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JUNO experiment overview

A multi-purpose liquid scintillator-based
neutrino observatory

A Neutrino physics
A Astrophysical studies
A Rare processes beyond the Standard Model
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o O B JUNO is in the Guangdong province, China.
TAISHAN _ : ~150 km from Guangzhou
NPP + TAO
| Located at ~63 km from two nuclear power plants
(NPP) fo maximize the sensitivity to the neutrino
mass ordering
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JUNO physics goals

Main physics goals

A 3s measurement of the neutrino mass ordering (NMO The detector location and design are
with reactor antineutrinos in ~7 years ( ‘ optimized for the best sensitivity fo NMO

A Measuring oscillation parameters with a precision < 0.5%
(i Qe .Ya ,Ya )

1.0t Daya Bay

Broad physics program :
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J. PhysG43 (2016) 03040:
Prog. PartNucl Phys. 123(2022), 1039
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Antineutrino detection for NMO

Reactor anfineutrinos are detected using Inverse Beta Decay (IBD) reaction.

IBD strong signature thanks to delayed coincidence:

Prompt signal
handle for the neutrino energy:
Gy O VYa Y

L.

Selection criteria:

A Prompt energy: [0.7, 12] MeV

A Delayed energy: [1.9,2.5] U [4.4,5.5] MeV

A Time difference: < 1 ms

A Distance between prompt-delay signal
vertices:< 1.5 m

Delayed signal
neutron capture: 2.2 MeV (H)
or 4.9 MeV (C) within ~200 ps

Vet p—e+n

fN TN
n S/ delayed *__- ,.
@ ' ~236ps K
Veo----@ Y (2.2 MeV)

Y(511keV) <~ — @ - - - >y (511 keV)
e

Prompt energy: % + Eg
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JUNO detector challenges

A Resolving fast oscillation pattern
U Excellent energy resolution (~3% @ 1 MeV)
u A highly controlled energy-scale non-linearity
A Large signal statistics
u Powerful antineutrino sources JUNO is the biggest LS-based

U Large active mass neutrino detector ever built, with

A Low backgrounds -
. . unprecedented characteristics
u Underground location

U Radiopurity control

A : PMTs Light :
Energy resolution Mass (1) coverage | collection E reosolu’rlon
U High light yield of the liquid scintillator (LS) %) e/Mevy | (P/VE)
u High photomulfipliers coverage Daya Bay 20 (x8) 12% ~160 ~8%
u High photomultipliers efficiency Borexino 300 30% 450 59
u High transparency of the LS KGrmLAND 1 000 349% 250 6%
SNO+ 780 50% ~520 ~6%
JUNO (design) | 20000 78% ~1600 5%
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How to reach this goal? - Detector design
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The JUNO detector design

Underground (650 m rock overburden)

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

A Central detector:
- D20 000 t of liquid scintillator in acrylic vessel
- 17 612 large PMTs (20-inch) % 4
- 25 600 small PMTs (3-inch) o e ]
- D78% PMT coverage \ e
- Earth magnetic field shielding coil R f;F"wfww*
S Ee oA e
AlemlEmdet ;’;;ﬁ b o
mEmme e /
A Water Cherenkov Detector: - g R e
- ~2400 20-inch PMTs o S
- 35 000 t ultra-pure water ‘ :
- Muon detection efficiency > 99%
- External radioactivity shielding S }
Prog. PartNucl Phys. 123(2022), 103927 ' 44 m
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Central detector: Acrylic sphere

A Inner diameter: (35,40 + 0,04) m

A Thickness: (124 + 4) mm

A High transparency: >96% in pure water
A High radiopurity : U,Th, K < 1 ppt

Connected to the SS truss
via 590 connecting bars

A # of panels: 263
A Total weight: 600 1
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Central detector: PMTs

Hamamatsu NNVT HzC
20" 20" 3"
Number (design) 5000 (CD) 1o ((Vce?g; 25600 (CD)
Chonge Dynode MCP Dynode
collection
Detection 28.5% 30.1% 25%
efficiency
Dark count rate
(kH2) 15.3 31.2 0.5
Transit time (Ns) 1.3 7.0 1.6

