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Water Cherenkov Detector = ‘
35 kton ultra-pure water VAN ' ' m v
. s ) ) S\ S arth magnetic
>2500 PMTs (veto & atmospheric v) /4 / / / / M W 1SN field compensation
¥ Sek WAVAYARS coils
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Central Detector (CD) g VMY 1S\ S
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20 kton liquid scintillator (LS) A AEY/CR WS : he
Acrylic sphere with 35.4 m diameter T *:\, | Y
Detect V’s via inverse beta decay (IBD) M‘s‘,c s; s‘).s: Acrylic spherical
L OV W vessel filled with
: : S £, W liquid scintillator
Light Detection System - .
17596 20” PMTs + 25600 3" PMTs - = - PRI
78% geometric coverage y Dt /4 L ode



Key Designh Features of JUNO

B Primary goal: to determine Neutrino Mass Ordering (NMO)

B Requirements: B How?
* High statistics (~10° IBD events in 6 years) * Huge LS mass with high light yield &
* Excellent energy resolution (3% at 1 MeV) transparency
* Well controlled energy response * High PMT coverage and efficiency
systematics  Good PMT performance
* Low background, both internal & external  Complementary calibration systems
> ; : KamLAND
Characteristics KamLAND JUNO (goal) «— Jeham
as a reference
Energy Resolution 6% @ 1 MeV 3% @ 1 MeV 2
_ gy. > target
Light Yield 250 p.e. / MeV  >1200 p.e. / MeV ~5
Geometric coverage 34% ~78% ~2 <= > 40000 PMTs
PPO content 1.5 g/L PPO 2.5 g/L PPO ~1.5 o
_..i¢ optimized LS
Attenuation length / D 15/16 m 20/35 m ~0.8 4
PMT QEXCE 20%x60% ~ 12% ~30% ~2 <. Moreefficient

PMTs



Liquid Scintillator Production

@ Four purification plants designed to reach a radio-purity of 1017 g/g (U/Th) and 20 m
attenuation length at

Distillation to remove
radioactive impurities
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t OSIRIS for LS qualification Gas st.rippi_ng to remii/e Rnand O, Water extraction to removg
radioactive impurities



Calibration System in JUNO

B Multiple calibration campaigns - (1D)
* Determination of e* energy non-linearity at <1% RS )
* Optimization of e* energy resolution at <3% level at 1 MeV  |camaionrouse [ "
» ACU works well so far, in LS filling g
« 137Cs, >*Mn, *°Co, *2Ge, **'Am-Be, ***Am-13C used T I I*T— |8
* 4 rounds of calibration along z-axis have been done ’
Sources/Processes | Type Radiation . _ﬁ PGy
137Cs ¥ 0.662 MeV AURORA " g
*\Mn Y 0.835 MeV % (ZD)
60Co o 1.173 + 1.333 MeV YT e
10K , 1.461 MeV 3
BGe et | annihilation 0.511 + 0.511 MeV %, >
21 Am-Be n, vy neutron + 4.43MeV (*2C*) %%Qo . \ %@@
241 Am-13C n, v neutron + 6.13MeV ('°0*) e/""é \@o"&é
(ny)p Y 2.22 MeV (Boundary& . @\*OQQ& (3D)
(n,)'2C v | 4.94MeV or 3.68 + 1.26 MeV o 6

Radioactive sources + laser sources + natural radioactive isotopes



A Long Journey

Tunnel Digging Ispe_tin of bnding lines
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Beginning of

detector
installation

2024 Dec 1 2024 Dec 17

Cleaning & installation
_ of extra PMTs
Start of civil \ e End of @

construction [ G detector
N5 / installation

Early Time of Detector Installation Completion of acrylic vessel installation
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Final Cleaning & Filling Scheme

Reduce Rn, dust to class <1000

*

| days settlement with
proper moisture Remove the protective film

Complete CD
construction

and wash the acrylic surface

replacing water in FiII_ CD anql VETO by by the high pressure water spray
CD by LS high purity water

Water for CD: U/Th<10-%° g/g, ??°Ra<0.1 mBg/m3
Water for VETO: U/Th<10-4 g/g

LS filling(7m3/h)

]

