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Jiangmen Underground Neutrino Observatory
Under construction in cavern 700 m underground  
in Southern China
Multipurpose experiment - primarily to study neutrino 
properties through reactor �  oscillation
52.5 km from two powerful nuclear power plants (NPPs)
20 kt of liquid scintillator (LS) - largest of its kind  
in the world
Superb energy resolution of ~3% at 1 MeV 
Ready for data taking in 2023

ν̄e
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JUNO Overview

Daya Bay Borexino KamLAND JUNO Science World, Vancouver

Experiment Daya Bay Borexino KamLAND JUNO

LS mass [t] 8×20 ~300 ~1,000 20,000

Collected p.e./MeV ~160 ~500 ~250 ~1,350

Energy res.  at 1 MeV ~8% ~5% ~6% 3 %

U/Th purity of LS [g/g] - 10-19 10-17 10-15/10-17*

*baseline/we hope

52.5 km
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Hong KongJUNO

Taishan NPP
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Central detector - neutrino target

• 20 kt of LS in the acrylic sphere

• 17,612 20-inch (large) photomultipliers (PMTs)

• 25,600 3-inch (small) PMTs

• In total, 78% photo-coverage

• Coils to compensate Earth magnetic field (EMF)
Water pool - muon veto

• Cylinder with 35 kt of pure water

• Effective shielding

• Cherenkov detector with 2,400 LPMTs
Top Tracker - precise muon measurement

• 3 layers of plastic scintillator reused from 
the OPERA experiment

• Covering 60% of the pool area

�3

JUNO Detector

Top Tracker

EMF-compensation 
coils

Acrylic sphere

Densely packed PMTs

Water pool

Acrylic sphere ∅35.4 m - 20 kt of LS

Water pool ∅43.5 m - 35 kt of pure water

Stainless steel 
support structure
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3.8.1 Calibration system design

The system design is shown in Fig. 27. Functions of sub-systems and auxiliary systems are introduced
below.

Figure 27: Overview of the calibration system (not drawn to scale).

Table 6: The radioactive sources and radiation types
Source Type Radiation
137Cs “ 0.662 MeV
54Mn “ 0.835 MeV
60Co “ 1.173 + 1.333 MeV
40K “ 1.461 MeV

68Ge e+ annihilation 0.511 + 0.511 MeV
241Am-Be n, “ neutron + 4.43 MeV (12Cú)
241Am-13C n, “ neutron + 6.13 MeV (16Oú)

(n,“)p “ 2.22 MeV
(n,“)12C “ 4.94 MeV or 3.68 + 1.26 MeV

For a one-dimensional scan, the Automatic Calibration Unit (ACU) can deploy multiple radioactive
sources or a pulsed laser di�user ball along the central axis of the CD [190]. Four sets of spools on
a turntable can deliver sources independently and automatically through the chimney of the CD. The
calibration positions can be controlled with a precision of better than 1 cm.

O�-axis calibration positions are important to investigate the non-uniformity of the detector re-
sponse. A calibration source attached to a Cable Loop System (CLS) can be moved on a vertical
half-plane by adjusting the lengths of two connection cables [191]. Two sets of CLSs will be deployed

48

Comprehensive calibration of the 
detector non-uniformity and non-linearity 
(JHEP03(2021)004):

• 1D automated calibration unit

• 2D cable loop system

• 2D guide tube calibration system

• 3D remotely operated submarine

• Laser for LS transparency check
Energy response well within 
requirements
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Selection of Detector Features
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Figure 2. Bias (Ee+
rec � Ee+)/Ee+ in the reconstructed positron kinetic energy as a function of

true energy. The shape of the bias is an artifact that the degree-of-freedom of the fit function does
not describe perfectly the true non-linearity curve. The band represents the uncertainties in the
calibration procedure, detailed in section 2.3.7. The lowest kinetic energy in the figure is 0.5 MeV,
to avoid artificial increase of the fractional bias when the kinetic energy approaches zero.

for individual mono-energetic electrons at the CD center and to extract the true inherent
fnonlin. The best fit fnonlin is displayed in figure 1(c), together with the true, and they agree
within 0.3% within the entire energy range from 0.5 to 8 MeV.

