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First results using 59 days of data already 
published, Nov 2025 – Jun 2026

The First Physics Results from JUNO (Nov 2025 & Jun 2026)

First Neutrino Mass Ordering 
207 days of data @ 𝛎’26
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The JUNO Experiment the International Collaboration
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6 PWR cores

17.4 GWth

2 EPR cores

9.2 GWth



The Quest to Neutrino Mass Ordering
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❖ Mass ordering of charged fermions are 

“normal” --- roughly even on log-scale

❖ Absolute neutrino masses are UNKNOWN

➢ Oscillations tell Neutrino Mass Ordering



Experimental Efforts Resolving 𝛎 Mass Ordering
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Known θ13 Enables Neutrino Mass Hierarchy at Reactors
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Petcov&Piai, Phys. Lett. B533 (2002) 94-106

✓Mass hierarchy reflected in the spectrum

✓Independent of the unknown CP phase

L~20km

∝ sin22θ13

After a few years……

Figure 1: The MH discriminat ion ability for the proposed reactor neutrino experiment

as funct ions of the baseline (left panel) and the detector energy resolut ion (right panel)

with the method of the least squares funct ion in Eq. (11).

detector energy resolut ion 3%/ E(MeV) as a benchmark. A normal MH is assumed to

be the true one (otherwise ment ioned explicit ly) while the conclusion won’t be changed

for the other assumpt ion. The relevant oscillat ion parameters are taken from the latest

global analysis [28] as ∆ m2
21 = 7.54 →10− 5eV− 2, (∆ m2

31 + ∆ m2
32)/ 2 = 2.43 →10− 5eV− 2,

sin2 θ13 = 0.024 and sin2 θ12 = 0.307. The CP-violat ing phase will be specified when

needed. Finally, the reactor ant ineutrino flux model from Vogel et al. [33] is adopted

in our simulat ion1. Because two of the three mass-squared differences (∆ m2
21, ∆ m2

31

and ∆ m2
32) are independent , we choose ∆ m2

21 and ∆ m2
ee defined in Eq. (5) as the free

parameters in this work.

To obtain the sensit ivity of the proposed experiment , we employ the least squares

method and construct a standard χ2 funct ion as following:

χ2
REA =

Nb i n

i = 1

[M i − Ti (1 + k αi k k)]2

M i

+

k

2
k

σ2
k

, (11)

where M i is the measured neutrino events in the i -th energy bin, Ti is the predicted

reactor ant ineutrino flux with oscillat ions, σk is the systemat ic uncertainty, k is the

corresponding pull parameter, and αi k is the fract ion of neutrino event contribut ion of

the k-th pull parameter to the i -th energy bin. The considered systematic uncertaint ies

include the correlated (absolute) reactor uncertainty (2%), the uncorrelated (relat ive)

reactor uncertainty (0.8%), the flux spectrum uncertainty (1%) and the detector-related

uncertainty (1%). We use 200 equal-size bins for the incoming neutrino energy between

1.8 MeV and 8.0 MeV.

We can fit both the normal MH and inverted MH with the least squares method

and take the difference of the minima as a measurement of the MH sensit ivity. The

1We have tried both the calculated [33] and the new evaluat ions [34, 35] of the reactor ant ineutrino

fluxes. The discrepancy only influences the measurement of θ12. Both evaluat ions give consistent results

on the MH determinat ion.
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5. Repeat the above steps 500 t imes and obtain the
dist ribut ions of RL and PV values.

6. Calculate the probability to determine the mass hi-
erarchy correct ly based on the dist ribut ions of RL
and PV values.

Fig. 2 shows the dist ribut ion of RL and PV
values for 500 experiments with input parameters
(sin2(2θ13),σE ) = (0.02, 2%/

√
Evi s). Two clusters of

points in the (RL, PV) plane corresponding to NH and
IH cases show the probability to determine the mass hi-
erarchy. Various input parameters have been tried and
the dist ribut ion of RL + PV is shown in Fig. 3. Two
clusters of points turn into two Gaussian dist ribut ions
and the probability to determine the mass hierarchy can
be correct ly calculated.
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FIG. 2: Dist ribut ion of RL and PV values from 500
simulated experiments with parameters (sin2(2θ13),σE ) =
(0.02, 2%/

√
Ev i s ). Two clusters of points show the sensit ivity

to determine the mass hierarchy.

To study the impact of the baseline, a total of 500 ex-
periments have been simulated for each set of input pa-
rameters (sin2(2θ13),σE ). Fig. 4 shows the results. The
error bars are due to stat ist ics since only a limited num-
ber of experiments are simulated. The opt imal baseline
is clearly 58 km, which is chosen as the default baseline.

