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Massive: ~20 kton Liquid Scintillator (LS)
Underground: ~700 m overburden
High resolution: 3% / VE (MeV)

Energy scale precision: < 1%

The JUNO experiment

Jiangmen Underground Neutrino Observatory

Monica Sisti
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Main physics goal:

- v Mass Ordering determination

Rich physics possibilities:

* Precision measurement of
oscillation parameters

e Supernovae neutrinos
« Solar neutrinos
e Atmospheric neutrinos
« Geo-neutrinos
* Nucleon decay
Neutrino physics with JUNO B\
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The neutrino mass ordering (vMO) open issue

normal hierarchy (NH)
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In 2002 Petcov and Piai
suggested that interference
effects between Am_ 2 and Am__*

driven oscillations can be used
by reactor experiments to infer
the neutrino mass hierarchy

l

made possible by “large value” of 6,

JUNO is the first experiment to
see both Am? at the same time
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inverted hierarchy (IH)
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Amijz = mi2 - mj2

Am, 2 =7.5x 10° eV?
| Am_2| = 2.5 x 103 eV?
NH: [Am3,| = |[Am3,| + |[Am3,]
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The neutrino mass ordering (vMO) at reactors
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Reactor antineutrino detection
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Energy threshold: 1.8 MeV
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Antineutrinos from reactors

D
Cascade of beta decays from
unstable fission fragments:

3 GW, reactor » ~10?°v /s

Inverse Beta Decay Cross Section (cm?)

] - 5\

n .. delayed \\p,,f.,
." Y ~236 ns !f
L7 v
e ®--->
Ve o orompt v (2.2 MeV)
P ' ~few ns

b

hY

y (511 keV)« - - .“1. - - > (511 keV)

&

e Time coincidence between prompt and delayed
signals to reject uncorrelated background
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Oscillated antineutrino spectrum

3 x1 04 10° Signal IBD Events - Baseline 52.5 km
> Osc. Parameters NO DETECTOR CHALLENGES:
2 .
; 251 Capozzi+ 1703.04471 — 10O .
£ » Energy resolution < 3% /v E [ MeV]
()
> .
w2 * Energy scale uncertainty < 1%
151 * Reactor baseline variation < 0.5 km
« Large statistics: 100k IBD in6y
1
3 X104 10° Signal IBD Events - Baseline 52.5 km - 3% Energy Resolution
05— >
) -g Osc. Parameters — NO
E 2 § |- Capozzi+ 1703.04471 — 10
1 1 1 1 1 1 1 1 c
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|deal case for 20 kton x 6 y exposure

1 |
To disentangle the phase difference between
NO and IO an energy resolution of at least 05

Am,?/ Am_?~3% at 1 MeV is mandatory / oL

N E .. (e+) and 3% energy resolution
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Yellow: CD

JUNO Detector Scheme
“Blue: Veto

LS/Water
24 Filling rooms

Calibration <

Earth Magnetic Field
shielding coils <

Pool’s height 44 m
Water depth 43.5 m

Central detector
Steel Structure +
Acrylic sphere + <
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£ ~-77-Acrylic'sphere: ID35.Am. /-
e e g ek
Stainless steel latticed shell: 1D40.1n

, . _.

20 kton Liquid Scintillator - LoL f_. o ; :
A\ o 5t f ~18000 20" PMT+
! e e —’ ”
N /== 7///( ~25000 3" PMT
4 A A : ' : A
Al s e e PNEEaNl
I ’ﬂ’j /7 IO

Water pool diameter: 43.5 m



@ Overall detector design

Central detector:

- Acrylic sphere with liquid scintillator
- 17571 large PMTs (20-inch)

- 25600 small PMTs (3-inch)

- /8% PMT coverage

- PMTs in water buffer

Water Cerenkov muon veto:

- 2400 20” PMTs

- 35 ktons ultra-pure water

- Efficiency > 95%

- Radon control — less than 0.2 Bg/m?

Compensation coils:
- Earth magnetic field <10%
- Necessary for 20" PMTs

Top tracker:

- Precision muon tracking

- 3 plastic scintillator layers
- Covering half of the top of the water pool
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tracker

North chimney

Water pool
Liquid Scint.
Support struct.

