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Jiangmen Underground Neutrino Observatory @
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New

Reactor

physics

~5000 IBDs for

~60 IBDs per day Several per day Hundreds perday .o\ @10 kpc

Several IBDs per
day

*‘llllllllllllllllllllI—lllllllllllllllllllll'
——————————————————————————————————————

Neutrino oscillation & properties

Neutrinos as a probe
IBD: inverse beta decay ve+p — e +n

CCSN: core-collapse supernova

Jie Zhao Neutrino2022 3



Example: Precision Neutrino Oscillation Measurements

x10°3

Requirement for rich physics program

&

Background

Satellite detector
(TAO)

100 _ Detector properties
L 6 years of data taking —— No oscillations
[ A m?2 ~ =~ Only solar term | [ [
[ | v3 — —— Normal ordering
80 —— Inverted ordering Statistics Energ_y Shap_e
A resolution uncertainty
= Uy
g U o—
= 60f
g Large target mass Very high PMT
g O w1 lsin® 264, (20 kton LS) coverage (78%)
z
Y7 Powerful nuclear Highly transparent
201 ol N reactors (26.6 GW,,) LS
e Am3, ,l Amg,
L “1
I S R S S S Highly efficient
Es, (MeV) PMTs (PDE~30%)
For solar neutrinos: tighter requirements on Liquid Scintillator (LS) radiopurity by
1~2 orders of magnitude.
Jie Zhao Neutrino2022

Good overburden
(~650 m)

Highly-efficient vetc

system (>99.5%)

Material screening

Clean installation
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Detector construction status

* Acrylic panels

« 220 of total 265 pieces ready for shipping TP

TT
 Stainless Steel structure :
—
- Bottom half has been assembled LR
4 — el ok Acrylic Sphere
Water ¢l i NG
. 20012 20” PMTs + 25600 3” PMTs o R ]SS Structure
. o I Al Rl A et = e ;
* Production and performance test done T T T OB | =
HONCT gy VETOPMIS
+ Waterproof potting finished b onnecting B
. . - . : | — et ST/ Supporting Legs
- Liquid scintillator A8 A0S —— —
» Purification plants under onsite construction ! '

Jie Zhao Neutrino2022 6



mp —-- -

——

Pre-assembly at Doncha

.~ —

Inner diameter: 35.40+0.04 m

Thickness: 124+4 mm
Light transparency > 96% @ LS
Radiopurity: U/Th/K < 1 ppt

®
wro/e ©/®
o/e ofe o
w/y 0/0 ® g ®

Expect to start onsite installation in late-June.

Jie Zhao Neutrino2022 7



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

Assembly precision: <3 mm for each grid

1.
T
T
f
I
1

The bottom half of SS structure
has been assembled.
Expect to finish this month.

T
LITRTT

The platform to install the acrylic vessel has been finished.

Jie Zhao Neutrino2022 8



Veto detector (Water Cherenkov) @

Poster: #347 ~650 m rock overburden (1800 m.w.e.) > R, =4 Hzin LS, < E,> = 207 GeV

35 kton of ultrapure water serving as passive shield and water Cherenkov detector.

v' 2400 20-inch MCP PMTSs, detection efficiency of cosmic muons larger than 99.5%
v' Keep the temperature uniformity 21°C+1°C
v" Quality: 222Rn < 10 mBg/m3, attenuation length 30~40 m

Jie Zhao Neutrino2022 9



Veto detector (Top Tracker) @

\\ 50% 95%
TT . : 1

¥ 010 -
\ < .ﬁ; § JUNO preliminary
© - . 3
14 0.03? %
0.06(* % 6 — 0.2°
Y AD-20cm
\]F{QCO[.L 004; E .. ‘ P
> 002: %
WCD + CD \ T
True s\, AD 00855204 06 08 10 T2 e TE e 20

Opening Angle true-reco (°)

Plastic scintillator from the OPERA experiment

v" About 50% coverage on the top, three layers to reduce accidental coincidence
v All scintillator panels arrived on site in 2019

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

Jie Zhao Neutrino2022 10



Four purification plants to achieve target radio-p

&

Liquid scintillator (20 kton)

