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Mass Ordering (MO)

A Normal Inverted A , e s
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‘ Why measure MO?
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e define OvBP sector
* hint origin of neutrino
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... and how to measure it
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Requirements for measuring MO:

Arbitrary unit
=
)

 |ow energy scale uncertainty

E— ; —— Normal hierarchy
e position with advantageous - verted ierarchy
L/E ratio ME
* low energy threshold 03§
 excellent energy resolution 0n _ .-": |

»
*-
-

10 15 20 25 30
L/E (km/MeV)



Henning Rebber JUNO Overview

00 0 8
i S e O O D PP S o
_ ey i S P PRPR O R PR

Pl kil
-

Requirements for measuring MO:

position with advantageous
L/E ratio

low energy threshold
excellent energy resolution |

|

low

.
’

v energy scale uncertainty |
.‘ /“, ool | i,

JUNO Group Report
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e ~53 km distance to two
nuclear power plants
(35.8 GW P,,)

e 20 kt liquid scintillator

e acrylictank: @ 35.4 m
(PMT sphere: @ 40.1 m)

Requirements for measuring MO: | |22 eiBA\ ) . ~18,000 20" PMTs,
I8 R ~36,000 3” PMTs
position with advantageous | & > 77% coverage
L/E rati'O | el o ? :1:;:: e (OF = 30%
low energy threshold T .
exce L\Ient energy resolution _ Bl e coils to shield EME

Iovy ¢\n\§rgy scale uncertainty

> AE/E = 3%//E(MeV)
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e ~53 km distance to two
nuclear power plants
(35.8 GW P,,)

75 RSN * 20 kt liquid scintillator
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e acrylictank: @ 35.4 m
(PMT sphere: @ 40.1 m)

Requirements for measuring MO: | 7 '_ . ~18,000 20" PMTs,
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position with advantageous - 77% coverage
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signal channel:

 inverse beta decay (IBD)
e delayed coincidence
signature
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signal channel:

 inverse beta decay (IBD)
e delayed coincidence
signature

=t PP B PR s
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= T 57.9 “Waveform reconstruction with the o oy fu rther: background
deconvolution method for JUNO” by M. Schever |\ X .i reduction:

—> T 80.2 “Topological track reconstruction in ‘ \ * ~700 mrock
unsegmented multi-kiloton liquid scintillator  f%\ - 4 overburden (£1900
neutrino detectors” by S. Lorenz M.W. e.)

T 80.4 “Studies on muon track reconstruction saIn = 3 muons/s
with the JUNO liquid scintillator neutrino e top tracker (OPERA)
detector” by C. Genster 12 e ultra pure water

buffer as Cherenkov

T-80.9 “Vertex reconstruction in unsegmented ¥ pligll )
liquid scintillator detectors” by D. Meyhdfer IZ A veto (2400 20” PMTs)

e after cuts:
60 IBD/day vs 3.8
background events/day
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MO Sensitivity

= Amg,
Py 5, =1- sin22®13kcos2 01, sin” Az; + sin“04, sin® A3,) | Ajj = Amy;L/AE
— cos* @3 sin? 204, sin® A, E: neutrino energy
L: distance to source

BT T 1T median sensitivity on MO after
r Normaltrue MO 100k IBD (6 yr of running):
20 |
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0t precision of measurement of solar
,?f True MO (ideal) oscillation parameters:
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T R vo (e e sin? @, :0.54% (current: 4.1%)
. — e Am3,:0.59% (current: 2.6%)
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Further Studies
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v, Burst

Accretion Cooling
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Core coIIapse supernovae .
5000 IBD/1O S @10kpc - ’

} Channel Events for
(E,) = 14 MeV

Vo+p-oet+n 5.0 x 103

Vet DOV + D 1.2 x 103

[l v, teovte 3.6 x 102
huge statlstlcs (~ Super-K) )
separate detectjon of v,, ¥,, v, R C o vt RO 3.2 x10°
i R
\ p al e e; X \ - _. _ Ve+12C—>e_+12N 0.9 % 102
K probe modelsw.rt. - . SR e

| . N-T\] | N .+ 2C-> et +1%B 1.1 x 102
- e time evolutlon' ) e :

* . ‘energy spectra -
* flavor contents
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core coIIapse SN rate
average, spectrum
3 strong atmospherlc V background_
; '30 expected for. observatlon
_‘after 10 yr -
- ‘even'non-detection could
: 'trghten current I|m|ts-
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= DSNB: <E,>=15MeV
= sum of backgrounds
reactor v,
CC atmospheric Vv,
—— NC atmospheric v
—— fast neutrons
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Physics Potential
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Civil Construction
Groundbreaking on Jan 10, 2015

slope tunnel: 1055m out of 1340m

vertical shaft: 513m out of 630m
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Liquid Scintillator (LSc)