Acrylic sphere



Veto

‘ TaSkS: Top Tracker ——-""___ - —
= Shield rock-related Support structure of top tracker
backgrounds Water Pool sealing™

WC detector

= Tag & reconstruct

. Ultrapure water system
cosmic-rays tracks b vt

Tywvek film
¢ Detector: PNIT support frame 5
= Top tracker: Coil for magnetic field shieldi
refurbished OPERA
scintillators
=  Water Cerenkov
detector
¢ Pool lining: HDPE
¢ Earth magnetic field

compensation coil
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Central Detector: Steel Truss & Acrylic Sphere

® Stainless steel structure to hold the acrylic sphere and
to anchor the PMTs
» Supporting bar to hold the acrylic tank
» Stress of the acrylic < 3.5 MPa everywhere

® Main issues:
» Mechanical precision for 3 mm PMT clearance
» Thermal expansion matching: 21°C + 1°C
» Earthquake and liquid-solid coupling
» Acrylic transparency > 96%
» Radiopurity U/Th/K: Acrylic < 1 ppt, Steel < ppb

Panel size: 3 m x 8 m x 120 mm

Acrylic panel mass production started
o 10
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@ Large PMT array

¢ 15000 MCP-PMTs from NNVT (Northern Night Vision Technology)

¢ 5000 dynode PMTs from Hamamatsu (R12860 HQE)

+ 17571 PMTs will read out the scintillation light of the Central Detector
¢ |In production since 2016

¢ PMT testing:

ini Acryli to protect
* Finished for dynode PMTs crylic cover 1o protec

from implosion chain

* ~10000 of 15000 MCP-PMTs already tested reaction
Specifications MCP-PMT (NNVT) R12860 Hamamatsu
z[0]3
Det. Efficiency (QE*CE) %  26.9% (new Type: 30.1%) 28.1%
Peak to Valley of SPE 3.5, (>2.8) 3, (>2.5)
TTS on the top point ns 12, (<15) 2.7, (<3.5)
Rise time / Fall Time ns RT~2, FT~12 RT~5, FT~9
Anode Dark Count kHz 20, (<30) 10, (<50)
After Pulse Rate % 1, (<2) 10, (<15)
Radioactivity (glass) ppb 238: 200 238: 400
232Th: 120 232Th: 400
40K: 4 40K: 40

e o, 11
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@ Large PMT testing facility

PMT Testing Containers (all PMTs):

Two testing containers
° CapaCi'[yZ 36 ('5) PMTs per Container in Zhongshan (Pan-Asia)
* Relative PDE Measurement

* 1 fixed & 4 rotating reference PMTs
* Four containiers -

« 1 & 2 operational PUCalderforor ot o

* 3 &4 commissioned '
* Magnetic shielding: 10% EMF |
* Climate control systems
* Two light sources:

* stabilized LED

* Picosecond-Laser

diffuser (mounted
with 4 screws)

Scanning Station (5-10% of PMTs):

* Provide non-uniformity measurement of
PMT parameters
* Study dependence of PMT performance
on magnetic field
* Provide a tool for precise PMT studies
and cross calibration PDE differences (photocathode)
12
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Electronics

L AR 2R 2B 2B I 2

20000 ch. for LPMT & 100 m cable needed
Dynamic range: 1- 4000 PE

Noise: <10% @ 1 PE
Resolution: 10% @1 PE, 1% @100 PE
Failure rate: < 0.5%/6 years
Final solution: 1 GHz sampling FADC in a small
box (X3 ch. ) in water; all cables in corrugated pipes
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Gbit Enterprise
Switch
w/ PoE

— CLK

— TRG

— DAQ
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@ Small PMT array

Double calorimetry
Always in photon counting mode

Less non-linearity: calibration of large
PMT array

Better dynamic range for high energy
signals

Higher granularity of the CD

Arrangement of large and small PMTs

~ 200 boxes x 128 PMTs

m Coax cable Signal+HV :200
25600 PMTs in the Central Detector N e =g LW
P X ol Bl ! ot
. 2.5% coverage Ny e o e -
* Provided by HZC Photonics (Hainan, . TRl L o
PR China ' W M50 o o)