NIM.A 908 (2021) 164823

Poster: #265

one |

SS pipes to

Col. Howe (I A 1T
e underground
Cover _—1 T . LS
Chimney == 7 o : 1 Acrylic Sphere 15%
Water _-H=o G 1 ss Structure z _
e s cpeums -
}{‘V , : : L'L- VETO PMTs .
715"’ "; “ %’\ - /*’ Connecting Bars
S& ﬁ/ j‘ Supporting Legs
JUNO " i Gas stripping to remove
‘ ‘OSIRIS for LS qualification Rn and O
85% Neutrino2022 11
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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

Poster: #195

during filling to the central detector

v' Few days: U/Th (Bi-Po) ~ 1 x 107" g/g (reactor baseline case)
v' 2~3 weeks: U/Th (Bi-Po) ~ 1 x 1077 g/g (solar ideal case)

v' Other radiopurity can also be measured: 14C, 21°Po and 8Kr e

A
\

e e o

Expect to start commissioning in July. -
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

Jie Zhao Neutrino2022 12



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

& = g e f 5 D v > J
Sl N No L \ 2 . .
\ g - o N
) \ ‘/ W& t .‘/ - \ 3 \ NG 7 - ‘\\ :‘l
A AR A

5 Stainless Steel cover §

-

Jie Zhao Neutrino2022



Photomultiplier Tubes

Photon Detection Efficiency

[ ALLiMean=29.6%, STD=2.6% All PMTs produced, tested, and instrumented with waterproof potting
[ NNVT:Mean=30.1%, STD=2.8%

800 | [ HPK:Mean=28.5%, STD=1.7%
9 LPMT (20-inch) SPMT (3-inch)
LN
S 600 Hamamatsu ~ NNVT HZC
% 200 | Quantity 5000 15012 25600
S Charge Collection Dynode MCP Dynode
H*

aadli Photon Detection Efficiency [ 28.5% 30.1% ] 25%

. . Bare 15.3 49.3
Ca == =0 35 20 Mean Dark Count Rate 0.5
PDE Corrected [%] [kHZz] Potted 17.0 31.2
Dark Counting Rate
£ ALL:Mean = 27.6kHz, STD = 15.7kHz Transit Time Spread (o) [ns] 1.3 7.0 1.6

200 1 NNVT:Mean = 31.2kHz, STD = 15.8kHz _

o | [ HPK:Mean =17.0kHz, STD = 9.7kHz Dynamic range for [0-10] MeV [0, 100] PEs [0, 2] PEs
% 150 | Coverage 75% 3%
i .
02 [ Instrumented with Reference arxiv: 2205.08629 NIM.A 1005 (2021) 165347
E 100 waterproof potting
o
S 75¢
* ool 12.6k NNVT PMTs with highest PDE are selected for light collection from LS

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

0 N

J‘iC Lliav

0 20 40 60 80 100

DCR [kHz
[ ] Neutrino2022 14



ElectronICS  rociere- #0164 215 #2070

I I i : : . , Front-End board
Underwater electronics to improve signal-to-noise ratio for better energy resolution /"

» UnderWater Box

Front-end bellow with Biaat:shik
coaxial cable (1.5 m) eatsn J . /

Front-end and read-out

lectroni
dectonics Under-water connectors

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

High voltage splitters
Global Control Unit

" heat sink

Electronics assembly ongoing

Jie Zhao Neutrino2022 15



Poster: #293
1D,2D,3D scan systems with multiple calibration sources to control the energy

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

Automatic Calibration Unit

ROV guide rail

Central cable

spool
Side cable

ail

source storage

©
Source

Shadowing effect uncertainty from Teflon
capsule of radioactive sources: < 0.15%

Cable system finished prototype test

Jie Zhao Neutrino2022
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True gamma energy [MeV]

1.07
1.06

1.05E-
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uf1.02
1.01

1
0.99
0.9

Inherent nonlinearity
— Best fit
Uncertainty

3 4 5 6
True electron energy [MeV]
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Radiopurity control

Reduced by 15% compared to the design. Ref: JHEP 11 (2021) 102

Singles (R<17.2m, | Design | Change | Comment
E > 0.7 MeV) [Hz] [HZ]
LS 0

2.20
Acrylic 3.61
Metal in node 0.087
PMT glass 0.33
Rock 0.98
Radon in water 1.31
Other 0
Total 8.5

-3.2 10 ppt -> 1 ppt

+1.0 Copper -> SS

+2.47 Schott -> NNVT/Ham
-0.85 32m->4m

-1.25 200 mBg/m?3 -> 10 mBg/m?

