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@ Current Status of PMNS Matrix

Six independent parameters govern the neutrino oscillation
and were measured with precisions at a few percent level

Atmospheric, accelerator Solar, reactor L~60km

3
|Va>=EUai|Vi> .--
i=1 Upins =

Reactor L~2km, accelerator

Ref. NuFIT group http://www.nu-fit.org/?q=node/238

_ Bestht [
NO 10

Am3, (eV?) 7.42X107° ~2.8%
Am? (eV?) 2.510x1073  2.430x1073 ~1.1%, sign is unknown
sin?6,, 3.04x1071 ~4%
sin?0,3 22461072  2.241x1072 ~2.8%
sin%6,, 4.50x1071 5.70x1071 3~6%
Ocp 223° 278° 9~18%

With SK data Am? = |m3 — (m? — m3)/2]


http://www.nu-fit.org/?q=node/238

&) still Unknows---

Neutrino Mass Ordering (NMO)

Leptonic CP-violating phase §.p in the PMNS matrix

Octant of the mixing angle 0,5

Precise values of mixing angles and mass splittings

Majorana (neutrino identical to anti-neutrino) or Dirac particles?
Sterile states or only 3 flavors?

Lorenz Invariance Violation?

Non-standard interactions?

o000 0

JUNO'’s Main Goal:
Determine neutrino mass hierarchy (MH)

*** Not dependent on: m? — m’
CP-violating phase and 0,3 octant TR
. V.

o g
my=—— ——MH~

solar~7x10eV?2 !
sl gy

atmospheric
~2x1073eV?

atmospheric

my2 ~2x10-3eV2

solar~7x10-3¢V2

2 2
my=— —my




‘) Measurement Strategy

/ L \ .
A delayed v .- @
n y o
/ I
\ ~
L@ v 236 /
- ¥

Inverse Beta Decay (IBD): Vv, + p — et +n ”“"“*"\: ¥ (2.2 MeV)

prompt
p . ~few ns

* Prompt signal: annihilation process i
7 (Sl keV)«---® - -7 (511 keV)

* Delayed signal: neutron capture f
* Prompt + Delayed coincidence provides distinctive signature

The determination of the mass hierarchy relies on the identification on the
positron spectrum of the “imprinting” of the anti-v_survival probability

_ 2 2 2 2 2
Py 5, =1 —5in*20,3(cos*0;;5in“Az; + sin“0;,sin“A3;)
—c05*0,35in?20,,sin*A,,

x103

120 [ 2000 days of data taking  —— No oscillations
AmijZ = mi2 = mjz A AI'I'I_?J- 3 ; Only scl)lardterm
epoun L —— Normal ordering
2 5 a\/2 44— B
Am, 22158 105EN ] 4FE 100} —— Inverted ordering
| Am_ 2| = 2.5 x 103 eV? > 0 k
80
NH: [Am3, | = |[Am%,| + |Am3, | = =8
H: |[Am},| = [Am%,| — |Am3, | g cok )
" .
2 sin” 260,
sin%(8,,) = 0.307 + 0.013 2 l sin? 20,4
y 40}
sin%(6,,) = (2.18 + 0.07) x 107 oF
20f ) VP |<—2 f
Ams, Ams,
O'HHIH.|...‘|..‘.l.‘..l‘..}l...‘l..‘.




@ Keys to Precise Measurement

“* JUNO will determine NMO at 3¢ in 6 years of data taking.

100 days 6 years 20 years
e R iay

Dominant Exps. T2K KamLAND SNO+SK

Individual 10 2.6% 2.4% 4.5%
102, JUNO Simulation Prelimary | |

PDG2020 1.4% 2.4% 4.2%
JUNO 6 years ~0.2% ~0.3% ~0.5%
10 10° w0 T

To achieve:
> Baseline optimization: 53 + 0.5 km — G detaarnstme e

> Excellent energy resolution: 3% /VE[MeV]
We should have

Powerful source: 2 power plants sperate by (26.6 GW,, in 2020, later 35.7 GW,;,)
Ideal baseline: ~52.5 km (distance between target and reactor core)

Shielding: 700 m underground - Muon event rate: ~3 s

Huge target mass:

Single 20 kt LS detector ~10° events in 6 years detected via IBD

Superb energy resolution: 3%@1 MeV

- High-yield scintillator: attenuation length > 20 m @ 430 nm

- ~78% photo coverage for Large PMT

v’ Systematics suppression:

- Unique combination of two sets of PMTs: 17k 20-inch PMTs + 25k 3-inch PMTs

Relative Precision [%]

NSNS

N



) JUNO Collaboration
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() Location

v Powerful source: 10 nuclear reactors
v" Ideal baseline: 52.5 km
v" Shielding: 700 m underground - Muon event rate: ~3 s

