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. . T m=0.1eV
Neutrino Properties "> 7x10%s/eV  mm—) 7> 20yr

See the note on “Neutrino properties listings” in the Particle Listings.
Mass m < 1.
Mean life/mass, 7/m > 300 s/eV, CL = 90% (reactor)
Mean life/mass, 7/m > 7 x 10° s/eV  (solar)
Mean life/mass, 7/m > 15.4s/eV, CL = 90% (accelerator)
Magnetic moment 1 < 0.28 x 10719 15, CL = 90%  (solar +
radiochemical)

1 eV, CL =90% (tritium decay)

PDG2020 (RIF&Y

Hard to detect
Many unknows

fEEH) (https://pdg.Ibl.gov/)

m Massive, but tiny mass
* Beyond Standard Model
e Absolute mass unknown
* Mass origin unknown

m The only neutral fermion

* Possibly to have
Majorana nature

' 50 %
v

| light-year

>



- Neutrino Oscillation Experiments
10°
neutrino oscillations

1073
> | 4D
(\l,_' 6 source detector
5 10 » v prod. & detection: W* weak interaction = identify flavor

e v propagation: mass eigenstates (!= flavor eigenstates)
" * Experimental searches for v oscillations
= > 50 years
> 30 experiments
R N > Phase space over tens of orders of magnitude
unless otherwise noted
10'—12 1 | ! |

1074 1072 10° 102



Discovery of Neutrino Oscillations

Reactor v oscillation
@ KamLAND, 2002

confirmed solar v
oscillation

Ay g Atmospheric v
Yi"9& Oscillation discovered

@ Super-K, 1998

Accelerator v oscillation
@ K2K, 2003

confirmed atmospheric
v oscillation

Solar v Oscillation
discovered

@ SNO, 2001

Multi-GeV e-like 7 C+ Data-BG-Geo, '
@ @ pua 2 1'_ — Expectation based on osci. parameters
5 140 | E 2 ; 1040 120z Lo 1.0mm 10120112 B determined by KamLAND
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Daya Bay experiment

Proposed in 2003, construction completed in 2012.
Observed a new mode of V,, oscillation =» non-zero 0,

L3
®
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Daya Bay NPP

: 201 64F [ ISR I oRE] 25—
| ) FEERBANF SR * sin20,5;~ 0.092, much larger than
s TR J}F 201 6FEE YIRS SRR early expectation 0.01~0.03 =
0of BHs o A AT Opened the gate to determine mass
002 04 06 08 1 12 14 16 18 2 %-I-g ! Emgl\,z - ordering and Ieptonic CP-violation
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Problems with neutrinos

Particle Physics relevant

Mass ordering

Leptonic
CP-violation

Fundamental
Properties of v

Magnetic
moment

8,; oscillation

Astro-physics, Cosmology relevant

Supernova v Solarv Geo v
(mechanism, relic) (Metallicity) (geo phys, geo chem)

Big-Bang v

v from extreme astronomical phenomena?
(NS merger, GAN, y burst, ...)

Origin of cosmic rays?



Problems vs. Technologies

Dirac/ Magnetic ?:::elllrﬁgon
Majorana moments neutrinos

Accelerator pheric objects

Cosmology

Relic-
neutrino

Radioactive

sources
>

Nuclear
chemistry

Semiconductor /
crystals / gaseous /
scintillator

Liquid
scintillator

Sampling
detector

Cerenkov

Y.F. Wang @ TIPP2011



Problems vs. Technologies

Oscillation
/ sterile
neutrinos

Magnetic

Dirac/
moments

Majorana

Cosmology

Radioactive
sources

Nuclear
chemistry

Semiconductor /
crystals / gaseous /
scintillator

Sampling
detector

Cerenkov

scintillator Argon

w/ JUNO



. I I i .
D 100 | o I Topics for this talk
= - Cosmic vlbackgruund :
510
T [ I Solarv's ' :
o 10T I Supernéva v burst (1087a) | Status of JUNO Detector Construction
S0 | I 2 :
x r I Reactor anti-v's
= a4 L
=1L I /: JUNO Physics Prospects
1 F I Supernpva relic v background
104 [ I I B Reactor v: Oscillation, spectrum
5 I ) I .
o Geo-anti-v's B Atmospheric v
10_,2: I Atmospheric v's B Solar v
1 : : B CCSN
107er | Vv'sfrom AGN | B DSNB (aka supernova relic v)
107°r observed | | M geo-v
1072*F expected I I GZK v's B Nucleon decay
102k : : B Ov[3B potential
10 1073 1 10° 106 10° 102 10" 108
peV. meV eV keV MeV GeV TeV PeV EeV

> Neutrino energy

JUNO
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A multi-purpose observatory

Physics goals: neutrino mass ordering (~40), precision
measurement of neutrino mixing parameters (<<1%),
supernova v, geo-v, solar v, nucleon decay, etc

m Future upgrade (2030s) : searching for Ov33
m Detector construction completed in 2023

Atmosphere

~5000 IBDs for
CCSN @10 kpc

~60 IBDs per day

Several per day Hundreds per day

@ JUNO
7 ‘\
! N
’ ~
/ ~
! A Taishan NPP
)/ ~52.5 km
‘ 52.5 v 2X4.6 GW,,
i’ A Y
Yangjiang NPP / > o0 TAO
6X2.9 GW,, ’/ /fl"?)c(‘
ol ,,f,

8 reactors
26.6 GW,,,

physics

Several IBDs per day

IBD: inverse beta decay
CCSN: core-collapse supernova Neutrino oscillation & properties

Neutrinos as a probe 11



Requirement for rich physics program

Example: Precision Neutrino Oscillation Measurements

100 % Detector properties
L 6 years of data taking —— No oscillations
| A m? ~ =~ Only solar term | I ‘ |
Ener Shape
g_y p' Background
resolution uncertainty

Normal ordering
Inverted ordering

80 V3 I

A

E Vs
E col V|
7] Large target mass Very high PMT Satellite detector |l Good overburden
2 Lk ) sin® 26015 (20 kton LS) coverage (78%) (TAO) (~650 m)
@
& lsin2 203
ol Y7 Powerful nuclear Highly transparent B Highly-efficient veto
: o PN e S t reactors (26.6 GW,, LS system (>99.5%)
i Am21 J Am%l
< >
By S s s S Highly efficient | |
Es, (MeV) Material screening

PMTs (PDE~30%)

For solar neutrinos: tighter requirements on Liquid Scintillator (LS)
radiopurity by 1~2 orders of magnitude.

