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Height(m)

Liquid Filling Completed, Physics Data Taking Starteeﬁo

JUNO Liquid Level Display

LS: 46.92 m CD Water: 0.0 m WP Water: 43.74 m
Vis: 23231.6 m? LSIn: 0.0 m3/h WaterQut: 0.0 m3/h

1 T T T T T T 1
(V= = T I = (R L A o I ]

T T
=

tage

L12

c:

On August22 at ~2212, water in
Acrylic tank was fully replaced by LS

~90 t lower quality LS at the bottom
were further replaced

Calibration started at 14:00 of Aug. 23

Data taking for physics started on Aug.
26 at5:30am (Beijing time)

Total LS in CD: 23231.63m
Total water in pool: 41225.1 ™



A Golden Reactor Neutrino Event JUNO

Mon, 25 Aug 2025 22:50:45 Mon, 25 Aug 2025 22:50:45
RecEnergy = 6.3 MeV RecEnergy = 2.4 MeV

RecVertex (-9458, -9707; 3820) mm; RecVertex (-10393, -9794, 4333) mm

s iy

e E
s

Prompt e+ signal Delay neutron signal
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ldea of the JUNO Experiment

Use reactor neutrinos to determine the mass orderisigit ofDm>2;,), independent of
the matter effect and CP phase

Equal distance to two reactor power plants for doubling mHféux

Liquid scintillator is the only viable ch0|ce as the target and the detector

DayaBay = JUNO 1§

Ne |r Site

Far \lt

by .'.4’". Guang Zhou) UG o #‘&W '\/ W

: J : L

: » . Savannah River

2 5 h dl‘lve Bugey
Rovno
Goesgen
Krasnoyark
Palo Verde
Chooz @ KamLAND
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TéishanNPP Talk by Y.F. Wang at ICFA seminar 2868tel2011,;
E 18.4 GW Paper by L. Zhan, Y.F. Wang, J. Cao, L.J. Wen,
YangjiangNER ' PRD78:111103,2008; PRD79:073007,2009
17.4 GW
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S. Petcov an®iai Phys. Lett. B 553, 9406(2002)
J. Learned et al., PRD 78(2008)071302
L. Zhan, YFW et al., PROZ®08111103




Key parameters and Site Selection

Optimum sensitivity at the oscillation maximumap$,
Multiple baseline reactors may wash out the oscillation structure  _ L PRD
U Baseline difference should be <500 m 88, 013008 (2013)

Key parameters: : —
A Detector size: 20kt : |
A Energy resolution: 3%E : | |
A Thermal power: 36 GW
A Baseline: ~58 km

L. Zharet.al, PRD79:073007, 2009

Taishan
9.2 GW

Yahgjiang
17.4 GW 6




Physics at JUNO

Supernova Neutrinos : - Atmospheric

Cosmic evolution, star formation, /s Neutrinos

supernova explosion mechanism f’ ~ Complementary to
Solar Neutrinos Diffuse Supernova Neutrino Backgroyﬁtd h reactor neutrinos to
Examine the dynamics Potential to discover DSNB s~y /' Improv the sensitivity
of stellar evolution )y /’};, /' s to mass ordering

Reactor Neutrinos
Determine neutrino massrdering
Measure oscillation parameters

Geoneutrinos
Examine the Earth's

PRSP E—— p— geophysical model
(PDG2020) | (100 days) | (6 years) NeW phySiCSSGaI‘CheS

Am?Zy, 1.3% 0.8% 0.2% _
(Am?,,) e.g.,proton decay and sterile

AmZ,, 2.4% 1.0% 0.3% neutrinos
sin?0,, 4.2% 1.9% 0.5%

— .Yy ey — J. Phys. G 43 (2016) 030401
S i o o Prog. Part. Nucl. Phys. 123(2022), 103927 -



JUNO Project and the collaboration

A Project firstlyapprovedin China in 2013 and later in other countries. Civil construction started in 2015
A Collaboration mostly established in 2014, now >700 collaborators from 74 institutions in 17 countries/re

Conntrv | ' C.ountn N<titLte | Ingtitiite

" ; £
- " "1) j\'- '44'-—-- s sii" l?' i
rhe 23 -a junNd) Collaporation !aufm
k
:_\"’:.A-.‘j’. 'J‘:-. e E 4t o2 .' - *; "
J \’ ,.:’ 3 . \‘. A ) . AR

China NCEPU France IPHC Strasbourg Taiwan-China NTUT
China Shandong U. France SubatechNantes Thailand NARIT
China Shanghai JT U. Germany RWTH Aachen U. Thailand PPRLCU
China IGG-Beijing Germany TUM Thailand SUT

China SYSU Germany U. Hamburg U.K. U. Liverpool
China Tsinghua U. Germany GSl U.K. U. Warwick
China UCAS Germany U. Mainz USA UMD-G
China U. of South China Germany U. Tuebingen USA UC Irvine
China IMP ltaly INFN Catania




~ 600m vertical shatft,
~1300m sloped tunnel

i x e e &) 7'.’9;




Civil Construction o
- Experimentalihall

.....

