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Jiangmen Underground Neutrino Observatory

 JUNO is a 20-kton Liquid Scintillator neutrino /\
observatory located in Southern China. == J
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Jiangmen Underground Neutrino Observatory LVMW J

 JUNO is a 20-kton Liquid Scintillator neutrino 100>

_ _ 6 years of data taking —— No oscillations
observatory located in Southern China.

—== Only solar term
—— Normal ordering
—— Inverted ordering

« JUNO studies reactor electron antineutrino
oscillations over a 52.5 km medium baseline to:
* Determine the neutrino mass ordering.

« Measure Am?;,, Am?,,, and sin220,, with sub-percent f
precision. “r
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https://indico.fnal.gov/event/63406/contributions/297305/

JUNO key experimental features

« Large statistics

« Energy resolution: 2.95% @ 1MeV

 Low background

* Precise knowledge of reactor spectra
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arXiv:2311.17314

JUNO key experimental features

« Large statistics
v 20-kton Liquid Scintillator (LS)

* Energy resolution: 2.95% @ 1MeV
v High photon yield, highly transparent LS

» 1665 PE/MeV arXiv:2405.17860
» Osiris: measures radiopurity of LS.

“AIMA 925 (2019) 6-178

* Low background
v' Material screening, clean environment

Distillation to remove radioactive
impuritie:

SS pipes to
underground

* Precise knowledge of reactor spectra

ss-% n or y Investigation System
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https://arxiv.org/abs/2405.17860
https://arxiv.org/abs/2311.17314

JUNO key experimental features

- Large statistics Taishan Yangjiang
v’ 20-kton Liquid Scintillator (LS)
v" Powerful nuclear reactors (26.6 GW,,)

* Energy resolution: 2.95% @ 1MeV
v" High photon yield, highly transparent LS

« Two nuclear power plants
* 8 reactor cores

« 26.6 GWth
* Low background
. g . . Reactor Power (GW,;,) Baseline (km) IBD Rate (day ') Relative Flux (%)

v' Material screening, clean environment Ta(i;‘haﬂl i-g gg;; 17?51 ?2-(1]
ore . . . B
Core 2 4.6 52.64 7.6 16.1
Yangjiang 17.4 52.46 29.0 61.5
Core 1 2.9 52.74 4.8 10.1
Core 2 2.9 52.82 4.7 10.1
Core 3 2.9 52.41 4.8 10.3
 Precise knowledge of reactor spectra Cocs o o 1o 1o
Core 6 2.9 52.19 4.9 10.4
Daya Bay 17.4 215 3.0 6.4

6 15002024 Steven Calvez | NUFact 2024 Satellite Workshop ) Suwica



JUNO key experimental features

« Large statistics
v’ 20-kton Liquid Scintillator (LS)
v Powerful nuclear reactors (26.6 GW,;,)

* Energy resolution: 2.95% @ 1MeV
v" High photon yield, highly transparent LS
v Very high PMTs coverage (78 %)
v High PMT efficiency (30%)

« 17,612 20” PMTs + 25,600 3” PMTs

® LOW baCkg round Hamamatsu  NNVT HZC

/ M t . I . I . t Quantity 5000 15012 25600
alerial screening, ciean environmen Charge Colection Dynode s Dynode
Photon Detection Efficiency 28.5% 30.1% 25%
Mean Dark Count Rate ~ Bare 153 493 05
[kHz] Potted 17.0 31.2 '
Transit Time Spread (o) [ns] 1.3 7.0 1.6
° PreC|Se kn Owledge Of reactor Spectra Dynamic range for [0-10] MeV [0, 100] PEs [0, 2] PEs
Coverage 75% 3%
Reference Eur.Phys.J.C 82:1168 NIM.A 1005 (2021) 165347
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JUNO key experimental features Detector calibration in
the JUNO experiment

JHEP 2021(3). 4 (2021)
Automatic Calibration Unit

« Large statistics —
v" 20-kton Liquid Scintillator (LS) S ;
v Powerful nuclear reactors (26.6 GW,;,) T 1

