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Neutrino Mass and Mixing
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6,3# 0 — Ocp can be observed

Open questions 0,,: mixing between v, and v,
1 Neutrino mass structure .
< Mass gaps (Am3,, |Am%,|) and ordering (sgn Am3,)? 0,30 mixing between v, and v,

1 Neutrino flavour structure

% Mixing angles (0,,, 0,5 , 05) and CP-phase (5:p)? 0,5: if 0, effective 2 flavour mixing

» No CPV!
Not accessible through oscillation measurements: Ve costiy sinbyy 03 (v
vy | = —sintia cosfia 0| e
O Absolute mass o 0 o 1)\,

O Dirac/Majorana nature
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Neutrino Oscillation Experiments
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Neutrino Oscillation Experiments
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Neutrino Oscillation at JUNO
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Neutrino Oscillation at JUNO "

1.4 _
1 —— No oscillations
Daya Bay | Daya Bay KamLAND 80 1 i
1.211 (near) (far) [ am ] | 2 N B Only solar term
g ceee seee . R Inverted Ordering
® 1.0 o~ ﬂ ﬂ > 60 - —— Normal Ordering |
Q >
S 0.8- ;
S Z
© S il
0.6 s 40 i
= Am?,, fast >
5 1] 4] H . E
» 0.41aka. “atmo.™oscillation ﬂ s | e
T e e D N N oS O B | N [ (| = RN [ AL N o P g NGl
BY < 904 e i
0.2- Am3, slow u “ < V7w
0.0 aka. “solar” oscillation _
10-1 10° 101 10? S . . . . . .
Baseline (km) 4_? 1.0 a— i L j ' ' '
3
o
a
S 0.5 1
P..(L/E) = 1— Py — P31 — Py = :
Py = cos?(f13)sin®(26012) sin®(Aay) = ]
P31 = cos®(f12)sin?(26,3) sin® (Ag;) S o, : : —_ , , .
Py = sin2(912) sin2(2913) Siﬂg(ﬂ.gg) 2 3 Ij | 5 " 3] 7 8
eutrino energy |IVle
S. Petcov and Piai, Phys. Lett. B 553, 94-106 (2002) JUNO,S main goal: Neutrino MaSS Ordering

J. Learned et al., PRD 78(2008)071302
L. Zhan, Y. Wang et al., PRD 78(2008)111103
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JUNO'’s Location
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JUNO Project and Collaboration

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

Country Institute o Institute Country Institute
Armenia YerPhl sbu _|Italy INFN-CT
Belgium uB: SJTU™ Italy INFN-FE
Chile SAPHIR 8 -/ SUSTech Italy 'INFN-LNF
Chile [UNAB S ‘sysu. - | italy INFN-MI
China BISEE i | THU K < it INFN-MIB
China CDUT \ UCAS 2 T faly e INFN-PD
China CNPRI NN o WHU ‘ o taly INFN-PG
China ~|cuGB RN WuYiU Clitaly INFN-Roma3
China DGUT Coaxarth (S Pakistan PINSTECH (PAEC)
China ECUT S Gl Russia < - JINR
China GXU zzogl i Slovakia .~ ;. [FMFI-UK
China HIT Charles U - . Taiwan-China --- . |{NCTU
China HunanU WUS T ) Taiwan-China | NKNU
China IGGCAS ‘, CPPM. Taiwan=China INTU
China IHEG-CAGS __|France lJCLab Taiwan-China NTUT,
China IHEP " | France IPHC Thailand CHULA.
China IMP %QFrance LP2iB Thailand NARIT
China JNU France Subatech Thailand SUT
China JXNU Germany EKUT U.K. U. Liverpool
China KNRC Germany GSI 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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The JUNO Detector

Top Tracker
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SS structure
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2026 June 23, Sheffield

0 J943.5m, H 44 m Water Pool/WP
s 35 kt water—Water Cher’ Detector/WCD
Tyvek
s 5 kt water buffer between WCD and AV
O Stainless Steel Structure/SSS
s WCD PMTs viewing outwards
» 2,404 20” veto PMTs (Micro-Channel Plate/MCP)
Tyvek
% CD PMTs viewing inwards
» 17,596 20” large PMTs: 4939 dynode +
MCP (w/ x2 photon detection efficiency)