For a final sanity check, a simulation of mono-energetic positrons at the CD center is
performed. The kinetic energy is reconstructed event-by-event using Eq. (2.4), in which
Eanni

vis is obtained from the simulation of an enclosed 68Ge source, and the best fit fnonlin is
taken from the previous step. The residual bias in the reconstructed energy, as depicted in
figure 2, is within ± 0.2%, with a 0.7% uncertainty band to be discussed in section 2.3.7. The
positron energy non-linearity could be further improved by utilizing additional cosmogenic
background in the detector, for example, 10C and 11C.

2.2 Calibration of instrumental non-linearity

As mentioned earlier, even at a given energy, the single channel response of LPMT is
strongly position dependent in JUNO. Channel-level non-linearities between the actual
photons and measured charge would convolve into an event-level instrumental non-linearity,
which is consequently entangled with position non-uniformity.

To correct for this complication, the LPMT system is first calibrated for its channel-level
non-linearity utilizing the dual calorimetry calibration technique, which implies the response
comparison between the LPMT and SPMT calorimetries, with the help of a tunable light
source covering the full range of the uniform IBDs (0 to 100 PE per LPMT channel). Such a
UV laser system has been developed and described in Ref. [25], which can produce a uniform
illumination on all channels over the desired range when flashing from the center of the CD.
Within such range, the SPMT can serve as an approximate linear in-detector reference,
ensured by both photon counting and charge measurement, since SPMT channels primarily
operate in the single photon regime. As the laser intensity varies, the ratio of the LPMT
charge to that of the total SPMTs leads to a direct determination of the LPMT channel-
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Figure 10. Positron energy resolution vs. Eprompt
vis after the ideal non-uniformity correction

(uncertainties are smaller than the markers). The red line shows the fit using Eq. (3.1).
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Figure 11. The non-uniformity g(r, ✓) in � = 0 plane as a function of cos ✓ and R3, (a) 3D
surface, (b) 2D projection with value of g indicated by the color band. The black points are the
optimized deployment locations of calibration sources as explained in section 3.5.

are neglected. The parameter ã is found to be 2.98%. Note that this choice would also
allow direct comparisons to the spallation neutron capture signals in the experiment.

3.5 Finite calibration points

The next critical step is to select a list of “must-do” calibration points while still maintaining
a good approximation for g(r, ✓). Several pragmatic considerations are made:

1. As observed in figure 11, there is no apparent symmetry in g(r, ✓) that allows a vast
simplification to the choice of points. However, the variation of g appears faster at
the edge, which mandates more sampling points there.

2. To constrain the surface of g(r, ✓), the boundaries of the vertical half-plane are critical,
i.e., the central vertical axis of the detector and the circle at the LS-acrylic boundary.
The central axis can be calibrated with good granularity, one point every 2 meters
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Absolute energy scale 
uncertainty <0.7% 

Resolution 
~3% at 1 MeV
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Figure 3. Event-level instrumental non-linearity, defined as the ratio of the total measured LPMT
charge to the true charge for events uniformly distributed in the detector. The dotted black line
represents the perfect linear case. The solid red line represents event-level non-linearity without the
channel-level correction, with position non-uniformity obtained at 1 MeV applied, in an extreme
hypothetical scenario of 50% non-linearity over 100 PEs for the LPMTs. The dashed blue line
represents that after the channel-level correction. The gray band shows the residual uncertainty of
0.3%, after the channel-level correction.

level non-linearity. This calibration scheme is immune from the physics non-linearity, since
both LPMT and SPMT are exposed to the same energy deposition. The non-uniformity is
also irrelevant here, as the laser calibration source is kept in the detector center.

To illustrate this approach, electron events from 1 to 8 MeV are simulated uniformly
in the CD. An extreme channel-level non-linearity of 50% over 100 PE for the LPMT is
assumed. As shown in figure 3, the impact the channel-level instrumental non-linearity
can lead to an event-level non-linearity as large as 2% at 8 MeV. For comparison, if the
LPMT charge is first calibrated and corrected at the channel-level with the dual calorimetry
approach, the residual event-level non-linearity is reduced to <0.3%.

Residual biases could still remain after the laser calibration if the instrumental non-
linearity depends on the photon arrival time profile, which may be different between the
laser and physical events. This effect can be controlled by a systematic comparison of the
LPMT charge responses between the laser and radioactive sources.

2.3 Evaluation of systematic uncertainties

The non-linearity calibration methodology above is designed upon the experience in Daya
Bay [22], KamLAND [26], Borexino [27] and Double Chooz [28]. Residual systematic un-
certainties and their combined effects to the positron energy scale are evaluated in this
section.