[ ]
]
-~
a
Qa
©

Energy resolution: 2.95% @ 1MeV

v" High photon yield, highly transparent LS
v Very high PMTs coverage (78 %)

v High PMT efficiency (30%)

AURORA

o]

\ae
warshS a0

. . . § i ! %, ¢
v Precise calibration ER T o V2, @w’"
B -0 -----mmmmmmmeemeeee pr------meeme—e-eeaaq O
« F &
_‘,.—H..\1‘..m..Hl.“.!“..m..‘w.”
« Low background " Tum g . N .
. ) . *
v Material screening, clean environment JHEP 03 (2021) 004 «

Comprehensive calibration strategy:
— Understand LS non-linearity.

Precise knowledge of reactor spectra — Correctfor position-dependency.

» Reach <1% syst. uncertainty on energy scale.
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https://indico.fnal.gov/event/63406/contributions/297833/
https://indico.fnal.gov/event/63406/contributions/297833/
https://link.springer.com/article/10.1007/JHEP03(2021)004

JUNO key experimental features

« Large statistics
v’ 20-kton Liquid Scintillator (LS)
v Powerful nuclear reactors (26.6 GW,;,)

650m overburden: 4Hz of cosmic muons in LS

Top Tracker: NIM A 1057 (2023) 168680 ———

- Energy resolution: 2.95% @ 1MeV o Opera plastic scintillator
v" High photon yield, highly transparent LS
v Very high PMTs coverage (78 %)
v High PMT efficiency (30%)
v" Precise calibration

a NN
& e Wi
o

Outer Cherenkov Detector:
o 35 kton ultrapure water

* Low background
o 2400 20" PMTs

v Material screening, clean environment
v" 650m or 1800 m.w.e overburden « Veto strategy :
v Efficient veto system (>99.5%)

57 reactor v, + 127 °Li + 40 8He events/day
* Precise knowledge of reactor spectra ! |

47 reactor v, + 0.8 °Li/8He events/day
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https://www.sciencedirect.com/science/article/abs/pii/S0168900223006708?via%3Dihub
https://indico.fnal.gov/event/63406/contributions/297827/
https://indico.fnal.gov/event/63406/contributions/297827/

ACU Plastic

JUNO key experimental features

| Top Shield (HDPE)
L 3" pMT
1 Water Tk

- Overflow Tank

« Large statistics
v’ 20-kton Liquid Scintillator (LS)
v Powerful nuclear reactors (26.6 GW,;,)

| LAB Buffer
L GdLS
| Cooling Pipe

Cu Shell

- SiPM Amay

g+t HDPE Support

| Acrylic
Vessel

- SS Tank

8 a8 8 8 8 8 8
(o} o (o} o (o] o O

* Energy resolution: 2.95% @ 1MeV s
v' High photon yield, highly transparent LS BENEINNEN RSN
v" Very high PMTs coverage (78 %) « TAO can perform a precise measurement of
v' High PMT efficiency (30%) reactor v, spectrum:
v' Precise calibration o 44m from reactor — 103 IBD events per day

o 2.8ton Gd-LS, 1 ton fiducial volume
o 4500 PEs/MeV

o SIPM: 94% coverage with 50% PDE
» Energy resolution <2% @ 1 MeV

» Sub-percent shape uncertainty

» Tested at IHEP. Installation at Taishan
power plant in 2024. Data taking in 2025.
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* Low background
v Material screening, clean environment
v' 650m or 1800 m.w.e overburden
v’ Efficient veto system (>99.5%)

* Precise knowledge of reactor spectra
v’ Satellite detector TAO



https://arxiv.org/abs/2005.08745

Updates on JUNO construction

Support Structure completed.

Acrylic Vessel :
o Production complete.
o 21/23 layers installed.

More than half of 20” and 3” PMTs installed.

Detector completion expected by end 2024.

» First data taking in 2025.
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Core Collapse Supemova
+

Physics searches with JUNO

Diffuse Supernova v Background

 JUNO'’s design enables a rich physics program.