Clean installation

[EEN
N



Highlights of JUNO detectors

v HFE EREXRIRIAA

| T, I LS | , IT nﬂi

| FROERREE RETSHMR 1 g

| : | ® KamLAND x 20,

I REZRS% ' I Borexino x 40

| o MEEEET

i | HEEX

I (5% E=X) | MountERHRHES : B Y¢FER Borexino x 2,

: 035.4m HHLIGAK , 3SHMZAK (A=40m) KamLAND x5

:
[ .
: o41.1m FEHFZE e B N TyveldfitiR :
| = i
| (EEERE) | S N B sooimaEs
| ZRERIA) (A>20m) - l — S 24001200 PMTs : w2 AHIMST
PMTIRIE I RE) | ,. s A = =
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| 25600DIMPMTs r - (C TR, BIFSBERIEE
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| CrrERE, 77.9%) : G 7 et - EiERIENLEBFEEY, AnKAYTISETE
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- IREEE < 0.01 55/250
JUNO Physics and Detector,

L~ — GRE
arXiv:2104.02565 - BFESEESE < 1md

13



1

6
© XUt

23

—

-

ﬁ——.




Detector Construction Status

Acrylic panels

 All the panels are ready for shipping

» About half sphere is finished

Stainless Steel structure

* Finished in June 2022

20012 20” PMTs + 25600 3” PMTs

* Production and performance test done

e ~4800 LPMT and ~4400 SPMT have been installed

Liquid scintillator

 Purification plants finished onsite construction

* Under commissioning now

5
g /
S =

/

Acrylic Sphere

SS Structure

ifl CDPMTs

VETO PMTs

Connecting Bars

| e

Supporting Legs

15



Central Detector (SS structure)

Acrylic vessel is supported by D = 40.1 m stainless
steel structure via 590 Connecting Bars

Assembly precision: < 3 mm for each grid

VNPT e gum o . BETTERSEECEAI TEREERE I8
_ » | BRMEEEN0.24EEE0 5L 3

1 c  RIBSEAFNERFMEINT (ST +EITF) >
Lo | BXATAERRGIITE (RRSIRIE, —
3 (e e | HEES) . SERelHERIBIR(12PE)

" A % AEMEE, BHRIUnRERDER,

LHIEATNS~20 mm, BROARE(-2, 6,-11)
> EAZRNREEEISFERE, LASE . .
';I\TTI‘H'_I;;E%??E?LEU* AR, LR The platform to install the acrylic vessel

AEFWFRH SRR SHERE (<1 ppb)

16
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Central Detector (Acrylic Vessel)

LS container:

Pre-assembly at Donchamp

—

3 .l

Inner diameter: 35.40+0.04 m
Thickness: 12414 mm

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

265 pieces

Similar surface treatments will be done on bonding area at JUNO site
18



Central Detector (Acrylic Vessel)

Acrylic surface is protected with film
after cleaning to avoid radon daughters
and dust deposition

Outer surface: PE film = remove later
Inner surface: PE film = paper film




Veto Detector (water Cherenkov)

Earth magnetic shielding coils installation:

7 coils installed (32 coils in total)

Tyvek N
reflective film M o e
g I i '
installation : T e b e
started ' |

= el i 03 = -
e s
‘] [l;@;(b ;7--1?_‘:‘ )

250 veto PMTs installed(~10% of PMT) Water system almost ready for commissioning

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%

o . . °C +1°
Keep the temperature uniformity 21°C+1°C <650 m rock overburden (1800 mw.e.

e Quality: 222Rn < 10 mBg/m3, attenuation length 30~40 m > Ry =4Hzin LS, <E,> =207 GeV
20



Veto Detector (Top Tracker)

< “-ani JUNO preliminary
o n.l:ra:: %
006" | % 6 — 0.2°
e H .'I
- . i
ool % AD — 20 cm *
_ 002 | ",.
WCD = CD L

I T .
G'DE.D 02 04 06 08 10 1.2 14 16 1.8 20
Opening Angle true-reco ()

Plastic scintillator from the OPERA experiment

* About 50% coverage on the top, three layers to reduce accidental coincidence

e All scintillator panels arrived on site in 2019
* Provide control muon samples to validate the track reconstruction and study cosmogenic backgrounds

Status:

* The TT scintillator detector is onsite.

 The TT support bridge is ready for production.
21



Liquid Scintillator Purification

(275W) | (2000E)

U/Th&& 1017 g/g {EK1000{3LAE
EEE >20 m B5>30%

- TRk :

HZAKamLAND 10000, =AF)
Borexino 5000f, IIEZEASNO+
10000, SE—IREFEEPFRIELR,
ST T8

- RNEEL. BIBIRRELE.
IR E R, EERE

e
Cal. House  [M % ] 1o
—
: R AN N 3
‘ 2 >3
Chimney T A :)"L‘L JL{)P\'/>/_ i
SAImney. — By 7 v Acrylic Sphere
W I s Structure
ater L o SS Structure
1 AR -
o il il | Tl cpeMTs
0* o—fo VETO PMTs
1o d
X ol

i Connecting Bars

/('\ Supporting Legs
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Online Scintillator Internal Radioactivity Investigation System (OSIRIS)

A 20-t detector to monitor radiopurity of LS before and
Eur.Phys.J.C 81 (2021) 11, 973
during filling to the central detector

* Few days: U/Th (Bi-Po) ~ 1 x 101> g/g (reactor baseline case) : <
e 2~3 weeks: U/Th (Bi-Po) ~ 1 x 10717 g/g (solar ideal case) ; . —~

» Other radiopurity can also be measured: *4C, 21°Po and &Kr — “F) ——

A

Expect to start commissioning in July. b

Possible upgrade to Serappis (SEarch for RAre PP-neutrinos In Scintillator): arXiv: 2109.10782

v A precision measurement of the flux of solar pp neutrinos on the few-percent level

23



Photomultiplier Tubes

1000

800 r

# of PMTs [/0.25%]

200 r

(T R S Ry
o N
o w

I

# of PMTs [/1kHz]

600 [

400 [

w
o
T

Photon Detection Efficiency

[ ALL:Mean=29.6%, STD=2.6%
[ NNVT:Mean=30.1%, STD=2.8%
[ HPK:Mean=28.5%, STD=1.7%

1

20

25 30 35 40
PDE Corrected [%]

Dark Counting Rate

[ ALL:Mean=27.6kHz, STD=15.7kHz
[ NNVT:Mean=31.2kHz, STD =15.8kHz
[ HPK:Mean =17.0kHz, STD = 9.7kHz

Instrumented with
waterproof potting

n.