2.3.1 Shadowing effect

A realistic radioactive source is not a point source. A typical source assembly we envision is
shown in figure 4. The source is enclosed in a 6 mm by 6 mm cylindrical stainless steel shell,
covered by bullet-shaped highly reflective Polytetrafluoroethylene (PTFE), and attached to
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20-inch PMTs with ~75% photo-coverage

• 5,000 dynode Hamamatsu PMTs - 
excellent time resolution σTTS=1.2 ns

• 12,612 MCP NNVT PMTs
3-inch PMTs with ~3% photo-coverage

• 25,600 dynode HZC PMTs

• Increase dynamic range of the detector

• Photon-counting mode for <10 MeV - 
calibrate the instrumental non-linearity 
of the 20-inch PMTs (dual calorimetry)
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Nuclear reactors emit ~2×1020  with energy 
Electron antineutrinos detected via inverse beta decay: �

• Prompt-delayed spatial and temporal coincidence ➔ background suppression 
’s oscillate - survival probability depends on θ12, θ13 mixing angles and , 

�  mass splittings (and neutrino mass ordering)

• Access to all those parameters thanks to great energy resolution, statistics, etc.

• First experiment to observe both oscillation modes simultaneously
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Nuclear reactors emit ~2×1020  with energy 
Electron antineutrinos detected via inverse beta decay: �

• Prompt-delayed spatial and temporal coincidence ➔ background suppression 
’s oscillate - survival probability depends on θ12, θ13 mixing angles and , 

�  mass splittings (and neutrino mass ordering)

• Access to all those parameters thanks to great energy resolution, statistics, etc.

• First experiment to observe both oscillation modes simultaneously
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~100,000 � ’s detected in 6 years
Backgrounds well under control (e.g. JHEP11(2021)102)
Sub-percentage measurement of θ12, ,  ➔  
improving precision by an order of magnitude in ~6 years!
Measurement of θ13 - JUNO cannot compete with short baseline reactor neutrino experiments 
such as Daya Bay

ν̄e

Δm2
21 Δm2
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Precision Measurement of the Oscillation Parameters

2 4 6 8 10 12
Visible Energy [MeV]

0
0.02
0.04
0.06
0.08

0.1
0.12
0.14
0.16
0.18
0.2

0.22

]
-1

da
y

-1
Ev

en
ts

/0
.0

2 
[M

eV

IBD Signal
IBD + residual BG

1 1.5 2 2.5 3 3.5 4 4.5
Visible Energy (MeV)

4−10

3−10

2−10

1−10
]-1

da
y

-1
Ev

en
ts

/0
.0

2 
[M

eV
Accidentals

He8Li9

Fast Neutrons
 Neutronsα

Geoneutrinos

JUNO Simulation Preliminary

JUNO Simulation Preliminary

Precision/Parameter sin2θ12 Δm221 Δm231 sin2θ13

JUNO 6 years ~0.5% ~0.3% ~0.2% ~12%

PDG 2020 4.2 % 2.4 % 1.4 % 3.2 %



B. Roskovec - Charles University Status of the JUNO Experiment

Measurement independent of matter effects, CP-violation phase and θ23 octant

• Unique information when compared and combined with other experiments
JUNO determines the neutrino mass ordering (NMO) at just 3σ significance with 6 years of data taking

• Thanks to the �  energy resolution, TAO constraints on the unoscillated reactor spectrum, …

Combination with other experiments greatly boost the potential  
to determine the neutrino mass ordering

• Accelerator neutrino experiments, e.g. NOvA and T2K

• Atmospheric neutrino experiments, e.g. KM3NeT-ORCA,  
IceCube Upgrade and PINGU

3 % E(MeV)

�7

Neutrino Mass Ordering Measurement

Effect Change w.r.t. Phys. G 43 
(2016) 030401

Taishan NPP with 2 cores 
from original 4 35.8 GWth➔ 26.6 GWthpp

Experimental cavern up 
by 60 m 30% more muons

Better 20-inch PMT 
quantum efficiency 27%➔29%

More light from the LS 1200 p.e. ➔ 1350 p.e. 

