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JUNO: Detector

e 20 kt of liquid scintillator based on LAB
inside a 35.4 m acrylic vessel

Top tracker

Earth Magnetic Fields
hielding
coils

e Surrounded by a water Cherenkov tank
and a top muon tracker as veto

PMTs for dual calorimetry “ jafeehatructure ‘
) . * Acrylic Sphere / . 52
* Primary goals: precise measurement of |. 20ktonts RS e S e e
1 H H Y 173 Y FAZ AR I R S TSRS Tee) .
reactor neutrino oscillation parameters - i N
and Neutrino Mass Ordering (NMO) * 17612 20" PMTs
. . * 25600 3" PMT:
determination = Coveragse
Requirements: Veto:
. . L. 5 . * 40 kton Pure water
* High statistics (~10°events in 6 yr) . 2400 20" PMTs

| Water pool depth 44 m

* Energy resolution: ~3%@1MeV
* Energy scale uncertainty < 1%

arXiv:2104.02565 ' Water pool diameter 43,5 m
JUNO physics and detector, Progress in Particle and Nuclear

Physics 123, 103927 (2022) EPS-HEP Hamburg 21-15 August 2023 7



JUNO: Detector

* Precise u tracker
* 3 layers of plastic scintillator
e ~ 60% of area above WCD

e 35 kton ultra-pure water

e 2.4k 20” PMTs

e High u detection efficiency

* Protects CD from external radioactivity
& neutrons from cosmic-rays

* Acrylic sphere with 20 kton liquid scint
 17.6k 20” PMTs + 25.6k 3” PMTs
* 3% energy resolution @ 1 MeV

arXiv:2104.02565
JUNO physics and detector, Progress in Particle and Nuclear
Physics 123, 103927 (2022)
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JUNO: neutrino detection

(Anti-)neutrinos are observed mainly via:

* Inverse Beta Decay (IBD) via the positron

signal (1) and the following neutron capture

(2):
Ve + P — E+ + n (1)
n+p—d-+~y (2)
n .. l;ii'lﬂ}'t'{l MZF . 5
R 1 ~ 200 ps )
.*-",«l---...."r . |
. prompt T (2.2 MeV)

p ", ~ few ns
b

7 (511 keV)« - - - @ - -- = 7 (511 keV)

C. Lombardo CRIS2022

Elastic scattering (ES) on e, CCand NC
interactions:

Ve, U,T



Acrylic Vessel

Inner diameter: 35.40+0.04 m
Thickness: 124+4 mm

Light transparency > 96% @ LS
Radiopurity: U/Th/K < 1 ppt

265 pieces

EPS-HEP Hamburg 21-15 August 2023




Earth magnetic shielding coils
installation: 6 coils installed (32 coils

in total)
Tyvek

reflective
film
installation
started

Water system almost ready for commissioning

200 veto PMTs installed(~10% of PMT)
35 kton of ultrapure water serving as passive shield and water Cherenkov detector.
e 2400 20-inch MCP PMTs, detection efficiency of cosmic muons larger than 99.5%
* Keep the temperature uniformity 21°C+1°C

650 m rock overburden (1800 m.w.e.) > R, =4 Hzin LS, < E,> = 207 Ge
* Quality: 222Rn < 10 mBg/m3, attenuation length 30~40 m

EPS-HEP Hamburg 21-15 August 2023 11



JUNO: Calibration system

Crucial to understand detector response non-uniformity and achieve: <1% energy scale uncertainty + 3%
at 1MeV energy resolution

Four complementary sub-systems: 1D, 2D and 3D scan with multiple calibration sources

spool 1
‘ Automatic Calibration Unit

——fR OV guide rall
“| Calibration house
Central cable
spool (3
Side cable ©
Spool-———— 2
@
=4
‘ TN« 4 -1
U]
Control  spool spoal
/.I “ “ Bridge
AURORA ////

@
Source

Angel, Abusleme, et al. "Calibration strategy of the JUNO
Cable system finished prototype test experiment.” Journal of High Energy Physics 2021.3 (2021).
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JUNO: Top tracker

Plastic scintillator from the OPERA experiment

* About 60% coverage on the top, three layers
to reduce accidental coincidence

* All scintillator panels arrived on site in 2019

* Provide control muon samples to validate the
track reconstruction and study cosmogenic
backgrounds

* The Top Tracker support bridge is ready for
production.

More info on the poster:

arXiv:2303.05172

EPS-HEP Hamburg 21-15 August 2023
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JUNOQO: Taishan /“ntineutrino (bservatory

* 2.8 ton of Liquid Scintillator doped with CL\S A _
Gadolinium (GdLS) in a spherical vessel \ e =" Scintillator
with 1.8 m diameter ’T:’P Siucld (HDRE)
Expected 4000 IBD/Day (2000 with 1-ton jwal::;rm
fiducial volume)
~10 m? of SiPMs (more than 4000 4 x 8 rOverfiow Tenle
SiPMs arrays) - LAB Buffer
Operate at -50 °C to reduce SiPM dark s
iy
From the center to the outside: GdLS - SiPM Array
Acrilic vessel - SiPMs and support - LAB HDRE Suppoct
Buffer - Criogenic system - water and Vel
HDPE shield - muon veto SS Tank
High energy resolution : ~1.5% @1MeV -:::‘(i‘r:h(i:z)
Prototype under construction in China - (Lead)

More info on the poster: A R A R A N R R N R TN R NRY

....................................................

arXiv:2005.08745
EPS-HEP Hamburg 21-15 August 2023 14
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JUNQO: Status

After the deployment of the
liner on the wall of the
experimental pool (radon
stopping) the installation of the
detector started in January
2022

