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Large area photomultipliers are basic detecting elements
of contemporary large-scale neutrino experiments

They are used in overwhelming majority of large-scale neutrino
experiments
In some experiments — more than 10k PMTs
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8-inch (20 cm) PMTs
Experiment Borexino, ~2200 8 PMTs

Borexino Design

2200 8" Thom EMI PMTs

(1800 with light collectors

Stainless Steel .
) 400 without light cones)

Sphere 13.7m &

Nylon Sphere
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Muon veto:
— 200 outward-
poirting PMTs

Electron Tubes ETL9351B

fiducial volume

_ Nylon film
ABn barrier
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Precision measurements of solar
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£ Measurements of geoneutrino flux
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10-inch (25 cm) PMTs
Experiment lceCUBE, 5160 10” PMTs

IceCube Lab
op
- __— 80 Stations, each with

moemr Hamamatsu R7081

2010: 79 strings in operation
2011: Project completion, 86 strings

50m[—

IceCube Arlr,?‘y B
86 strings including 6 DeepCore strings y
60 optical sensors on each string
5160 optical sensors
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DeepCore

6 strings-spacing optimized for lower energies
360 optical sensors

! |Eiffel Tower
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Bedrock

Starting neutrino astronomy!!!
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20-Inch (50 cm) PMTs

Discovery of neutr
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20-Inch (50 cm) PMTs
Experiment JUNO, ~20k 20” PMTs

e NNVT MCP-PMT

Pure water

filling room
Top Tracker

Hamamatsu R3600

Earth
Magnetic Fiel
shielding coils

Central detector
Acrylic sphere+
20 kt LS+
17,612 20" PMT+
25,600 37" PMT

Water Cherenko
2,400 20" PMT

AS: Acrylic sphere; SSLS: stainless steel latticed shell

Measurement neutrino mass hierarchy



Multi-PMT Optical Modules
Experiments ORCA and PINGU, >200t 3” PMTs

Hamamatsu R14374

HZC XP/72B22




Conclusion

Large area photon detectors play a key role In
running and planning large-scale experiments in
astroparticle physics, Iin neutrino physics in
particular.




