Results
formed construction LS filling announced
2024.12 2025.8.26

2025.2
Civil Start of Physics data- 2025.11
constructlon water filling taking start First Results
‘ N * o 7~ - y published in Nature

New Results released
in Neutrino 2026!

NEUTRINO ‘26

International Conference on:NeutrirolPhysics and Astrophysics

June 22nd - 26th 2026,

Aemrino 2026: XXXII International Conference on Neutrino Physics and
Str
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Performance of the Detector
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Low-Level Detector Performance @

] Waveform of a typical PMT
o La rge P IVI TS WO r k fl n e NNVT, PMTID: 8400, Amp: 62.22999999999956

11660

 17612-16 LPMTs installed for CD, 2400-1 LPMTs WWMWMW“M
installed for VETO H““ i ‘ Ll Ldad

« ~26 dead PMTs, ~600 flashing PMTs
* Gains of MCP (Dynode) PMTs are reduced from
7.4x10° to 4.0x10° (6.5x10° to 5.5x10°), efficiencies ==
not affected | | | | |
* Great performance of electronics: Dark Count Rate continuously decreasing
* Good grounding and low noise: . R Variations due to HV changes . Dynode PMT
e RMS ~2.8 ADC ch. = ~0.055 PE Ezz /\\ \ and water temperature 17 kHz ° Mo
e PMT threshold: 0.2-0.3 PE/ch. 87 N \fﬁu\ RSt 15.kHz
., w S Preliminar
| | Vi *::i:j~M\ S
* Trigger and DAQ work fine : T o~ Ll
d Trigger tthShOId: NZOO keV 1«,0‘3® 150‘95 15@0& ﬁxﬁf’ ,Lsx\’“x ﬁx‘)& 15&”& ﬁﬂf’ 160‘«& 16095 1601@ 1601{9 160"& 160”){) 16@—“& 16.0“5 1605@ 160‘96

Date (Beijing Time, GMT+8)
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Clean Detector @

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

W x
g":w‘gs;'i 2%
PSR 23

Central Detector Specification Measure 17.2m <R = 17.5m; 0.7 MeV < E < 6 Mgy,
Singles Rate (Hz) <7.2Hz <7Hz l
238ul232Th (X10'15 g/g) <1 <0.1 102 ~
210pg (x10% cpd/kt) <8 <5 E
Q
101 ,_5,:43
Muon Veto Detector Specification Measure
222Rn (mMBq/m3) <10 <10 | | | 100
- 5 ~10 0 10
Ra (mBq/m?3) <1 <0.01 X [m]
U/Th (x101° g/g) <10 <0.4 . 5 N
2 TR AR R R A 2T H T

2310 EnER.
18



Measurement of Cosmic Muons @

SRR T I muonfil R LA 5 Hz, KA AIREELAR 4 He
IS B R muon EIECR S T 99.5%
ST SRR AR TR — B

0.25 ' 0.12 ' '
—— MC Truth — MC Truth
ML (Edwin) ML (Edwin)
ML (Amber) 0.10+ ‘ ML (Amber)
0.20+ i Joint x 2 ' 1 i Joint x2
WCD Charge Cluster g% WCD Charge Cluster
e : 008
— 0.15 — )
3 3
< <
e e 0.06
£ 0.10 £
> > -
i A 0.04
0.05} 000
0000 02 04 0.6 0.8 o %% 1 2 3 4 5 6
cos 0 ¢ [rad]

MuoniBEMeEE, MURLENRESZEEHE SIRFNIER, 19



Calibration ()
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Reconstruction and Energy Correction @

Light yield of **Ge | |
1700} Preliminary

¢ TRWHERL, PGe {NHLIN 1600 PE/MeV, FFMHAI Tromf § T gy gt R
)% 1785 PE/MeV , S5 REHI5 RIT & BT Sl § $

o EFRNIHIL, 2Ge NEEENFHEA N 3.5% @ 2 x 0.511 MeV i“""‘ f ¥

+ 21potly o I FBERAHELI N 2.9% @ 0.93MeV 0 S \
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-linearity @
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New Results released
using 207 days of data

BR=TF4o=4, HER
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Reactor Neutrino Selection

JUNO Preliminary, June 2026

® Prompt and delayed coincidence in time, space with energy features

Criterion

Selection

PMT flasher

Applied

Fiducial volume

rp < 17.2 m,)z,I<15.5m

Similar to our

Prompt energy
Delayed energy
Coincidence time
Relative distance
Multiplicity cut
Water pool muon veto
CD muon veto

Spallation neutron veto

(0.7, 12) MeV

(2.0, 2.5) U (4.5, 5.5) MeV
(5, 1000) us

<15m

No other events > (0.7 MeV in the FV or (2.0, 6.0) MeV outside
the FV within 2 ms before and 1 ms after the delayed event

Veto if the delayed is within (0, 2) ms after NPE > 700 in WP
Veto if the delayed is within (0, 5) ms after NPE > 3 x 10* in CD