)

Can effectively help in:

* Muon tracking (+ shower muon
calorimetry)

* Supernova readout

* Solar oscillation parameter measurement

Monica Sisti - NuPhys 2019

Under Water Box

X 128

Under water box provides supply for 128 PMTs
(Prototype already built and successfully tested!)
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@ Liquid Scintillator

Purification of LAB in 4 Steps:

« ALQ;, filtration column: Solvent:
improvement of optical properties Linear alkylbenzene
* Distillation: removal of heavy metals, (LAB) as solvent
Improvement of transparency + o
_ non-radiative
* Water Extraction (underground): Scintillation N 280”’”1
removal of radio isotopes from uranium and thorium Fluor:
chains and furthermore of 9K 2.5 g/l PPO

* Steam / Nitrogen Stripping (underground):
removal of gaseous impurities like Ar, Kr and Rn

+

_ _ Wavelength non-radiative
Optical Requirements: Shifter: - 390nm
Light output: ~10.000 Photons | MeV 3 mg/| Bis-MSB
- ~1200 p.e. | MeV
Attenuation length: > 20 m @ 430 nm ""',,ﬁ‘
: : . light emission
Required Radiopurity:

2> 430nm, t=4.4ns
Reactor neutrinos:

238 | 232Th < 105 glg, “°K < 106 glg, 22°Pb < 1022 glg, “C < 107 glg

Solar neutrinos:
238 | 232Th < 10?7 glg, K < 108 glg, ?°Pb < 102* g/g, *C < 108 g/g

o , 15
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OSIRIS

Online Scintillator Internal Radioactivity Investigation System

Liquid Scintillator purity monitor:

Detect radioactive contaminated scintillator after
purification but before putting it into the acrylic vessel!

Exploit fast coincidences
In the 28U and 232Th chains

18 ton LS volume
(9=3 m, H=3 m)

Instrumentation:
68x 20” PMTs for the scintillator
12x 20" PMTs for the myon veto

Expected radiopurity level sensitivity
(Simulation):

JUNO IBD limit within a few hours
JUNO solar limit possible

Monica Sisti - NuPhys 2019
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@ Calibration system

Calibration house
ACU
Central cable
Speonl m
¢ ‘JUNO detector
central axis
pool = ACU (Automatic Calibration Unit _
-'.:I, . ) ( ) Guide Tube System
r"’ i m i Two in
. ‘\‘ Cabje Dendenf
CLS |.-... N
pulley
‘.' ——
"8 & source - 'I p ;
| wn
m Side cable
[ x Central cable
1" Rﬂv Source storage system
ROV
, Cable Loop System
(Remotely Operated Vehicle)
Strategy:

Overview of JUNO's Calibration Systems
(including laser calibration system)
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* Many sources (LS non-linearity)
« Tunable photon source (electronics non-linearity)
* Many locations (detector non-uniformity)
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Civil construction

Since 2015 a new underground laboratory with a

700 m overburden and infrastructure at the

surface is under construction

Vertical shaft
B '

Slope tunnel
1340m

Vertical shaft |

footprint:
~5600 m?

Dark Grav/Blue/Green Finished
EXP, Hall: Top layer finished

Vertical shaft and slope
tunnel completed

18



@ JUNO location

Status Operational Planned Planned Operational Operational / Planned
Power 17.4 GW 17.4 GW 174 GW 174 GW 9.2 GW/18.4 GW

 §

& Huizhou

101 ; . i ‘A
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2 "_~ e B ‘L\s
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,, ong Kong

6 years
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Sensitivity of vMO determination

x1 03 10° Signal IBD Events - Baseline 52.5 km - 3% Energy Resolution

Fit data against both models

Osc. Parameters % /5 — NO
5| Capozzi+ 1703.04471 — 10

Events / Bin
o

Systematics induced by:

* Energy resolution

* Energy non-linearity
 Distribution of reactor cores

Asimov Dataset :
(resolution-driven binning) % (]