+0.52 Add PMT readout,
calibration sys

-1.3

Radiopurity control on raw material:

v’ Careful material screening

v Meticulous Monte Carlo Simulation

v Accurate detector production handling

Jie Zhao

Liquid Scintillator Filling

v Recirculation is impossible at JUNO due to its large size
—> Target radiopurity need to be obtained from the beginning
v’ Strategies:

1. Leakage (single component < 10-® mbar-L/s)

Cleaning vessel before filling

Clean environment

Water/LS filling

> W DN

Neutrino2022 17



, Radiopurity control: environment cleanliness

10" ¢
: —=— bottom of pool
. —— top of pool
Acceptable dust in 20 kt LS: < 10 mg! POLp
10° | 1
(/)] E
m —
()
=
=
O 105
210 §
©
7))
(2} 0
= Our requirement
01045. | | | | | | | | A | Lt | |
Class 100,000 : Finish thorough : Cargo shower installed
FE— cleaning onsite Pressure in the hall: g
: ] negative - near ordinary
Class 1000 10° s TTTTTTI FTEEES TTTTTT  PERTET: gTETIT: FTRTTE! TR  FTTTET) F9UEEEa FTTTTT FEEEEE: TTTTTT  FETEET: TRITTT  PEYETEa BTTTTT PYTETY FETETT: TTTET
QUSRI S S S A S I S IR SR SRS I A L S i e
DA S L G G G, L SO S, SN NN LA, S ST, LA S, SO Nl 1
Temperature: 21°C+1°C gV & P gV & JdF 9 GV G & g @ dF & o @ gV gV dVF P
emperature. cLLxl'C 4" 9 PP D DA A DA )

With great efforts on onsite cleanliness control, the cleanliness in the hall reaches better than Class 100,000.

Jie Zhao Neutrino2022 18



Taishan Antineutrino Observatory (TAO) @

Goals: Posters: #673, #817
1. Measure the reactor antineutrino spectrum with unprecedented energy resolution and see its fine structure for the first time.

2. Provide a reference spectrum for JUNO, other experiments, and nuclear databases

10— SO [P 00 5 8 evevemeonns T
3. Search for light sterile neutrinos = [|—unoTroso%cL |-
% -] —NEOS 90% C.L.
4. Make improved measurements of isotopic yields & spectra oy [|—Dwasaysowcr |
- ;E] ---JUNO-TAQ 99.7% C.L.
= . ---PROSPECT-99.7% C.L.
é arXIV- 2005-08745 H H H H HEE
1
Lsf- . & B B 000 Feesddeidaddie e L R L
0.95 107 ::-
= TAO/DayaBay Statistical uncertainty
0.9 = JUNO/DayaBay Statistical uncertainty o
= Summation/DayaBay
0-85éllll;llll;llll;lllléllll’l]lllls 9 10_2 I I . IIIIIIII II‘IIII
Neutrino energy (MeV) 10° 10* 107 sin?20 ; 41
Constrain the fine structure in [2.5,6] MeV to < 1% TAO sensitive in region 102 eV2 < Am2,< 10eV?2

Jie Zhao Neutrino2022 19



ACU Plastic
Scintillator

__ Top Shield (HDPE)
- 3" PMT
____—— Water Tank

Taishan Antineutrino Observatory (TAO) @

2.8 ton GdLS detector arXiv: 2005.08745 re—

Baseline i O

Reactor Thermal Power : m o o . Overfiow Tank
Light Collection 5 ‘& —Z:fsBuffef
Photon Detection Efficiency f9 o1 4 _ Cooling Pipe
Working Temperature K Si%lskﬂiy
Dark Count Rate [Hz/mm?] ~100 w2 8 3 —TP?-SUPPM
Veasel

Coverage ~94% U SR ~ SS Tank

: _ Insulation (PU)
Detected Light Level [PE/MeV] 4500 v 6 o | Botom i
Energy resolution <2% @ 1 MeV (bed