Measured at PanAsia before installation

Acrylic cover
25600 3-inch PMTs are placed in

between the large PMTs

Two independent systems measure the

: SS protection
same events to control systematics

JINSTL8 (2023),P02013
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Central detector: Electronics

Underwater electronics is used fo A High reliability (no access after installation)
improve the signal-to-noise ratio for A High precision
befter energy resolution — A Large dynamic range

A Stand high rates for short fimes (Supernovae)

LPMTs: SPMTs:

128 PMTs connected tc¢
one underwater box

Front-end bellow with
coaxial cable (1.5 m) | Front-End board
Front-end and read-out

.  UnderWater Box
electronics

heat sink -
Back-end bellow with )
Ethernet cables
(30 - 100 m) Under-water connectors
Toward PMTs

S High voltage splitters
" Global Control Unit

heat sink
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Central detector: Liquid scintillator

i+i . 3 5 E 1.00 . -+ ppo absorption
Composition: HaC Py CHCHg 50754 Y - i absc_’ff’?“’“
e crts . Bosofty i s tis erission.
CH3 < 025 ] “\;z:\\\ :.: ’II %
/\/\/\/\6 ®/43\© y Q 4 o ‘\\ -/, )
I 200 360 400 500 660 700
Wavelength (nm)
Linear alkyl benzene (LAB) ——  PPO (2.5 g/L) ‘ > bis-MSB (3 mg/L) —
_ + BHT (42.7 mg/L)
Highest cross section:
Charge current (CC) on proton (hydrogen) H:Mﬁ gg? gggég 12;‘22
&~ O ‘ ' . ‘ ; LS mass ratio: 88% C - 12% H
5 | o Atomic density ratio: 37% C - 63% H
3'52 10 —
©

LS is the most critical component for radiopurity.
A Minimum requirement for NMO:

UTh <10 g/g. K< 101°g/g

Optical properties crucial for energy resolution:
A Light yield ~10 000 photons/MeV
A Aftenuation length >20 m @ 430 nm

Andrea Barresi
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LS purification and filling system

Al,O4 for fransparency

Water extraction for

radiopurity

Filling, Overflow, and Circulation system

A CD and WCD filling

A Control and stabilize LS level ;

A Circulation of LS for re-purification and radioactive gasses _
OSIRIS for Rn monitor

Gas stripping to remove O,
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Central detector: Calibration system

Automatic Calibration Unit . ]
A Multiple calibration systems with multiple sources:
ROV guide rail
S A 1D Automatic calibration unit

S coblo g A 2D Cable loop system + Guide tube calibration system

” Tl Ml *_'_ 18 A 3D Remotely operated vehicle

i - A Auxiliary systems: Ultrasonic sensor system, LS transparency

! prdoe monitor
AURORA g le) . . . . .
% A Scanning ensure energy scale, non-uniformity and non-linearity
r " .
—(\w~ ‘éw characterization
/ % " n . .
g A 3" PMTs used to correct 20" PMTs non-inearity
Sou’ce
},
%, & : o
%, e ;¥ Goal: energy scale uncertainty <1%
%/’6/ (\60«\’
':’66 \ 06‘)
% @&
6},@, o
% &o'@\*
Q@

Calibration strategy of the JUNO experiméntdighEnerg Phys2021, 4 (2021)
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Muon veto detectors

Top tracker:

: ja : / 3 layers of plastic scinfillators from OPERA experiment
F i 1 = = A About 60% coverage on the top

A High XY granularity and angular resolution (0,2° median)

\‘
.'.’I ,:\
r /&'

- «——  Water pool:

| 41 kton high-purity water with a circulation system

A Shield the CD against external radioactivity

A Thermal control

; ek

A Cherenkov detector for muon veto

1 | ALl | 2404+348 20" PMTs + 600 8" PMTs (from Daya Bay)
| AN o | 5mm HDPE liner to reduce Rn from rock

U 99% muon detection efficiency

u Thermal control (21+1) °C

A i e . A R |
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Turning the concept into reality
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A long journey

2013 2015
%

Project Start of civil
begin construction

v
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A long journey

2013 2015 2022
%

Project Start of civil  Detector
begin construction installation
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