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Civil construction finihed in Dec, 2
Detector construction finished in Dec, 2024
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JUNO detector design

A Two-layers structure for simplicity and cost: stainless steel frame + Acrylic tank

A Water as VETO and Buffer(instead of oil) A radiopurity control of water

Calibration
VETO system (for cosmic muon detection)
A Top Trackerplastic scintillator
T Awater+Hnnn HNQQ t at¢
7 e s s S A Earth Magnetic Field shielding coils
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Acrylic tank is supported by D = 40.1 m stainless steel structure via 590 Connecting Bars
Assembly precision: <3 mm for each grid. The final radius deviation -13 mm (0.06%)
Connected by 120,000 sets of special rivet bolts: high strength, high consistency, no welding.
2022.1~2022.6, pillar and shell most finished. 2024.11, bottom 4 layers of SS shell finished.
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Central detector (acrylic tank)
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23 layers/263 spherical panels + top and bottom chimneys were bonded onsite (finished in Oct. 2024).

V Atotal of 21 cyclic operations for the construction, each lasting 20-30 days, with a total bonding length reaching 2 km.
V Developed large-volume injection, polymerization and annealing technology. The final fitting result of the diameter deviation: -23mm (0.06%)
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A Final checks of the acrylic tank inside and outside.

A Moisture spray over two days reduced dust levels
inside CD air from ~10,000 to ~100.

A Two weeks high pressure water jet to remove the
protection film and clean the inner acrylic surface
by 3D rotating nozzle. Check water cleanness until

satisfactory.
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PMT testing

All PMTs were produced, tested, and instrumented with waterproof

, O — .
l . B o Em SCTYC LPMT (20-inch) SPMT (3-inch)

Hamamatsu  NNVT HzZC
Quantity 5000 15012 25600
Charge Collection Dynode MCP Dynode
Photon Detection Efficiency 28.5% 30.1% 25%
Mean Dark Count Rate ~ Bare 15.3 49.3 05
[kHz] Potted 17.0 31.2 '
Transit Time Spreladd (GyYO0O[ ns] 1.6
Dynamic range for [0-10] MeV [0, 100] PEs [0, 2] PEs
Coverage 75% 3%
Reference EPJC 82 (2022) 12, 1168  NIM.A 1005 (2021) 165347

12.6k NNVT PMTs with highest PDE are selected for light collection from LS

and the rest are used in the Water Cherenkov detector.
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PMT installation

Synergetic 20-inch and 3-inch PMT systems to ensure energy resolution and charge linearity

Clearance between PMTs: 3 mm A Assembly precision: <1 mm

1761216 LPMTs installed for CP400-1 LPMTs installed for VETZZ60013 sPMTinstalled for CD
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V Filling started on Dec. 18, 2024, and finished in 45 days. No light and gas leak. Keep the temperature uniformity 21.11 ° 0.5.
V Liquid and air pressure were kept the same between the bmneaiiNy an

V Stress of the detector structure closely monitored, in good agreement with expectations

- Efficiency [%] | Attenuation length [m] | U/Th [101° g/g] | ?*?Rn [mBg/m3] | ??Ra [mBq/m?]

Design 99.5 30-40
Reached 5 99.99 >60 <0.4 <5 <0.01
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Liquid scintillator (20 kton) @

Four purification plants + LS Mixing + QA/QC + high puyasmdNwater production plant ;M A 908 (2021) 164823
to guarantee radiegourity and transparency ReC|pe LAB + 2. 5g/L PPO + 3 mgAMISJE

SS pipes to
underground

Chimney == % j)‘ Sl Acrylic Sphere
| cacylicophern

Water [} 7 . (’;"A SS Structure
4 0 ¢ v
i N"I j bl il Tidl  CDPMTs
|
1172 Dl = VETO PMTs
“\ M| A -
i\ P X S~ Connecting Bars
0w |
"! Is (»‘\!' \ ﬁp«ming Legs
i SOV ISH

Samples tested by IS every week for radiopurity, verified by NAA and other methods
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Simultaneous water extraction and LS filling

Comprehensive QC/QA program for LS production,

measured for batches:

Radiopurity by IGRIS every week: U/Thk 10'°g/g

222Rn in fresh LS, monitored by CD:sBgm?3
222Rn leak < 0.:nBgh

Frequent radiopurity monitoring for Nand water
Weighted average attenuation length > 20m

LS A.L.measuremen t result(Beijing)

|
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7 Attenuation length

t Weighted average: 20.6m

Attenuation length (m)
= -
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Sampling time
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2024, Dec 18 Start of Water Filling

2025, Feb 1 End of Water Filling
Water Phase

2025, Feb 8 Start of LS Filling

Mixed Phase

2025, Aug 22 End of LS Filling

2025, Aug 23 Replace 100 t old LS

Full detector calibration

2025, Aug 26 Start of Data Taking
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