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IMPRESSIVE PERFORMANCES …

Except small area and large dark current



INTRO

▸Low dark noise at room temperature over large area

▸SiPMs are way too noisy for water Cerenkov and liquid 

scintillator

▸Simplify the gain stage -> cheaper

▸Smaller transit time spread

▸Easier to manage field line to a flat gain stage

▸Possible imaging capabilities
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WHY HPD FOR ASTRO-PARTICLE 
PHYSICS?



INTRO

▸Other existing HPD

▸CUPID/SIGHT

▸Chinese PMT for JUNO

▸ABALONE

▸VSiPMT

▸HPD development in Canada: the digital HPD
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OUTLINE



LOW 
RADIOACTIVITY 
HPD
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▸UCLA – Hamamatsu 

collaboration

EXISTING HPDS



EXISTING HPDS



EXISTING HPDS 8

ABALONE - FOR COMPLETENESS

Plastic scintillator
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PMT (<1kHz at 0.5PE)

This dark noise is way to high



HPD IN CANADA

▸ Use VUV SiPM design to reduce HV

▸ Very thin dielectric on top of Silicon (~20nm)

▸ Very shallow junction with collection very close to the surface 
(from a few nm)

▸ Play some tricks to generate multiple avalanches per photo-
electrons

▸ Use digital 3D integrated avalanche diode

▸ Photon to digital converters

▸ Then with other issues: PE back scattering, photons from 
avalanches saturation
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DOING BETTER THAN VSIPMT



▸A concept from 5 years ago

▸JP Janez will implement this concept at UofA, probably 

differently
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TESTING THE GAIN STAGE

e-

1-20kV GND

375nm light

Focusing 
lens

SiPM, APD,…
or CMOS for position

mapping

Vacuum box

Translation stage

3mm

10cm

Few µm
spot

“Photo-cathode”

216nm



▸ Isolate gain stage
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U.ALBERTA ELECTRIC FIELD



OUTLOOK

▸Design and build dedicated single electron avalanche diode 

array

▸ Integrated in Sherbrooke’s 3D integrated scheme

▸Tailor CMOS chip for this purpose

▸Test gain stage using dedicated setup

▸Collaborate with PMT manufacturer for delivering a final 

product
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LETS BUILD A LARGE AREA 
PHOTON TO BIT CONVERTER IN 
CANADA