20

40 60 80 100
DCR [kHZ]

All PMTs produced, tested, and instrumented with waterproof potting

LPMT (20-inch) SPMT (3-inch)

Hamamatsu  NNVT HZC
Quantity 5000 15012 25600
Charge Collection Dynode MCP Dynode
Photon Detection Efficiency [28.5% 30.1% ] 25%
Mean Dark Count Bare 15.3 49.3 05
Rate [kHz] Potted 17.0 31.2
Transit Time Spread (o) [ns] 1.3 7.0 1.6
Dynamic range for [0-10] MeV [0, 100] PEs [0, 2] PEs
Coverage 75% 3%
Reference arXiv: 2205.08629 NIM.A 1005 (2021) 165347

12.6k NNVT PMTs with highest PDE are selected for light collection from LS

and the rest are used in the Water Cherenkov detector.
24



Photomultiplier Tubes

Synergetic 20-inch and 3-inch
PMT systems to ensure energy
resolution and charge linearity

Assembly precision: <1 mm g y. e R
w/ protection cover (insT 18 (2023) 02, P02013) ~4800 LPMT and ~4400 SPMT have been installed Eur.Phys.J.C 82 (2022) 12

25



Underwater electronics to improve signal-to-noise ratio for better energy resolution
1 GHz waveform digitization, expected loss rate < 0.5% in 6 years

Front-end bellow with
coaxial cable (1.5 m)

Front-end and read-out

PMT
electronics

Back-end bellow with
Ethernet cables
(30 - 100 m)

A

~1000 UWB are installed ]

Front-End board
UnderWater Box

heat sink ‘ /

Under-water connectors
Toward PMTs

~ = High voltage splitters
Global Control Unit

heat sink

128 3-inch PMTs connected to one underwater

box
—

S, || T

/

30 UWB are installed

.,_\.
b
WA

26



Calibration

1D,2D,3D scan systems with multiple calibration sources to control the energy scale,

detector response non-uniformity, and < 1% energy non-linearity

- wpaol > |
)| Automatic Calibration Unit

==

ROV guide rail
Calibration house
|| Central cable
Side cable

|

source storage

- Shadowing effect uncertainty from Teflon
Cable system finished prototype test capsule of radioactive sources: < 0.15%

L

Residual bias [%]

=
- 0.98

1.04

102

0.96

0921

54
0.94----£-- s SRR —Bestfit -1

13!":5

®Ge

0.2~

l
1 2 3 4 5 G
True gamma energy [MaV]

Uncertainty < 1%

Inherent nonlinearity
—— Bestfit
Uncertainty

3 4 5 B
True electron energy [MeV]
27



Radiopurity Control

Reduced by 15% compared to the design. Ref: JHEP 11 (2021) 102 Liquid Scintillator Filling
Singles (R<17.2 m, B Recirculation is impossible at JUNO due to its large size
E > 0.7 MeV H H . . . ..
0.7 MeV) [Hz] [Hz] - Target radiopurity need to be obtained from the beginning
LS 2.20 0 .
Strategies:
Acrylic 3.61 -3.2 10 ppt -> 1 ppt
Y o o 1. Leakage (single component < 10® mbar-L/s)
Metal in node 0.087 +1.0 Copper -> SS 2. Cleaning vessel before filling
PMT glass 0.33 +2.47 Schott -> NNVT/Ham i
3. Clean environment
Radon in water 1.31 -1.25 200 mBg/m3 -> 10 mBg/m3
Other 0 +0.52 Add PMT readout,
calibration sys Chimney g -
Total 8.5 -3 TEmEmEmTmEmTmTTE -

Radiopurity control on raw material:
v’ Careful material screening

v" Meticulous Monte Carlo Simulation

v’ Accurate detector production handling
28



Radiopurity Control: environmental cleanliness

Acceptable dust in 20 kt LS: < 10 mg!

Water pool : . .
: . Due to sanding on acrylic bonding area
Cleanliness in EH reached the g y g

|

o | ,MM' II requirement since 2022-5 f

o 4\“*“@““«1&# : b i M l ﬂi 3
J > AR m,*ﬂ i m ! A

b)) Acrylic sphefe

P

Cleanliness (w.r.t class 10,000)

LR &T | LI
Id Ml Ii v nﬂl W\éf Af NW”H Al W, l'ﬁ
0 . ‘ o] ‘ ; l by ‘| ' + e 2 |
107 Requirement | h\ﬂ F lJ M ; @I‘ ) L“" ‘L‘Mﬁ ,& VWW* [ 1 gt Eﬁ
| ﬂll v
A 4
2022-03 2022-05 2022-07 2022- 09 2022-11 2023-01 2023-03 2023-05
o Cleanliness Class calculation: total dust volume divide Class 10,000 particles volume
Class 100,000 2000 Add f Add .
ans | ans H Add freslh air fan ‘ —+— Main hall Inlet fresh air from the
Class 10,000 1500 "Block No.1 ‘- 4 LShall _ground vertical shaft
construction tunnel “ FOC hall

Class 1000 "Extend inlet

of EH cabmet

' Add fans in tunnel| ||
and install room

W"a o - \M;&MW‘

[ g
0 2022-6 2022-7 2022-8 2022-9  2022-10  2022-11  2022-12 2023-1 2023-2  2023-3 2023-4 2023-5 2023-6

10001

Better ventilation in
'No.2 drainage gallery

500/

Temperature: 21°C+1°C
Radon in air: 100 Bg/m?3

Radon concentration [Bq/m?]

With great efforts on onsite cleanliness control and ventilation optimization,

both the radon and the cleanliness in the hall reached our requirement
29
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Taishan Antineutrino Observatory (TAO)

Measure the reactor antineutrino spectrum (fine structure) with unprecedented energy resolution
Provide a reference spectrum for JUNO, other experiments, and nuclear databases

Search for light sterile neutrinos

Make improved measurements of isotopic yields & spectra 1o

NI o Y v P 1L AUV S SO SR L 8 S e o o
o E E——— e —— S A M-
% -] —NEOS 50% G L
g :—na-,.-aﬂu-.-mcl.
E « == JUNO-TAD 99 7% CL
E arXiv: 2005.08745 il
e
10|
Statsstical uncertmnty E i
Statistical uncertunty B
Bia:g-4 o g:p. 398 9:9-9-2 PR | A4 11 P | e o8 ¥y 10.2 | IIIIII I IIIIIIII I II‘:‘IIII
2 3 4 5 6 7 8 9 3 2 -
Neutrino energy (MeV) 10 10 10 sin22B141
Constrain the fine structure in [2.5,6] MeV to < 1% TAO sensitive in region 102 eV2 < Am3,< 10eV?