|Δm232|

Δχ2

True value/true NMO

— JUNO true NMO
- - JUNO false NMO
— Other exp. true NMO
- - Other exp. false NMO
— Combination true NMO
- - Combination false NMO
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8B solar neutrinos (CPC 45 23004 (2021))

• Elastic scattering of �  on �

• 60k events in 10 years 

• 2 MeV threshold for LS purity of 10-17 g/g

• Independent measurement of Δm221, θ12

νe e−

�8

Other Physics with JUNO

Th U

π
μAtmospheric neutrinos (EPJC, 81 (2021))

• � , �  discrimination based on hit time 
pattern

• Low-energy atmospheric neutrino spectrum
• 1-2σ sensitivity to NMO

νe νμ

Geoneutrinos (Phys. G 43 (2016) 030401)

• JUNO surpasses world’s geoneutrino  
statistics in a year

• Geoneutrino flux precision 6% in 10 years

• Geophysical interpretation of the flux limited by 
large contribution from local continental crust

products of IBD reaction, e+ and neutron, can be rejected to less than 0.5% using the correlation
between them. The residual mainly comes from the two signals falling into one electronics readout
window (1 µs). The recoil electron from the ⌫ � e ES channel, with a rate of 0.14 cpd/kt when the
visible energy is larger than 2 MeV, cannot be distinguished from 8B ⌫ signals. A 2% uncertainty
is assigned to this background according to the uncertainties of antineutrino flux and the ES cross
section.

4 Expected results

After applying all the selection cuts, about 60,000 recoil electrons and 30,000 background events are
expected in 10 years of data taking as listed in Table 4 and shown in Fig. 11. The dead time due to
muon veto is about 48% in the whole energy range. As listed in Table 2, the 212Bi�208Tl correlation
cut removes 20% of signals in the energy range of 3 to 5 MeV, and less than 2% in other energy
ranges. The detection e�ciency uncertainty, mainly from the FV cuts, is assumed to be 1%
according to Borexino’s results [20]. Given that the uncertainty of the FV is determined using
the uniformly distributed cosmogenic isotopes, the uncertainty is assumed to be correlated among
the three energy-dependent FVs. Since a spectrum distortion test will be performed, another
important uncertainty source is the detector energy scale. For electrons with energies larger than
2 MeV, the nonlinear relationship between the LS light output and the deposited energy is less than
1%. Moreover, electrons from the cosmogenic 12B decays, with an average energy of 6.4 MeV, can
set strong constraints to the energy scale, as it was done in Daya Bay [31] and Double Chooz [61].
Thus, a 0.3% energy scale uncertainty is used in this analysis following the results in Ref. [31].
Three analyses are reported based on these inputs.
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Figure 11: Expected signal and background spectra in ten years of data taking, with all selection
cuts and muon veto methods applied. Signals are produced in the standard LMA-MSW framework
using �m2

21=4.8⇥10�5 eV2. The energy dependent fiducial volumes account for the discontinuities
at 3 MeV and 5 MeV.
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case centered at 1. Considering the width of this distribution, an error of about 17% is
expected for the JUNO geoneutrino measurement, assuming a fixed U/Th ratio and one year
statistics (after cuts). The correlation between geoneutrinos and reactor antineutrinos is
demonstrated in figure 63 showing the distribution of the ratios of the reconstructed/
generated number of events for geoneutrinos versus reactor antineutrinos for 1 year lifetime
after cuts.

The distributions of ratios between reconstructed and generated number events for
reactor antineutrinos and for (α, n), 9Li–8He, and accidental backgrounds are shown in
figure 64. The −4% systematic shift in the reconstruction of geoneutrino signal (see lower
part of figure 62) is mostly due to the correlation with reactor antineutrino background: 0.1%
overestimate of the reactor background corresponds to 4% decrease in the reconstructed
geoneutrino signal. The (α, n) background tends to be overestimated and is correlated with
the 9Li–8He background. Background due to the accidental coincidences is well
reconstructed.

This analysis has been repeated also for 3, 5, and 10 years of lifetime (after cuts). The
precision of the geoneutrino measurement with fixed Th/U ratio is summarised in the 2nd
column of table 21. As it can be seen, the −4% systematic shift in the reconstruction of the
geoneutrino signal remains also for long data taking periods. The width of the distributions of
the reconstructed/generated number of geoneutrino events decreases, and thus the statistical
error on the measurement decreases with higher statistics, as expected. With 1, 3, 5, and 10
years of data, this error amounts to 17, 10, 8, and 6%, respectively.