Veto if the delayed satisfies Ar < 4 m and Ar < 1.2 s after
spallation neutrons with NPEy,, € (3000, 30000) and Tipnoy €
(20, 2000) us

“Nature” paper

Muon track veto

Correlated discriminator

FAYa AV
nd ud
2.5m .z 0.5s <1

Veto if the delayed event:
log(LL.R.) > -1.26

o IR HTHYF AL

o HRUAFIY K% 10% (R=16.5m=>17.2m )

o °Li ZRJEFEIEZY 60%

o X Hlikelihood cut, {F{BARF&AREFREES0 1Z
o X 2UBiAJRIFITSIRE LR AVETT

:E ‘I i | nH delayederllergly | ‘E‘ L i_ 102
0 s g
T B i N
2 80 I | i "
: 6?5 - ‘ 10
R
At energy E‘-'-
:: : | I | I | | I I E \. I ll I E_
2 3 4 5 10(
Delayed energy (MeV)
L O O I
800 — T=(Q120%47)us
- I Data
600 —
2 B
2 400 —
© B
200 -
0 ——| I B B A
0.0 0.2 0.4 0.6 0.8 1.0
Time interval (ms)
T T ] T T T T T T T T ]
g _
R ]
400 — —
g 1 h .
= b i
5 B I!
“ 200 1 space
3 !!
[1]
i 83503,
B B |ll|ll|llll
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Reactor Neutrino Event Rate versus Time

o LNRRIEPMFEOESTH—K
o RHFLEITHIEN 207.2 K

— Expected IBD rate ¢ Data IBD rate
I I I

didate rate (day !)

V.can

10t

JUNO Preliminary. June 2026 @

x2/in.d.f. = 40.1/37 JJ

Full-power expected

| |
2025-09  2025-10

| | | | [ [
2025-11  2025-12  2026-01  2026-02 2026-03  2026-04 2026-05
Date
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Meas. osc.
Non-osc

250

1

o

Antineutrinos (V,) Candidates Summary

JUNO live time: 207.2 days

JUNO Data
x? /ndf=495.27/500
. V. signal

kS ===+ Non-oscillated 7,
9Li/*He
(Geo-neutrinos
World reactors
2R 24P,

- Other backgrounds

A TAO (JE = N0

=4, T D) MALE

10
Prompt energy (MeV)

12

(PRL 130 16, 161802)3f
SR AR RE E XL &
TR

Consistent results from three independent analyses

DAQ live time (days) 2002

Vv, candidates 8294

Selection Efficiencies (%) € Orel
Fiducial volume 87.12% 0.96%
PMT flasher rejection >99.9%  Negligible
U veto 93.67% 0.02%
Multiplicity cut 95.94% negligible
Prompt-delayed coinc. 95.50% 0.32%
Correlated discriminator 98.99% 0.15%

Total efficiency (&or) 74.01% 1.02%

V. signal (cpd)
w/0 &qt corrected 36.02 + 0.62
w/ &t corrected 48.67 + 1.08

Backgrounds (cpd) Pre-fit Best-fit
Li/*He 1.054+0.27 1.41+0.26
Geoneutrinos Free 210
World reactors 0.92 +0.09 0.92 4+ 0.09
219R; 2¥ Py 0.42 +0.31 0.57+0.34
PCaLn)°0 0.05 +0.02 0.05 + 0.02
Fast neutrons 002002 002-+0:02
Double neutrons 0.10+0.10 0.13 +0.10
Atmospheric neutrinos 0.09 £0.04 0.11 £0.05
Accidentals 0.07 £0.01 0.07 £+ 0.01




s New Results of Solar Oscillation Parameters @
JUNO Preliminary. June 2026 @ ¢ RE E Ay 1)-.17 [//{zJiLz,-L-I_ %jj EE 15 %—JL]«?&% EI‘]Eg'I‘_&LEgJZ:

, \ E / =~ ?Filn ZM
~ . 1
;o) 2 - g A RN — 2
S W. i = Bi ZKJEE AR MR AT L S
N S . . sinzelz Precision (%) stat.+1 syst.
pEf e = a T 4 =T 5 7 k¥ 7kt e foLenratony Smionly 1955 j
Y JUNO 207.2 days [ i Power 0.1368 |
14 ; SNO-+ ] Spent nuclear fuel 0.0415 |
80F ] (2025) ] Non-equilibrium 0.0631 Il
i KamLAND 1t 1 Fission fraction 0.1059 | |
JUNO 59.1 days (2013) ] ] Fission energy 0.0398 |
& 1 Detection efficiency 0.5755 I
% ({851 ¢ . Matter density 0.0673 [
s | Detector response covariance 0.4081 L]
I L Reactor spectrum 0.3961 L]
€ TOf 1t 7 Bkg rate 10781 s
X - - Bkg shape 0.2081 -
~— : [ AllSyst Lell2 .
NE‘CG 6.5 o ar N Total 2.0700 | B B I el Kl I [ e B ) I e el I ‘] [
I 0.0 0.5 1.0 1.5 2.0
4 . I ] i _
6.0 F e o— 1 ® A Am, Precision (%) stat.+1 syst.
saaidl SK 4 SNO 1} ] Stat-Only 0.8741 ‘
i “ (20‘24) 1 1 Power 00729 W
- ] Spent nuclear fuel 0.0261 |
5.5 1r : Non-equilibrium 00384 |
i A A A L 1 A A A 1 A A A L A A A 1 T U FiSSion fraCtion 0'1069 -
Fission energy 0.0194 1
O- 26 O- 28 0- 30 0. 32 0. 34 0. 36 0 5 Detection efficiency 0.2775 _
& 2 2 Matter density 0.0125 |
sin® 0 A
2 X Detector response covariance 0.1531 ||
Reactor spectrum 02794 [
Am?y; 7.388+0.078 (1.60% =2 1.06%) Be rate 03555 |
Bkg shape 0.1043 ]
: AllSyst 0.6090 |G
sin0;, 0.3036+0.0064 (2.8%=22.1%) =
Total 1.0653 IIllllllllllllllllllll]||