Civil construction in 2013021
Rock ceilingf E&50m)is stable, rock temperature ~ 31,

Temperature of the hall is controlled at ~2113

%

HVAC & Ventilation



Detector Concept

A Target mass of 2@t liquid scintillatorC 3 20 KamLAN[® 40 Borexino
A Energy resolution < 3%@ 1Me¥ >1200 PE/MeV

KamLAND JUNO PE Ratio
Photon Satistics 250p.e/MeV | 1200p.e/MeV 5
PMT coverage 34% 5% 2.2
LS transparency ~12 m >20m ~0.9
Light yield(anthracene) 30% 45% ~1.5
Detection Eff.(QECE) ~15% 30% ~ 2

A Key technology R&D since 2009:
A Transparent & high light yield liqustintillator ,
Al ATK RSIUSOUAZ2ZY STFAOASYyOS
A Radiopurity U/Th/K < 10 g/g for 20kt LS

A Detector Design(more than 10 optiohs)
A Central target container: acrylic or balloon ?
A Mechanical structure: steel frame or steel tank ?

A Buffer layer: Water or Mineral oil ?

Steel Tank + Balloon Steel Tank + Acrylic blotk



JUNO Detector Design

. Twolayers structure for simplicity and cost: stainlesselframe + Acrylic tank
Water as VETO and Buffer(instead of Gilyadiopurity control of water

Calibration
VETO system
Top Trackerplastic scintillator
L F e . Water+Hnnn HNnQQ tadc
IR R i e e e A e For atmospherim:o ny H € & LJ NE
R e e +c nny éfrom RDayaBay
Central detector & A S

Earth Magnetic Field shielding coils

Liquid scintillator
MTCMH HANE
Hpcnn o0QQ

Steel structure e e ; / ﬁ:?;%
Acrylic sphere 20kt -*W i’&l g%'

44m

arXiv1508.07166
Prog. PartNucl Phys. 123(2022), 103927
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https://arxiv.org/abs/1508.07166

Central Detector

SS Structure to hold the acrylic sphere and PMTs, against the buoyancy
A Mechanical precision for PMT clearance ~3 mm, to maximize PMT coverage

A 590 steel bars(1/2 with springs, 1/5 with stress sensors) to support the acrylic tan
A Structure by 120 k screws with < Imm clearance, to maintain cleanness and prec

A Temperature controlled at 2C° 1°C, to prevent thermal expansion and stress
A Earthquake safety taking into account the liggwlid coupling

Acrylic sphere
263 Acrylic panels of ~8m3m=3 12 cm, thermally pressed and machined to the
spherical shape, bonded together through PMMA polymerization

A dedicated production line for low backgrounds(~0.1 ppt U/Th1K0 improvement)
Panels are protected by &th PE after machining, sanding, polishing and cleaning

high transparency(>96%) and low surface backgrounds(< 5 ppt U/Tmm)50
Survey shows good mechanical precision and sphericalness

4y
3

Center deviation
(mm)

O N < X

Diameter (mm)

’ - g Coaxiality (mm)
SS structure & Hydraulic platform The first five layers of Acrylic

arXiv: 2311.17314

Fitting results
-5.9

-18.5

4.8

-23

6

Requirements
+20
+ 20
20
40
0

+ H

N
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Checking Inner and Outer Surface of Acrylic JUNO




-

W Y . i

E Water VETO:
E 40 kt pure water for backgrounds shielding & tagging
EHNANN HNéE tacidoRy HBHKSE { &ci
PMTson the pool wall
E pool lining using 5mm HDPE + Tyvek
E 100t/h pure water production system with Rn & Ra
removal system
E Top trackerrefurbished OPERA plastic scintillators
\\ E Earth magnetic field compensation coll

N

\\\

Temperature
Contour 1

22,00 [
. 21.80

- 21.60
- 21.40
- 21.20
- 21.00
- 20.80
- 20,60

20.40
I 20.20
20.00

[C]

Bottom CD and VET(




A Pool cover made of 0.6 mm vulcanized fabric top tracker
A Light and gas tightoy zipper for connection

17



PDE(%)