0 ' ' R
1 2 3 4 5 6 7 89 1k I 1
Visible Energy [MeV] Sensitivity estimation
% Assume NH as true MH, and fit the
 Normaltrue MK spectrum with false and true MH
° | cases respectively, to get:
ST | Ax? = x*(false)— x*(true)
g
:;“" N““[M——T-(l + 3 ae) ] €
< : 2 _ i i k =ik %k + Z_k
True MH (ideal) XREA Z M 2
e =1 / e Tk
L | - — —False (real) / 2 . 2 2
,F . n:IH. = AXMH o |Xmin (N) ~ Xmin (l)l

0 L M L L N
234 236 238 240 242 244 246 248 250
|AMZe| (X107 eV?)

Monica Sisti - NuPhys 2019 degradation due to real reactor core distribution 20



JUNO sensitivity (6 years of data)

S |o0ss /“’/szfl;;; Ideal 52.5km  +16
2 : Core distr. Real -3
o [0} i DYB&HZ"  Real -1.7
5 Spectral Shape 1% -1
o 0.025 i
& B/S 2 (rate) 6.3% -0.6
0020 - B/S (shape) 0.4% -0.1
| e
1) Daya Bay & Huizhou reactors
Exposure 2) Background to Signal
25 T T T T T T T 1
. ‘ L Normal true MH f’
Sensitivity improvement from Am ” D
* v, ~V, (appearance) channel can also tg’ (I T ST -
determine the NMO 2
« T2K+NOVA precision assumed ~ 1% = or '
« Combining T2K+NOVA (both disappearance B [ Do |
and appearance) with JUNO: sensitivity Tre MH (5, = 1.0%)
improves to 40 to 50 or better —_— N/
2.34 236 238 240 242 244 246 248 250
21
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Substructures in the reactor spectrum

« Large scale fine structures constrained by Daya Bay experiment

* A known fine structure does not hurt JUNO MH determination
= Tested with multiple spectra with fine local structure from ab initio

calculation (PRL 114:012502, 2015) — no major effect on JUNO
sensitivity

 Unknown fine structure might have a larger impact

1.04
. 1.02 Relative difference of 3
= synthetic spectra to ILL
_g 1.00 data (Huber-Muller model)
5 arXiv:1710.07378

0.98

0.96

—

E, [MeV]

Fine structure depends on the ab-initio calculation using

nuclear database and can not be precisely determined. 22
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‘) JUNO-TAO

Taishan Antineutrino Observatory (TAO), a satellite exp. of JUNO.

Measure reactor neutrino spectrum with unprecedented E resolution: ~1.5% / VE [MeV]
Provide model-independent reference spectrum for JUNO

* 2.6 ton Gd-LS in a spherical vessel
—1-ton Fiducial Volume, 4000 v’s/day
—10 m? SiPM of 50% PDE

* Operate at -50°C

* From Inner to Outside
— Gd-LS working at -50°C
—SiPM and support
— Cryogenic vessel
—1~1.5 m water or HDPE shielding
—Muon veto
— Laboratory in a basement at -10 m,

* 30-35 m from Taishan core (4.6 GW )

* Plan to be online in 2021

Monica Sisti - NuPhys 2019

Side
Shield
(HDPE)

SiPM arra\'f'

-
Cu shell

Top shield
HDPE, heat insulation layer

Filling port

Inner ball
Gd-LS

PU, heat insulation layer

Bottom shield

Gl HDPE , heat insulation layer

Ground

G

Support
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Precision measurement of oscillation parameters

Am%l \Amgl\ sin? 015 sin? 013 sin® fy3 | 6
Dominant Exps. | KamLAND | T2K SNO-+SK | Daya Bay | NOvA | T2K
Current precision  Individual 1o 2.4% 2.6% | 4.5% 3.4% 52% | 70%
Nu-FIT 4.0 2.4% 1.3% 4.0% 2.9% 3.8% 16%
3 250F | A
P -, =
% 200k sin?{2843) sin?(28,;
8
o 150
i)
% 100j Am? gl
*= N
50
T2 aTs B Probing the unitarity of U, to ~1%
E,rompt (MEV) robing the unitarity ot U, to

Correlation among parameters:

10 ] 10

0 1 I
2.38 2.40 2.42 2.46

AMmZ(1072 eV?)

