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A multi-purpose liquid scinfillator-based neutrino observatory
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JUNO is under construction in the Guangdong
province, in China, ~ 150 km from Guangzhou

Located at ~53 km from two nuclear power plants
(NPP) fo maximize the sensitivity fo the mass oidering.

Collaboration of 74 institutes in 17 countries, ~700 collaborators
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JUNO main physics goals

Main physics goals
A 3s measurement of the neutrino mass ordering with

reactor anfineutrinos in ~6 years The detector location and design

A Measuring oscillation parameter with a precision < 0.5 % are optfimized for the best
(i Q& .Ya .Ya ) sensitivity to NMO
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Detector structure and status
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JUNO detector solutions
JUNO features

A Large signal statistics
A Large active mass
A Powerful antineutrino source (NPPs)

A High energy resolution
A High photomultipliers coverage

< ﬁ/v , /
g 4

i SN N a AN ik A High photomultipliers efficiency
b E 2 NKIY A High transparency of the liquid scintillator (LS)
. {/ / [/ LI A Low background
i & 4 % A Accurate materials selection

A LS purification

A Clean environment control
A Cosmic muons veto

A Underground experiment

gl 1 ! AN A Low reactor antineutrino spectrum shape uncertainty
A A Satellite detector (TAO)
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JUNO

detector structure
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A Top Tracker:
- 3 layer of plastic scinfillators from OPERA
- Top area coverage ~60 %

A Central detector:
- D 20 000 t of liquid scinfillator in acrylic vessel

- 17612 large PMTs (20-inch)

- 25600 small PMTs (3-inch)

- D 78% PMT coverage

- Earth magnetic field shielding coil

A Water Cherenkov Detector:
& _ 2400 20-inch PMTs
- 35 000 t ultra-pure water
- Muon detection efficiency > 99%
- External radioactivity shielding
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Why JUNO is different

JUNO is the biggest LS-based
ever build with unprecedented

characteristics
3 A :lﬂ % X
DrE Yo Jbd ik, TR =40 P K g PMTS Lighi .
IR e . E resolution
F e/ /) | )RR Mass (1) coverage collection (%/VE)
A T L TN (%) (pe/MeV) °
: 3 / / ?4/ g Daya Bay 20 (x8) 12 % ~160 ~8%
. LA
&k Borexino 300 30 % ~450 ~5%
KamLAND 1000 34 % ~250 ~6%
SNO+ 780 50 % ~520 ~6%
;
JUNO 20000 78 % ~1600 ~2%
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Detector construction: Stainless steel truss

Assembly precision
<3 mm

Bottom SS structure and liffing
platform for acrylic panels installation:

May 2022 SS structure completed:
June 2022
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Detector construction: Acrylic sphere

Inner diameter: (35,40 £ 0,04) m

Thickness: (124 = 4? mmo , Connected to the SS truss
High fransparency: > 96 % in pure water via 590 connecting bars
High radiopurity : U,Th, K < 1 ppt o B i \

# of panels: 256
Total weight: 600 t

Already installed
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Detector construction: Photomultiplier tubes

Hamamatsu NNVT HzZC
20" 20" 3"
12612 (CD) +
Number 5000 (CD) 2400 (veto) 25600 (CD)
Change collection Dynode MCP Dynode
Detection efficiency 28.5% 30.1% 25%
Dark count rate (kHz) 17.0 31.2 0.5
Transit fime (Ns) 1.3 7.0 1.6
1000 All PMTs are produced,
[ ALL:Mean=29.6%, STD=2.6% [ ALL:Mean=27.6kHz, STD =15.7kHz .
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Detector construction: Photomultiplier tubes

PMTs installation is ongoing

Clearance: 3 mm
Assembly precision: < Tmm
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Detector construction: Electronics

o A High reliability (no access affer installation) Electronic Noise Level [LPMT]
Underwater electronics is used fo A High precision 2 F
improve the signa-fo-noise ratio for A Large dynamic range E" 0 b reliminary —— 710 channels tested in Apri
better energy resolution A Stand high rates for short times (Supernovae) 2oL —— 1245 channels tested in June
E 120 — Total
g 100:_ Average 2.8 ADC
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80—
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coaxial cable (1.5 m) | Front-End board Q 990 F E=== 3184 channels tested in June
/ = g
PMT Flrontt-en_d and read-out / UnderWaterBox & 800 F == 672 channels tested in April
electronics / -
heat sink - 1 ..g 700 |
Back-end bellow with = 600
Ethernet cables 2 -
(30 - 100 m) Under-water connectors £ 500 3
Eaatizds Z 400 | Entries 3184
= M 2.762
. 300 E stﬁaSev 0.8572
"= High voltage splitters 200 Eniiios 572
M 2.933
' Global Control Unit 100 IE Stzagev 0.8064
p 0 s e e e e [ e i e e

"~ heat sink
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Detector construction: Liquid scintillator

Composition:

R

o (10™ cm?)

Linear alkyl benzene (LAB)
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Detector construction: LS purification and filling

LS is the most critical component for radiopurity: U,Th < 1 ppq. K < 0,1 ppq for NMO ] o
Its optical properties play a crucial role for energy resolution: — Dedicated purification
light yield ~10 000 photons/MeV with >20 m @ 430 nm attenuation length system
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Detector construction: OSIRIS

Online Scintillator Infernal Radioactivity Investigation System

A Online monitor of LS radiopurity during filling Sensitivity:

A 20tLS+ 550t HO A Few days: U/Th (Bi-Po) ~ 1x10-'°g/g (reactor baseline case)

A Measure of UTh using BPo coincidence A 2-3 weeks: U/Th (Bi-Po) ~ 1x10-1¢17 g/g (solar ideal case)
and4C,219Po,8Kr
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Energy calibration

A Multiple calibration systems with multiple sources:

A 1D Automatic calibration unit

A 2D Cable loop system + Guide tube calibration system

A 3D Remotely operated vehicle

A Auxiliary systems: Ultrasonic sensor system, LS transparency monitor
A Scan ensure energy scale, non-uniformity and non-linearity characterization
A 3" PMTs used to correct 20" PMTs non-linearity

2.9% @ 1 MeV

Calibration strategy of the JUNO experimehtdighEnerg Phys2021, 4 (2021)
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