Drain water(7m3/h) 11




Water Filling Phase

20244F12 f22H B 4 - ;b‘ 3
Start of End of -
water filling water filling

Water Phase

Calibration

Test runs
2024 Dec 18 2025 Feb 1 2025Feb7 M Highlights:

e Calibration of 20" PMTs (gain, time

- . delays) with laser data
* Small failure rate of 20" PMT:
198 2 w0 ~20/20k (0.1% loss during
§ ool f E, 5 installation/due to high dark rate)
el oo : £« Calibration sources work as
oA 10 20 20 10 REIE0 0 expected (Am-Be and Am-C) and
’ used to probe low-energy threshold
T e 0 0 0 e ° .. * Observe first muon events



Current Phase: Liquid Scintillator Filling

Expected

Start of End of Start of LS end of LS

water filling water filling filling

filling

Mixed Phase
Intensive calibration
I I I I S e e e -(r

Monitoring radiopurity an
2025 Feb 7 LS properties 2025 Summer

Water Phase

Calibration
Test runs

Absorption . . .
— 0626_Raw_MS(with BHT) JUNO Liquid Level Display
0627_Raw_MS(with BHT)
—— 0628_Raw_MS(with BHT) 48.01  2025-07-02 08:49:41
=== 0327M.5._5% new acid*1 + water washing*3_centrifuged I E r L ~
-=-- 0626M.S._water washing*3_centrifuged(with BHT) 440 1 o . S
0627M.5._water washing*3_centrifuged(with BHT) -z
=== 0628M.5._water washing*3_centrifuged(with BHT) Fl
40.0 L5
. . ~ F3
UV absorption spectrum Attenuation Length ~22.4 m 360 [
Fs
A 1.00016+0.00029 2.0 ) L6
o L 22.38858+0.35219+2.64243 |
¥ § 1.000 Equation y=~A*exp(-x/L) 28.0 1 to 6 o 3 7 m | :
< —_—
0.995 = + ]
- £ 240
°°°°° = : below CD 0 8,
0.990 00 F11 g
T 1 12
0.985 T Ce n te r L 13
16.0 12
0.980 12.0 L1s
16
0.975 6o 17
18
0.970 a0 19
20
440 450 460 470 480
Wavelength [nm] 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.0 4 1 3
Length (m) LS: 44.03 m CD Water: 15.38 m WP Water: 42.53 m
9 Vis: 17615.4 m? LSIn: 0.0 m*h WaterOut: 0.0 m*/h




Status of Detector Performance: PMT & LS

Dark rate of 20” PMTs in CD Waveform of a typical PMT Performance of LSin CD
e / . PT: 0400, A 2225099999995 e 22Rp in fresh LS: < ImBg/m?3
20 kHz/ MT S8 N N WMMM e Current Rn level: < 0.1mBg/m3
, f" 2 N - . U/Th: <106 g/g
£ from AmBe calibration
7 e Attenuation length: ~20m
| | | * Light yield: ~1600/MeV

Time

Total p.e. of AmC n— H ~

Good grounding and low noise:

RMS ~2.8 ADC ch. = ~0.055 PE AR | W
Current PMT threshold: 0.2 PE/ch. { Total Bvents: 130105
Total PMTs installed: 17596 Trigger: ~ 300 PMTs/225ns FETIE S T
Unstable or Flashing: <1% => ~150 keV S $ |
Gain stable within 1% (Under adjustment) w0 A S
100 S

2000 4000 6000 8000 10000
Delay Event [PE]

All in agreement with the design and expectations 1



» JUNO will be the largest liquid scintillator experiment with unprecedented precision
» The construction of the detector is completed

» Water filling phase is finished

» Currently under liquid scintillator filling phase

* Taking commissioning data: good performance so far
* Expect physics data-taking in beginning of summer 2025

See Mariangela’s talk tomorrow

for more on JUNO physics "
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Backupl: JUNO-TAO

B Taishan Anti-neutrino Observatory (TAO)

A satellite detector of JUNO

Independent and precise measurement
of reactor neutrino spectrum

2.8 kton Gd-dopped LS

~44 m from nuclear core
Resolution 1.5% at 1 MeV

94% optic coverage with SiPMs

B Status
» Installation finished, under filling phase

» Plan to start data-taking before summer
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