...................
~~~~~~~~~~~~~~~~~~~~~~~
,,,,,,,,,,,,,,,,,,,

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

v' SiPM is used to achieve high light yield with ~94% coverage
- 4500 PEs/MeV & energy resolution < 2% @ 1 MeV
v' Gd-LS works at -50°C to lower the dark noise of SiPM

1:1 Prototype will be built in summer at IHEP

Surface not treated yet

Jie Zhao Neutrino2022 20






P;, 5, =1— sin® 2615(cos? 63 Sin® Agq + sin? f;, sin® A3y) — cos? 6;3 sin? 26,5 sin? Ay,

(matter effect contributes maximal ~4% correction at around 3 MeV, arXiv:1605.00900, arXiv:1910.12900)

eV'day™|

=

Events/0.02 [

Reactor Antineutrino Oscillation & Detection

Inverse beta decay reaction

Ve+p— e +n

022 R e LT e L L L L L
— 107 . _ - r
0.2 - : — Geoneutinas ;:ig;em o Relative rate Shape
0 18— i N T Ny g . — Global Reactors — Atmospheric NG Event type Rate [/day] | uncertainty | uncertainty
’ - S 102 : ‘....... — FastNeutrons
> 0.16 SR . T—— gm Reactor IBD signal] 60 =» 47 - -
0.14F+ - Geo-v's 11212 30% 5%
0 12; R S a ............................ g ACCldentaI Slgna|S 09 9 08 1% negllglble
01 _:. . : 104k .. 4 FaSt'n 01 100% 20%
0.08H Visible Energy (MeV) .
£ arX|v 2204 13249 OLi/ ®He 1.6 9 0.8 20% 10%
006 E_ .................................................................................. —_— |BD Slgnal ................ 13C 160 0 05 50cy SO(y
0.04H : : : IBD + residual BG (a,n) ' 0 0
N1 2 OO SN DU, NSO SRS S, Global reactors 0=>1.0 2% 5%
0 BT N Atmosphericv's | 0> 0.16 50% 50%
6 8 10 12
Visible Energy [MeV] . . . .
Design in Physics book = this update
J. Phys. G 43:030401 (2016)
Jie Zhao Neutrino2022 22




Update of energy resolution @

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

Previous estimation 1345 3.0% @1MeV JHEP03(2021)004
Photon Detection Efficiency (27%->30%) +11% 1 arXiv: 2205.08629
New Central Detector Geometries +3% 1 2.9% @ 1MeV Poster #184
New PMT Optical Model +8% 1 (Poster #519) EPJC 82 329 (2022)
Poster #3815
Positron energy resolution is understood: < o JHEP03(2021)004 |
2 2 =3 r —— Now —
d . +b2+(c> s JUNO Simulation Prelimi
= 5 _f imulation Preliminary
Evis v Evis Evis % 2r ]
/ \ ) ‘Il—.|..|..|...|...|...
« Photon statistics e o Annihilation-induced ys o €
-~ + Dark noise g= \
- Scintillation quenching effect ‘109 | —— NowlJHEPO3(2021)004 1 — = = —0__ ]

Jie Zhao

« LS Birks constant from table-top measurements 2 4 6 8 10 12

Cherenkov radiation Visible Energy [MeV]
» Cherenkov yield factor (refractive index & re-emission probability) is re-constrained with Daya Bay LS non-linearity

Detector uniformity and reconstruction

Neutrino2022 23



Poster: #185

2.0
—e— Central
1.8 Calib. by Giges
1.6 —¥— Calib. by g, >
. . £
§ 1.4 —— With vertex smear @
L Q
S 1.2 O
I S -]
1.0 _ — )
arXiv: 2204.03256 2
0.8 +
- 2
X 0.051 - s —
EUG 0.001 4 ' ' -
< -0.05

4 5 6 7 8 9

Vis

1. ~94% coverage of SiPM with ~50% PDE

2. Inner diameter of target: 1.8 m, absorption of scintillation very small

3. Gd-LS works at -50°C, increase the photon yield

Jie Zhao

Reactor antineutrino spectral shape uncertainty

Reactor Antineutrino Spectrum from TAO @

0.10 J T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
| — TAO-based (arXiv:2005.08745)
| —— DYB-based (Phys. Rev. Lett.123, 111801)
0.08 Model-based (Phys. Rev. Lett. 112, 202501)
| ----- JUNO Yellow Book (J. Phys. G: 43 030401)
0.06 l
_l_'r_
0.04 -
0.02 -
i | | | 1 | 1 | | | | 1 1 1 | | | 1 1 1 | | | | 1 | 1 | | | | 1 1 1 |

—