High QE PMTs

UseMicro-Channel Plates (MCPs) insteadiwhode for better PE
collection (CE), together with higher QE for a totaél fDE
IHEP & NNVT jointly developed technologies & prototypes
A Higher collection efficiency Nucl.Instrum.Meth.A 695 (2012) 113-117
A TAIK STFFAOASYOe LIK2020FGK2RSX
A Automatic mass production fdrigh yield f
. “ PN PN “ N ~ 09
| ' Yl Yl UGadz AY U0KS YSIYUAYS A
Purchasing optimization based on performance, cost, and ris g';’g;g
A MCRPMT: 15000 5 0
NIMA 947 (2019) 162766 ¥
A Dynode PMT(Hamamatsu): 5000 o
PDE VS Azimuth angle PDE VS Zenith Angle w0
:i PR T %355— e it =0 S S e .
138 o | ) 3o} — e j\é 34
::_ _— " P xﬂ o ‘-«—p— *‘ '?X - \. _ 32
i—-'—l-g._,_--"". +__._H_____t;\_‘.,..;-;4;_.é 20f- : S 28
| om0 SN U AU O NN o SO SO S s L 2
w W m o wm BB W B W o w a

|
1000PEgain=1X10’ | —+— MPE-gain
SPE3ain reduced by | PR
30%@charge#1C :
....I....I....I....I..i.l....l....l....l.
5 10 15 20 25 30 35 40
Cumulative Output Charge/C
Z!. 4 ? 10 13 16 19 22
—— NNVT
—— Hamamatsu

m/\m_—-
A

1 6 11 16 21 26 31 36 41 46 51
Batch Number 18


https://doi.org/10.1016/j.nima.2019.162766

- R Stainless
ih_) R Steel

Potted PMT cover

A Waterproof potting: leak < 0.05% up to now
A Implosion protectioninsT 18 (2023), P02013

A Readout electronics:
i Frontend inunderwater box @ PMTs/box) (water leak < 0.03% up to now)
i 1GHz FADC, 2/PMT for a dynamic range 4020 PE
i Noise: <10% @ 1 PE
it Resolution: <10% @1PE, <1% @100 PE
i Digital signals over 100 m Cat 5 cables in corrugated SS pipes for waterproo
together with cables for clock, power, etc.

e




3% more light, higher dynamic range for muons,

dzy AT2NXAGE FyR £ AYSE N (2
HpZcnn odme taca c')-tTH.Hﬁ_j :
200 underwateelectronicsboxes, eaclservicing
128 PMTseadout byASIC Battery Cards (ABC), each S
with 8 CatiROChips S

m/ Coax cable Signal+HV

x16

/?\
v
A o o) Front-!'ﬂ@‘

m“ Under Water Box

200 boxes x 128 PMTs JINST 16 (2021), P05010

High Voltage
Splitter

|
—
oo iafc“ i B8




Container test stations

Scanning station

Rotating frame with LEDs
-

o+
LeDs <" "

x 40
\ HV
ps-laser
LED d
istanee'
Light }.'.’--; voltage i - )
source i < “ divider splitter amplifier
diffusor "\
ND filter
/ signal |
itch |
( driver ) TS
Signal sync. trigger
generator discr./ Rotating base
scaler }, d

VME

2

Hamamatsu NNVT

HZC
Quantity 5000 15012 25600
Charge Collection Dynode MCP Dynode
Photon Detection 28.5% 30.1% 250
Efficiency
Dynamic range for [©
10] MeV [0, 100] PEs [0, 2] PEs
Coverage 5% 3%
Ref Eur.Phys.J.82 NIM.A 1005
ererence (2022) 12, 1168 (2021)165347

PMT Testing and the Installation

Cablres In corrugated pipes

=

S v
= TES B 21 -A
& L ] 7
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PMT Installation

22



Installation Completed, Evacuation of the Last Team




Liquid Scintillator

E Recipé Based on Daya Bay experience
£ LAB based for transparency and safety T

£ R&D for optimal light yield and transparency: JUNO
A Daya Bay detector module for testNA 988 (2021) 164823
extrapolate to the JUNO size using a new LS optical model§67 (2020) 163860

£ Final result:LAB + 2.5g/L PPO + 3 mg/L-MSB
E Design goal:

£ ~60t PPO with U/Th < 0.1 p@Okt LAB withJ/Th ~ 1ppg . ,ﬂw\ L
£ LABattenuation length > 24m, LS attenuation length > 20m ”-93§ ' \ g
Experimenlal Hall 1 Ugﬁ_ O mg/l. bisMSB 4—\2 A mg/L bisMSB
a7 4 e 3 ‘ngjl hnMSB - 440 mg/L. lisMSB
0.9 )
PPO co entrdtlon[gfl ]
o L
plq&ment g 1 : x i -
system ZF i
=) 0.9: 7
E 0.8: e JUNOLS at Daya Bay
'% - o MC with Daya Bay LS abs
2 0-7; ¥ MC with JUNO LS abs.
U.t‘i: & MC with JUNO LS abs.
o + tuned fluor. QE
B ¥ B ¥ R ¥ R T

bis-MSB concentration[mg/L] 24