31



Taishan Antineutrino Observatory (TAO)

* Innovative design of low-temperature LS + state-of-the-art SIPM

= unprecedented energy resolution (< 2% @1MeV)

Plastic
7 Scintillator
Detector Concept Design (arXiv: 2005.08745) — - TopiSiucld (HDPE)
'_j / - 3" PMT
Gd-LS - Water Tank
Baseline ~30 m | Overflow Tank
Reactor Thermal Power 4.6 GW - LAB Buffer
Light Collection gk
L 2 n B - Cooling Pipe
Photon Detection Efficiency > 50% Cu Shell
: °C i B - SiPM Amray
Working Temperature -50 | B | HDPE Support
Dark Count Rate [Hz/mm?Z] <100 Acrylic
N\ /i Vessel
Coverage ~94% s B - SS Tank
Detected Light Level [PE/MeV] 4500 freammlaiie )
fei— =l | ! Bou&ma%l)]ield
<

Energy resolution <2% @ 1 MeV

32



Taishan Antineutrino Observatory (TAO)

« Key mechanical structures manufactured = building 1:1 prototype @IHEP

- final installation @Taishan by end of year = data-taking by 2024

—— .

e A > e TSN A A R B\ T

v
\ N ST
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Reactor Antineutrino Oscillation

. o Am2, L
P, —»v,) = 1— sin*20,, cos” 0,5 sin* 2 —— I)ESIR
4E tter effect contribut imal
1 A?’)’L Am L irz; czrrfecfico ncg'? arrlo:JJ nZSBmI\jI);I\r/na
31 . 32 () ,
9 sin” 20,5 sin” 1E + sin” 1E <— KILEESIN arXiv:1605.00900,
— arXiv:1910.12900)
1 Ams L . (Am3, + Am3,) L
— — cos 26, sin® 26, . sin 217 gin 31 32 ut
2 12 13 4:E 4E e :Fl)
1.0
_S 0.8}
©
g 0.6}
3 0.4t
c_% L1 ,
V1-P@, —7,) I 0.2¢ — Nature Comm. 6, 6935
e e vt

lllustration: Daya Bay Conversion Probability 0.0 - - :

Curtesy: Jihong Huang, Zhi-zhong Xing 1 10 100
Distance (km)
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https://www.nature.com/articles/ncomms7935

Reactor Antineutrino Oscillation & Detection

JUNO, arXiv: 2204.13249
] A A ” A S : — Geoneutrinos e e | uncertainty | uncertainty
— 018 S o FaNettors | Reactor IBD signal| 60 =» 47 - -
> 0.16: S .
Jf o 1aE i Geo-V's 1.1 1.2 30% 5%
S o.12E % Accidental signals | 0.9 =» 0.8 1% negligible
S 01F - Fast-n 0.1 100% 20%
@ H toe Viiible%r?ergy%\ﬂe\?js ‘ 4-5. 9,:/78
£ 008; ; ; Li/ °He 1.6 = 0.8 20% 10%
> 0.06F . : \ - IBD Sianal [,
1T : . EEAN g 13 16
0.04H — IBD +residual BG oo C (a 2 n) O 0.05 50% 50%
0.021 Global reactors 0=> 10 2% 5%
0= s ———— | Atmosphericv’'s | 0 0.16 50% 50%

Visible Energy [MeV] JUNO physics book (. phys. 643:030401(2016)) = updated ana.

Updates for the spectra and rates since JUNO (2016)
® 2 fewer reactor cores in Taishan
© Better muon veto strategy ® Signal and backgrounds now assessed with full JUNO simulation
@ Improved energy resolution: © Slight less overburden
3.0% @1MeV = 2.9% @1MeV ® Lower radioactivity background based on latest measurements

on material radiopurities
36



Energy Resolution

Light yield in detector  Energy resolution Reference
center [PEs/MeV]

Previous estimation 1345 3.0% @1MeV JHEP03(2021)004
Photon Detection Efficiency (27%—2>30%) +11% T arXiv: 2205.08629
New Central Detector Geometries +3% T 2.9% @ 1MeV
New PMT Optical Model +8% T EPJC 82 329 (2022)
Positron energy resolution is understood: < o JHEP03(2021)004 |
2 2 =3 r —— Now h
0 a 2 ¢ .S i ; . ..
= + b- + ( ) 5 F JUNO Simulation Preliminary ]
Eyis Eyis Eyis 9 2:
/ \ g1—.|..|.|...|...|...
e Photon statistics v’ Annihilation-induced ys o L€ s e
- « Dark noise = \
* Scintillation quenching effect o | —— NowJAEP03(202.)004 1 = = mm—0

o
©

e LS Birks constant from table-top measurements 2 4 6 8 10 12
Visible Energy [MeV]

* Cherenkov radiation
* Cherenkov yield factor (refractive index & re-emission probability) is re-constrained with Daya Bay LS non-linearity

e Detector uniformity and reconstruction
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Neutrino Mass Ordering

Reactor Ve signal IBD event number (x10°)

0.0 0.5 1.0 1.5 2.0 2.5 3.0

_l_ T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T I_
i JUNO Simulation Preliminary T
- 50 ]
4o
- 30 ) ]
o o o o o o o e e ’f _,.."_ ________________________________________________ —]
E oy A NO: stat. only E
o —— NO: stat.+all syst. -
- JUNO+TAO |O: stat. only .
i —— [O: stat.+all syst. ]
i R A INN N T AN NN M TN Y N S SN N S TN HN N N M T Y A S N N SN NN S A N AR R
0 2 4 §) 8 10 12 14 16 18 2

JUNO exposure [yearsx26.6 GWy]

Design * Now (2022)

Thermal Power 36 GW,, 26.6 GW,,, (26%.)
Overburden ~700 m ~ 650 m
Muon flux in LS 3 Hz 4 Hz (33%T1)

Muon veto efficiency 83% 91.6% (11%T)
Signal rate 60 /day 47.1 /day (22%)
Backgrounds 3.75 /day 4.11 /day (10%T)
Energy resolution 3% @ 1 MeV 2.9% @ 1 MeV
(3%T)
Shape uncertainty 1% JUNO+TAO

30 NMO sens.
exposure

<6yrs X 35.8
GW,,

~ 6 yrs X 26.6
GW,,

* ). Phys. G 43:030401 (2016)

* JUNO NMO median sensitivity: 3o (reactors only) @ ~6 yrs * 26.6 GW,,, exposure

 Combined reactor + atmospheric neutrino analysis is in progress: further improve the NMO sensitivity
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Neutrino oscillation parameters w/ reactors

arXiv:2204.13249, Chin. Phys. C 46 (2022) 123001 Precision of Sinzzglz’ Am%y |Am§2 | <0.5%in 6 yrs