000 025 050 075  1.00 27



First Result of Am?;,

&

o HMTFHITHKE, X{EMA IUNO BRI Am?;, profile FE S F/EHRK/IVE
- JUNO }"I'elilllix}al')-’,-JuI}e 202(3 @ ‘ y _~~=~ DYB Constraint JUNO
L9 “i l" “l I"
\ I A !
15.0 \ ] \ ]
1 ! \ ]
125 ' ; : f
o \‘ ’I \\ ‘I
S 10.0 \‘ I, “ ,’
75 \ ! \ :
\ ! \ 1
5.0} \ / \ /
\ / A !
2y \ / \ /
\ / \\ ,/
0035 28 é.e\ = 24 22 20 I8 6~ 7 16 I8 2.0 2.2 2.1 2.6 28 3.0
Am3, [10 3 eV?) AmZ, [10 * eV?]
o o ——Am}, profile with DYB constraint
JUNO Preliminary. June 2026 @ — ~=Feldman.Cousins Lo
BT 5| ARIELE: (PRL 130, 14 A ' _
161802 ) 3t Am2, BB LAR, BE 2 Ami=— 248250 < 107 ¢V 12t Afp =2.5091305 x 1073 eV/
10} . 10} ) ]
mMREHIFSEANRER/NME. [1.05%, +1.00%] o [1.00%, +1.08%]
< <
< 4t < 4t
X F Feldman—Cousins ( FC ) J77£%# 1} o
EAmy, (10 K8, WEBEEAE Y oA o N/
—2.60 .55 250 . 240 " 540 2.45 2.50 2.55 2.60

29 1%,

Am2, [107% eV?] 28



EEWNTHTRERSFT, ARREPHTSLEHINES P T SLENFH amsy, MiZe—EH9[1]
K FSCHER [2] FPAEY NuFit-LBL Z5R1E A SMERLYIRIG: AX’ = 4.86 Hi[m) T IE/F.

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

a
JUNOQO Preliminary. June 2026 @ ==+ LBL Constraint  —#— JUNO w/ DYB+LBL constraints

515

510 f

e -\ ”
/195 l l . I el ke - e i . P 1 .'/ ’/. L . 1 PR | . —l .
—2.710 —-265 —-2.60 -—-2.,55 -—-2.,50 -245 -240 -235 -—-2.30 2.30 2.35 2.40 2.45 2.50 2.55 2.60 2.65 2.70
Am2, [1073 eV?] Am2, [1073 eV?]

[1] H. Nunokawa, S. Parke and R.Z. Funchal, Phys. Rev. D 72 (2005) 013009; V. 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

Adding Constraint from NuFit-LBL @

29


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

Neutrino Mass Ordering Significance

&

e Frequentist approach: | H{HSCLSS

HEEM
o 55 (FF) 1 Ocp A

& DX EL IR

o BEEMTHHMTFRELRF, B&EMEN 230

JUNO Preliminary. June 2026 @

Ax? Distributions: 17.2m FV + LBL & DYB Am2, Pulls

0.10 '
—-— Data: Ax? = 4.855 I Mo rejection: 2-sided / 1-sided
True NO : i NO: 0.7 6/0.0 0, p=0.489
e 17 2 10:2.30/2.10,p=0.0197

0.08 True IO i i
2
Z
@ 0.061
=
£
2
20.04}
©
S
=W

0.02¢

I-l
l‘
o
‘-l-_l—-
0.0959 20 z 0 10

2 _ 2 2
Ax“ = Xio, fit — XNo, fit
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Posterior Prob.

| | | | | I I | /1 / I I | | | | I | | | | | |
. B MCMC IO B (MCMC NO
20
: Bayes factor
15 x=P(NO)/P(I0)=10.18
- 2lnk =4.64
10 |-
51
0 :_A_LAﬁL | vy e

Bayesian approach: 3 F Markov Chain Monte
Carlo(MCMC) 753%

wEIEF, RNHEEFA 10.18 = 2In k= 4.64
=  Hfrequentist Ax2 D745 RIBFF

JUNO Preliminary. June 2026 @/ w/ DYB and NuFit-LBL const.