» 25,587 3” small PMTs (higher dynamic range,
calibration for large PMTs; a problem due to the
connections: add N, into water)

v' 75%+3% geometrical coverage € SSS
mechanical precision ~3 mm
0 935.4 m Acrylic VessellAV
s 20 kt liquid scintillator—Central Detector/CD

» Fluorescence emission peak 430 nm
(violet-blue)
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First results using 59 days of data recently published

Theinternational journal of science /11 jJune 2026,

EoR(C (HXX)

Chinese Physics C

neutrino oscillations with
mproved precision

Now trending Proofof concépt Framework forlife
Isthe hypearound How Al use might 3Dstructures of
peptide drugsbacked “add up to success for protein lactices in
up by the science? maths and physics mouse égg cells

Cuinese PursicaL Sociery g 1oP Publishing

New results released yesterday in Neutrino 2026 with 207 days of data



Reactor v, Energy Spectrum at JUNO

60007 Ja"“""g JUNO Preliminary. June 2026 @
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ER =~ Nonoscllated 7 detector spectra from TAO and
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JUNO'’s New Results of Solar Mixing Parameters

JUNO prehmmary June 2026 @ 0 Even though the statistical uncertainty is dominant,

[ T / """"" ] systematic errors become important:
500 AL ] > 214Bj background and detection eff. can be improved
0 L : .; ............ : Amj1 Precision (%) stat.+1 syst.
ssF . Stat-Only 0.8741
I Y JUNO 207.2 days Power 00729 |
L 1o SNO-+ Spent nuclear fuel 0.0261 i
8.0 F (2025) Non-equilibrium 0.0384 I
T KamLAND Fission fraction 0.1069 -
g - JUNO )() 1 days (2013) Fission energy 0.0194 I
& 5 [ + Detection efficiency 0.2775 .
= 9 Matter density 00125 |
o [ Detector response covariance 0.1531 -
lO 7.0 [ i 1 ] Reactor spectrum 0.2794 .
— Y1 it 1 Bkg rate 0.3585 [
= [ 1I I Bkg shape 01043 |
= [ 1t i AllSyst 0.6090 |
g 6.5 [ T ] Total 1'0653 | || || I | I | | I | I I| | |
| it 000 025 050 075  1.00
6.0 i — 1L ® ] Precision (%) Bkg rate decomposition
SK + SNO 1l ] Bi214 rate 0.3410
(2024) I ] Li9 rate 01041 il |
2.9 [ T | ’ DoubleN rate 00288 ||
T S S S S | S S AlphaN rate 0.0248 || '
0.26 0.28 0.30 0.32 0.34 0.36 0 5 WorldRea rate 0.0197 I
2 2 Atm rate 0.0160 | i
sin“ 6 A |
12 X Fn rate 0.0065 :
Am221 738810078 (160% 91_060/0) Acc rate 0.0026 [ B A BN A R
000 025 050 075  1.00
: 0 )
Sln2912 0.3036£0.0064 (28 Yo—>2.1 /o) Stat-Only: JUNO+TAO+DYB; Free GeoNu rate; JUNO 207.2 d, TAO 31.3 d
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JUNO'’s New Results of Solar Mixing Parameters

JUNO % - ® ' 3.036+0.064 2.1%

SNO+ %+, constrained ' ® ' 3.10 012 3.9%

Solar+KamLAND ' ® ' 3.07 4012 3.9%

Solar global 3.06 +0.13  4.2%

SNO 2.99 t01% 509

KamLAND - . 3,16 05 9.5%
28 29 30 31 32 33 34 35

JUNO % 8- 7.388+0.078 1.1%

SNO+ %, constrained —— 7.63 017 2.2%
KamLAND —— 7.54 1010 25%
Solar+KamLAND —e— 7.50 T018 2.5%
SNO+ 4 —e— 793 031 28%
Solar global 6.10 "0 14.4%
SNO 5.60 71710 20.5%

40 45 50 55 60 65 70 75 80
Am3,, 107 eV?
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JUNO First Measurement of Am3,

0 Due to statistical
fluctuations, JUNO-
only profiles of
AmZ?,, have
multiple minima

1 The final minimum for each mass

ordering is obtained by using the M - 3
Am?Z,, constraint from the Daya 2f AmZ = — 24821005 « 1073 oY
Bay result (PRL 130 16, 161802) 1o

o~ 8t

>

a et

O Feldman-Cousins (FC) method is
used to determine the 10 range of
AmZ?,,: ~1% precision achieved
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JUNO First Measurement of Am3,