8.7.2. Potential to measure Th/U ratio. The large size of the JUNO detector and the
significant number of geoneutrino events recorded each year offers the potential to measure
individually the U and Th contributions. The same study as described in section 8.7.1 has
been repeated, but this time the constraint on the Th/U chondritic ratio has been removed and
we allowed independent contributions from the two main natural radioactive chains. The Th
and U signal has been generated from Gaussian distributions according to table 20. As an

Figure 65. Result of a single toy Monte Carlo for 10 year measurement with Th and U
components left free and independent. The data points show the energy spectrum of
prompt candidates of events passing IBD selection cuts. The different spectral
components are shown as they result from the fit; black line shows the total sum for the
best fit. The U and Th signal are shown in red and black areas, respectively. The
following color code applies to the backgrounds: orange (reactor antineutrinos), green
(9Li–8He), blue (accidental), small magenta (α, n).

J. Phys. G: Nucl. Part. Phys. 43 (2016) 030401 Technical Report

124

Th

U U Th
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Core-collapse supernova (SN) neutrinos
• 10k events for 10 kpc SN
• Detection of all neutrino flavours:  

~5000 IBD, ~2000 pES, ~300 eES, ~300 NC-C
• Excellent energy resolution, low threshold

�9

Other Physics with JUNO

Th U

π
μDiffuse SN neutrino background (arXiv:2104.02565)

Neutrinos from past SNs aggregated
• Pulse-shape discrimination greatly reduces 

background
• 3σ sensitivity in 10 years for ⟨E⟩=15 MeV

Exotics

• Proton decay �  through 3-fold 
coincidence

• τ > 9×1033 y in 10 years

• Others searches: Dark matter, non-standard 
interaction, etc.

p → ν̄ + K+ Th

U U Th

K+

μ+

e+

o�ers a very e�cient tag for background reduction, while pulse-shape discrimination helps to suppress
the background from atmospheric-neutrino NC interactions. This will provide JUNO with a DSNB
sensitivity competitive to the current Super-Kamiokande+Gadolinium phase.

2.4.1 DSNB signal

The energy spectrum of DSNB events in JUNO is given by

dN‹

dE‹
= Np ◊ ‡‹(E‹) ◊ c

⁄ Œ

0

dN(E Õ
‹)

dE Õ
‹

◊
dE Õ

‹

dE‹
◊ RSN(z) ◊

-----
dt

dz

----- dz, (6)

where Np = 7.16 ◊ 1031/(10 kton) is the number of protons in the JUNO target, ‡‹(E‹) is the energy-
dependent cross-section for the IBD reaction [73], and the last term represents the di�erential DSNB
flux. It is computed via a line-of-sight integral of the average SN neutrino spectrum dN

dEÕ
‹

(weighted by
an initial mass function), multiplied by the core-collapse SN rate RSN(z) that evolves over the cosmic
history. To take into account the e�ects of cosmic expansion, E Õ

‹ denotes the neutrino energy at emission,
while E‹ = E Õ

‹/(1 + z) is the red-shifted neutrino energy upon detection. The term |
dt
dz | accounts for

the expansion history of the Universe and relates z to the cosmic time t.
For the sake of simplicity, we assume the underlying SN neutrino spectra to follow a Maxwell-

Boltzmann distribution. The expected DSNB rate and spectra largely depend on the expected mean
energy ÈE‹Í. The left panel of Fig. 5 displays an exemplary event spectrum for ÈE‹Í = 15 MeV. Event
numbers are plotted as a function of the detected prompt (i.e. positron) event energy and for 10 years of
observation in a 17-kton fiducial volume (see below). Tab. 4 displays the expected range of the DSNB
event rate depending on the average ÈE‹Í.
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Figure 5: Prompt (e+) energy spectra for the DSNB signal (ÈE‹Í = 15 MeV) and backgrounds as
expected for JUNO. Left: After basic selection cuts, the background from atmospheric-neutrino NC
reactions dominates over the whole range of the observation window from 10 to 30 MeV. Right: When
applying pulse shape discrimination, atmospheric neutrino NC and fast neutron backgrounds are greatly
reduced. The DSNB signal dominates in the range from 11 to ≥22 MeV.