Fig. 5 shows the impact of event number to the de-
terminat ion probability. Obviously, fewer number of
events will induce larger stat ist ical fluctuat ions, more
noisy peaks and valleys in the FCT and FST spectra
and hence reduce determinat ion probability. As shown
in Fig. 5, a total of 5 × 105 events will reach 90% deter-
minat ion probability for sin2(2θ13)= 0.02 with an energy
resolut ion of 3%/

√
Evi s . This number of events, proba-

bly the largest can be imagined nowadays, is chosen as
the default in this paper.

The requirement to the event stat ist ics st rongly de-
pends on the value of sin2(2θ13). Fig 6 shows the num-
ber of neutrino events needed to determine the mass
hierarchy at the 90% confidence level as a funct ion of
sin2(2θ13). Two casesof theenergy resolut ion, 2%/

√
Ev i s
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FIG. 3: Dist ribut ion of RL + P V values from 1000

experiments for parameters (sin2(2θ13 ),σE ) being
(0.01, 2%/

√
Ev i s ), (0.01, 3%/

√
E v i s ), (0.02, 2%/

√
Ev i s )

and (0.02, 3%/
√

E v i s). Two Gaussian dist ribut ions show the
sensit ivity to determine the mass hierarchy.
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FIG. 4: Impact of the baseline to the determinat ion proba-
bility for 4 sets of parameters (sin2 (2θ13),σE ).

and 3%/
√

Ev i s , are studied. If sin2(2θ13) happens to be
more than 0.05, as some of the recent global fit indi-
cated [10], the number of events can be a factor of 5
smaller than that in the case of sin2(2θ13)= 0.02.

Impact of the energy resolut ion to the mass hierarchy
determinat ion is studied for the cases of sin2(2θ13) =
0.02, 0.01 and 0.005 as shown in Fig. 7. To achieve
the mass hierarchy determinat ion probability bet ter than
90% at sin2(2θ13) = 0.02, the energy resolut ion shall be
bet ter than 3%

√
Ev i s . This is actually a very stringent

requirement , at least a factor of two bet ter than that of
the exist ing reactor neutrino experiments. For a typi-

Learned et al, PRD78(2008)071302(R)

Li et al, PRD 88 (2013) 013008Zhan et al, PRD79 (2009) 073007
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FIG. 3: Dist ribut ion of RL and PV values for different pa-

rameters of baseline and sin2(2θ13 ). For each parameter to
be scanned, the default baseline is 60 km and all the other

parameters are the values as in Table I . Two clusters of RL
and PV values are clearly seen for NH and IH cases.

For even smaller sin2(2θ13), the main peak becomes
less significant . For example, if the main peak is required
to be twice higher than that of noise, sin2(2θ13) must be
greater than 0.005 in order to clearly ident ify the main
peak, for a variety of neutrino energy spectra in a rea-
sonable range.

For a realist ic experiment in the near future, the en-
ergy resolut ion and stat ist ics are of the most concern. At
60 km, θ12 has the least impact to the mass hierarchy de-
terminat ion. The energy resolut ion must be good enough
not to smear the difference between P31 and P32, which
requires the energy resolut ion be bet ter than 3%/

√
E. A

detector with a mass at 10 kton level may be necessary,
depending on the size of θ13. I f shortening the baseline,
the noise in the Fourier spect ra from θ12 oscillat ion in-
creases, thus degrade the sensit ivity. In the mean t ime
requirements to the energy resolut ion and the detector
size are relaxed. The opt imizat ion of the baseline as well
as the energy resolut ion and detector size for different θ13

assumpt ions are undergoing.
In summary, the method to discriminate the mass hier-

archy has been studied by using a Fourier sine(FST) and
cosine(FCT) t ransform to the observed reactor neutrino
L/ E spectra. TheFCT and FST spect ra can separateP31

and P32 oscillat ion components from the large 1 − P21

component in a specific δm2 range. Features of mass
hierarchy are enhanced in this representat ion and more
sensit ive than that of the Fourier power spectrum at very
small sin2(2θ13). We found that an ideal detector at an
intermediate baseline (∼ 60 km) could ident ify the mass

hierarchy for a mixing angle sin2(2θ13) > 0.005, without
requirements on accurate informat ion of reactor neut rino
spectra and the value of ∆ m2

32. A paper of a detailed
analysis of experimental errors will be released soon [20].
Similar methods can be applied to other experiments us-
ing different neutrino sources, such as accelerator-based
neutrino beams or atmospheric neut rinos.
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FIG. 4: The FCT and FST spect ra and Fourier power spec-

t rum for sin2 (2θ13 ) = 0.005. The solid line is for NH and the
dashed line is for IH. The FCT and FST spect ra have dist inc-
t ive features to ident ify the mass hierarchy, which looks more

sensit ive than the Fourier power spect rum method.

