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Liquid Fil ling Completed, Physics Data Taking Started

ü On August 22 at  ~22:12, water in  
Acryl ic tank was fu l ly  replaced by LS  

ü ~90 t  lower qual i ty LS at  the bottom 
were fu rther rep laced

ü Cal ibrat ion started  at  14:00 o f Aug. 23 

ü Data taking fo r phys ics started  on Aug.  
26 at 5 :30 am (Be ij ing time)

ü Total  LS in CD: 23231.6 m3

ü Total  water in  pool:  41225.1 m3
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A Golden Reactor Neutrino Event

Prompt e+ signal Delay neutron signal



Idea of the JUNO Experiment
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2.5 h drive

¸ Use reactor neutrinos to determine the mass ordering (sign ofDm2
32), independent of 

the matter effect and CP phase d
¸ Equal distance to two reactor power plants for doubling the nflux
¸ Liquid scintillator is the only viable choice as the target and the detector 

Previous site candidate

DayaBay JUNO

Talk by Y.F. Wang at ICFA seminar 2008, Neutel2011;  
Paper by L. Zhan, Y.F. Wang, J. Cao, L.J. Wen,  
PRD78:111103,2008;  PRD79:073007,2009
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Mass Ordering by Reactor Neutrinos

Dm2
32 

S. Petcov and Piai,  Phys. Lett. B 553, 94-106(2002)
J. Learned et al., PRD 78(2008)071302
L. Zhan, YFW et al.,  PRD 78(2008)111103

Dm221

|Dm232|
~ 3%
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Key parameters and Site Selection

q12 osc.
maximum

Yangjiang
17.4 GW

Taishan
9.2 GW

53 km

53 km

¸ Optimum sensitivity at the oscillation maximum of q12

¸ Multiple baseline reactors may wash out the oscillation structure
ü Baseline difference should be < 500 m  

Y.F Li et al, PRD 
88, 013008 (2013)

Granite,
Mountain 
height: 270 m  
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¸ Key parameters:
ÅDetector size: 20kt 
ÅEnergy resolution: 3%/ÕE
ÅThermal power: 36 GW
ÅBaseline: ~58 km

L. Zhan et.al, PRD79:073007, 2009



Physics at JUNO

700 m

Atmospheric 
Neutrinos

Complementary to 
reactor neutrinos to 
improv the sensitivity 
to mass ordering

Reactor Neutrinos

Determine neutrino mass ordering

Measure oscillation parameters 

Geoneutrinos

Examine the Earth's 
geophysical model 

Solar Neutrinos

Examine the dynamics 
of stellar evolution

Supernova Neutrinos

Cosmic evolution, star formation, 
supernova explosion mechanism

Diffuse Supernova Neutrino Background

Potential to discover DSNB 

New physicssearches 

e.g., proton decay and sterile 
neutrinos

J. Phys. G 43 (2016) 030401

Prog. Part. Nucl . Phys. 123(2022), 103927 7



JUNO Project and the collaboration
Å Project firstly approved in China in 2013 and later in other countries. Civil construction started in 2015
Å Collaboration mostly established in 2014, now >700 collaborators from 74 institutions in 17 countries/regions 

Country Institute Country Institute Country Institute

Armenia Yerevan Physics Institute China Wu Yi U. Italy INFN di Frascati

Belgium Universite Libre de Bruxelles China Wuhan U. Italy INFN-Ferrara

Brazil PUC China Xi'an JT U. Italy INFN-Milano

Brazil UEL China Xiamen University Italy INFN-Milano Bicocca

Chile SAPHIR China Zhengzhou U. Italy INFN-Padova

Chile UNAB China NUDT Italy INFN-Perugia

China BISEE China CUG-Beijing Italy INFN-Roma 3

China CAGS China ECUT-Nanchang City Pakistan PINSTECH (PAEC)

China ChongQingUniversity China CDUT-Chengdu Russia INR Moscow

China DGUT China SUSTech-Shenzhen Russia JINR

China Guangxi U. China KNRC Russia MSU

China Harbin Institute of Technology Czech Charles U. Slovakia FMPICU

China IHEP Finland University of Jyvaskyla Taiwan-China National Chiao-Tung U.

China Jinan U. France IJCLabOrsay Taiwan-China National Taiwan U.

China Nanjing U. France LP2i Bordeaux Taiwan-China National United U.