.  Inverted mass ordering . . . Normal mass ordering .
JUNO (+Daya Bay) o~ 2.482100%0  1.0% JUNO (+Daya Bay) —e- 2.50910050  1.0%
NOvA+T2K —o— 240 0% 159 NOvA —e— 2.5061003] 1.4%
NOvA —e— 2.404+0036 1.5% NOvA+T2K —— 2.51 T00% 1.4%
T2K —e— 248670013 1.7% T2K —e— 2,596 0030 1.7%
IceCube —— 2.32 000 1.9% IceCube —— 2.48 00 1.8%
SuperK+T2K — 2.409%907 2.4 SuperK+T2K —e— 2.58670 0% 2.3%
Daya Bay nGd —— 2.496+0.060 2.4% Daya Bay nGd —e— 2.541+0.060 2.4%
MINOS+ —— 2.37 09T 3.2% SuperK —— 248 000 3.2%
SuperK —— 2.40 09 38 MINOS+ —— 2.48 008 3.4%
RENO  nGd ——— 2.55 T91 45% RENO  nGd ———— 2.59 T01h  44%
Daya Bay nH —e—— 275 011 539 Daya Bay nH . 2.80 *)1% 52%
ORCA [1.76, 2.25) ORCA . 2.18 1022 13.8%
RENO nH = 2.51 *08 12.0% RENO  nH * 2.55 102 11.8%

1.8 2.0 2.2 2.4 2.6 2.8 18 2.0 2.2 2.4 2.6 2.8

|Am3,|, 1073 eV? Pr |Am3,|, 1073 eV?

> Results from JUNO have smallest uncertainties
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JUNO First Measurement of Am3,

O Am?;, from reactor and accelerator neutrinos should align at the right mass ordering [1]
d Adopt the NuFit-LBL results from [2]: normal mass ordering is favored at Ax? = 4.86

==+ DYB Constraint —8— JUNO w/ DYB constraint

a
JUNO Preliminary. June 2026 @ —=- LBL Constraint  —#= JUNO w/ DYBLBL constraints

o T e s e 4 VLAY AR A———— T ———————————————— 7 AR —
i '
\
/ \
I / \
510 1 \
l \
I / \\
/1 7 \
o i ! 7 \
> 505 I,’ \
~
N

500 F

’ -

— _ T *

— 1

195

—9265 —260 —255 —250 -—245 —240 -235 —230 ~ 2.30 2.35 2.40 2.45 2.50 2.55 2.60 2.65 2.70
Am2, [107 eV?] Am2, [107 eV?]

—2.70
[11 H. Nunokawa, S. Parke and R.Z. Funchal, Phys. Rev. D 72 (2005) 013009; Y. 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
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JUNO'’s Neutrino Mass Ordering Significance

O Frequentist approach using pseudo exp. to O Bayesian approach using Markov Chain Monte Carlo
convert Ax? to significance (MCMC) method
d Influence of dp considered (scanned) d  Normal Ordering is favored with a Bayes factor of 10.18
O Normal Ordering is favored at 2.3c = 2In = 4.64, consistent with the frequentist Ax?
JUNO Preliminary. June 2026 @ <
Ax? Distributions: 17.2m FV + LBL & DYB Am2, Pulls JUNO Preliminary. June 2026 @, W/ DYB and NuFit-LBL const.
L Dater A2 4855 | i iMOfejection:i-sidedll-'sided R R G L R
S Trlie N())( NO: 0.7 6/ 0.0 0, p=0.489 B W MCMCIO - CMCNO
005 ~--- Truel0 10:2.30/2.10,p=0.0197 | 20
£ s f Bayes factor
£ 0.06. S 15 k=P(NO)/P(10)=10.18
2 ol § 2lnk=4.64
= S
= =
20.04 % 10 —
= o) B
(=N (ol =
0.02- 5 :—
0.00 7 - O;A_LA~| I /VI'II
S0 Nt . 2.5 2.4 2.4 2.5 2.6
AX - XlO,fit - XNO,fit 2 -3 2 2 -3 )
Amsz, [1077 eV~] Amjz, [107° eV~]
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Summary

d The JUNO detector and TAO are successfully built and operating smoothly

4 Initial performance shows that the detector works well as designed

1 Precision of solar oscillation parameters further improved by a factor of 1.3-1.5
3 First measurement on Am3, achieved a precision of ~1%

 With external constraint, Normal Mass Ordering is favored at ~2.30
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