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Reactor νe Spectrum in JUNO

Survival Probability

P (νe → νe) = 1 − sin2 2θ13 ·
(
cos2 θ12sin

2∆31 + sin2θ12sin
2∆32

)
− sin22θ12 · cos4θ13 sin2 ∆12
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JUNO Mass Hierarchy Sensitivity
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Mass Hierarchy Determination
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Fit model against data
Many Experimental Caveats
Detection Systematics 
- Energy Resolution 
- Energy Linearity 
Background-related uncertainties  
Spatial distribution of reactor cores

Phys.Rev. D88 (2013) 013008 
Mass Hierarchy Sensitivity 
100k signal events (20kt x 36GW x 6 years) 
Δχ2: Fitting wrong model - Fitting correct one 

Unconstrained (JUNO only) Δχ2 ~ 10 
Using external Δmμμ (1% precision) 
from long baseline exps: Δχ2 ~ 14
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JUNO Oscillation Parameters Measurement

3 Measuring the νe spectrum allows to perform precise measurements of four
oscillation parameters: θ13, θ12, ∆m2

21 and |∆m2
ee |

Ü sin2 2θ12, ∆m2
21 and |∆m2

ee | can be measured with a precision < 1%

Survival Probability

P (νe → νe) = 1 − sin2 2θ13 ·
(
cos2 θ12sin

2∆31 + sin2θ12sin
2∆32

)
− sin22θ12 · cos4θ13 sin2 ∆12
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Access to four oscillation parameters: θ13 , θ12 , Δm221 , |Δm2ee|  
Measurement of sin2(2θ12) , Δm221 , |Δm2ee| with better than 1% precision
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Oscillation Parameters : Mass Splittings

3 Measuring the νe spectrum allows to perform precise measurements of four
oscillation parameters:

sin2 2θ13, sin2 2θ12, ∆m2
21 and |∆m2

ee |

Survival Probability

P (νe → νe) = 1 − sin2 2θ13 ·
(
cos2 θ12sin

2∆31 + sin2θ12sin
2∆32

)
− sin22θ12 · cos4θ13 sin2 ∆12
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Mass Splittings
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Access to four oscillation parameters: θ13 , θ12 , Δm221 , |Δm2ee|  
Measurement of sin2(2θ12) , Δm221 , |Δm2ee| with better than 1% precision
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Oscillation Parameters : Mixing Angles

3 Measuring the νe spectrum allows to perform precise measurements of four
oscillation parameters:

sin2 2θ13, sin2 2θ12, ∆m2
21 and |∆m2

ee |

Survival Probability

P (νe → νe) = 1 − sin2 2θ13 ·
(
cos2 θ12sin

2∆31 + sin2θ12sin
2∆32

)
− sin22θ12 · cos4θ13 sin2 ∆12
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Mixing Angles
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Access to four oscillation parameters: θ13 , θ12 , Δm221 , |Δm2ee|  
Measurement of sin2(2θ12) , Δm221 , |Δm2ee| with better than 1% precision
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Oscillation Parameters : precision and systematics

3 Measuring the νe spectrum allows to perform precise measurements of four
oscillation parameters:

sin2 2θ13, sin2 2θ12, ∆m2
21 and |∆m2

ee |

Survival Probability

P (νe → νe) = 1 − sin2 2θ13 ·
(
cos2 θ12sin

2∆31 + sin2θ12sin
2∆32

)
− sin22θ12 · cos4θ13 sin2 ∆12
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Oscillation Parameters
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Access to four oscillation parameters: θ13 , θ12 , Δm221 , |Δm2ee|  
Measurement of sin2(2θ12) , Δm221 , |Δm2ee| with better than 1% precision
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Bin-to-bin uncorrelated uncertainty

Energy scale uncertainty
Energy non-linear uncertainty
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JUNO Extended Physics Programme
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Non-Reactor Neutrino Physics

15

UNDERSTANDING OUR UNIVERSE: SUPERNOVA BURST NEUTRINOS

UNDERSTANDING OUR PLANET: GEONEUTRINOS

UNDERSTANDING THE SUN: SOLAR NEUTRINOS
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JUNO SuperNova Neutrino Physics
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Supernova Neutrinos
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J.Phys. G43 (2016) no.3, 030401

✤ Huge amount of energy (3x1053erg) emitted in neutrinos (~0.2M⊙) over long time range 
✤ 3 phases equally important ▶︎ 3 experiments teaching us about astro- and particle-physics

27M⊙

Expected events in JUNO for a 
typical SN distance of 10kpc

We try to be able to handle Betelgeuse
(d~0.2kpc) resulting in ~10MHz trigger rate
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JUNO Geo Neutrino Physics
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Geoneutrinos
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1 TNU = 1 ev/yr/1032 target p 
1 year simulated data
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J.Phys. G43 (2016) no.3, 030401