NG
[+
A W
Atmospheric 0.1-100 GeV 100s / year Prosgects for Cosmic ray - : 1;’
B Tl
Solar 0— 16 MeV 100s / year B W \f‘
Supernova burst 0 - 100 MeV 7500 at 10 kpc Vx Sun
DSNB 0-100 MeV 2-4 [ year
Geoneutrinos 0 -3 MeV 400 / year PPNP 123 (2022) 103927
52
_ X . & Natural
Ve 4 di L
@ - radioactivity
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https://www.sciencedirect.com/science/article/abs/pii/S0146641021000880?via%3Dihub
https://indico.fnal.gov/event/63406/contributions/296970/
https://indico.fnal.gov/event/63406/contributions/296970/
https://indico.fnal.gov/event/63406/contributions/296970/

Reactor neutrino oscillations - Pt
I |
iy: 0.511MeV \\ v 0.511Mevi ) #@gg\_,e_nj
* 47 Inverse Beta Decay events per day expected: _ | e :
e e s [
o Prompt + delayed signals to strongly suppress ST Yy i
| . |
backgrounds. Looous WY ZAMeV)
o 7% backgrounds, mostly below 3MeV.
~10° IBD candidates in 6 years. Neutrino Oscillation
. . . . Physics with JUNO
Machine learning reconstruction algorithms help reach 2
excellent energy resolution (<3% @ 1 MeV). .
02 - T e 1=
% 0.16F : i
"%0.145 \LJJLA ==
2 0125 H
& 015 - e
2 0.08H Visible Energy (MeV)
:3’04062 \ —EIBDSignaI g
(][0 " SENCRERES SN ———— ——. | - — IBD + residual BG  -eveveeeeee
o.ozi—»-» .......
@ 2 a6 \Sh“ 0 12
Visible Energy [MeV]
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https://indico.fnal.gov/event/63406/contributions/296969/
https://indico.fnal.gov/event/63406/contributions/296969/

Precision measurement of neutrino oscillations parameters

. 6 years 20 years
* Most precise measurements of half of 107 N R A
the neutrino oscillation parameters T o i w amp
in 100 days. S L
« Ultimately, an order of magnitude & 1
. 2
improvement over current knowledge of E
- o 1071
Am?;,, Am?,,, and sinZ0,,. -
1072 F ] R R R L=
102 103 104 10°
Ch|n PhVS C 46 (2022' 12 JUNO Data Taking Time [days]
Central Value PDG2020 100 days 6 years 20 years
AR, (x107 eV?) 2.5283 +0.034 (1.3%) +0.021 (0.8%) +0.0047 (0.2%) +0.0029 (0.1%)
An, (1073 V?) 7.53 +0.18 (2.4%) +0.074 (1.0%) +0.024 (0.3%) +0.017 (0.2%)
sin” 6)- 0.307 +0.013 (4.2%) +0.0058 (1.9%) +0.0016 (0.5%) +0.0010 (0.3%)
sin” 613 0.0218 +0.0007 (3.2%) +0.010 (47.9%) +0.0026 (12.1%) +0.0016 (7.3%)
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https://arxiv.org/abs/2204.13249