2.4 2.5 2.6
Am?, [1073 eV?]

-2.5 -2.4

Am?2, [1073 eV?] 0



Consistent Results from Independent Analyses @

=BT DEE—EHIZER (0.20)
> ARMNFFEZ. FER. FRFM. BWBER, REMGIT. EERNERNIRCHIE

JUNO+DYB Feldman-Cousins JUNO Preliminary. June 2026 @
Normal Ordering Inverted Ordering

Analysis | E Analysis | i
e} E ' e} i

Analysis |l E Analysis Il E
o : ' o i

Analysis 1l E Analysis Il i
o : ‘ o i

i NuFit-LBL i NuFit-LBL
2.44 2.48 2.52 2.56 2.60 —2.52 -2.48 -2.44 -2.40 -2.36
Am2, [1073 eV?] Am2, [1073 eV?]
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Comparison of Results on Oscillation Parameters @

. 2
S|n22912 Am 31 . ! :
. . Normal mass ordering, .
L \ ; \ ) ) . ) JUNO (+Daya Bay) ~-o— 2')09f28§¥ 1.0%
JUNO % —— 3.036+0.064  2.1% NOvA —.— 2.506 0036 1 4y
SNO+ %+, constrained * 3.10 012 3.9% AR 251 Dogy  14%
T2K ——i 2 596-%—34?37 L7%
- . <Y —0.050 17
I a . 2 ‘ 200 5
Solar+KamLAND 3.07 012 3.9% TeeCithe . 248 03y
Solar global 3.06 +013  4.2% SuperK+T2K —— 2.5861 100 2.3%
SNO 909 +8%9 5.9, Daya Bay nGd —— 2.54140.060  2.4%
—UA SuperK —— 2.48 v 3.2%
‘ ) . 034 o= : 0
KamLAND ® 316 Tyne 9.5% MINOS+ —— 2.48 008 34%
2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 RENO  nGd — 2.50 141y 44%
sin? @9, 107! Daya Bay nH ———— 280 Tl 5.2%
ORCA . 2.18 0B 138%
A m221 RENO nH | . . i . 2.55 T2 11.8%
1.8 2.0 2.2 2.4 2.6 2.8
1 1 1 1 1 1 1 1 1 |A”I§l|. 1073 eV2
JUNQO % o 7.388+0.078 1.1% . . Inverted mass ordering .
AT . — JUNO (+Daya Bay o +0.026 %
SNO+ %, constrained —— 7.63 +017 22% : (+Daya Bay) 2482 0025 10%
NOvA+T2K ro— 240 T3 15%
KamLAND o 7.54 tg%g 2.5% NOvA —.— 2.404+0.036  1.5%
! _ C 044 -0
Solar+KamLAND —— 7.50 019 a5y 12k e 2486013 1.7
—0.18 IceCube —— 2.32 fgt’,i 1.9%
SNO+ 4 —e— 793 021 93y SuperK +T2K —— 2.400+0057 5 4o
Solar global 6.10 T0% 1gay Do DavnGd — 20 2
: MINOS+ —— 2.37 00T 3.2%
SNO 5.60 i—izg 29.5% SuperK —e— 2.40 006 35y
40 45 50 55 60 65 T0 75 80 RENO  nGd —T 2.55 g1y 4%
Am%l. 10_5 0\."_) Daya Bay nH —_— 2.75 fﬂ}f 5.3%
ORCA [1.76, 2.25]

JUNO 5“)\“.%%% E{] Z;ﬁ E}EEEEIJ\ e 1.8 2.0 2.2 2.4 : 2.6 28 B

[Am3, |, 1073 eV?
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New Results on Geo-neutrinos @

o INARIRXHIR M TFBBNAE, B35 U/Th ($/50) LLERE Y 3.4 + 10%
= N ERFEFIBEEENAR AN T PRFIRS DTS
o 7E1-3MeV AL RN MBI EM MIIRAMF(ES, WGBS 73 + 11 TNU
> XIS HITERANMERPHMFER, thExERINNEE
o JUNO HWIEZRSTFHEHBNERY, BEE2RYFELTAITEEM B |
o TEERRESLIUNOKIR, Hifi—5 =B REm T R=TFase, X

100 9 liminarv : o ea
JUNO Pre 1Iminary. June 2026 JUNO Preliminary. June 2026 X_ 100 . T . .
501 T v T : T T a
K JUNO Measurement | @JUNO Preliminary. June 2026
I !
80 in [ ’ 5
‘ ! | JUNO live time: 207.2 days a0k \ i = %
I 14 ‘ i ot 1 Z.
> 1/ | . it : 'i + JUNO Data i \ =
R 'I 41 i —— Bost fit ;, -
o 60 I I ! = 1 30F & 60
= 1 | w. |J|| : 1 v, s-,l%;nal LT =
t; 'l it ’ | — 9Li/}‘\HC /if > E Borexino -
= |ﬁ ' —— Geo-neutrinos = e
< | s 20+ i 40+ -
m'-’ 40 —— World reactors 1 y L ) i
21435 214, , 2 o +
geo-v N ; £ g KamLAND
- Other backgrounds Lo = o
\ / = 101 20~ o
¢ I [ ; \\r‘\‘\\\\\ periment Data Mods
20 \ SNO- M. Abren et al. 2025 trati e
| lKawad (TAUP ) G. Bellini ef
i S
v. % 730 60 90 120 150 0 ' l ' i 1
o Geo-v Signal (TNU) ’ 10 SR
e = Predicted Lithosphere [TNU]
2 4 6 8 10 12