2.4.2 Background rejection

A variety of backgrounds besets the DSNB signal. The terrestrial flux of ‹̄e’s from reactors and atmo-
spheric neutrinos causes an irreducible background and reduces the DSNB observation window to the
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Figure 4: The neutrino event spectra with respect to the visible energy Ed in the JUNO detector for a
typical SN at 10 kpc. (Image remade from Ref. [9])

will be sent to DAQ once validated by the global trigger electronics. This configuration limits the
chance of data loss even in the face of the very high event rate expected for a nearby supernova, be-
cause the supernova signals can be temporarily stored in the 2 GB memory. It can completely handle
the Supernova explosion beyond 0.5 kpc (more than 2 M events). If a Supernova explosion is even
closer, the waveform processing by FPGA may start to have dead time and the memory gets overflow.
Furthermore, a dedicated multi-messenger trigger system is under design to achieve an ultra-low de-
tection threshold of O(10 keV). This system will enable JUNO to act as a powerful transient machine
for broad-band multi-messenger observation and connect to the global network of multi-messenger ob-
servatories. JUNO can be expected to become a major player in the next-generation Supernova Early
Warning System (SNEWS2.0) [69] for multi-messenger astronomy.

No SN neutrino burst has been observed since SN 1987A, and a recent analysis that combines several
independent studies yields an expected rate of 1.63 ± 0.46 core-collapse SN per century [70]. The large
neutrino detectors like SuperK-Gd/JUNO/Hyper-K/DUNE will be online for several decades, so it
seems likely that we will obtain a high-statistics measurement of the neutrino signal from at least one
galactic core-collapse SN in the next few decades. This will not only enable a deep understanding of the
explosion mechanism, but also probe the intrinsic properties of the neutrino themselves, e.g., constrain
the absolute scale of neutrino masses [71]. Supernova neutrino emission is predicted to be very variable.
The detection of the integrated signal from all past stellar core-collapse SNe, namely the di�use SN
neutrino background, will improve understanding of the average SN neutrino signal and the underlying
cosmology, as discussed in the following section.

2.4 Di�use supernova neutrino background
While core-collapse Supernovae (SNe) in our own galaxy are rare events, they frequently occur through-
out the visible Universe, sending bursts of neutrinos in the direction of the Earth. They all contribute
to a low background flux of low-energy neutrinos, the so-called Di�use Supernova Neutrino Background
(DSNB) on the level of ≥ 10‹ cm≠2s≠1 (e.g. [72]). Its exact flux and spectrum bear information on
the red-shift dependent supernova rate, average SN neutrino energy spectrum and the fraction of black
hole formation in core-collapse SNe.

JUNO is in an excellent position to detect the ‹̄e component of the DSNB flux. Depending on
the DSNB model, we expect about 2≠4 IBD events per year in the energy range above the reactor
‹̄e signal. Given the high light yield, the delayed signal from neutron capture on hydrogen in the LS

15
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The precise knowledge of the reactor antineutrino spectrum important 
for several analyses 

• Mass ordering determination, sub-percentage oscillation parameters, 
geoneutrinos, …

• Models’ uncertainty not sufficient for JUNO’s precision
Detector with high precision and JUNO-like energy resolution needed
Taishan Antineutrino Observatory - detector at ~30 m from Taishan NPP 
core (arXiv:2005.08745)
Not a “near” detector in Daya Bay, NOvA, etc. sense
Goals:

• Precise measurement of the �  spectrum

• Model-independent reference for JUNO, other 
experiments and nuclear databases

• Reactor monitoring & safeguard

• Search for sterile neutrinos

• …

ν̄e
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1 ton fiducial volume GdLS detector
At ~30 m from Taishan NPP core, ~5 w.m.e. overburden
Fully read out by SiPM (photo-coverage>95%, photon det. eff. >50%)
Operated at -50˚C to suppress SiPM noise
4,500 p.e. per MeV ➔ Energy resolution�  (better than 
JUNO)
~2,000 � ’s per day (comparable to Daya Bay)
Background under control due to shielding and veto system
Ready for data taking in 2023 (alongside JUNO)

< 2 % E(MeV)

ν̄e
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TAO Design
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Experimental cavern excavation finished - just started detector 
installation
All components ready or under production - no serious pandemic-related 
production issues
Ready for data taking in 2023