Guangzhou >4

: &7!;' gn'gl\o " RS

© o VT
ﬂﬂ_- . ----

Macao

,'

s ; Da]‘i;;r;‘g ;*ciI‘

;“ ;r
Hong Kong = ¢~ sy 2ok
Taishan /477

Shenjing

§~ \/,7C.uanqhai-'
N 22°07°05", E 112°31'05” \\ 2
Jinji town, Kaiping city, 2 =
Jiangmen city, Guangdong province  "~.
Cores YJ-1|YJ2|YJ3|YJ4)|YJ5|YJ6|TS1| TS-2]DYB| HZ
Power (GW) 2.9 2.9 2.9 2.9 2.9 2.9 4.6 4.6 174 | 174
Baseline(km) | 52.74 | 52.82 | 52.41 | 52.49 | 52.11 | 52.19 | 52.77 | 52.64 | 215 | 265




‘e O

-Core coIIapse SUpernovae i

~104 IBD/10 s @10 kpc

DSNB

12evts/year”

= Reactorv
~60/ da s

26.6 GW'™3 km

<. Several / day

;Atm()s;\)l'ije.r_i'c' \}

Solarv

- tens of 2B- v/day SO ENE
N ‘ 10s—10005/day
.Cosmlc Ray L BT e

 250k/day 0.003 Hz/m?, 215
. GeV 10% mult;ple muon, -.

4:

-'-._"'-' ;

JUNO:Multiple Purpose Observatory

DSNB: Diffuse Supernova Neutrino Background

JUNO Yellow book . e
J. Phys. G 43, 030401 (2016)
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Core- collapse SUpernovae | ,.;Atmosl‘alieyr_ic'v L N
E g Solarv ;-

N =" tens of B-v/day’

- )

v, \ Y f
F ——— HKKM14 v, Flux W/ osc.) Sty i o8 =

JUNO - This work (5 yrs) v, [ JUNO

: =44 Physics and Detector, o =6y reactor ¥ (30)
o HKKM14 v, Flux (w/o o

L HKKM14 v, Flux (w/ o a)f‘X|V 2104 02565 A e ‘ '. o [—10y®Bsolarv

O 0.5 1

Iug (E, /GeV)

- JUNO Phyéics and Detectzb
3 arXiv: 2104.02565

L 1 1 1 1 1
015 02 025 03 035 04
sin’,,

number of events in 170 ktyrs [Me\r*]

Ry pyuny b x

events/36 keV

JUNO Physits and Detector,

1 10 102 10°
hit time (ns)

160,00

anti-neutrino energy/MeV

DSNB: Diffuse Supernova Neutrino Background JUNO Physics and Detector, arXiv: 2104.02565



VETO System

Top tracker

* Precision muon tracking

* 3 plastic scintillator layers

e Covering half of the top of the
water pool

Water Cherenkov veto pool

e 2400 20” PMTs

e 35 kton ultra-pure water

* Efficiency >95%

* Radon control 2 < 0.2 Bg/m3

Compensation coils
* Earth magnetic field <10%
* Necessary for 20” PMTs

Calibration System

Automatic Calibration Unit (ACU)
Cable Loop System (CLS)

Guide Tube Calibration System(GTCS)
Remotely Operated Vehicles (ROV)

Central detector (CD)

* Optical separation: Acrylic sphere
Stainless Steel Latticed Shell
20 kton Liquid Scintillator
PMTs: 17k 20" PMTs + 25k 3" PMTs
Ultra-pure water buffer (2 m)




[JUNO collaboration, NIM-A 988, 2021]

{=) Central Detector (CD)

> Liquid Scintillator % Strategy for improving

LAB purification:
B Requirements for JUNO LS 1. Al203 filtration column
* Lower background for reactor antineutrino physics: >optical properties improvement
238<10-15g/g, 232Th<1013g/g, 40K<1017g/g 2. Distillation
* High light yield: 10* PE/MeV ~>heavy elements removal/transparency improvement

3. Water extraction
->U/Th/K radioisotopes removal

4. Steam/Nitrogenstripping
->Gaseous impurities- Ar,Kr,Rn-removal

inear alkylbenzene . < Monitored during filling by OSIRIS

concentration of flour need to be optimized
* Long attenuation length: >20 m@430 nm

% Composition:

4

LAB + .
| Online Scintillator Internal Radioactivity Investigation System
PPO (2.5 g/L) + oo !
. Wate Tk esd Tk [ B
bis=MSB (3 mg/L) / PSS,
= : 4x Top T il
W Muon Veto PMTs
. " PPO i
/ v Steel Frame with ———
[\, . — 7‘ g 8
s J - optical separation I
\ : A} 7m x 8m
, Foes bis-MSB /ot , P
34 ;0 Mission 1:‘; RS A 20" PMTs \—’ N
\\ - 3 q1) b
N A LT - h‘l' R VE
nm’ t x 4 4 N Acrylic Vessel Q
\i\ ; nS /v/’," 9 17t of scintillator
N b " = 3mx3m
ﬁ/)l(uci:'?:J/SSOPMTs '@ i e — , '.i_.-r.;




» Acrylic Sphere:-

35.4 m diameter, 120 mm thickness, 600 tons

= Requirements:
* Transmittance >96%
* Radioputity (U/Th/K <1ppt

Lo O e » &<
' “» & o

™ ® ®| ® - -

Acrylic node

g
A7)

t) Central Detector (CD)