Prompt cnergy (MeV) 33
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Diffused Supernova Neutrino Background @

> FHOE LA EBHMENTHTRRES

> MEFERNEMR T —MFEFE . TKRERRED

X E A

New SK result;: 2.30 — 2.60
MERILE LI ERAE

Profile likelihood (Assumed DSNB model: Horiuchi+09, 6 MeV, max)

= SK-IlV

= SKV

= SK-VI

= SKViI
= SKVILS

Dataset

Preliminary

SK-VII
Combined (joint fit)

1 2.60 excess

DSNB flux [cm~2s71]

*  7£12-30 MeV BEX LW E] 19 > DSNB &1k =1l
SZARKEWUN 21.3 £ 10.5 PNE=HIAEST
KU TRAERFINBELR

© FDERARARHA R (PSD ) IRARPXERESFHIRE

THREATFHRT

102}

10!

10°

1071

Flux upper limit [cm™2 s~ MeV~!]

10-2L—

©)

©)

B=T445%4, PR
L T L U AL A U

!

| DSNB Theoretical Predictions _|
£1  KamLAND 4528.5 days (2021) 1

#  SK-IV 2970 days (2021)
== ©  SK-VI w/Gd 552 days (2023) ]

= - ® JUNO 206.5 days preliminary
# . ” -
, = .. JUNO Preliminary. June 2026.
F H = = PSD not applied =
g
+ =
B — . s
—— |
+
= < i
_A_
— A
—A— S
N
_A_
- 7 -
F —A— A
I | L | 1 I L | L I I 1 1 | 1 I 1 1 1 1 I 1
10 15 20 25 30
E, [MeV] 34



Atmospheric neutrinos @

* IceCube F1 KM3NeT/ORCA A% 7T I R[S H M FER KM3NeT/ORCA @Neutrino2026
° Xq- Am%z "*D Sinz 023 éﬁ’tﬂ T,E\-ﬁ%%jj E/‘] BE%IJ KM3NeT/ORCA 0.84Mt-yr Preliminary
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Cross section (1070 cm?)

Dresden-

PALEOCCENE @
S

10°

-
o
)

10

1l

Atucha-I
VIOLETA

CEVNS

i COHERENT measurements

®
~—t

. SM prediction
FF = unity

Klein-Nystrand FF

40

50

60 70 80 90

Neutron number

SOURCE

£ HETE P 450 BEMIME AR 88 &
FH) CEWNS 55
LZ @ Neutrino 2026 BB [ ] Accidentals

F | T ] T 0
2 I5F £
S 10E p-val = 0.57 :
@ sk S E

0:1 1 1 1% A T LR | | l 11 1 1 p-val = 0.49
T T [ T T T T I T T T T l T T T T I T T T T I T T T T | A T | I L l
- LZ Preliminary
600 - i 4
] ee -
K= /; \\Q 9
I J
s B @
S 400 , \ \ g
- @ e *
\ G ]
effe |
K -
200 Qf‘: L o 1
1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1
0.0 D 5.0 1 10.0 12.5
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* PandaX: 2.64¢ (PRL 133, 191001)
* XENONNT: 3.30 (2604.06002)
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Active Neutrino Program in PandaX : @

PRL 136, 162501 (2026)

H  This work
¥+ KamLAND-Zen

H SR IETA) PXe 2vB R LRI E:
(2.14 1 0.05) % 104 yT O fmmmmmm o { ----------

7ﬂ“§%ﬂ%}‘A 20 keV E'Jﬁﬂ”%,'ﬁﬁ'\]iﬁ%ﬁ 2.05 210 2.15 220 225 2.30

L6 S N Q\ = A ? — :I_I:I LI 500 1000 1500 2000 2500 136X e 2vBp Half-life (102! y)
: Z = ¥ Energy [keV
RETE, FFEIREM AT gy eV (T = (M2 (G + E163)

Counts / 4 keV

Res. [o]

PandaX PRELIMINARY
T T T | T T T

|
SSM Prediction

—— Gallium Experiments

PandaX-4T Run 2 {§£ FH 1.9 ton-yr £3E. @i F-H
FEE M EXKBHpp P TFBE. 1HEEL Run 0 NREE T porerino (2621)
BEREE, ERE5RERBERE—Z, = R )

O i
PandaX-4T Run2 (1.9t-y)

I Il 1 1 1 I 1 Il 1 1 | 1 1 Il 1 | 1 1 | L |
0 5 10 15 20

Solar pp neutrino flux (10'° cm2 s°)

g7




Summary @

¢ FRTYEEHARTENERNN, REEPHTREESHEENENRSS A TIERNFE.