Neutrino2022

2 3 4 5 6 7
Visible Energy [MeV]

8

v" Unprecedented energy resolution < 2% @ 1 MeV

v' Shape uncertainty close to the assumption in the

JUNO Physics Book (3. Phys. G43:030401 (2016))

24



. . a
Neutrino Mass Ordering @
Poster: #185
Reactor v, signal IBD event number (x10°) (3. Phys. G 43:030401 (2016) )

0 0> 10 15 20 25 30 Thermal Power 36 GW,, 26.6 GW,, (26%l)
°F JUNO Simulation Preliminary - e Overburden ~700 m ~650 m
5| 5"#‘ ----------------- 1 Muon flux in LS 3 Hz 4 Hz (33%)
- 4o - Muon veto efficiency 83% 93% (12%T)
- ] Signal rate 60 /day 47.1 [day (22%.)
;_EE """ ' T R I;IC;__s_ta_t“c:nI;“ _ Backgrounds 3.75 [day 4.11 /day (10%T?)
2 JUNO+TAO j :\(Ij)?:si;?:n?lll syst. - Energy resolution 3% @ 1 MeV 2.9% @ 1 MeV (3%T)
— 10: stat.+all syst. - Shape uncertainty 1% JUNO+TAO
10_' | |2 | .!1 | é | é | '1|0' | '1|2' | '1|4' | |1|6| | '1|3' | ';_vo 30 NMO sensitivity <6yrs x 35.8GW,, ~6yrs x 26.6 GW,,
JUNO exposure [yearsx26.6 GWy] exposure

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

Estimation of NMO sensitivity with combined reactor + atmospheric neutrino analysis under preparation

Jie Zhao Neutrino2022 25



:‘4
o

~
u

Am?2, [1075 eV?]

0.310

sin205

3.5 h—+—

~ 3.0

o
=25
m

2.0
<
%15

0.305

o=

.044

Neutrino oscillation parameters

arXiv: 2204.13249

Precision of sin2260,,, Am3,, |Am%,| < 0.5% in 6 yrs

i _ Central Value PDG2020 100 days ( Gyears ) 20 years
i Am3, (x107° eV?) 2.5283 +0.034 (1.3%)  £0.021 (0.8%) |£0.0047 (0.2%) | =+0.0029 (0.1%)
. i Am%l (x107° eVQ) 7.53 +0.18 (2.4%) +0.074 (1.0%) +0.024 (0.3%) +0.017 (0.2%)
L . sin? 612 0.307 +0.013 (4.2%) £0.0058 (1.9%) \&£0.0016 (0.5% +0.0010 (0.3%)
] sin? 013 0.0218 +0.0007 (3.2%) +0.010 (47.9%) +0.0026 (12.1%) +0.0016 (7.3%)
T —— 100days ~~ 6years  20years —
i p= 0.033 A p= -0.056 102; i i —— Stat.+syst. 3
] T e ' P e Stat. only
N i ] JUNO6years [ TR ® 1im3, * Am3,
. ] . B 68.27% C.L. O\._o. ol T « sin20:, 8 sin’61;
- B b 95.45% C.L. = TE T T ]
. 99.73% C.L. IS
- *  Best-fit 2
b—————— B SR R T T &’10D
- p=0006 T p=-0.069 F p=-0.032 :
- - I E 2
- : T . ©
g E ES E Loz Best measurement for the foreseeable future
TR T S T S B N o oo o b o v e by b w0 ‘ : . ] = ‘ bt : : e -
252 254 75 7.6 0.305 0.310 10° 1o’ o 10 10°
AmZ, (1073 V2] Am3, (1075 eV?] sin26., JUNO Data Taking Time [days]

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

Jie Zhao

Neutrino2022
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14

12

S

Sensitivity [C]

Poster: #400

Improvements: background evaluation (0.7 per year - 0.54 per year),

pulse shape discrimination (signal efficiency 50%->80%),

better DSNB signal model (non-zero fraction of falled Supernova) |

e 5““ (»—','3“” 0

.

S o' 0 2()°
- OL 1“ (lH_“ 0

2 4 6 8 10 12

-meme R (0)=0.5%10" yr! Mpc™
o R . (0) = 1X10™ yr! Mpc™
— = R (0) = 2x107 yr! Mpc™

18 MeV
15 MeV
12 MeV

-
t—o—pi

IllIlllllll‘.lllllll'lll'lllll

1

LI
L |

|

10 20

10 20

DSNB V, flux [cm™ s'! MeV™']

Model
prediction

DSNB discovery potential: 3o in 3 yrs with nominal model

Jie Zhao

Neutrino2022

Diffuse Supernova Neutrino Background @

| S/Bimproved
from 2 to 3.5

] J‘_-l.-l L} T L Ll I Ll Ll T ! | H H ld I_Io I_I I_I ] il
102 -, { —e— JUNO (90%C.L.),10 yrs 4
"'-0-_,__._ | = KamLAND (2021) ]
— —a— SK-IV (2021) b

- I
Fongl —w— SK-LILIII (2012) |
10 ¥ ma— “®| —— Borexino (2020) =
- s mEE — S - - - f:
Data .
107 ~ =
oo - — —_ ~ =
I E N e,
- . I '\ ~ ~
I T—()=12MeV,f =0 ~