Am221(10'5 eVz)
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JUNO: a neutrino underground observatory

Supernova v

~ 5k in 10s for 10kpc

Solarv
(10s-1000s)/day

36 GW, 53 km

Neutrino Rates at JUNO | /.

Reactor v
~ 80/day

Atmospheric v
several/day

Atr

-
. ="
=

- )

Cosmic muons
~ 250k/day

0.003 Hz/m?, 215 GeV
10% multiple-muon

——————— >

Geo-v
1-2/day
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@ Supernova (SN) burst neutrinos

Burst Accretion

Core collapse SN emits 99% of energy

Cooling

in form of v
Galactic core-collapse SN rate:
~ 3 per century

IBD events in JUNO / ms
- N W &t oo
T

JUNO will be able to observe the 3 SN ) Y/ S 4N~

. L R I ST T N

—

phases from core-collapses happening & o[ e
in our own Galaxy and its satellites

JUNO will be able to make a real time
detection of SN bursts and take part in

0.4
0.2

ES events in JUNO / ms

00kC

international SN alert, e.g. SNEWS

Detection channels in JUNO

Events for different (F,) values

Channel Type

12 MeV 14 MeV 16 MeV
.+ p—e +n CC 4.3 x 10° 5.0 x 10° 5.7 x 10°
v+p—v+p NC 0.6 x 10° 1.2 x 10° 2.0 x 10°
v+e—v+te ES 3.6 x 10? 3.6 x 10? 3.6 x 10?
v+ 2C — v+ 12C* NC 1.7 x 10? 3.2 x 10? 5.2 x 10?
v+ C—e + PN CC 0.5 x 10? 0.9 x 10? 1.6 x 10?
7.+ PC—em+ "B CcC 0.6 x 10? 1.1 x 10? 1.6 x 10?

Monica Sisti - NuPhys 2019

<+—— |IBD main
detection channel:
~5000 events from
a SN at a distance

of 10 kpc
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@ Supernova (SN) burst neutrinos

The measurement is almost background free, since SN burst v lasts for ~10 s

105_ I LI I I L I

12 th 10" ' o
C NC, E\‘r =15.1 MeV B JUNO [——
n - B e

—

E, dN/dE

o

it

|
V;

/

I

- 2795 (1613) events RN

Ey*dN/E}" [10° events MeV™'|

- above 0.1 (0.2) MeV \\ N

0.01 Lot e
0.1 1

Quenched Proton Energy E;is [MeV]

E4 [MeV]

~®— visible energy

 Full flavor detection and low energy threshold, ~0.2 MeV in LS

 PES is a promising channel, which can provide more informations with
respect to other type of detectors (e.g. WC, Lar-TPC)

» Pulse Shape Discrimination (PSD) to distinguish between eES and pES

Monica Sisti - NuPhys 2019
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Solar neutrinos

G ) A

Open issues to be investigated by JUNO:  ,E arXiv1611.09867  ggeg F

 Better determination of the oscillation '

parameters, to test the mild tension 2 o E

between solar and reactor data 5 100 —3 E

* Solution to the solar metallicity problem by g’i 0ok E

improving the accuracy on ‘Be and °B : 5

fluxes 08¢ E

i E AGSS09met

« Analysis of the energy dependence of the 07

i il _ in 8 0.85 0.90 0.95 1.00 1.05 1.10 1.15
v_ survival probability (up tur.n_ In °B SUBo)d(Be),.

spectrum) to study the transition from T —
vacuum to matter dominated regions 18 (8 % " Sorexino (B) ;
[ NUFIT 4.0 (2018) | “FlIE |2 g . SN% E
PN I I el arxiv 1507.05287 NE
EI 0 10 - g B4 1]
ok E 1 Zoespls T SR
T oF 1 8 1 & @ Lol s
9 87 = ] X oo4f = =
= F 1 X6 - a8 @ e ~—a_ L
w6 - . ~ - P T — =
S JF q B %S| sine,, = 0.022, sin%,, = 0.31 ST e
B E 7 oo | =aml =775 x10%eV? | T I 01_
- . / . - | — day -~ night | 1]
0_| T A A A I A A 0 [ ] B i i .
0.2 0.25 -0é3 0.35 0.4 , 675 , 10 0101| 1 |0|5| L1l |1 L1 1 |2 [ \; 1 L1 |5 L1 |7 1 1 1|0 T ,
sin"0,, Am, [10 " eV7] ’ ' EV (MeV] 28
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Solar neutrinos

with solar phase bkg requirements (see JUNO-YB)