¢ JUNO IR/ BAIZTTRE, BEHMTRITEXK.

& SORFIBLIAR sin?0,, Fl Am3, HHEHFFEBENE, 207 KEBENEBEF —FIRESEEKE
Ay 1.3-1.5 {Z.

¢ JUNOBEXRRII Am23; 24 1% 5ERINE MR IEREHFNIPRIF. B4 S NuFIT-LBL
#1 Daya Bay AR, IEFRHFLIA 2.30,

o HitHRPHTNELSRAGHEEHR 73 + 11 TNU,

¢ EEHT—RXBIHER, PEPHTHRBERENE. BEIERRTHYERRFLEEM
ERMEFREH.
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Back up



1

Data Taking 04, 343, 254, 350
e Data taking period for this analysis: 2025.08.30-2026.05.18
e (Golden data are selected for physics analysis

100

60 1

DAQ time (Calendar); 264.76 days LA | | I | | l | | | 555

Good physics data: 207.63 days - ] p I | L]

(Phys+Calib) / DAQ time = 90.00% L i

(GoodPhys+Calib) / (Phys+Calib) = 92.38% =

80 GoodPhys / Phys = 91.96% . 4
200
- -
. - = i
physics

150

Time fraction per day (%)
Cumulated duration (days)

calibration
40 100
comrtnissioning
maintenance
interruption Water Good physics
20 B Bad physics F50
I High Rn
I ea k to Calibration
LS Test data
==+ DAQ time (Calendar)
—— Good physics -0
0
%9 %9 3% y
6'65’0 6&,0 696’0 6'06’0
il il il il

Power outage due to weather is one of the main causes of interruptions



Cracks on the Acrylic Tank

e Main structure is safe, stress within expectations

e However, a LS leak to water happened on March 21, 2025:
= Abnormal trigger rate observed and confirmed by under water robot #
= Leak was stopped within 1 week using epoxy and tape by divers

open the crack) by 50%
e Another leak of water to LS happened on March 19, 2026:

Experienced divers were called to stop the leak within 2 days
Further repair in the following two days

A total of ~1Bqg 222Rn went into LS, 13 days of data excluded
No other increase of radioactive backgrounds in LS

00:00:18 ; £ 0 @®1UF A & F B O
4/ .
= . & )
. 1 Tk 0 K30 WE0m
I J

030

e
IFISH

Ba fome 'kl\

Bar force kN

o bar during water filling
- and LS replacement

= Further repair by epoxy and acrylic plate to reduce the stress (pulling o=

bottom
M/
top

Stress of the supporting

01/01 2025

01/05 2025

Comparison of FEA
with Measurement

2026-03-21 14:10:57




PMT Testing and Installation

Container test stations

\

x4a

o

voltage
divider H splltter}—({ amplifier ]

diffusor
ND filter

Signal sync. trigger

generator

Rotating base

Scanning station

(2022) 12, 1168

Hamamatsu NNVT HzC
Quantity 5000 15012 25600
Charge Collection Dynode MCP Dynode
Photon Detection 28.5% 30.1% 25%
Efficiency
Dynamic range for [0-
10] MeV [0, 100] PEs [0, 2] PEs
Coverage 75% 3%
Eur.Phys.J.C 82 NIM.A 1005
Reference

(2021) 165347

Cables in corrugated pipes

- fnwthi/
) X
= R % "‘

‘..W‘f\'\'

TR
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Neutrinos from Sun (Be7, pep and CNO)

Radio- 210py, 800 1000 1200 1400 1600 1800 2000 2200 2400
purity 40K 85Kr | 232Th-chain | 2*%U-chain 210p; 210pg T I
Scenario i 107 —7Beww 210BI 210p O
{ ™) 85
8] |1x10716| - 1x 10715 1x10715 | 5x10"23 : | L F PPV e Kr
wp | ) 10 =Ny o 2 chain - C
R |4 2289 | 5000 3508 15047 12031 | 122120 | B O 0 ... 232 i
e ) r i . whchain . gataset
’ E —17 -16 -16 —24 () 10°¢7 \. @ e
cl8 |1x10 - 1x10 1x10 5x 10 2 =
Baseline [oX
R[4 229 500 351 1505 1203 1221 P 10*
-
( =
g -18 R -17 -17 —-24 R
. cl8 |1x10 1x10 1x10 1x10 L%) 103
R[4 23 100 35 150 241 244 ‘
102
c 5] - - <5.7x 1071 | <94 x 1072
Borexino 10
R[4 4.2 100 14 2 115 446.9 T Angel Abusleme et al
NOTE: Contribution from pileup and reactor neutrinos found negligible in the ROI P I I S . el e (b T TR I - el g
1 0.5 06 0.7 0.8 09 1 11 12 13 14 15 JCAP1O(2023)022