Current status:

v’ Pannels producting and nodes bonding
v Pre-Assembly of the installation platform

| g i Kl ..? i ‘" .
Pre-assembly of the
Installation platform

12




> Stainless Steel Shell

SS structure to hold a acrylic sphere and to mount PMTs
v’ Supporting bar to hold the Acrylic tank
v’ Stress of acrylic <3.5 MPa everywhere

- ST e

40.1 m diameter :
RN

590 tons \\

* 590 connecting bars B\

Su

t) Central Detector (CD)

Curvent status:

v' SS shells are producting
v" Anchors are embedded inWP




{=) Central Detector (CD)

» Double Calorimetry System

 >75% photo coverage Curvent status:

e LPMT: energy resolution 3% @ 1MeV » LPMT:
17612 20” MCP PMTs for €D (~75%) v’ Production:
2400 20" dynode PMTs for \Veto; * 5000 HPK dynode PMTs + 15000 NNVT MCP PMTs

« sPMT: control of systematics i Al de”VIfo ;—’ﬂzgg? qgg;lfiegf nd?vy: -
25600 3” PMTs (~2.7%); average ojor LD (requirea/aime 6

.,,,, v' Waterproof potting
HZC Photonics v' Implosion protection:

Production/assembly/installation are going on

o
¢ . [
[ Freld

............ : > SPMT:
et ' . v’ Production(~65%)/Waterproof
potting/Acceptance testing are goin on

MCP: micro-channel plate



a H B JUNO Calibration, JHEP 03
) callbratlon Sy Stem (2021) 004, arXiv:2011.06405
; B The challenge:

 overall energy resolution: < 3%/,/E[MeV]
e energy scale uncertainty: <1%

Calibration systems
e 1D: Automatic Calibration Unit (ACU)
—> central axis scan
e 2D: Cable Loop System (CLS)
—> scan vertical planes
Guide Tube Calibration System (GTCS)
— CD outer surface scan
* 3D: Remotely Operated under-LS Vehicle (ROV)
— whole detector scan
* Auxiliary systems: Calibration house, Ultrasonic Sensor
System (USS), CCD and A Unit for Researching Online the

LSc tRAnsparency (AURORA)

JHEP 03, 004 (2021)

Sources/Processes | Type Radiation
137Cg 5 0.662 MeV
54Mn % 0.835 MeV
60Co v 1.173 + 1.333 MeV
40K 5 1.461 MeV
BGe e™ | annihilation 0.511 + 0.511 MeV
241 Am-Be n, v neutron + 4.43 MeV (12C*)
L K190 n, vy neutron + 6.13 MeV (160*)
(n,y)p v 2.22 MeV 15
(n,y)12C o 4.94 MeV or 3.68 + 1.26 MeV




(=) Veto System

> Goals of veto

 Shield rock-related backgrounds
* Tag & reconstruct cosmic-rays tracks

» Top tracker
, e = =< * Precise muon tracking
e s+ Only partial coverage
. * Re-using the OPERA’s Target Tracker
(3-layers of plastic scintillator, 49 m?/module)

) ¢ * New electronics cards designed to account for 100
| A\ T o x higher radioactivity from rocks at JUNO site
» Water Cherenkov detector

e ~2400 20” MCP-PMTs
=t * 35 kton ultrapure water with a circulation system
a1 * Efficiency > 99%
 Radon control - less than 0.2 Bg/m3

X | .

» Earth magnetic field (EMF) shielding system

i



-\ A satellite detector of JUNO — TAO
@ Taishan Antineutrino Observatory

Planned to be online in 2022 TAO CDR, arXiv:2005.08745
Physics goals: Location:
1. Provide reference spectrum for JUNO Laboratory in a basement at -10 m,

2. Provide a benchmark to examine nuclear database ~ ~30 m from Taishan core (4.6 GW)
3. Measure isotopic neutrino spectrum
4. Reactor monitoring

5. Sterile neutrino

ACU Plastic
Scintillator

L Top Shield (HDPE)
3" PMT

Lwaer Tk D@SIGN:

P ovellovTak o Target: 2.6 ton Gd-LS in total

| GdLs (1 ton fiducial target, 4000 v’s/day)

mas 10 m2 SiPM, with PDE> 50%, Coverage: >95%
- mesppt * Effective Light yield: ~ 4500 p.e. / MeV

Ve * Energy Resolution: ~ 1.8% @ 1 MeV

- SS Tank
L Insulation (PU)

Bottom Shield
& (Lead)

[ M PR sl P N L T v T T, T e R e, Vet L, e | et T e e i, PR S S R



) Civil Construction

» Civil construction for underground site started 2015

Slope tunnel
1340m

Vertical shaft
581 m

S5

o— ‘|§ footprint:

~5600 m?2
Sept 30, 2021




@ Summary

» JUNO will be
v' multipurpose experiment
/ first experiment to measure two neutrino oscillation modes S|multaneously
v’ able as i illati i