China NankaiU. France CPPM Marseille Taiwan-China NKNU

China NCEPU France IPHC Strasbourg Taiwan-China NTUT

China Shandong U. France SubatechNantes Thailand NARIT

China Shanghai JT U. Germany RWTH Aachen U. Thailand PPRLCU

China IGG-Beijing Germany TUM Thailand SUT

China SYSU Germany U. Hamburg U.K. U. Liverpool

China Tsinghua U. Germany GSI U.K. U. Warwick

China UCAS Germany U. Mainz USA UMD-G

China U. of South China Germany U. Tuebingen USA UC Irvine

China IMP Italy INFN Catania
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~ 600m vertical shaft,  

~1300m sloped tunnel
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Sloped tunnel LS hall

Experimental hall

HVAC & Ventilation

Civil Construction

¸ Civil construction in 2015-2021 
¸ Rock ceiling (f=50m) is stable, rock temperature ~ 31ᴈ, 
¸ Temperature of the hall is controlled at ~21°1 ᴈ
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Detector Concept
ÅTarget mass of 20 kt liquid scintillator Č³20 KamLAND, ³40 Borexino
ÅEnergy resolution  < 3%@ 1MeVČ >1200 PE/MeV

KamLAND JUNO PE Ratio

PhotonStatistics 250 p.e./MeV 1200 p.e./MeV 5

PMT coverage 34% 75% 2.2

LS transparency ~12 m > 20 m ~0.9

Light yield(anthracene) 30% 45% ~1.5

Detection Eff.(QE³CE) ~15% 30% ~ 2

Å Key technology R&D since 2009:
Å Transparent & high light yield liquid scintillator
Å IƛƎƘ ŘŜǘŜŎǘƛƻƴ ŜŦŦƛŎƛŜƴŎȅ нлέ ta¢ǎ
Å Radiopurity U/Th/K < 10-17 g/g  for 20 kt LS

Å Detector Design(more than 10 options)̔
Å Central target container:  acrylic or balloon ?
Å Mechanical structure: steel frame or steel tank ?
Å Buffer layer: Water or Mineral oil ? 

Steel frame+ Acrylic tank Steel tank+ Acrylic tank

Steel Tank + Balloon Steel Tank + Acrylic blocks11



JUNO Detector Design
¸ Two-layers structure for simplicity and cost: stainlesssteel frame + Acrylic tank
¸ Water as VETO and Buffer(instead of oil) Č radiopurity control of water

Central detector
ÅSteel structure
ÅAcrylic sphere + 20kt

Liquid scintillator
Åмтсмн нлέ ta¢
Åнрслл оΩΩ ta¢

VETO system
ÅTop Tracker: plastic scintillator
ÅWater + нплл нлΩΩ ta¢ 
ÅFor atmospheric n: опу нлέ ǎǇŀǊŜ ta¢ǎ 

+ слл уέ ta¢ǎfrom DayaBay
ÅEarth Magnetic Field shielding coils

Calibration

AS: ID35.4m

SSS: ID40.1m

44m

43.5m

arXiv:1508.07166

Prog. Part. Nucl. Phys. 123(2022), 103927
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https://arxiv.org/abs/1508.07166


Central Detector
¸ SS Structure to hold the acrylic sphere and PMTs, against the buoyancy
ÅMechanical precision for PMT clearance ~3 mm, to maximize PMT coverage
Å590 steel bars(1/2 with springs, 1/5 with stress sensors) to support the acrylic tank 
ÅStructure by 120 k screws with < 1mm clearance, to maintain cleanness and precision
ÅTemperature controlled at 21oC °1oC, to prevent thermal expansion and stress
ÅEarthquake safety taking into account the liquid-solid coupling

¸ Acrylic sphere
V 263 Acrylic panels of ~8m ³3m ³12 cm, thermally pressed and machined to the 

spherical shape, bonded together through PMMA polymerization 
VA dedicated production line for low backgrounds(~0.1 ppt U/Th/K, ·100 improvement) 
VPanels are protected by 50mm PE after machining, sanding, polishing and cleaning for 

high transparency(>96%)  and low surface backgrounds(< 5 ppt U/Th in 50 mm) 
VSurvey shows good mechanical precision and sphericalness 

The first five layers of AcrylicSS structure & Hydraulic platform 

Fitting results Requirements

Center deviation 

(mm)

X -5.9 ± 20

Y -18.5 ± 20

Z 4.8 ± 20

Diameter (mm) R -23 ± 40

Coaxiality (mm) 6 20

arXiv: 2311.17314
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Checking Inner and Outer Surface of Acrylic
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VETO
ÉWater VETO:
Ĕ40 kt pure water for backgrounds shielding & tagging
Ĕнплл нлέ ta¢ǎ ƻƴ ǘƘŜ {{ ǘǊǳǎǘ Ҍопу нлέ ta¢ǎ Ҍ слл уέ 

