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Organization

Technology sub-session 

which contains general level 

talks on the status of R&D 

towards future detectors

Experiment sub-session 

which contains detailed talks 

on the specific experiment 

R&D and sensitivity studies

Part1

Part2
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History of WC and LS detectors

Glorious history!

Only an incomplete list.
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What’s next

Mass Hierarchy

Nucleon decay

Supernova

Solar neutrino

CP-violation

Atmospheric 

neutrino and θ23

Geo-neutrino

Reactor neutrino 

and θ12

0νββ decay

Sterile neutrino

Water Cherenkov Detector

Liquid Scintillator Detector
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Large LS detector technique and performance

 Determine mass hierarchy with reactor antineutrinos

 Interference between Δm2
31 and Δm2

32

 Requirement to the experiment

 High statistics → large detector and long exposure

 Good energy resolution → increase photoelectrons and control systematics

Ziyan Deng
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Increase number of photoelectrons

Daya Bay MC 

simulation

NEW MC 

simulation

PMT coverage ~12% (effective) 75%

PMT quantum efficiency@430nm 0.2 0.29

absorption length@430nm 25m 77m

Rayleigh scattering length@430nm 40m 27m

LS radius 2m 17.7m

p.e./1MeV 163 1270

>1200PE at 

detector center

Achieve σE/E=3%
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Control systematics

Reduce non-stochastic term is important!
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Detector energy resolution Effective energy resolution 

to MH sensitivity
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Gd doping in water
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Mark Vagins
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LAPPD Matt Wetstein
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Commercialization status
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ANNIE

 Accelerator Neutrino Neutron Interaction Experiment

 A US based R&D water Cherenkov facility

 Phase I – test runs: ~2016

 Phase II – first physics run: ~2018

 Phase II – second physics run: ~2021 14



JUNO central detector R&D

 Composition

 Acrylic sphere: Φ35.4m, 600t

 Stainless steel frame: Φ40m, ~400t

 Connecting nodes: ~500

 Diagonal brace: increasing stability

 20 inch PMT: ~17,000

 Acrylic sphere

 More than 170 pieces of acrylic, ~ 3m x 8m x 

120mm for each piece

 Sample pieces are made

 Quick bonding (~6h for curing)

Jie Zhao

15



Mechanics design and strength analysis

 Joint of the Acrylic and Truss 

 The maximum breaking strength of scaled node is above 51tons

 Shell is strong enough to support acrylic sphere

 Acrylic sphere’s stress is less than 5 MPa

16



Installation

 Building sequence: steel frame—Acrylic sphere—PMT 

installation

 Steel frame built: from bottom to top

 Acrylic sphere built: from top to bottom

 PMT installation: from top to bottom, window element
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Schedule and milestones
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SNO+

6000 mwe undergroundDetector

Physics

Phase I: mββ ~ 55-133 meV

Phase II: mββ ~ 19-46 meV

Ian Coulter
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Tellurium Loading
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 Detector upgrades

 Improved electronics

 New optical fibre calibration 

systems

 Repaired PMTs

 Hold-down ropes installed

 New scintillator plant 

constructed

 Phase of SNO+

 Water phase

 Pure scintillator

 Te-Loaded scintillator
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Hyper-Kamiokande Yasuhiro NISHIMURA
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HyperK R&D
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50cmΦ photosensor candidates

24



Timeline 
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KM3NeT/ORCA

 Measure the mass hierarchy with atmospheric neutrinos

Particle ID by distinguishing `track-

like' events from 'cascade-like' events.

Martijn Jongen
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Detectors
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Performance 

~3σ in 3 years of full 

detector operation 28



PINGU Joshua Hignight
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Mass hierarchy

3σ determination of mass hierarchy 

with 3-4 years of data

NMH sensitivity strongly dependent 

on true value of θ23 30



Others physics in PINGU
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Water-based Liquid Scintillator Detector Josh, Klein
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Plenty of physics possibilities

 Nucleon decay

 Sterile neutrinos

 Long baseline program

 …

Solar neutrino: need 

“statistics of Super-K with 

light yield of BOREXINO” 

to measure transition region

0νββ decay: a larger 

KamLAND-Zen 

(best limit so far)

Geo-neutrinos

Supernova 

burst and 

diffuse

34



Summary

 Glorious history of Water Cherenkov and Liquid 

Scintillator detectors in the neutrino detection

 Future WC and LS detectors: larger, better

 Rich physics possibilities

 Technical challenges exist

35