[1] P. Adamson et al. [MINOS Collaborat ion],
arXiv:0806.2237 [hep-ex].

[2] Y. I tow et al. [The T2K Collaborat ion],
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sensit ive than that of the Fourier power spect rum at very
small sin2(2θ13). We found that an ideal detector at an
intermediate baseline (∼ 60 km) could ident ify the mass

hierarchy for a mixing angle sin2(2θ13) > 0.005, without
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[2] Y. I tow et al. [The T2K Collaborat ion],
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[1] P. Adamson et al. [MINOS Collaborat ion],
arXiv:0806.2237 [hep-ex].

[2] Y. I tow et al. [The T2K Collaborat ion],

Zhan et al,

PRD78 (2008)
111103



➢ Energy resolution: ~3%/sqrt(E)

➢ Energy scale uncertainty: <1%

➢ Statistics (the more the better)

➢ Reactor distribution: <~0.5km

Challenges in Resolving NMO using Reactors
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Y.F. Li et al
PRD88(2013)013008

S.F. Ge et al 
JHEP 1305 (2013) 131

X. Qian et al PRD 87, 
033005 (2013)



Acrylic Sphere: 
Inner Diameter (ID): 35.4 m

Thickness:12 cm

Stainless Steel (SS) Structure:
ID: 40.1 m, Outer Diameter (OD): 41.1 m

17612 20-inch PMTs, 25600 3-inch PMTs

Water pool:
ID: 43.5 m, Height: 44 m, Depth: 43.5 m

2400 20-inch PMTs

The Conceptual Design of the JUNO Detector
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20 kton LS

35 kton

water

Top Tracker (TT)



A Comprehensive Calibration System

Automatic Calibration Unit (ACU) 

Guide Tube Calibration 

System(GTCS) 

 Complementary for covering 

entire energy range of 

reactor neutrinos and full-

volume position coverage 

inside JUNO central detector

Cable Loop System (CLS) 

Remotely Operated 

under-liquid-scintillator 

Vehicles (ROV) 
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Packing PMTs as Tight as Possible and Keep Them Safe
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20” PMT (~18K)

MCP-PMT (~13K)

Hamamatsu HQE (5K)

3”sPMT(~25K)

HZC XP72B22 (Photonis)



The Construction of the Central Detector of JUNO 
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Views from Inside of the Central Detector
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LPMT (20-inch) SPMT (3-inch)

Hamamatsu NNVT HZC

Quantity 5,000 15,012 25,600

Coverage 75% 3%

Reference Eur.Phys.J.C 82(2022) 12, 1168 NIM.A 1005 (2021) 165347
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Major Milestones of the JUNO Experiment
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2023-2024-20252022201720152013

Civil Started

NNVT PMTs

Delivered

Detector 

Const. Started

Detector 

completing,

Filling starting

Project Approved 

and Funded!

Summer

2025: 

Data 

Taking!

2021

Civil 

completed



The Evolution of Large Volume LS Detectors: 1956-2025

300 L 8 x 20 tons 300 t 1000 t 20,000 t

15



⚫ Data taking period for this analysis: 2025.08.30-2026.05.18

⚫ Golden data are selected for physics analysis

Data Taking

Water 

leak to 

LS

➢ Power outage due to weather is one of the main causes of interruptions 
16

Yifang’s Slide @ 𝛎’26 



Calibration

⚫ 1D (central axis): 137Cs, 54Mn, 40K, 68Ge, 
60Co, Am-C, Am-Be, sensors, laser

⚫ 2D (cable loop): Am-C, 68Ge, 137Cs

⚫ 3D using cosmogenic backgrounds:
 Bi-Po214 from Rn decays, spallation 

neutrons, other cosmogenic isotopes

⚫ Positions at which source 
calibration performed

⚫ No 222Rn leakage or other 
contaminations introduced 
during calibration

17

Yifang’s Slide @ 𝛎’26 



Reconstruction and Energy Correction
⚫ Vertex and energy are determined by maximum 

likelihood taking into account PMT response, geometry, 
optical properties, verified by calib. sources 

⚫ Other reconstruction methods give similar results

⚫ Time dependent variations corrected by Po214 in the  
whole volume, check by n-H from IBD