Precision measurements

Chin. Phys. C 46 (2022) 12

Am2, 10 (%) AmZ, 10 (%)
Statistics 017 [ Statistics 0w |
Reactor: Reactor:
- Uncorrelated <0.01 - Uncorrelated 0.01 ]
- Correlated 0.01 . - Correlated 0.03 -
. - Reference spectrum 0.05 - - Reference spectrum 0.07 -
« After 6 years, the measurements of: T T
- Non-equilibrium <0.01 - Non-equilibrium 0.14 _
« Am?,, and sin?0,, are systematics-limited. [P |
21 12 - Efficiency 0.01 ] - Efficiency 0.02 .
2 d - 26 H = = I = = d - Energy resolution <0.01 - Energy resolution 0.01 .
 Am?;; and sin40,3remain statistics-limited. —es oo Senears 2o
- Backgrounds 0.04 - - Backgrounds 0.18 _
Matter density 0.01 . Matter density 0.01 '
All systematics 0.08 _ All systematics 0.27 _
Total 015 | | [ ol 032 |
0.0 0.1 0.0 0.2
%103 % %
100F . in2 % in2 b
6 years of data taking No oscillations Statisticssln = 1: ;i) Statisticssm = 1:(:;)
Pl Dl S—
Only solar term
. Reactor: Reactor:
80 :\lorer:tald();:;lr?g - Uncorrelated 010 | - Uncorrelated 253 |ml
nverte rng - Correlated 0.27 _ - Correlated 6.83 _
% - Reference spectrum 0.09 - - Reference spectrum 3.48 -
= 60 - Spent Nuclear Fuel 0.05 . - Spent Nuclear Fuel 155 -
l: - Non-equilibrium 0.10 - - Non-equilibrium 2.65 -
g Detection: | Detection: |
‘2 40 - Efficiency 0.23 _ - Efficiency 5.81 _
G>J - Energy resolution 0.01 I - Energy resolution 0.39 .
w lsin2 2613 - Nonlinearity oo |mm - Nonlinearity 200 |mll
- Backgrounds 0.20 _ - Backgrounds 4.89 _
20 Matter density 0.07 . Matter density 0.98 .
All systematics 0.40 _ All systematics 8.16 _
Total L Total 21 [
% T2 3 4 s 6 7 8 o9 00 0z 04 o s, W
Ey, (MeV)
—
. a .
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https://arxiv.org/abs/2204.13249

Systematic uncertainties Chin. Phys. C 46 (2022) 12

Am2, 10 (%)
2 Statistics 017 [
A Reactor:
m 31 - Uncorrelated <0.01
- Correlated 0.01 .
@ - Reference spectrum 0.05 -
- Spent Nuclear Fuel <0.01
Fast oscillation pattern
- Efficiency 0.01 ]
ﬂ - Energy resolution <0.01
- Nonlinearity 0.04 -
- - Backgrounds 0.04
Precise knowledge of —
All systematics 0.08 _
spectrum shape T j——
0.0 0.1
x10° %
100 -6 years of data taklng —— No oscillations
Only solar term
8oL —— Normal ordering
—— Inverted ordering
>
Q
= 6ot
—
g
]
S 40
>
w lsiﬂz 2913
20
oL
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https://arxiv.org/abs/2204.13249

Systematic uncertainties

AmZ?,,
g

Position of maximum disappearance

I}

Low energy backgrounds
(geoneutrinos, accidentals, etc.)

x10%
100F .
6 years of data taking —— No oscillations
Only solar term
8oL —— Normal ordering
—— Inverted ordering
>
3
= 60f
e
@
o
]
S 40
@ - 2
lSIIl 2913
20

Chin. Phys. C 46 (2022) 12

AmZ, 10 (%)

Statistics 0w |
Reactor:

- Uncorrelated X |

- Correlated 0.03 -

- Reference spectrum 0.07 -

- Spent Nuclear Fuel 0.07 -

- Non-equilibrium 0.14 _
Detection: |

- Efficiency 0.02 .

- Energy resolution 0.01 .

- Nonlinearity 0.05 -

- Backgrounds 0.18 _
Matter density 0.01 '
All systematics 0.27 _
Total 032 |

0.0 0.2
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https://arxiv.org/abs/2204.13249

Events per 1 MeV

Systematic uncertainties

sin20,; and sin20,,

Normalization factors

I}

Reactor flux, detector
efficiency, etc.

%103
100F .
6 years of data taking —— No oscillations
Only solar term
sok —— Normal ordering
—— Inverted ordering
60
40
02
lSIIl 2913
20
ol

Chin. Phys. C 46 (2022) 12

sin2912 1o (%) sin2913
Statistics 0.34 Statistics
Reactor: Reactor:
- Uncorrelated 0.10 - - Uncorrelated -
- Correlated 027 [N - Correlated |
- Reference spectrum 0.09 - - Reference spectrum -
- Spent Nuclear Fuel 0.05 . - Spent Nuclear Fuel -
- Non-equilibrium 0.10 - - Non-equilibrium -
Detection: | Detection: |
- Efficiency 023 | - Efficiency |—
- Energy resolution 0.01 I - Energy resolution .
- Nonlinearity 0.09 - - Nonlinearity -
- Backgrounds 0.20 _ - Backgrounds _
Matter density 0.07 . Matter density .
All systematics 040  |EEEEN All systematics |
Total o2 || | o —————