% s Total 210, 238
Main detection channel: TE Bev Ny s o
elastic scattering < 10»\ PPY ey g g
Ve, p, 7 T e — Ve, pu,7 + e 3; 103;— \\
2 b -
| =
. . 10 =T R
Radioactive background R A »ﬂ. o~ :
is a severe challenge e < b \ W
- N
- required internal radiopurity of LS: 10702 04 ‘06 o8 1 '1_2|' Mo e
105 g/g U/Th, 106 g/g K baseline o Eneray (MeV)
101" g/g U/Th, 108 g/g K solar phase
— better muon veto approach 10°

Three main observables:

 Electron kinetic energy spectrum

« Day-night asymmetry

* V, - 13C charged-current channel 10?
(E,~2.2 MeV) [for the first time] o3P

Events /day /kt/ 0.1 Mev
- o

—
Q

TTTTI T TTTI T IIIIIII| I IIIIIII| I IIIIIII| T TTTT

O 1 1 | 2 1 | 4 1 1 l 6 l 1 l 8 l 1 l 10 l 1 l 12 1 l 14
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@ Schedule and milestones

2021

Data
Taking

2019-20

° Detector
filled &
comissioned

- *  TAO ready
Electronics

. . Detector
production
starts

Civil work and

PMT potting lab

start preparation
*  Delivery of completed

surface * Detector
buildings construction

Start PMT * Start

testing production of

* Top Tracker acrylic sphere
arrived! * OSIRIS was
* Start PMT * DayaBay LS funded
production tests * TAO working

e StartCD group formed

parts
production

© PMT

production
line setup
* Start civil

* Int. construction
Collaboration * CD parts R&D

established!

30
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@ Conclusions

 JUNO will be the largest neutrino observatory ever built with
unprecedented energy resolution for detectors of this type

 Main goal: determine the neutrino mass ordering with a
sensitivity of 3 - 4 ¢ (with | Am 2|~ 1%)

 First detector to see many oscillation cycles in the same
experiment

* Sub-percent measurement of neutrino mixing parameters

e Very rich parallel physics program, including Supernova
neutrinos, atmospheric neutrinos, solar neutrinos,
geo-neutrino, nucleon decays, and exotic searches

« JUNO was approved in 2013 and the international
collaboration was established in 2014

b Very strong and tight R&D program and construction schedule

* Detector construction will be completed by 2021

Monica Sisti - NuPhys 2019
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The JUNO collaboration

Country Institute Country Institute Country Institute
Armenia | Yerevan Physics Institute China IMP-CAS Germany U. Mainz
Belgium Universite libre de Bruxelles | China SYSU Germany U. Tuebingen
Brazil PUC China Tsinghua U. Italy INFN Catania
Brazil UEL China UCAS Italy INFN di Frascati
Chile PCUC China USTC Italy INFN-Ferrara
Chile UTFSM China U. of South China Italy INFN-Milano
China BISEE China Wu Yi U. Italy INFN-Milano Bicocca
China Beijing Normal U. China Wuhan U. Italy INFN-Padova
China CAGS China Xi'an JT U. Italy INFN-Perugia
China ChongQing University China Xiamen University Italy INFN-Roma 3
China CIAE China Zhengzhou U. Latvia IECS
77 mem r China DGUT China NUDT Pakistan PINSTECH (PAEC)
€ be S China ECUST China CUG-Beijing Russia INR Moscow
from China Guangxi U. China ECUT-Nanchang City | Russia JINR
17 cou ntri es Ch%na Harbin Institute of Technology | Czech R. Che.lrles pniversity Russia. MSU
China IHEP Finland University of Jyvaskyla | Slovakia FMPICU
for a tOtal Of China Jilin U. France LAL Orsay Taiwan-China | National Chiao-Tung U.
632 collaborators China Jinan U. France CENBG Bordeaux Taiwan-China | National Taiwan U.
China Nanjing U. France CPPM Marseille Taiwan-China | National United U.
China Nankai U. France IPHC Strasbourg Thailand NARIT
China NCEPU France Subatech Nantes Thailand PPRLCU
China Pekin U. Germany |FZJ-ZEA Thailand SUT
China Shandong U. Germany |RWTH Aachen U. USA UMDI1
China Shanghai JT U. Germany |TUM USA UMD2
China IGG-Beijing Germany |U. Hamburg USA UC Irvine
China IGG-Wuhan Germany |FZJ-IKP
[ LS i e O e S
=t Al - : i L E 3 e R
Three observers: ===F L8455 afas iy 8, 3 84 0a ki3
* Department of Physics, University of =F B T - S -9 '8 e
Malaya (Kuala Lumpur) = o 3 8.8 n LR %9 A R S
. . - € Iy | 3 (o Ve : = By
* University of Zagreb (Croatia) ¥ g SV 8 Yy N3