) § BH | N \\4
107" f—(E,)=15MeV, [ =027 : N 2
| E—(E)-18MeV. /040 N s
I [0 Recen: (0.552)x10™yr! Mpc™ N ]

\ L14uL141 kliuLlJ LAl 1 1l l Ll 1 1 l 1 NA

s 10 15 20 25 30 35
E,[MeV]
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Neutrinos from Sun (E

= ; /
Poster: #32
Radio- 210p}, /
purity 0K 85Kr | 232Th-chain | ?3%U-chain 21019: 210pg
Scenario Bi
o = \
clf] |1x10710 1x 10718 1x1071% | 5x 107
IBD
R[4 2289 5000 3508 15047 12031 12211
——
clE] | 1x107"7 1x 10716 1x1071% | 5x 1072
Baseline
2UD
R 229 500 351 1505 1203 1221
c[f] | 1x 10718 1x 10717 1x10717 | 1x 107
Ideal
L J (2] 23 100 35 150 241 244
c g <5.7x 10719 | <94 x 10720
Borexino |
R [spd 4.2 100 1.4 2 115 446.9

NQOTE: Contribution from pileup and reactor neutrinos found negligible in the ROI

Measure simultaneously Be7, pep and CNO solar neutrinos

Exposure [kt y]

60

80

100

10

_.'Be rate relative uncertainty [%)]

40
|

Borexino-like

Ideal
Baseline
IBD

= = Borexino result

Jie Zhao

VIS

<2MeV)

Exposure [kt y]

20 40

80 100

CNO rate relative uncertainty [%]

Current b.cst reSult

®
Borexino-like
101~ —— Ideal
- —— Baseline
- pep-v asl free Parﬁ: meter — — Borexino result
o 2 4 6 8 10
Time [y]
Exposure [kt y]
0 20 40 60 80 100

—
o

_Current best resuLt
14.8%

o
>
=
£
o
T
()
(6]
c — ]
S |
[0) . i
= B |
=
- Borexino-like
= ——— Ideal
Q C
© N Baseline
© C
Q| —— IBD
a) B -
Q I 1 1 | I I 1 | 1 L — — Borexino result
0 2 4 6 8 10

Neutrino2022

Time [y]

&
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Neutrinos from Sun (E,.>2MeV)

Poster: #290

&

~0.2 kt 13C in JUNO LS = enable observation of B8 solar neutrino CC and NC interactions on 13C

Channels

Threshold
[MeV]

Signal

Event numbers

[200 ktxyrs]

CC
NC
ES

ve +13C = vy +13 C(27;3.685 MeV)
Ve +€ =1y €

Ve +13C — e™ +13 N(%iggnd)

2.2 MeV
3.685 MeV
0

e~ +13N decay
Y

3929
3032
3.0x10%

after cuts
647 ——— Correlated events
738 _
:|- Singles event
6.0x 104

Model independent measurement of 8B solar neutrino flux (~5%) and oscillation parameters sin26,,, Am3,
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Veto

134. Radon background control of JUNQ’s Veto Detector

365. Progress of the Top Tracker of the JUNO Experiment

347. The Water Cherenkov detector of the JUNO veto system

PMT

136. Instrumentation and acceptance test of 3-inch PMTs for JUNO

270. Design and performances of the front-end board for the 25,600 3-inch PMT array in the JUNO experiment”

218. Large-PMT electronics performance tests for the JUNO experiment

216. Mass testing of Large-PMT electronics at Kunshan for the JUNO experiment

575. [Neutrino 2022 Poster] Performance analysis of JUNO 20-inch potted PMTs with 1F3 electronics prototype

815. A New Optical Model for the 20-inch PMTs of JUNO

LS and OSIRIS

233. The Calibration of the OSIRIS Subdetector of JUNO

195. OSIRIS: The Online Scintillator Internal Radioactivity Investigation System of JUNO

265. Status of the JUNO liquid scintillator purification system

TAO Calibration

817. Status of JUNO Taishan Antineutrino Observatory 293. Detector calibration in the JUNO experiment
673. Search for Sterile Neutrinos with JUNO-TAO 360. Dual Calorimetry in the JUNO experiment
363. WLS+SiPM Plastic Scintillators for JUNO-TAO Muon Veto System Central detector

226. Multipurpose UV LED Calibration System for the JUNO-TAO Detector  184. The Central Detector of JUNO
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Supernova neutrinos