15/09/2024
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https://arxiv.org/abs/2204.13249

Systematic uncertainties

Chin. Phys. C 46 (2022) 12

Am2, 10 (%) AmZ, 10 (%)
Statistics 017 [ Statistics 0w |
Reactor: Reactor:
- - - - - - Uncorrelated <0.01 - Uncorrelated 0.01 ]
» Main systematics uncertainties in T o
' - - Reference spectrum 0.05 - - Reference spectrum 0.07 -
JUNO's reactor an a|yS IS are not ~Spent Nuckar Fue <om ~Spent Nuclar Ful oo
- Non-equilibrium <0.01 - Non-equilibrium 0.14 _
common with accelerator and |
- Efficiency 0.01 ] - Efficiency 0.02 .
- - - Energy resolution <0.01 - Energy resolution 0.01 .
atm OS p h e r IC eX pe rl m e n tS . - Nonlinearity 0.04 - - Nonlinearity 0.05 -
- Backgrounds 0.04 - - Backgrounds 0.18 _
Matter density 0.01 . Matter density 0.01 '
All systematics 0.08 _ All systematics 0.27 _
Total 015 | | [ ol 032 |
0.0 0.1 0.0 0.2
x10° % %
100F ¢ years of data taking —— No oscillations sin’61; 1o (%) sin615 1o (%)
only solar term Statistics 0.34 ] Statistics 894 | ]
nly . Reactor: Reactor:
80+ — Normal orderlr?g - Uncorrelated 0.10 - - Uncorrelated 2.53 -
— |Inverted ordering - Correlated 0.27 _ - Correlated 6.83 _
% - Reference spectrum 0.09 - - Reference spectrum 3.48 -
= 60 - Spent Nuclear Fuel 0.05 . - Spent Nuclear Fuel 155 -
g - Non-equilibrium 0.10 - - Non-equilibrium 2.65 -
(=3 Detection: | Detection: |
‘2 a0k - Efficiency 0.23 _ - Efficiency 5.81 _
G>J - Energy resolution 0.01 I - Energy resolution 0.39 .
w lsin2 2613 ~Nonlinearity oo |mm ~Nonlinearity 200 |mll
20l .‘/‘I\’\" S\ - Backgmurfds 0.20 _ - Backgmuers 4.89 _
” | | Matter density 0.07 . Matter density 0.98 .
Am2 All systematics 0.40 _ All systematics 8.16 _
32 Total L Total 21 [
L . L L L1 Ly L
% T2 3 4 s 6 7 8 o9 00 02 04 0 >,
Ey, (MeV) ° b
—
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https://arxiv.org/abs/2204.13249

Determination of the neutrino mass ordering

« JUNO sensitivity to the neutrino mass
ordering: arxiv:2405.18008
o Updated signal and background rates

o Improved predicted energy resolution
arxiv:2405.17860

o JUNO+TAO combined analysis

» JUNO reactor neutrino oscillation analysis
alone provides a median 3o sensitivity to
NMO in 6.5-7 years!

~ JUNO 6.5 years x 26.6 GW;,

\Obe -fit to NO Asimov data |

—— Bestit }:—v— of Ay?,,

UM_A“&WW“M
Zoo=

tru(t d Energy [Me' V]

12

Reactor Ve signal IBD event number (x103)
0 50 100 150 200 250 300

(I e e

- 50

L 4o

—— NO: stat.+all syst.
—— 10: stat.+all syst. ]
----- NO: stat. only y
----- 10: stat. only

Hm |H\Hm” .
00 6 8 10 12 14 16 18 20

arxiv:2405.1 BQQB JUNO and TAO DAQ time [years]

steven calvez | NUFact 2024 Satellite Workshop
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https://arxiv.org/abs/2405.18008
https://arxiv.org/abs/2405.17860
https://arxiv.org/abs/2405.18008

Determination of the neutrino mass ordering

« Main systematic uncertainties in the

NMO analysis come from the
spectrum shape.