Earth’s surface heat flow 46±3 TW.  What fraction due to primordial vs radioactive sources?
Understanding of: 

✤ composition of the Earth : abundance of radioactive elements
✤ chemical layering in the mantle and the nature of mantle convection
✤ energy needed to drive plate tectonics 
✤ understand how the  geodynamo, which powers the magnetosphere, works

Detect electron antineutrinos from the 238U and 232Th decay chains

SIGNAL
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JUNO Solar Neutrino Physics
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Solar Neutrinos
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Fusion reactions in solar core: powerful source of electron neutrinos O(1 MeV)

JUNO: neutrinos from 7Be and 8B chains

Investigate MSW effect:  Transition between  
vacuum and matter dominated regimes

Constrain Solar Metallicity Problem:
Neutrinos as proxy for Sun composition

arXiv 1602.01733
J.Phys. G

43 (2016) no.3, 030401

(τ~24min)

(τ~28 s)

(τ~20 s)
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The JUNO Collaboration

Add a slide here

Armenia Yerevan Physics Institute
Belgium Université libre de Bruxelles

Brazil PUC
Brazil UEL
Chile PCUC
Chile UTFSM

China BISEE
China Beijing Normal U.
China CAGS
China ChongQing University
China CIAE
China CUG
China DGUT
China ECUST
China ECUT
China Guangxi U.
China Harbin Institute of Technology
China IGG
China IGGCAS
China IHEP

China IMP-CAS
China Jilin U.
China Jinan U.
China Nanjing U.
China Nankai U.
China NCEPU
China NUDT
China Peking U.
China Shandong U.
China Shanghai JT U.
China SYSU
China Tsinghua U.
China UCAS
China USTC
China U. of South China
China Wu Yi U.
China Wuhan U.
China Xi'an JT U.
China Xiamen University
China Zhengzhou U.

Czech Charles U. 
Finland University of Oulu
France APC Paris
France CENBG
France CPPM Marseille
France IPHC Strasbourg
France Subatech Nantes

Germany ZEA FZ Julich
Germany RWTH Aachen U.
Germany TUM
Germany U. Hamburg
Germany IKP FZ Jülich
Germany U. Mainz
Germany U. Tuebingen

Italy INFN Catania
Italy INFN di Frascati
Italy INFN-Ferrara
Italy INFN-Milano
Italy INFN-Milano Bicocca
Italy INFN-Padova

Italy INFN-Perugia
Italy INFN-Roma 3

Latvia IECS
Pakistan PINSTECH (PAEC)

Russia INR Moscow
Russia JINR
Russia MSU

Slovakia FMPICU
Taiwan-China National Chiao-Tung U.
Taiwan-China National Taiwan U.
Taiwan-China National United U.

Thailand NARIT
Thailand PPRLCU
Thailand SUT

USA UMD1
USA UMD2
USA UCI
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The JUNO Experiment
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A New Lab in Southern China
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Experimental Hall �

Slope Tunnel�1470 meters 

Hornstone�

Granite�

Sandstone�

Daya Bay

Huizhou

Lufeng

Yangjian (2.9 GW operating,

(17.4 GW operating)

(17.4 GW planned)

(17.4 GW planned)

JUNO site

Previous site candidate
Guangzhou

Hongkong

Shenzhen

Macao53 km

53
 km

700 m overburden

Taishan (9.2 GW under construction,
9.2 GW planned)

14.5 GW under construction)

Nice granite structure
at right distance from 
reactors (very lucky!)

Jiangmen City
Guandong province
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JUNO Detector Design

JUNO detector
~700m of stopping material above

➡ maximize photon statistics and minimize 
attenuation of IBD prompt signal
• Largest volume of liquid scintillator to 
date:  >98% LAB (solvent, ~1200 photo-
electrons/MeV) + PPO (solute) and bis-
MSB (! shifter)

25000

7
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JUNO Detector Challenges

C. Jollet - La Thuile 2016

Challenge of the JUNO detector

10

Calibration

Top Tracker

Electronic

Central 
detector

Water 
Cherenkov

LS filling room

Experiment Daya Bay BOREXINO KamLAND JUNO
LS mass 20 ton ~300 ton ∼1 kton 20 kton

Coverage ∼12% ~34% ∼34% ∼80%
Energy resolution ∼7.5%/√E ∼5%/√E ∼6%/√E ∼3%/√E

Light yield ∼ 160 p.e. / MeV ∼ 500 p.e. / MeV ∼ 250 p.e. / MeV ∼ 1200 p.e. / MeV

Stainless steel 
latticed shell: 

ID=40.1 m

Acrylic Sphere: 
ID=35.4 m



JUNO Civil Construction (summer 2018)
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JUNO Civil Construction (summer 2018)

Experimental Hall (TOP) Access tunnel to Exp Hall

Vertical shaft Service tunnel
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JUNO Central Detector Prototype