20 kt LSc: organic linear alkylbenzene (LAB) solvent
+3g/| PPO
+ 15 mg/| bis-MSB
specifications:
 high light yield: ~10* ph/MeV
- 1,100 pe/MeV
* high attenuation length L ,,: > 20 m
 low radioactivity: < 15 °g/g (U, Th)

T 57.6 “Determination of the kB parameter of LAB based
scintillators for the JUNO experiment” by K. Schweizer

T 57.7 “Online monitoring system for the liquid scintillator
transparency in the JUNO Central Detector” by W. Depnering

T 80.3 “Status of the PALM Experiment for JUNO” by S. Prummer

T 112.6 “Positronium Lifetime Determination in Linear

Alkylbenyene based Scintillator for JUNO” by M. Schwarz

light yield

by g legoqg o] 3 gegog P g geal g gt gy g logog g

PPOg/L

e precise measurement of

L. and quenching

e online monitoring of

transparency

HaC(CHy) Ny (CH2hCHs
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LSc Filling
- T57.8 “An On-line Attenuation length Monitor for JUNO”

by H. Enzmann e gaseous nitrogen used to

S . revent radon contamination
- T 112.5 “Radon Monitoring in gaseous Nitrogen used for preve ado _CO d atio
the Filling of the Central Detector of JUNO” by P. Landgraf and contact with oxygen

e online monitoring of gas
pressure, radon, L., mech.
stress, filling levels

- T 112.7 “Monitoring Systems for the Filling of the Central
Detector of JUNO” by H. Steiger

Calibration System

e 1D: Automatic Calibration Unit (ACU) may 00202 (Centraloable g

e 2D: Cable Loop System (CLS), .% VP. Spool drive
Guide Tube Calibration System (GTCS) T Water Line

* 3D: Remotely Operated Vehicle (ROV) ACU S Side cable

\

pulley

CLS ' \
Sources ~
phOtOnSZ 4OK, 54|\/|, GOCO, 137CS source ' ROV
positrons: 2°Na, %8Ge GTCS \‘ ,? .-

neutrons: 241Am-Be, 241Am_ 13C, 241pu_ 13C, 252Cf source

18
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PMT System: Double Calorimetry

proposed PMT module

size 20” 20” 3”

manufacturer NNVT Hamamatsu ?

type MCP dynode

units 15k 5k 36k

QE@400nm | 26(T) + 4(R)% 30%

TTS 12 ns 3ns short

large PMTs: small PMTs:
e requires characterization of e better timing properties

every single PMT * higher energy dynamic range

 mass testing about to start  no supplier chosen yet

NNVT Hamamitsu

i-:f’"'\_7>

1
|

- T57.5 “A PMT Mass Testing Setup for the JUNO
Experiment using commercial shipping
containers” by A. Tietzsch
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Readout Electronics

DAQ
BEC Power
Back End Card
Trigger ‘ \ Timing
1PowerABoard 3

‘ N\ rB
G |
: x 18 000 : : LGCU '
| ol
GCU PB Shielding Disk |
A ‘ a3
PMT B Gobal Control * Power j ¢

j Base ]

Unit Board

1

* control and readout = T96.5 “Development of intelligent Photomultipliers
integrated into PMT housing: for the JUNO Detector” by F. Lenz

intelligent PMTs
* highly-integrated receiver chip

including FADC

e further data management in —> T 96.7 “The Digital Control Unit of the highly-
FPGA Integrated Receiver Chip for JUNO” by P. Muralidharan

- T 96.6 “A Highly-Integrated Receiver Chip for the JUNO
Experiment” by A. Zambanini
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Summary and Outlook

JUNO Group Report

JUNO: A next generation, 20kt LSc detector in China with the purpose to

determine the neutrino mass ordering with reactor anti-neutrinos
(“Neutrino physics with JUNO* - J. Phys. G 43 (2016) 030401)

 Furthermore, high potential regarding terrestrial and astrophysical neutrinos

e Significance: = 30 after 100k IBD events (£ 6 yr of data taking)

 funded project

2013

econceptual
design

ecivil design

2014

einternational
collaboration
established

estart civil
construction

2015

*PMT production line
manufacturing

2016
estart PMT
production

estart detector
production

2017

e start PMT
testing

Collaboration: 71 international member institutes, 486 scientists

2019
efinish civil
construction

estart building
central detector

beginning of next

. . decade:

start data taking
2018

*PMT
potting
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