�12

Current Status & Timeline

2015	
•  PMT	production	

line	setup	
•  CD	parts	R&D	
•  Civil	construction	

start�

2016	
•  PMT	

production	
start	

•  CD	parts	
production	
start	

•  Yellow	book	
published�

2017	
•  PMT	testing	

start	
•  TT	arrived�

2018	
•  PMT	potting	
•  Start	delivery	

of	surface	
building	

•  Start	
production	
of	acrylic	
sphere�

2020	
•  Civil	

construction	
completed	

•  Electronics	
mass	
production	

2021-2023	
•  Detector	

installation,	
•  Detector	

ready	for	
data	taking�

Neutrino	
detected�

Neutrino
detection
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JUNO is pushing the edge of liquid scintillator neutrino detection

• Largest of its kind, highest photo-coverage, precise energy calibration, …
Multipurpose experiment with world-leading potential

• Sub-percentage measurement of θ12, , 

• Neutrino mass ordering at about ~3σ - synergistic boost when combined with other experiments

• Sensitivity to diffuse supernova neutrino background

• Largest geoneutrino sample in a year

• Others - solar neutrinos, atmospheric neutrinos, search for rare processes, …
Construction well in progress - ready for data taking in 2023

Δm2
21 Δm2
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Conclusions
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Extras
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Collaboration

The JUNO collaboration:  
18 states       76 institutions       681 members
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JUNO Nerby Reactors

whose antineutrino flux slightly degrades the sensitivity to the oscillation parameters and236

is thus considered in the analysis. The reactor power, baselines and expected IBD rates237

from Taishan, Yangjiang, and Daya Bay reactor cores, are summarized in Table. 2. The238

Huizhou NPP, at a distance of 265 km, is still under construction but will not be ready until239

several years after the start of data taking. Given the uncertainty on its schedule, it is not240

considered in the analysis. Other NPPs are more than 300 km away and contribute approx-241

imately one event per day to the total IBD rate in JUNO. As discussed in Section 4.1, they242

are treated as a background. More information on the reactor antineutrino flux prediction243

and related systematics can be found in Section 4.3.244

Reactor Power (GWth) Baseline (km) IBD Rate (day�1) Relative Flux (%)
Taishan 9.2 52.71 15.1 32.1

Core 1 4.6 52.77 7.5 16.0
Core 2 4.6 52.64 7.6 16.1

Yangjiang 17.4 52.46 29.0 61.5
Core 1 2.9 52.74 4.8 10.1
Core 2 2.9 52.82 4.7 10.1
Core 3 2.9 52.41 4.8 10.3
Core 4 2.9 52.49 4.8 10.2
Core 5 2.9 52.11 4.9 10.4
Core 6 2.9 52.19 4.9 10.4

Daya Bay 17.4 215 3.0 6.4

Table 2. Characteristics of Nuclear Power Plants and their reactor cores considered in this analysis:
the two closest ones to JUNO, Taishan and Yangjiang, at an approximate distance of 52.5 km, and
the next closest, Daya Bay. The IBD rates are estimated from the baselines, full thermal power
of the reactors, selection efficiency, and current knowledge of the neutrino oscillation parameters.
Relative contribution to the total antineutrino signal in JUNO is indicated in the last column.

4 High Precision Reactor Antineutrino Detection245

4.1 Reactor Antineutrino Selection and Residual Backgrounds246

Reactor antineutrinos in JUNO are detected through the inverse beta decay (IBD) reaction247

⌫̄e + p ! e+ + n. The kinetic energy deposited by the positron via ionisation, together248

with its subsequent annihilation into typically two 0.511 MeV photons, forms a prompt249

signal. The impinging neutrino transfers most of its energy to the e+. This allows the250

deposited visible energy of the e+ to be directly and very accurately related to the neutrino251

energy, which is the relevant metric for neutrino oscillation measurements. The neutron252

is captured in an average of ⇠220 µs, and the corresponding photon(s) emission forms a253

delayed signal. The neutron is captured dominantly on hydrogen (⇠99%), releasing a single254

2.2 MeV photon, and very infrequently on carbon (⇠1%), yielding photon(s) with 4.9 MeV255

of total energy. With a typical kinetic energy ranging from zero to a few tens of keV,256

– 9 –
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Oscillation Parameters Uncertianty Breakdown (6 y)
JUNO Simulation PreliminaryJUNO Simulation Preliminary

JUNO Simulation Preliminary JUNO Simulation Preliminary