* NMO sensitivity highly dependent
on energy resolution.

Reactor V. signal IBD event number (x103)
0

100 150 200

250 3

| Resolution(@/®) I -
20 — 2.8% ]
Uncertainty |Axfnin| Exposure 6.5 years ”:5 L 29%
Statistics (JUNO+TAO) 11.5 R - e e S s S ]
i 1_._ JUNO exposure:
+reactor and response | -0.7 o | 65 yearsx26.6 GWi,
400 T 4T a0
F a1\ i ]
+TAO unc. -0.6 38; A {38
+JUNO geoneutrinos  -0.5 36 SR 136
+JUNO world reactors | 0.3 g4 TN Pz
. T32fF ERA 1325
+JUNO accidentals -0.2 S30l SN 1308
s L 1 A 1. 3
+JUNO °Li/®He -0.1 g28F 7 N 1288
r N E o«
+ JUNO other bkg. -0.05 2eF ; N
241 ! . \ -12.4
Full systematics 9.0 220 | ] '\.\ 122
Y /H\..-'--‘.‘|.‘\‘..|H‘|..\H’.‘ I LN
0 2 4 6 8 10 12 2.0 2 6 é 10 12 14 16 18 20 10 20\ 20
JUNO exposure [yearsx26.6 GWy,] 18x2,0]
arxiv:2405.18008
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https://arxiv.org/abs/2405.18008

§

Atmospheric neutrino oscillations [ZIZ3 v like iz By like
:i;i:: W;"k in progress E- ﬂ°'Wc;—rkin progress
« First time atmospheric neutrino oscillations . i

will be studied with liquid scintillator: L vv 2o S A R DY

o e/ separation DTy, like =1 D, like
o v/ v separation r: Work in progres E“"’ Work in progress
o Neutrino energy e =
o Track direction Phys.Rev.D 109 (2024) 5,052005 R davanit " tooatmcert
J. Phys. G: Nucl. Part. Phys. 43 030401
* Plan to install all spare PMTs on top of water ) S

Electron+Muon Point+Track

pool to further improve PID and direction
reconstruction.

Normal Hierarchy

Sensitivity (o)

» Combination with reactor analysis in
progress to boost JUNO’s NMO sensitivity.

Livetime (year)
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https://iopscience.iop.org/article/10.1088/0954-3899/43/3/030401
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.052005

Solar neutrinos

* JUNO sensitive to both high and intermediate energy solar neutrinos.

JUNO sensitivity to ’Be, pep, Model Independent Approach of the
and CNO solar neutrinos JUNO 8B Solar Neutrino Program
JCAP 10 (2023) 022 Astrophys. J. 965.2: 122 (2024)
10" | A L1 A 1
10" Epp [+ 0.6%)
10"
= 10" "Be [+ 6%]
"Ng 10° pep [+ 1%]
x 10°
E 107 ' (
: °B [+ 12%)]
5 10° L —1
& 1ot e |
10° hep [ 30%]
10 . m,l/
107 1 10
Neutrino energy [MeV]
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https://arxiv.org/abs/2210.08437
https://iopscience.iop.org/article/10.1088/1475-7516/2023/10/022

High energy solar neutrinos

* Model independent detection of 8B neutrinos
via three interaction channels CC, NC and ES.:
» 5% uncertainty on 8B neutrino flux

> 20% uncertainty on Am?2,,
» 8% uncertainty on sin20,,

Channels Threshold Signal Event numbers
[MeV] [200 kt xyrs] | after cuts
CC|  ve+¥C—e +13N(3 ;gnd) 2.2 MeV [e™+!3N decay 3929 647
NC |1y +13 C = vr +13 C(37:3.685 MeV) | 3.685 MeV y 3032 738
ES Vete— g +e 0 e 3.0x10° | 6.0x10*

®s5=5.25x10% cm™?s!  Am3, =7.5%107% eV?