L
— p=0.044 i Central Value PDG2020 100 days ( Gyears ) 20 years
376 ‘_ AmZ, (x1073 &V7) 2.5283 $0.034 (1.3%) £0.021 (0.8%) |+0.0047 (02%)| =+0.0029 (0.1%)
| I . : Am3, (x107° eV?) 7.53 +0.18 (2.4%) +0.074 (1.0%) +0.024 (0.3%) +0.017 (0.2%)
= 75k ] sin? 09 0.307 +0.013 (4.2%)  +0.0058 (1.9%) \20.0016 (0.5% +0.0010 (0.3%)
NE: i i sin? 03 0.0218 +0.0007 (3.2%) +0.010 (47.9%) +0.0026 (12.1%) +0.0016 (7.3%)
J

e 100days = G6years  20years ——
[ p=0033 | p=-0056 10%g i i — statasyst. 3
S . N T . ; ; ----- Stat. only i
20.310_- T ] JUNO 6 years T i 5 ® /rmi *x AmZ, ]
$ i T 1 mem 68.27% C.L. < 101l L q st R sin?63 |

@ 0305 T ] 95.45% C.L. p : e . ]

T T ) 99.73% C.L, S ; ; .
B i ! *  Best-fit 2 ; i
3.5 p—~+—+——4+—+—+—+—+—+—+F+—+++++++— -ttt g__’loD : ;
- p=0.006 ¥ p=-0.069 T p=-0.032 . . F ' i
~3.0F -+ T . 2 [ e
o F + T ] ® | i SN
el E E i & I Sn
S2.0F = T = : i T
S + T - [ | ’ T,
"15F ES E3 E o2l Best measurement for the foreseeable future |
ro oo b v e o by o oo v v by o by o 1] Co ! ! v . ! ! O : : o
252 254 7.5 7.6  0.305 0310 10* i y 0 1
‘ ‘ ' ' : ‘ NO Data Taking Ti
Am2, [10-3 V2]  Am2, [1075 eV2] sin261, JUNQ Data Taking Time [days]

The improvement in precision over existing constraints will be about one order of magnitude 2



Reactor Antineutrino Spectrum from TAO

2.0 0.10 Reactor antineutrino spectral shape uncertainty
" T T T T | T T T T | T T T T | T T T T | T T T T | T T T T T T T
184 —e— Central —— TAO-based (arXiv:2005.08745) ]
' —a— Calib. by Gigeal —— DYB-based (Phys. Rev. Lett.123, 111801) |
1.6- —v— Calib. by g, >0.08 Model-based (Phys. Rev. Lett. 112, 202501) 7
— . k= | - JUNO Yellow Book (). Phys. G: 43 030401) |
X14- With vertex smear [
= o 0.06 B
L 3 ]
S 1.2 c I = |
> I ]
1.0 g 0.04 - JUNO, arXiv: 2111.10112 .
arXiv: 2204.03256 5 I |
0.8 T i |
_ & 0.02 - -
X 0.051 T T o i
l-LI - i | | | | | | 1 | | | | | | | | | | | | | | | | | | 1 | | | | | | | |
[ 0.00 : E ﬁ 0.00, 2 A 3 4 5 6 7 8
< _p.051— . . : : : : : : : Visible Energy [MeV]
1 2 3 4 5 §) 7 8 9 :
E\?irsompt [MeV] Shape uncertainty close to the assumption in the

JUNO physics book J. phys. G43:030401(2016)

B Precisely measure the unoscillated reactor v, spectrum

=» good understanding of the shape uncertainty

=» model-independent combined analysis with JUNO

B Also search for sterile neutrinos and measure spectra of dominant isotopes
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Atmospheric Neutrinos

N PHYSICAL REVIEW D 75, 043006 (2007)
IcsO(;t'rr(l)igi? fllszx of Zer;ﬂh 3 0.30
ay \ » -%
2 *go.zs
55: 5 0.20
i 2
E T 0.15
< =
%} | 2 0.10
< Solid line : Jie et al’s work : / 0.05
Dashed: Honda flux 1 e Fonn/ '
1| cnl el 1 o 4l Lol ol 0
107! 1 10 10° 10° 00 1 10 100 10° E. (GeV)
EV(GeV) E.(GeV)
3D atm-v flux calculation based on: Evaluation of GeV v interaction models
* Primary cosmic ray flux * GENIE, GiBUU, NuWro, etc
* Rigidity cut, depends on geomagnetic field and On-going improvement at <100 MeV:
rigidity of cosmic ray particle - _ * Propagation of muon inside the earth
e Hadronic interaction model, air profile and meson- «  Local info: mountain profile, atmospheric density,

muon decay geomagnetic field
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MSW effect of atmosphericv =2

synergy on NMO determination with reactor v

Sensitivity (o)

30 I ! 1 ' I M I_ ' I v I . ! _I ! ' I '
[~=eneve- Electron neutrinos -------- Point-like
[- - - - Muon neutrinos ----Track-like

2.5 —— Electron+Muon —— Point+Track

20 Normal Hierarchy

15}

1.0}

0.5 |

J. Phys. G43:030401 (2016)

oo . & . oo
2 4 6 8 10 12 14 16 18 20

Livetime (year)

Conservative 6 yrs sensitivity on NMO:
0.8~1.4 ¢ (atmospheric only)

E,in GeV
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Atmospheric Neutrinos

* Very promising reconstruction technique (ML based) 25 —

. . . (a) V,U icientNet-
under development to extract directionality, energy, % T DecpSphere
flavor identification of atmospheric v’s ~ "

o ——=
SE R o1 —=—
3; f 20483 102603 01 3 5 7 9
13 e |l | Rws E, (GeV)
8L To be appeared
P L umplieg N PP
Peaktime | | | Mesn time e e (b) Ve 4 EfficientNet-v2
¥ DeepSphere
ZD“EE # PointNet++
o m o Direction Tl e
\\\ v m,..t.:- ,@ kg et ‘-»/E:::w PI D g =.=+
I N “ t o= W) Vertex ® 1] —— .,
~/ Y " Energy it
,@ 5
o7 3 5 7 9

E, (GeV)

=» Significant enhancement on NMO sensitivity from atm-v, stay tuned
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Solar neutrinos

Solar neutrino ux [cm “ s7]

"Be [+6%]

pep [+ 1%]

pp chain

pp-v

pep-v

p+p—>°Ht+e'+v, pte+p—>?H+v.
Y Y
99.6% ! 0.4%
’H+p—>°He+y
85% 210°%  hep-v
Y y
*He+’He—>*He+2p | 1 | *Hetp—>*Hete +v.
pp-l 15%
*Het+'He—'Bety .
0.13%
Be-v 99-87% g *
'Bete —’Litv, 'Be+p—8B+y

Y

Li+p—2‘He | sp.y

pp-ll

¥y
B—8Be +e*+v,
Y
8Be'—2He
pp-ll

]

CNO cycle

12C+p%13N+v
Y
BN—-BC+e'™+
Y
13C+p%14N+-Y
1
14N+p%150+v 170+p%14N+4He
| Y !
15091SN+e++ 17F917O+e++
Y 4
15N+p%4He+12C 160+p%17F+Y
;
< . 15 16
99.96% 0.04% N+p% O+Y