PMTs on the pool wall
Ĕpool lining using 5mm HDPE + Tyvek
Ĕ100t/h pure water production system with Rn & Ra 

removal system
É Top tracker: refurbished OPERA plastic scintillators

É Earth magnetic field compensation coil

Top trackerBottom CD and VETO
16



Å Pool cover made of 0.6 mm vulcanized fabric 
Å Light and gas tight by zipper for connection

top tracker

Top Cover and Top Tracker 
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High QE PMTs
É Use Micro-Channel Plates (MCPs) instead of dynode for better PE 

collection (CE), together with higher QE for a total of ³2 DE

É IHEP & NNVT jointly developed technologies & prototypes
Å Higher collection efficiency

Å IƛƎƘ ŜŦŦƛŎƛŜƴŎȅ ǇƘƻǘƻŎŀǘƘƻŘŜΣ ƭƻǿ ōŀŎƪƎǊƻǳƴŘǎ ƎƭŀǎǎΣ Χ

Å Automatic mass production for high yield 

É IŀƳŀƳŀǘǎǳ ƛƴ ǘƘŜ ƳŜŀƴǘƛƳŜ ŘŜǾŜƭƻǇŜŘ нлέ {.! ta¢ǎ

É Purchasing optimization based on performance, cost, and risk

Å MCP-PMT: 15000

Å Dynode PMT(Hamamatsu): 5000

1000PE,gain=1X107

SPE Gain reduced by 

30%@charge=41C.
NIMA 947 (2019) 162766

Nucl.Instrum.Meth.A 695 (2012) 113-117
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PMT Instrumentation & Electronics 

ÅWaterproof potting: leak < 0.05% up to now
ÅImplosion protectionJINST 18 (2023), P02013

ÅReadout electronics: 
ü Frontend in underwater box (3 PMTs/box)   (water leak < 0.03% up to now)

ü 1GHz FADC, 2/PMT for a dynamic range of 1- 4000 PE
ü Noise: < 10% @ 1 PE
ü Resolution: <10%@1PE, <1%@100 PE

ü Digital signals over 100 m Cat 5 cables in corrugated SS pipes for waterproof, 
together with cables for clock, power, etc.

Potted PMT

Acrylic 

cover

Stainless 

Steel 

cover
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Small PMT system

¸ 3% more light, higher dynamic range for muons, 
ǳƴƛŦƻǊƳƛǘȅ ŀƴŘ ƭƛƴŜŀǊƛǘȅ ŎŀƭƛōǊŀǘƛƻƴ ŦƻǊ ƭŀǊƎŜ ta¢ǎΣ Χ

¸ нрΣслл оΦмέ ta¢ǎ ό·tтн.ннύ ŦǊƻƳ I½/ tƘƻǘƻƴƛŎǎ

¸ 200 underwater electronicsboxes, each servicing
128 PMTs readout byASIC Battery Cards (ABC), each 
with 8 CatiROCchips

200 boxes × 128 PMTs JINST 16 (2021), P05010
20



PMT Testing and the Installation

LPMT (20-inch) SPMT (3-inch)

Hamamatsu NNVT HZC

Quantity 5000 15012 25600

Charge Collection Dynode MCP Dynode

Photon Detection 
Efficiency 

28.5% 30.1% 25%

Dynamic range for [0-
10] MeV

[0, 100] PEs [0, 2] PEs

Coverage 75% 3%

Reference
Eur.Phys.J.C82 
(2022) 12, 1168

NIM.A1005
(2021)165347

Container test stations Scanning station Cables in corrugated pipes
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PMT Installation
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Installation Completed, Evacuation of the Last Team
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Liquid Scintillator

É Recipe̔ Based on Daya Bay experience
Ĕ LAB based for transparency and safety
Ĕ R&D for optimal light yield and transparency: 
V A Daya Bay detector module for test (NIMA 988 (2021) 164823)
V extrapolate to the JUNO size using a new LS optical model(NIMA 967 (2020) 163860)

Ĕ Final result: LAB + 2.5g/L PPO + 3 mg/L bis-MSB

É Design goal:
Ĕ ~60t PPO with U/Th < 0.1 ppt, 20kt LAB with U/Th ~ 1 ppq
Ĕ LAB attenuation length > 24m, LS attenuation length > 20m

JUNO 
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