No detector systematics is included

Energy [MeV]
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\"g‘ 10 F T T T T T T T T T T ] § 102: T [ T T T T T I T T 3 E 1 02 C T T T T T T T T T T .
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> I . = F 1 > C i
— BX-like c f Be7 | 5 | pep | £ ¢
[ (] B
t .I-llll llIllIIIIIIIIIIIIIIIIIIIIIIIIIIIllIIIIIIlIIIllIIllIIlllIIIII: 8 [ t
— |deal c | 2 | =
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: _ S 1 ® 10 =
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o S o
= a I 2
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4 - . L q T Z ]
1 O C i
wen BX result 8 2 i CNO 1
~ 10—1 reoa b by v by o by | 228 | = & & | : | | (D )

0 2 4 6 8 10 [ 4 SR S T I T
Time [y] Time [y] Time [y] 43



Supernova Relic Neutrinos

Background Reduction Techniques: Muon Veto, Fiducial Volume Cut, Pulse Shape Discrimination,
Triple Coincidence cuts, ...

'_Ir‘_‘]_04 L L I LI L I LI L I LILELEL I LI B |
> Fiducial Volume 1
Q
— DSNB 12 *
E‘ I Reactor v Vatm+ C v+ A" +n
@ @@ Li/ “He
- [ Fast neutron
= B Aty NC w/ !C
Bl Atm-v NC w like-: i,
X B Atmy NC w/o !¢ Pro.mp.t like: nuclegr de
£ After background reductich €Xcltation and recoll
v
= Delayed-like: neutron capture
310_1
=
> 02
m10

1—3llllllllll'llllllIlllllll

10 15 20 25 30 12 14 16 18 20 22 24 26 28

The dominant background for DSNB detection comes from atmospheric neutrinos
interacting via neutral-current (NC) processes with '2C nuclei in JUNQO's liquid scintillator. 44




Supernova Relic Neutrinos

Average energy Black hole

Key information: Supernova (SN) rate Rgy of SN neutrinos Fraction
- = === R.(0)=05x10" yr! Mpc™ - -
14 = Ro@ =1x10"yr'Mpc” | Reference model | [~ 18MeV | = BH:0.40
- - R (0) =2x10" yr'! Mpc™ . 15 MeV . BH:0.27
12 Byyg: 50%—>30% [ 12MeV [ BH: 0
- . 5, 30%—>20% - »
o 10 x -
2 N _ i
5 B = =
= B B B
g 6 .-i_ =
v bo . T e - =
7 m m
30 3 ;
2 o B
1 I 1 1 l 4 1 I 4 1 I b 1 I 1 41 1 I 4 1 I 4 1 l b 1 I 1 1 N l L l
2 4 6 8 10 12 14 16 18 20 10 20 10 20
JUNO Collaboration, JCAP 10 (2022) 033 Running time [yr]

With the reference model: 3o (3 yrs) and >50 (10 yrs)
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Neutrino from Different Sources

Flux (cm2s'sr' MeV')

102
10%
106
102
10
10*

1
10
10
1072
1016
102
1024
1028

]

] ] ] L] L) ] L 1 ] L) 1 ) L] ] ]

]

Cosmological v

Solar v
Supernova burst (1987A)

/ ReaCtOI’ anti-\l

Terrestrial anti-v

Atmospheric v

v from AGN

Cosmogenic
v

Background from old supernovae

JUNO

1 1 1 1 1 1 1 L L 1

10 107 1 10° 10° 10° 10"? 10" 10'®
pueV. meV eV keV MeV GeV TeV PeV EeV

Neutrino energy
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New results released in Neutrino 2026

Noo Ngo: Feldman-Cousins 90% C.L. signal-event limit
Poo = N T Np: target protons o: IBD cross section
e p" 0 €BD " e1pp: efficiency T: exposure
[ o = Atm CC ]
103k JUNO Preliminary. June 2026. __ -\ < . i S
g PSD not applied Atm NC ] 102k = DSNB Theoretical Predictions |
i — 9Li ] E (] KamLAND 4528.5 days (2021) 3
102¢ —— Reactor = - B A SK-IV 2970 days (2021)
5 DSNB ROI: 12.0-30.0 MeV - B [ == © SKVIw/Gd 552 days (2023)
o . 1 5d limi
101f Data (206.5 days) i % = # L 4 JEJNO. 206.5 days preliminary |
; | 4 —+——f‘ s ; - = V,{UNO Preliminary. June 2026.
2 : f | | NI , ~ 100 B == = PSD not applied =
: 100:_ —— —— —— | —— I —| Im
Qo F E ——
a | ‘T‘E e — o —e— s
-1 l
; — | = 100F S i
-2 2 - < E —A—
al £ A
I — T S
DRI L ——— i ] =
g ] 0.
= 10-1 - -
lo-alL - 1 A P T S L I X —t— A
10 20 30 40 50 =
Prompt Energy [MeV] L
Prompt-energy spectrum; the shaded band marks the DSNB search region.
» 12-30 MeV window: 19 candidates with 206.5-day exposure. 102bo 0 v e
« Total predicted background: 21.3 + 10.5 events. 10 15 20 25 30
E, [MeV]