. \
EPS-HEP Hamburg 21-15 August 2023 16
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JUNQ: Status
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JUNO Status

Acrylic vessel installation - on going
PMT installation - started
Electronics installation - started

v

14/06/2023 @S

EPS-HEP Hamburg 21-15 August 2023 20



JUNO Status

i -g wF'r- . : : .
1“ = Acrylic vessel installation - on going

PMT installation = started
Electronics installation = started
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Acrylic vessel installation - on going
PMT installation - started
Electronics installation - started

14/06/2023 BBS -

EPS-HEP Hamburg 21-15 August 2023 22



Acrylic vessel installation - on going
PMT installation - started

Electronics installation - started
VA /0 = N

JUNQO: Status

Underwater
. : , 7R / box

< : e \ A TP ' containing the
electronics

EPS-HEP Hamburg 21-15 August 2023 23



JUNO: Status (OSIRIS)

Four purification plants to achieve target radio-purity 10-17 g/g U/Th and 20 m attenuation length at 430 nm.

Add 25/LPPOand 3 mg/l__bls‘-MSB
All LS pIants ready to produce the flrst test batch of scmtlllator for OSIRIS

SS pipes to
underground

VETO PMTs

Connesting Bars

“H-
AvA |l Supporting Legs

85%

Abusleme A et al., Optimization of the JUNO liquid scintillator composition using a Daya

Bay antineutrino detector, NIM A 988 (2021) 164823

Abusleme, A et al. The design and sensitivity of JUNO’s scintillator radiopurity pre-detector EPS-HEP Hamburg 21-15 August 2023 24
OSIRIS. Eur. Phys. J. C 81, 973 (2021).






Conclusion

JUNO will have unique properties:

Very large photo-coverage & high LS light yield and transparency
JUNO-TAO for reference reactor spectrum

Multipronged strategy towards 3% energy resolution including
calibration

Huge effort for challenging radiopurity targets



Conclusion

Installation of the different parts of JUNO is

e Civil construction (cave, lab, civil buildings)

* Water pool

e Stainless structure

* Acrylic sphere

* PMTs and electronics

* Liquid Scintillator production plants and OSIRIS

* TAO prototype under construction at IHEP(Beijing)



Conclusion

2013

—_—
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Civil
construction

2015

2022

Detector
construction
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completed
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Huge effort for radiopurity control

Radiopurity control of raw

: : : material:
Radiopurity of materials _ |
0.7 MeV) [Hz] [Hz] . . .
s 530 0 v Meticulous Monte Carlo Simulation
Acrylic 3.61 3.2 10 ppt-> 1 ppt v" Accurate detector production handling
Metal in node 0.087 +1.0 Copper-> 55 Better than SPQC by 15%
PMT glass 0.33 +2.47 Schott-> NNVT/Ham ,
Rock 0.58 N EE— Good enough fog/MH from reactor v’s
Radon in water 1.31 -1.25 200 mBq/m?-> 10 mBg/m?
Other 0 +0.52 Add PMT readout, calibration 10_15 g/g for U and Th already
sys demonstrated by the Daya Bay test
Total 8.5 -1.3
Radiopurity control for LS:
The Kr value . » Leak check(single component < 10°°
takes into LS for solar neutrinos: mbar:L/s) of all joints to reduce 222Rn and
U/Th<10-1" g/g, **K<10-18 g/q, 8oKr
aclcountfthe_, 8Kr<50 puBg/m?, » Cleaning of all pipes, vessels to remove
release from 226Ra<5X10-%* g/g (0.1 puBg/m3), dust (check water cleanness)
acrylic and 210Ph<10-24 g/g (22Rn<5 mBg/m?3) » Clean room environment during installation
the analysis » Surface treatment of the acrylic vessel (Rn
approach to Crucial the initial purification - daughters)
cope with it recirculation much more difficult # LS filling strategy

for solar 'Be than Borexino, KamLAND, SNO+ -

EPS-HEP Hamburg 21-15 August 2023 31



Photomultiplier Tubes

« 17612 (CD) + 2400 (Veto) 20” PMT
* 5k Hamamatsu (HPK) PMTs, 15k NNVT
PMTs
* worst NNVT PMTs used in Veto
* 25600 3” PMT for CDs
* All PMTs produced & tested & waterproofed
* PMT installation and Electronics assembly
ongoing

Y ey V.
N $, |- \
. Ve = AN

Photon Detection Efficiency

1000

O AlL:Mean=29.6%, STD=2.6%
3 NNVT:Mean=30.1%, STD=2.8%
= HPK:Mean=28.5%, STD=1.7%

800

600 r

400 +

# of PMTs [/0.25%]

200

20 25 30 35 40
PDE Corrected [%]

Clearance between PMTs: 3 mm - Assembly

precision: <1 mm
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TAO goal

Relative Uncertainty

Precise measurement of ve spectra
Reactor antineutrino spectral shape uncertainty
I L S L L L '

T T T T I T T

} —— TAO-based (arXiv:2005.08745)

T

—— DYB-based (Phys. Rev. Lett.123, 111801) .
Model-based (Phys. Rev. Lett, 112, 202501) =]
| - JUNO Yellow Book (J. Phys. G: 43 030401) |

coooe b oo by b b b oo by sy

1 2 3 4 5 6 7 8
Visible Energy [MeV]

TAO energy resolution <2% @ 1 MeV

EPS-HEP Hamburg 21-15 August 2023
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JUNQO: Status TAO
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(part of the)Tools to produce
GdLS for the prototype

North hemisphere inside the
clean room, picture taken

during SiPMs installation
EPS-HEP Hamburg 21-15 August 2023

Electronics produced = to
be shipped to China

SiPMs

Prototype ready this
autumn

Pictures taken in July
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