400. Prospects for Detecting the Diffuse Supernova Neutrino Background in JUNO

814. Pulse Shape Discrimination for Diffuse Supernova Neutrino Background Search at JUNO

288. CCSN detection and spectra reconstruction with the large PMTs of JUNO

631. Core-collapse supernova physics with neutrino time dependent studies using the multi-messenger trigger in JUNO
Solar neutrinos

327. Solar neutrino physics with JUNO: analysis strategy and sensitivity studies for Be7, pep, and CNO neutrinos

290. Model independent measurement of 8B solar neutrino flux in JUNO

Atmospheric neutrinos

379. Atmospheric neutrino neutral current background at JUNO from reactor neutrinos to diffuse supernova neutrino background
305. Atmospheric neutrino physics in JUNO: reconstruction of GeV interaction

356. Particle identification of atmospheric neutrinos in JUNO

Proton decay

124. Simulation Study of Searching for Proton Decay in JUNO

Oscillation physics

167. Possible Implications of the Fine structure in the Reactor Neutrino Spectrum on JUNQO’s Neutrino Mass Ordering Sensitivity
545. Precision Measurement of Neutrino Oscillation Parameters in JUNO

185. JUNO Neutrino Mass Ordering Sensitivity

Miscellaneous

818. Radioactivity background and its impact on the neutrino physics in JUNO

303. Maximizing the Astrophysical Potentials of JUNO with the Multi-messenger Trigger System
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Outlook

Sensitivity
Neutrino Mass Ordering 30 (~10) in 6 yrs by reactor (atmospheric) v,
Neutrino Oscillation Parameters  Precision of sin20,,, Am3,, |Am3,| < 0.5% in 6 yrs
Supernova Burst (10 kpc) ~5000 IBD, ~300 eES and ~2000 pES of all-flavor neutrinos
DSNB 30 in 3 yrs
Solar neutrino Measure Be7, pep, CNO simultaneously, measure B8 flux independently
Nucleon decays (p — VK™) 8.3x1033 years (90% C.L.) in 10 yrs

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

Civil
construction

2013 | P a1 -

2015
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MSW effect - Neutrino Mass Ordering (NMO) - Independent measurement from reactor antineutrino

Atmospheric neutrino

Critical technigues: energy and angular resolutions, flavor identifications
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JUNO sensitivity on NMO: 0.7~1.4 o (atmospheric only) @ ~6 yrs exposure

Combined analysis of reactor antineutrino and atmospheric neutrinos on NMO are in progress.
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Neutrinos from Supernova @

T T | T T T | T T T T
_ 2eNe, BP=15.1 MeV
4 Typical SN at 10 kpc "
107 F | IBD, E,'= 1.8 MeV -

10

10

E, dN/dE,

10

0.1

By [MeV]
Detect all flavors of the 0(10 MeV):
~5000 IBD, ~300 eES, ~2000 pES, ~200 '2C CC, ~300 12C NC
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Neutrinos from earth

v, from 238U and 232Th decay chains in earth
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Signal in JUNO: 39.7 +6.5 -5.2 TNU (~400 geoneutrinos per year), 5% measurement in 10 years.

JUNO can observe as much geo-v as Borexino and KamLAND for the whole time combined in 1 yr.
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Nucleon decays

p — VK™ Signature: three-fold time coincidence
Time-of-flight-corrected Hit time Disentangle pile-up of signals with 3-inch PMTs
= 300}~ S
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EXxpect sensitivity: 8.3x1033 years (90% C.L.) for 10 years
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