* Yale University (USA) _ My R w o
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77 members
from

17 countries

for a total of

632 collaborators

Three observers:

* Department of Physics, University of — 1.8
Malaya (Kuala Lumpur)

The JUNO collaboration

* University of Zagreb (Croatia)

* Yale University (USA)
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Country Institute Country Institute Country Institute
Armenia | Yerevan Physics Institute China IMP-CAS Germany U. Mainz
Belgium Universite libre de Bruxelles | China SYSU Germany U. Tuebingen
Brazil PUC China Tsinghua U. Italy INFN Catania
Brazil UEL China UCAS Italy INFN di Frascati
Chile PCUC China USTC Italy INFN-Ferrara
Chile UTFSM China U. of South China Italy INFN-Milano
China BISEE China Wu Yi U. Italy INFN-Milano Bicocca
China Beijing Normal U. China Wuhan U. Italy INFN-Pade-
China CAGS China Xi'an JT U. Italy mr
China ChongQing University China Xiamen University Italy \ ]
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China DGUT China NUDT A ]
China ECUST China CuUc ™
China Guangxi U. China )
China Harbin Institute of Technoloe~ MSU
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Shanghai JT U. Germany |TUM USA UMD?2
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2000 |

@ Expected background

Antineutrinos

1800
1600
1400
1200

Accidental

Fast neutron
Li/*He
o-n

Geo-neutrino

Main background sources:

 Natural radioactivity

1000 '« Cosmogenic isotopes in LS
800 * Fast neutrons
600
e Muons
400
200
2 3 4 S5 6 7 8 9
E (MeV)
after cuts __
Event type A Rate (per day) Rate uncertainty (relative)  Shape uncertainty
Total Background to gSD candidates 16? 200 <
Signal (BIS) ratio: cos ' ¢ U
~6.3% Accidental signals 0.9 1% negligible
] Fast-n 0.1 100% 20%
’Li-*He 1.6 20% 10%
PC (. n)'°0 0.03 50% 50% 35
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@ Liquid Scintillator purification plants

Liquid scintillator purification pilot plants (in Daya Bay)

system
Steam /N,
Stripping plant |
LS storage
Tank
Water
Extraction
Ultra pure Al,O4
Nitrogen column
Paper Stripping & Distillation pilot plants:
NIM A 925 (2019) 6, arXiv: 1902.05288
36
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@ Calibration system

¢ Main method
= Routinely Source into LS by
v ACU: at central axis
v" rope loop: a plane
= Source into Guided tube
= ‘“sub-marine”: anywhere in the LS

Glove box ACU chamber
h - s 1.4m diameter

5m length T

JUNO CD chimney

¢ Choice of sources & location scan

=  Simulation shows that the response map
of the detector can be obtained

¢ R&D on key technical issues
=  Source deployment
= Source locating system
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11<E3_ <30 MeV
3 events/year before PSD

10

-
T T IIII||.

number of events in 170 ktyrs [MeV]
I

—
Q

@ Diffused Supernova v background (DSNB)

DSNB Observable window — DSNB: <E>=15MeV
sum of backgrounds

CC atmospheric v,

— NC atmospheric v

flux normalization [®]

after PSD

_IIII||'I|IIII|IIII|IIII|IIII|IIII

Super-Kamiokande
— JUNO

90% C.L.