Applied Antineutrino Physics 2018, LLNLWei Wang/王為 SYSU 16

Central Detector Status: a prototype has been set up
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JUNO Liquid Scintillator

Requirements for Eres = 3%/
√
E

• high light yield: ∼ 104 photons/MeV

• high transparency: att. length > 25 m @ 430 nm

Purification pilot plant

• Check purification effectiveness on U/Th/K and
radioactive gases

• Targeted at least 10−15 g/g

• Under operation at Daya Bay

• Distillation Al2O3, column purification, water
extraction and gas stripping

• > 25 m A.L. after filling (measured)

• optimizing LS recipe, studying radio-purity

• same plants scaled for JUNO
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JUNO 20” and 3” PMTs system

Applied Antineutrino Physics 2018, LLNLWei Wang/王為 SYSU

Packing PMTs as Tight as Possible

20”  
PMT(~18000)

3”sPMT(~25000)
Arranged between 20”PMTs

9

XP72B22
by HZC/Photonis

20” PMTs from NNVT and Hamamatsu
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JUNO Readout electronics

20” PMT system

• waveform sampled at 1 GHz and digitized
close to source

• 3 PMTs readout and digitally processed by
one Global Control Unit Board (GCU)

• digital signal trasferred above water using
Gbit Ethernet link

• run in global trigger or auto-trigger mode

• local DDR memory available for Super
Nova events

3” PMT system

• 128 PMTs are readout and digitized
underwater. Digitization performed with
CatiROC chip.

• system works in photon counting mode (1
hit = 1 p.e.)

• no dead time up to 200 kHz

• excellent time resolution (∼ 50 ps) and
linearity (< 400 p.e.)

Back End Card
(BEC)

HVU

HVU

HVU

ADU

ADU

ADU GCU

PB

UnderWaterBox

Gbit Enterprise
Switch
w/ PoE

LV

CLK

TRG

Signal + HV

DAQ

Sync link

Async link

Anatael Cabrera (CNRS-IN2P3 & APC)

PMT
FEE⊕Digitiser

(128 channels)

SPMT logic readout diagram…  15

(FEE: gain≥10)

PMT Cable
~10m

HV 
splitter
(custom)

HV Supply

Marathon JUNO

HV-Spliter Card
(custom: PUC-Chile)

ABC Card
(custom: IN2P3-France)

128x
1x

JUNO Connectivity
(128 channels)

GCU Card
(custom: INFN-Italy)

8x (redundancy)

128x

power
data

control

power

Under-Water Box
(custom: Chile⊕France)

JUNO DAQ
(surface)

under water

PMTPMTPMTPMTPMTPMTPMTPMT

2x
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JUNO Calibration System

Automatic calibration unit (ADU) 
1D along detector z-axis 

Remotely Operated Vehicle (ROV) 
3D anywhere in the vessel 

Cable Loop System (CLS) 
2D, plane inside the vessel 

Guide Tube (GT) 
2D around outer surface of vessel 

Laser fiber system 
1D-like, fixed positions 

5 complementary system under
development with good progress
results

Alberto Garfagnini (UniPD/INFN-PD) 21



JUNO-TAO

• Taishan Antineutirno Observatory (TAO), a ton-level, high energy resolution LS
detector at 30 m from the core, a satellite experiment for JUNO

• measure the reactor neutrino spectrum with sub-percent E resolution

Ü provide model-independent reference spectrum for JUNO

Ü provide a benchmark for investigation of the nuclear database

• full coverage of SiPM with 50% PDE (-50◦C) + LS Ü 4500 pe/MeV

Ü 1.5%/
√
E photon statistical resolution

Ü < 1% energy resolution at > 3 MeV

5 MeV bump
possible fine structure

arXiv: 1808.03276
energy resolution
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TAO detector structure

• 3 t of Gd-LS in a spherical vessel

Ü 1 t FV: event rates: 30 × JUNO

• 10 m2 SiPM with 50% PDE, operated at −50◦C

• Cryogenic vessel, HDPE shielding, muon veto,
calibration system

• laboratory in a basement at -10 m, about 30-35 m
from the Taishan-1 reactor core (4.5 GW)

Ü fast neutron bkg well controlled with 1 m HDPE
shielding

• plan to be online in 2020

Welcome new collaborators!
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Conclusions

• The JUNO experiment provides vast physics opportunities with its large mass and
unprecedented energy resolution

• Aim at Neutrino Mass Ordering sensitivity 3σ in 6 yrs

• Sub-percent measurement of sin2 θ12, ∆m2
12 and ∆m2

ee

• many other physics topics can be accessed (geo-neutrinos, solar neutrinos,
supernova neutrinos, proton decay, . . .)

• need a precise understanding of the detector response and of the energy scale

• a reference detector, TAO, is planned for precise reactor spectrum measurements
close to the Taishan core

• project well along the realization path

• expected data taking to start in 2021
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