⚫ Residual r--t dependence (~1%) further corrected 
by 214Po in the whole volume

⚫ Energy scale anchored at nH from 9Li+IBD

⚫ Final performance checked by IBD nH in r < 17.2m 
⚫ Residual spatial non-uniformity RMS ~0.2% 

⚫ Residual time dependent variation RMS ~0.3%

18

RMS = 0.3%

RMS = 0.05% Preliminary

Preliminary

Yifang’s Slide @ 𝛎’26 



Energy Non-linearity

19

Cosmogenic 11C Cosmogenic 10C

Cosmogenic 12B

• Non-linearities of LS and 
electronics are determined by 
calibration sources at the
center: 68Ge, 137Cs, 54Mn, 40K, 
60Co, Am-C, and Am-Be

• The non-linearity model for e+ 
is based on Geant4 and g-
sources 

• The model is constrained by 
cosmogenic isotopes, 11C(e+), 
10C(e+), 12B(e-), 8Li (e-), 8B(e+), 
6He(e-), etc. in the whole 
volume

• Using sPMTs to correct and 
constrain LPMT instrumental 
non-linearity

• Uncertainty < 1%

19

γ @Detector 
center

Preliminary

Yifang’s Slide @ 𝛎’26 



Light Yield and Energy Resolution 
⚫ Light yield at the detector center is ~1600 PE/MeV for 68Ge and 

~1785 PE/MeV for neutrons, in good agreement with MC

⚫ Energy resolution for 68Ge is ~3.5% @ 2 0.511 MeV at the 
center, slightly worse than the expected 3.1%
 Better MC for Č process, optical boundaries,  electrons, …

 Possible improvements: ML to remove 14C, more calibration, 
better reconstruction and fitting methods, …

⚫ Energy resolution for alpha from 214Po is ~2.9% @0.93MeV

20

Preliminary Preliminary

Light yield of 68Ge

68Ge

Energy resolution vs r3

Yifang’s Slide @ 𝛎’26 



Energy Resolution Model  
⚫ Energy resolution is particle type, energy and space dependent

⚫ An analytical R-dependent resolution model for e+ was built using Geant4 simulation and 
data from calibration sources ( )

⚫ An energy response matrix was then used for e+ spectrum fitting after adding 14C pile-up 
to 5% events

21

PreliminaryPreliminary

Yifang’s Slide @ 𝛎’26 



Reactor Neutrino Selection
⚫ Prompt and delayed coincidence in time, space with energy features

space

time

energy

⚫ What is new in this analysis:
⚫ ~10% more fiducial volume (R=16.5m➔17.2m)

⚫ ~60% reduction of 9Li bkg.

⚫ a factor of 50 reduction of accidental bkg. using likelihood cut

⚫ model independent estimate of the 214Bi bkg.

Similar to our 
“Nature” paper 

Yifang’s Slide @ 𝛎’26 



Reactor Neutrino Event Rate versus Time

⚫ Measured reactor neutrino event rate consistent with expectation

⚫ Total live time is 207.2 days

χ2/n.d.f. = 40.1/37
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Yifang’s Slide @ 𝛎’26 



Measured Reactor Neutrino Spectrum

Consistent results from three independent analyses
24

Fitting constrained 
by the near detector 
spectra from TAO 
(talk by Yichen) and 
Daya Bay (PRL 

130 16, 161802) 

Yifang’s Slide @ 𝛎’26 



New Results of Solar Oscillation Parameters

Δm2
21 7.388±0.078 (1.60% →1.06%)

sin2θ12 0.3036±0.0064 (2.8%→2.1%)

⚫ Even though the statistical uncertainty is 
dominant, systematic errors become important:


214Bi bkg. and detection eff. can be improved 

25
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First Result of Δm2
31 

⚫ Due to statistical fluctuations, JUNO only profiles of Δm2
31 have multiple minima

The final minimum for each mass 
ordering is obtained by using the 
Δm2

31 constraint from the Daya Bay 
result (PRL 130 16, 161802)

Feldman-Cousins (FC) method is used 
to determine the 1σ range of Δm2

31：
~1% precision achieved

26

[-1.05%，+1.00%] [-1.00%，+1.08%]
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Adding Constraint from NuFit-LBL

◆ Δm2
31 from reactor and accelerator neutrinos should align at the right mass ordering[1]

◆ Adopt the NuFit-LBL results from [2]: normal mass ordering is favored at Δχ2 = 4.86

[1] 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

27
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Neutrino Mass Ordering Significance
⚫ Frequentist approach using pseudo exp. to 

convert Δχ2 to significance

⚫ Influence of δCP considered (scanned)