°B [+12%)]

hep [+30%)]
EE(Alt + A)

10"

1
Neutrino energy [MeV]

10

Refs: 2111.07586,

https://www.iupapneutrinopanel.orqg/
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https://www.iupapneutrinopanel.org/

Solar neutrinos (2B)

Model independent measurement of 8B-v flux

Low visible energy threshold: E,;, ~ 2 MeV
(¥5%) and oscillation parameters

Day-Night-Asy precision: 0.9% in 10 yr

Channels Threshold Signal
5 [MeV]
Solar & reactor measurement in Am21 Correlated <«— CC Ve +13C e +13N (%_;gnd) 2.2 MeV |e”+'3N decay
with one single detector _ NC|vg +13 C — vp +13 C(27:3.685 MeV)|3.685 MeV ~y
Single ES Vr+e—>Uy+e 0 e
8E- =
‘“‘%‘3 g = = ®sg =5.25x 10° cm~?s~!  Am3, =7.5 x 107> eV? sin6;, = 0.307
2E- = O ) o
: = d > 2
- JUNO  CPC Vol. 45, No. 2 (2021) 023004 1 y y
10 [ —6 y reactor V (30) ] N i
i 8 i arXiv:2210.08437, submitted to APJ
o [ —10y Bsolarv i
5 ES
Lo 8 — ES : - | ; . ' s .
= [ ] _
N'EN or | B ES + NC ———i ——— | H
41 ]
B - ES +NC+CC —— —_— : ——
:u PRI [ SN T T N SN TN IR N T T ST TN A TN ST R AN U N I R :|i|||||i|||||||||
0.15 0.2 0.25 0.3 0.35 04 045 2468
is‘inzf:'i12 sz

-10% 0 10% -30% 0 30% -10% 0 10%
Relative ®B flux uncertainty Relative ﬂm%l uncertainty Relative 5in%@,> uncertainty



Solar neutrinos (’Be, pep and CNO)

p.e.
800 1000 1200 1400 1600 1800 2000 2200 2400
I l

107 —TBe-y 2105 210 . . e e .

e E?ND_'VV :::::igg(zlchain e * In Intermediate-E region, sensitivity to Be7, pep
S 10° — 0 :::::f,ii(Th chain __ dataset and CNO depends on LS radio-purity
= ot — * Compared to the current best measurement:
8 10°L <=4 N L the projected uncertainty on ’Be, pep neutrinos

10° AN will significantly improve

10 -.\ ? -

1 ! i Ll

I SO IC AR AT, O AR TR Y H"'-i'
05 06 07 08 09 1 11 12 13 14 15

Energy [MeV] arxiv:2303.03910, submitted to JCAP
Exposure [kton y] Exposure [kton y] Exposure [kt y]

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
@10:'|'|'|'|'|-§10;'| I |'\'\-@102_-|-|-|-|-|_
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— BX-like 2 | = 2> 1
= "E £
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https://arxiv.org/abs/2303.03910

Diffused Supernova Neutrino Background (DSNB)

B DSNB: 2-4 events in JUNO per year L UN - e R I IR
v Not detected yet JUNO, arXiv: 2205.08830

Holding: JCAP 10 (2022) 033

» Supernova (SN) rate (Rgy(0))

> Average energy of SN neutrinos ((E,))

> Fraction of black hole (fgy)

FV1
— DSNB

B Reactor V
R

[MeV
2,

Li/ "He
[ Fast neutron

0 Atm-v CC
B Atm-v NC w/ !'C

@ Atm-v NC w/o '!C

yrs

,_.
=
T

,_.
<

B Dominant background (above 12 MeV):

v" Atm-v NC interactions 107!

Events in 14.7 kt x 10

,_
2
]

Before background suppressionjl=—After background suppression

B Highlights on background suppression
v" Muon veto b | | | |
10 Ll 1 1 T T Ll i 1 Ll i1 Ll i1

v" Pulse shape discrimination (PSD) 10 15 20 25 3() 12 14 16 18 20 22 24 26 28

technique Prompt Energy [MeV]
v’ Triple coincidence (*1C delayed decay)

Improvements compared to JUNO physics book J. phys. G43:030401(2016) :

v Background evaluation: 0.7 per year = 0.54 per year .
v PSD: signal efficiency 50% = 80% (1% residual background) S/B improved from 2 to 3.5
v" Realistic DSNB signal model: non-zero fraction of failed Supernova
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Diffused Supernova Neutrino Background (DSNB)

arXiv: 2205.08830, JCAP 10 (2022) 033

- --mem RC K MO=0.5 1()'4 -1 M -3 - L __l‘—| | J’__I.J LI B L N B L I | T T 1T T T 1
14 -— [ RSNEO; = 1x lxo—4- lellMpﬁ Nominal -— 18 MeV -— BH: 0.40 '> 102 -’-_,._-.-‘ —e— JUNO {QO%CL),IO YIS _E
- — - R (0) =2X107 yrt Mpc” model L 15 MeV L. BH: 0.27 () o T KamLAND (2021) 3
1 E B: 50%—30% T 2Mev | L BH: 0 S —— SK-IV (2021) ]
- S, 30%—20% L N - —he —»— SK-LILIII (2012) -
C e C C w10 —a —+— Borexino (2020) -
© 10 [ . o E
— n C C - .

2 f P : : 3,

E 8 2 - . P 1 E E|
= C - - = - .
é) 6 - -_i = E:u i S —hye ]
% - --------------------- -l: ---III: - |> 10_1 E— \% —E
4 — — = F N ~_ > ]
[ [ Z - N B P
T e - r ) - —(E,)-12MeV, f =0 \\ ~
2 - — — A 102 E=—(E =15 MeV, f =027 ~
- - E—(E,)=18MeV, [ =040 S
0 1 ! [ Recsy: (0.552)x10%yr! Mpe™ ]

2 4 6 8 10 12 14 16 18 20 10 20 10 20 10—3 I L 1 I 11 1 I I L1 1 1 I L1 1 1 I 11 1 1 I 1 Ngl
E, [MeV]

B If no positive observation, JUNO can set the world-leading best limits of DSNB flux
B With the nominal model (black solid curve (left plot)): 30 (3 yrs) and 60 (10 yrs)
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Core-Collapse Supérnova Neutrinos

Grav. binding energy E ~3 x 10°3 erg

99% Neutrinos
1% Kinetic energy of explosion
(1% of this into cosmic rays)
0.01% Photons, outshine host galaxy