Astrophys. J. 965.2: 122 (2024)

Sin2512 =0.307

g 1500 -

3] 3] o) o)

5 4 2 Z

& z1é 2 &

© L . ) w ©

@ 10 1000 NP ——————

>

S 3.5 i s

= 2

= 10 E

2 —Total 3

°c-’ —v,BCCC ] ES+NC — — — -

> e

@ v-e ES -

T 10 —v-%C NC .

3] Reactor ES+NC 3 ES+NC +CC —— — I

=4 — Radioactivity & Isotopes

M —

&4

1 e 10% 0 10% 30% 0 30% 0% 0 10%
2 14 1 6 18 20 Relative 8B flux uncertainty Relative Am§1 uncertainty Relative Sinzelz uncertainty
Visible energy [MeV]
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https://arxiv.org/abs/2210.08437

Future considerations

 JUNO is paving the way towards a precision era in neutrino physics.

O

Precision tests of models: non unitarity of PMNS, new physics, etc.

 JUNO'’s high-precision measurements and determination of the NMO will
profoundly impact the field:

O

O

Will inform the neutrinoless double beta decay program.
Unique and complementary measurements through vacuum neutrino oscillations.

Will allow accelerator and atmospheric experiments to better constrain the parameter
space: Ocp and 6,.

Little overlap in systematic uncertainties makes combining measurements easier.

Comparing precision measurements of Am?2;,in the electron and muon neutrino
disappearance channels can boost the NMO sensitivity.

25
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Conclusions

« Multipurpose 20-kton Liquid Scintillator neutrino
observatory with a rich physics program.

* JUNO detector construction well underway:
first data next year!

» JUNO will measure Am?;,, Am?,,, and
sin20,, with unprecedented accuracy <0.5%.

» JUNO can determine the
Neutrino Mass Ordering at 3o
significance in 6.5 years.

76 institutes, 18 countries, >700 collaborators = ' # SRS S S
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Backup
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Synergy between JUNO, NOVA, T2K, IceCube/PINGU, KM3NeT/ORCA

« Complementarity and synergy between reactor,
accelerator and atmospheric experiments.

Ay? (Amze-e)

0
234 236 21! Zdﬂ 242 Z“ 2.&6 248 250

|[AmZ| (X10° eV?)

« Early 506 NMO sensitivity possible by combining:

5. F mmmmoms . E
> JUNO and NOVA/T2K’s measurements: < g:lﬂﬁgiim SN T I E
o See J. Phys. G 43, 030401, Phys. Rev. D 72,013009, §6;-Tf”.”‘i?f‘.’i’.“if‘ff’_‘?_“‘f’ _________ Ml
PhVS. Rev. D 88. 013008’ SCl Rep 12! 5393’ :‘.% :gf':._:'_.-i:f:::f:f:f:f::'::: """""" :::3:::3:::.‘:::‘:___:
arxiv:2404.08733. e

JUNO Timeline (years)

true NO true 10
F ~J10 F F

» JUNO and IceCube/KM3NeT’s measurements:
o See Phys. Rev. D 101, 032006, JHEP 03, 2022, 055

significance (o)

0
123456 123456 123456 123456
livetime (vears)
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https://iopscience.iop.org/article/10.1088/0954-3899/43/3/030401
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.013009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.013008
https://www.nature.com/articles/s41598-022-09111-1
https://arxiv.org/abs/2404.08733
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.032006
https://link.springer.com/article/10.1007/JHEP03(2022)055

TAO

» Best precision (subpercent) on reactor neutrino spectrum shape: useful for
other experiments and nuclear databases.

» Sensitive to reactor spectra fine structure.

« TAO can search for sterile neutrinos.

0.10

o
o

o
=)

o

Relative Uncertainty
o

Reactor antineutrino spectral shape uncertainty
R e e e e e e ——

—— TAO-based (arXiv:2005.08745)
—— DYB-based (Phys. Rev. Lett.123, 111801) |
8 Model-based (Phys. Rev. Lett. 112, 202501) .
=== JUNO Yellow Book (J. Phys. G: 43 030401) )
6
4
2
1 1 1 | |

s 3‘”.4‘...5 ..‘6‘

| —Juno-TAO s0% C.L.
| — NEOS B0% C.L.

| — Daya Bay 90% C.L.

|- - - PROSPECT-199.7% C.L.