⚫ Normal Ordering is favored at 2.3σ

⚫ Bayesian approach using Markov Chain Monte 
Carlo(MCMC) method

⚫ Normal Ordering is favored with a Bayes factor 
of 10.18 ➔ 2ln = 4.64 

 Consistent with the frequentist Δχ2 

28
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➢ Fits are performed w/o 

constraint on geo-neutrino flux, 

but with 3.4(10%) U/Th ratio

➢ Clear geo-nu signals at 1-3 

MeV, giving a flux of 73 ± 11 

TNU (the largest and most 

precise)

➢ JUNO result is higher than 

expectation from existing 

models, but not statistically 

significant;

➢ Need more JUNO data and 

more refined geological model 

predictions

Results on Geo-neutrinos



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

⚫ Initial performance shows that the detector works well as designed

Summary --- This is Just the Beginning!

  

Marta Colomer Molla, Rencontres de Blois 2021, Status and physics prospects of JUNO 5

JUNO physics program

⚫ Solar oscillation parameters further 

improved by a factor of 1.3-1.5

⚫ First measurement on Δm2
31, a 

precision of ~1% 

⚫ With external constraint, Normal Mass 

Ordering is favored at ~2.3σ

NOTE: Many physics results not covered

30



sin2𝟐𝜽𝟏𝟐, ∆𝒎𝟐𝟏
𝟐 , |∆𝒎𝟑𝟐

𝟐 |, leading measurements in 100 days; precision <0.5% in 6 years

Future Prospects in Precision Measurements

31

Chin. Phys. C46 (2022) 12, 123001



Future Prospects in Mass Ordering Sensitivity

32

Design Now 

Thermal Power 36 GWth 26.6 GWth (26%↓)

Signal rate 60 /day 47.1 /day (22%↓)

Overburden ~700 m ~ 650 m

Muon flux in LS 3 Hz 4 Hz (33%↑)

Muon veto efficiency 83% 91.6% (11%↑)

Backgrounds 3.75 /day 4.11 /day (10%↑)

Energy resolution 3.0% @ 1 MeV 2.95% @ 1 MeV (2%↑)

Shape uncertainty 1% JUNO+TAO

3𝜎 NMO sens. Exposure <6 yrs × 35.8 GWth ~6 yrs × 26.6 GWth

◆ JUNO NMO median sensitivity:   

3σ (reactors only) @ ~6 yrs * 26.6 GWth exposure

◆ Combined reactor and atmospheric neutrino analysis in 

progress:  further improve the NMO sensitivity

Sensitivity mostly from 1.5-3 MeV

arXiv:2405.18008 (2024)
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JUNO Future: JUNO-ββ

Insert a balloon/Directly filled 
with 136Xe-loaded LS(or 130Te) 
into the JUNO detector

⚫ Once mass ordering is determined (~2030), JUNO will be 

upgraded for ββ-decays, in addition to existing  capabilities；

⚫
130Te/136Xe will be loaded into the LS;

⚫ R&D about the Te/Xe-LS is undergoing

33
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Cracks on the Acrylic Tank 

➢ A LS leak to water on Mar 21, 2025:

✓ Abnormal trigger rate observed and confirmed by 

under water robot;

✓ Leak was stopped within 1 week using epoxy and tape 

by divers;

✓ Further repair by epoxy and acrylic plate to reduce the 

stress (pulling open the crack) by 50%

epoxy

34

➢ A water leak to LS on Mar 19, 2026:

✓Experienced divers were stopped the leak within 2 days;

✓Further repair in the following two days ;

✓A total of ~1Bq 222Rn went into LS, 13 days of data loss;

✓No other increase of radioactive backgrounds in LS

❖ Main structure is safe, stress within expectations
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PMT Characterization, Potting and Assembly in a Warehouse



Characterizing/Testing Every Single PMT with Great Care

1000 PE,gain=1X107

SPE Gain reduced by 

30%@charge=41C.

36
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Operation Status since Detector Filling and Operation

• PMT DCR gradually decreased; 

DCR of MCP PMTs in CD is 

now ~13 kHz (acceptance test: 

31 kHz); DCR of dynode PMT is 

~16 kHz

• ~40 channels (PMTs + 

electronics) dead since water 

filling (Dec, 2024)

• Extensive efforts have been 

done to mitigate PMT flashing, 

including HV reduction, periodic 

PMT restarts, and automatic 

shutdown of PMTs with high

DCRs, ~600 PMTs

• Fluctuations of DCR due to HV,

T and light conditions observed

37

A Flashing Event
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