10 15 20 25 30
prompt event energy [MeV]

-
N

18 19 20 21

mean spectral energy <E(v,)> [MeV]

® DSNB rate: approx. 10 core collapsel/sec in the visible universe
® Provide information of star formation rate, emission from average

CCSNe and BHs.

®* Pulse Shape Discrimination to suppress background, mainly

atmospheric neutrinos

® The expected detection significance is ~30 after 10 years of data
taking in JUNO, with ~15 MeV, background systematic uncertainty ~20%
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Energy / GeV

15

-
2

1)

Atmospheric neutrinos

|
o
~
REM

Enerav / GeV

cos 6,

IH

104:"|"'|"'|"'|"'|"'|"' R B B
Juno 10 years ——,cC
Event distribution —v,cc
103:5 _VTCC 3
R = T — v _cc
0] A
w I = e 1 St o v cc
(e»] 2 -
;105 -------- vcc 3
% —— NC
>
T
105' H _E
16I 18“20
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Sensitivity (o)

3.0

Sensitive to MH and 6,,

MH determination via matter
effect

Complementary to MH with
reactor neutrinos

1-2 o for 10 years data
taking

0,, accuracy of 6 deg

25k

1 v I v 1 v I v 1 v | v 1
Electron neutrinos -------- Point-like
[- - - - Muon neutrinos
Electron+Muon

----Track-like
——— Point+Track

Normal Hierarchy

o.0L .

Livetime (year)
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events/36 keV

Geo-neutrinos

Geo-v as a tool to explore the
composition of the Earth and to
estimate the amount of radiogenic
power driving the Earth’s engine

206ph 4 8o + 63~ + 67,
208Ph 4 6 + 45~ + 4w,
VCa+p~ + 7,

Detection channel: IBD

10°

—— reactor antineutrings

==, accidental background

- - = fast neutron background
= “liHe background

== g-n background

E2 pep-neutrinos from U

] ."E":. B oco-neutrinos from Th

anti-neutrino energy/MeV
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3 4 5 6 7 8 9

Number of anti-neutrinos per MeV per parent

Radioactive decay of |
U238, Th232, K40

| R I R S

0.5 1.0 1.5 2.0 2.5

Anti-neutrino energy, E, [MeV]

3.0

Expected 400-500 IBD/y, larger than
all accumulated geo-v events before
Challenge: reactor-v background,
~40 times larger

Precision will go from 13% (1 year) to
5% (10 years)

Measure U/Th ratio at percent level
Interdisciplinary team of physicists
and geologists at work to develop a
local refined crust model (required to

get information on the mantle) 40



@ Proton decay

w - - + —
) Cp—= Kt+v Ht + v %
« Two possible decay channels: arf gl ' g Tk
O - 2.2 us
p-on’+et (favored by GUT) 8t
p-oK'+v (favored by SUSY) EL i
Zr
e Current best limits set by the LS .
Super-Kamiokande experiment o) 10 q 102 107 10t e -
. L riple coincidence signals:
Kaon is invisible in a water 15 T+ = 105 MeV — 7,+ = 12.38 ns
Cherenkov detector 2nd: T v = 152 MeV/E p+ o = 494 MeV
« JUNO will focus on the K decay mode 3rd: 2.2us — Michel electron
to take advantage of the LS technique
0+30
é 10° | LAB + 3 g/I PPO + 20 mg/| BisMSB S
i PRELIMINARY! S 10" E-SuperK. o e UNE:104
£ \.ﬂ T,=3.9ns g‘
102 Excitation by fast Neutrons E ]
Excitation by gamma rays 3 10% 1
M il £ E
1072 3 wm ‘l‘ ’liw A |||I| I "5 N S
104 | | | | | N | 1032 L I o I L I L I L I L
Time difierence (ns) 2010 2015 2020 2025 2030 2035 2040
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