Main-sequence star Helium-burning star

. Hydrogen Helium Hydrogen =
Burning Burning Burning

© Raffelt

> 8 Solar Masses Degenerate iron core:
Collapse>Bounce || p =~10° gcm3
Shock wave halted|| T =10 K

v energy deposited|| Mg, =1.5 M, ,

Final SN explosion Ree ~ 8000 km

Proto-Neutron star:
P~ Ppyc =3 %10 g em™
T ~30MeV

3

LA - N

Figure court.esy: Kei Kotake



Core-collapse Supernova Neutrinos (CCSN)

Multi-channel detection, all flavors of CCSN: e e
~5000 IBD, ~300 eES, ~2000 pES, ~200 12C CC, ~300 12C NC @10 kpc g, - PRD 99 (2019) 123009 ]
10° T §105 .
I CNC,E, =15.1 MeV . .
s | ’ e Allow model-independent Z osl Ve :
10" £ fene IBD, Ej'= 1.8 MeV 7 P - 081 —— V. E
3 oo Yo E- 75 Mey reconstruction of the energy 0.6 vy =
10° | T 5 _ : - .
g : spectra of V,, v, v, via 0.4 3
> 102k N unfolding approach =» 02 e
= L - il ]
- i ....-3,“ C i |
M 10___‘:_',.?-”""‘“ 0.0 P S B ST B = =TI
- 20 25 30 35 40 45 50
q\’i"‘r\ﬁ EV [MeV]
I F o N2
‘EN”,-"
\m,éCC;:,‘ ’ g eES channel PES channel 6 IBD channel
0.1 —_—— A 1.4 — NO
0.2 1 0.5 A 1.2 5 --- 10
2041 , 20l 2,
Potential on NMO £ 0.2] 5 S 06, 5|
O O | o
 pES channel is not sensitive to NMO, but it is helpful 04 N
. . 0.2
to “fix” the correct bounce time. ‘ ‘ oo .
-30 -10 10 30 =30 -10 10 30 230 -10 10 30
* Importa nt EffeCtS: MOdeI dependency and ThrEShOId Post bounce time [ms] Post bounce time [ms] Post bounce time [ms]
* 10 kpc, 0.1 MeV baseline sensitivity: ~¥20 (10 & NO) Garching group, 1D simulation, LS220 EoS , 27 solar mass
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Core-collapse Supernova Neutrinos (CCSN)

Garching Nakazato

Garching Nakazato
== 1M, 10 == 27M, 10 == 13M,, 10 == 30M,, 0 = 11Mg, 10 == 27M, 10 == 13M, 10 == 30M,, IO
—— 11Mg, NO =—— 27Mg,NO =—— 13Mg,NO =—— 30Mq, NO —_— 1ML NO = 27My NO||mmm 13M. NO == 30M.. NO

* Excellent capability of early warning
* CCSN
* reach 240 ~ 400 kpc w/ 50% prob.

e alertin 10~ 30 ms

o
U

lert time [s]
o
S

Alert efficiency
o o
(9] oo
A
(@]
w

© ¢
B
—
Q)
D
=
(ol
o
N
T

* pre-SN:
* reach 0.6~ 1.7 kpc w/ 50% prob. _
0.0, ———

~ . . 0 100 200 300 400 500 A S ——
e >~100 hrinadvanceif 0.2 kpc Distance [kpc] 0 100 200 Dtance [Kogy

Prompt monitor

Prompt monitor
FAR: 1/month

FAR: 1/month

o
N
T

0.1}

%103
Q —
. . cH2.5- : o - . —_
CCSN Pointing . | 3 §81°° J1155"
60° 7 - : 4100 g < 1401 sttt B5sn, reactor ] 3
- . 2.0F ] © g — 00 10F
300 * i EE 80 120j "-‘_“‘—- -_-—u 90° _2105
- 5y 7 TN e =T iaaas 180°
’ 1.5+ i; 100 - 80 1100
-120° -60° - 0° 60° [ ] C 1
I i~ 80 495
Lok I —160 L ]
2 ~r d 60 - 190
. ! . ]
[ ! Nakazato, 10 aof /7 Patton, 185
. 0.5~ i 15 M ~. 10 s 15 M, 10 |
-60 — L 1 OI 20F @’ 480
SN, NO === preSN, NO ® Nearby progenitors A Galactic center r 1 [ ]
SN, 10 preSN, 10 W Betelgeuse 0.0L . R ; o d | | . ‘ . 175
101 100 0.2 0.3 0.4 0.6
Distance [kpc] Distance [kpc]
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Geo-neutrinos

450

400

350 1 year data

300

Event / 225 keV

250

200

150

- J. Phys. G43:030401 (2016)

| e Ollllilllljllllillllilllllllllllllllllllilllllllll
8 9 10 0 1 2 3 4 5 6 7 8 9 10

Visible energy [MeV] Live time(Years)

Signal in JUNO (based on GLOBAL model): ~400 geoneutrinos per year, 5% measurement in 10 years.
In 1 yr, JUNO can observe as much geo-v as Borexino and KamLAND for the whole time combined.
With new Local Refined Crust model, the geo-v signal is ¥30% larger, updated sensitivity is on-going.
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Local Refined Crust model for Geo-v -- multi-disciplinary

With new Local Refined
Crust model, the geo-v signal
is ¥30% larger, updated
sensitivity is on-going.

Sexp =
SLOC + SROL +SMantIe

—_—— T —————)
~400 -300 -200 -100 O 100 200

Seismicdata &  Gravity data 3- D U/Th abundance dlstrl geothermal data

':é 70?— e  JuLOCH
0.16— . : ; lé . v JULOC (R.Gao et.al,2020)
u.14:_. i T ClobalyTAODbased | | & 60~ . Gicy(LROSSIetal20te) g
E *JULDG-"TAG based % E o GLOBA (V.STRATI et.al,2015) /%/// % //////
. . S - | s % 7
model, precision on crust 5 r‘“: g a0/ + % ////%%////
€ 0.08F- m N
geo-v flux: £ 008 = T
‘g r 30
€ 0.06 -
lyr: 14% = 11% 8 ooab ety 20— arXiv:2210.09165
. 0 0 S S -
10yr: 6% > 4% 002 Work in progress 10 ‘T
PPN IS PP SIS PP I PN PPN B PR O -
1 2 3 4 5 E ? 3 g 1ﬁ D_\ | | | | | | | ‘ | | | | | | | | | ‘ | | | | | | | | | | | |
Live time({Years) Su STh Su+Th
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Nucleon Decay