Model-independent 90% C.L. upper limits on the DSNB v, flux, compared with SK-
IV [3], KamLAND [4], SK-IV-Gd [5] and DSNB predictions [6]. 47



JUNO-OvBf Upgrade

JUNO offers a unique opportunity to

search for Ovf3f3

e 20 kton LS - 100-ton scale isotope
loading (e.g., Tellurium)

* Low background

* Energy resolution < 3% @ 1 MeV

Critical R&D
* Isotope loading technology
* Background control

Concept of the experiment
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Parameters in the 3-flavor Neutrino Paradigm

¢ Neutrino oscillation indicates non-zero neutrino mass

Neutrino flavor states and mass states are : r— ) P
. . sol
connected by a unitary matrix U: (m,)’ f—
I/e V]_
FRES (v, | =U | 1o | REFIES i " %
PMNS 5F% : g (Am)
. H v
1 0 0 cosf, 0 sinf,e " cosh, sinf, 0O
U=1|0 cosf,, sin0,, 0 1 0 -sin6,, cosf, O
0 -sinf,, cosf,,/|-sinfe® 0 cosf, 0 0 1) wem— (Amz)— (m,)”
sol
4 = (m, )’ (m,)’® ¥ —
normal hierarchy inverted hierarchy

i 2 2
B Known: 05, 0,,, 0,5, |[Am~;,|, Am~,,

® Normal ordering (NO): m;<m,<m
® Unknown: sign of Am?;,, 8.p, octant of 0,, g (NO). my=m, sm;

B Inverted ordering (I0): m;<m,<m,

BENREMESIIEILBIAINEELREER ?
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Reactor Antineutrino Detection

Primary detection channel:

Inverse Beta Decay (IBD)

-
.
-

mme Emitted spectrum

----- Cross-section

—— Detected spectrum

v 0
i<
) -}
V+p—e +n g |\
P t si e < :
:O;—?&;g;: ' Delayed signal: RS o . nucleus /
e it |y, FENLE

TR , 3t e q\/\f\/
T IR 2 EREES
BREXPE  BEHER gamma i

1 gamma

o RFMERMSSENBEMNZELEX | XESHKIEEZIFETIEX S HIERNRPHMFEHFIRENZIE.

¢ RIESHEEMAFRPUFEEE—NMIRXFR: Ey, = E + +0.78 MeV
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History of Reactor Neutrino Experiments @

oy
PR 251

o FAIIEH N RPN FSEISRIFERRI

-----------------------------------------------------------------
*

Short-Baseline
Experiments
(~2015-2023)

KamLAND
(2002-2011)

The 6, generation
(~2011-2023)

IRENO

Discovery of the
Neutrino (1956)

‘C-—;’.

.
. .
----------------------------------------------------------------

Presented by J. Pedro Ochoa-Ricoux
Physics of the Two Infinities Conference, 2025
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Events per 1 MeV

Mass Ordering by Reactor Neutrinos

Chinese Phys. C 46 (2022) 123001

103
100F : 0.22
- 6 years of data taking —— No oscillations R RS -
L JUNO ~~- Only solar term 0.2 oo U lére, %
80; —_ Normaldord:ring . 0.18 L ot Reamm: Z$$°Z‘;'ZZT§$°_ '
- Inverted orderin n,
A . % 0.16
=
» S 0.14
60} 2
i 2 0.12
’ 2 8 0.1
a0k sin” 26,5 ' : : L W B 7 T —
! B O 08 eesieseensedacanssisenseanastscaseanssdeeatestcicsesscacantanseiden Visible Energy (MeV) -
e .2 : ; : : :
sin® 20,3 : : : : ;
i L om=oa i u>J 0.06 “. ................ IBD Slgnal ................
20 i _17///_4 | . 0.04H- ................ — IBD + residua|‘BG ................
| 2 2 . . . . E
9 Am21 Am31 0.02 G
OFA.A‘IA., 1 | PSS B O (RSNt (I Wer W Wy g Fr Ul v I.—' I
0 1 2 3 4 5 6 4 8 9 2 4 6 8 10 12
Es, (MeV) Visible Energy [MeV]

Poe(L/E) = 1— Pp; — Py — Pay
cos?(813) sin®(2612) sin? (A1)
cosz(é)lz) sin? (264,
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Energy Resolution Model
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Light Yield and Energy Resolution @
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Milestones in Neutrino Physics @

Discovery of neutrinos and their properties

1930 1356 1962 2000 Neutrino mass?
YRR B A = R — Ef')l';v,,, ==) KBlvy ==) Majorana neutrinos?
W (Rei‘nes, Cowan) (Lederman, Schwartz, Sterile neutrinos?

Steinberger)

Neutrino osmllatlons

Super-K-lgs';qﬁﬁ?&? SNO: jqé&%ﬁ}jﬁ —, 2012 Mass ordering?
=% — %(McDonald) S T HE /T 25 SE B oy CP phase?

(Kajita)

Neutrinos as a tool to explore the universe
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