---JUNO-TAD 99.7% C.L.

107

- 7 K 102
Visible Energy [MeV] 10° 107 sin?20. 1
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29 15/09/2024  steven Calvez | NUFact 2024 Satellite Workshop @ Souesiecn



arXiv:2303.03910

Intermediate energy solar neutrinos

p.e.
800 1000 1200 1400 1600 1800 2000 2200 2400
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« World leading constraints after a few years.

2

» Day/Night asymmetry sensitivity <1%.
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https://arxiv.org/abs/2303.03910

Proton decay

« p — v K*: three-fold coincidence to detect proton -
decay with high efficiency (36.9%). 2(2)85 | W
« Good energy resolution helps reduce the 1?85_
backgrounds: less than 0.2 events after 10 years. _140E
« Competitive limit on proton lifetime of 8:;85_
9.6 x 1033 years for 200 kton-year exposure. 801
60F
« More details in Chin.Phys.C 47 (2023) 11, 113002 40E-
20F
07 111 1 L1
1 10 102 10° 10°*
hit time (ns)
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https://arxiv.org/abs/2212.08502
https://iopscience.iop.org/article/10.1088/1674-1137/ace9c6

Core collapse supernova neutrinos

« Multiple core collapse supernova neutrinos | 8D | Vet+poet+n | ~5000 |
detection channels.

* Sensitive to all flavors via CC + ES

channels.
F': 104k Core-collapse supernova
' 2 | of 30 Mg, @ 10 kpc
 Can detect neutrinos and alert hours before = e oo
| i eES, 10 eES, NO
supernova explosion. 5;5103; o o
z

« Can study supernova neutrinos after

10%p
explosion. :

e e —— [ —

R
Evis [MeV]

1071
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DSNB
« DSNB 2-4 per year (w/o PSD)

» 30 discovery potential in 3 years (reference model).

 See Universe 2022, 8, 181
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https://doi.org/10.3390/universe8030181

Geoneutrinos

« Decay of radionuclides (U/Th/K) within the Earth.

« Geoneutrinos: 400 v, per year (0-3MeV)
* More than Borexino and KamLAND combined in 1 year. To date, Borexino + KamLAND = ~200 events.

 Measure U and Th abundances, U/Th ratio in crust and mantle : 30% uncertainty in 10 years.

* Probes : Earth’s formation, Mantle convection, Plate tectonics,Earth’s magnetic field production

34 15/09/2024  steven Calvez | NUFact 2024 Satellite Workshop @ Suotiech



	Slide 1
	Slide 2: Jiangmen Underground Neutrino Observatory
	Slide 3: Jiangmen Underground Neutrino Observatory
	Slide 4: JUNO key experimental features
	Slide 5: JUNO key experimental features
	Slide 6: JUNO key experimental features
	Slide 7: JUNO key experimental features
	Slide 8: JUNO key experimental features
	Slide 9: JUNO key experimental features
	Slide 10: JUNO key experimental features
	Slide 11: Updates on JUNO construction
	Slide 12: Physics searches with JUNO
	Slide 13: Reactor neutrino oscillations
	Slide 14: Precision measurement of neutrino oscillations parameters
	Slide 15: Precision measurements
	Slide 16: Systematic uncertainties
	Slide 17: Systematic uncertainties
	Slide 18: Systematic uncertainties
	Slide 19: Systematic uncertainties
	Slide 20: Determination of the neutrino mass ordering
	Slide 21: Determination of the neutrino mass ordering
	Slide 22: Atmospheric neutrino oscillations
	Slide 23: Solar neutrinos
	Slide 24: High energy solar neutrinos
	Slide 25: Future considerations
	Slide 26: Conclusions
	Slide 27: Backup
	Slide 28: Synergy between JUNO, NOvA, T2K, IceCube/PINGU, KM3NeT/ORCA
	Slide 29: TAO
	Slide 30: Intermediate energy solar neutrinos
	Slide 31: Proton decay
	Slide 32: Core collapse supernova neutrinos
	Slide 33: DSNB
	Slide 34: Geoneutrinos