po>Kt+ 7 e Signature: three-fold coincidence
- * Dominant background: atmospheric neutrino interactions
rompt pulse
. Kt >y, + [l+ , Ratio with E,; in Signal
u N Atic ) vis racti o oo
7 =12.4ns Type Ratio (%) [100 MeV, 600 MeV |(%) Interaction characteristics
. + + — . o . V+n—Vv+n v i
Delayed pulse u - e +v, + Vyu NCES 20.2 15.8 V+p o v+p Single Pulse
v Kt St 4+ 10 CCQE 45.9 64.2 f’ i P ; I gi Single Pulse
I —
8 4%10 8ns . i . vi+p— 1"+ p+n" |Approximate Single Pulse
= 26HSL — 2y Pion Production 3.5 19.8 V+p—ov+n+nt (Second pulse too low)
nt - Vu + [,l Kaon Production 1.1 0.2 Z‘; ::-_ ’;i l;: :[; I gi Double Pulse
- Disentangle pile-up of signals with 300 i
Isentangie pile-up or signals wi - | 4 sim. Data 3005 4 sim. Data
3-inch PMTs 250 — Best fit C — Best fit
o « . . . . . u Kkt 2501 K de ulse
« Multiplicity, spatial distribution of 2000 b < dep. pulse =) K dep-pul
. . @ B | u* dep. pulse @ 2001 % u* dep. pulse
Michel e- and neutrons in the FSI 5 150l 1] | 5 b
L B ! ATee= 11.8ns AT, .= 11.6ns L 150F- % B B
-t E,=119.6 MeV E = 146.3 MeV N ATrec= 1615 ATy, = 0.0ns
TR 33 1004 4] aéindf = 167.0/145 100 | it <o
* Expect sensitivity: 9.6X10°° years JRAY * % * |
50 % b b B
(90% C.L.) for 200 kton*yrs exposure P Y, A
% 20 a0 60 80 100 120 140 % 20 S80 100 150 0.
Super-K (2014): >5.9 x 1033 yrs @ 260 kton-yr T (ns) T(ns)

arXiv:2212.08502, submitted to CPC 54



https://arxiv.org/abs/2212.08502

c
o)
~
(")
i
c
2
©3
E=s
Wwo
o4
=
o |l
ES
o0
52
Qe
2o
o]
9]
ot
[§)
9]
o
x
w

Indirect Dark Matter Search

DM annihilation into neutrinos in the Milky Way
DM masses: 10 - 100 MeV
Detection channel in JUNO: IBD

Backgrounds: DSNB, atm-v NC/CC (dominant), fast neutron, reactor
— PSD technique to suppress atm-v NC and fast neutron

XX~ V0, Javg=5, 90% CL

S./Abe, et al. A. Olivares-Del Campo et al.

&= Total —— DM Signal Atm-v NC KamLAND Collaboration (4.53 years) for Super Kamiokande (10 years)

BE== DSNB prediction Atm-v CC (ve + p)
Atm-v CC (V. + 20)
Fast Neutron
Reactor

JUNO, with SK-DSNB upper bound (10 years, this work)

,-nw;lkdl'u.,.le% (10 years)
JUNO, DSNB model (10 years, this work)
C. A. Arguelles et al.

for Super Kamiokande (15.94 years) ‘
Thermal relic

70
Visible Energy [MeV]

arXiv:2306.09567
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JUNO-0Ovff3: towards the meV sensitivity

If reaching 1 meV sensitivity of |mgg|

* Precise determination of the lightest neutrino mass o '
m, € [0.7,8] meV
* Constrain (m,, p, o) to a very small parameter space

Chin. Phys. C 44 (2020) 031001 " k) 107

: il P 360 - - - 360 . T H - 360
] — Mgyl =1 meV

/ imggl = 0.3 meV
| 270 F == [mgg| = 0 meV 270 | ] 270 F

B 1o Range after JUNO Measurements

[a—
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i g.;;[
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g
End
] Illllllla L 1 111111

JUNO-OVBB B | N
| a -”_\- 180 F ]l =180} ] = 180}
___________________________ L __Further | * ) :
£ future 3
- ] o0 [ ] 90 [ ] 90 [
L A1 i . i Crurrent limits i
1074 1073 1072 1071 0 0 0
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JUNOQ'’s potential on Ovf3p searches i

Ref: Chin. Phys. C 41 (2017) 053001

B JUNO offers an unique opportunity to search for Ov3
after completion of mass ordering measurements (~2030)
* Large target mass: 20 kton LS = 100-ton scale isotope loading
(e.g., Tellurium, no enrichment, cost effective)
e Low background
* Energyresolution<3% @ 1 MeV

=>» Potential to explore normal mass ordering parameter space of Concept of the experiment

Majorana neutrino mass. 90% CL exclusion limit 2
B 10
1))
3 ! - E
. . — ® 2
B Critical R&D in progress g0 9 )\ o g
Eg 130 N 1
* Te-loaded LS (requirements: high light yield, - I“% 3 orlan;(e) 1t
transparency and solubility and stability) Mo ]
. . 107 :
* Background rejection (2B solar neutrinos, | | | |
Te muon-spallation products) &© ?\0:{‘ 0’0&% :&0%
foN \})\‘\ GQF\O
W&
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JUNO Recipe of Te-LS

. Te(OH ,
A promlsljng (OH)e One-step Te-organic Direct dissolve into LAB
recipe under synthetic method | Selgalsleltlalels :
R&D R,CH(OH)-CR, (OH)R, - + PPO, bis-MSB

* Promising one-step synthetic method, capability of Te loading in LAB: > 3%
* Good stability, transparency and solubility of Te-compounds

* Quick, convenient and applicable for most diols
0.20

312 —0.6%Te-LAB
* Current characteristics w/ 0.6% Te-loading L o —0.6%Te.LAB (1L . 12.5months later
* Good UV-Vis spectra for Te-LAB ) 313 —LAB
* NO visible difference (A,5.<0.002 for A>370 nm) ggi k
compared to the purified LAB (A.L. > 20m) 0.04 _,\J\/\,
 NO degradation after 6 months e
e Light yield to-be-improved: 60%~70% w.r.t un-loaded LS Wavelenefhy fom
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Summary

JUNO detector construction/installation in full speed
B Expect JUNO data in 2024, exciting moment!

B JUNO has good physics potential on various topics. Close collaboration between
theorists and experimentalists will further advance JUNO

Physics Sensitivity

Neutrino Mass Ordering 30 in 6 yrs by reactor neutrinos. Atmospheric v sensitivity to be improved

Neutrino Oscillation Parameters | Precision of sin20;,, Am5,, |Am%,| < 0.5% in 6 yrs

Supernova Burst (10 kpc) ~7300 of all-flavor neutrinos

DSNB 30in 3 yrs

Solar Neutrino Measure “Be, pep, CNO simultaneously, measure 8B flux independently
Nucleon Decays (p = VK ™) 9.6X1033 years (90% C.L.) in 10 yrs

Geo-neutrino ~400 per year, 5% measurement in 10 yrs
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Thanks!



