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T2K Near detectors 

INGRID, P0D, FGD, ECAL, SMRD 
use MPPC as PD  



T2K Far detector 

SK PMT developed with Hamamatsu photonics.  
The diameter of the photosensitive area is 20 inch (about 50cm) 
and is the largest in the world. 

SuperKamiokande 
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T2K-MPPC Activities  
@Warsaw University of Technology 

• Involvement in construction of SMRD detector 

• Quality Assurance of MPPCs (approx. 1200 sensors tested) 

– Designed and built fully automated measurement device 

– Development of mechanics, electronics and software for measurement 
control and data processing 

• Detailed 
characterization of T2K 
MPPCs 

– Co-authored T2K 
MPPC paper 

• Involvement in neutrino 
ToF project 

– Built some hardware 
for traveler box with 
Cs clock 

M. Ziembicki, Warsaw University of Technology 
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Hyper-K  

PhotoDetector R&D  



Hyper-Kamiokande 
 Search for leptonic CP 

violation 
 Proton decay search 
 Astroparticlw physics  

 Water Cherenkov detector technology 
 Well-proven technology, with 

excellent performance 
 Scalability (can make big one) 



Additional Near Detectors 





Hyper-K Cross section view 



Numbers 

Photodetectors are the key component of a WC detector. 
The fraction of the photodetector cost is significant (~1/3 of the 
total construction cost in the current estimation). 



Hyper-K photodetectors in the 
baseline design (LoI) 



Many options…. 



R&D of 50cm PDs in Japan 



R&D of 50cm PDs in Japan 

Yusuke Suda (UTokyo), 5th Open Meeting for the Hyper-Kamiokande Project 



Box&Line PMT 

Good photon collection by box shape 1st 
dynode 

Fast time response by line shape dynode 

Box & Line 
Better timing and 1PE resolution 

50 cm photomultiplier tube with box-and-line dynode 



Hybrid Photo-Detector 



50 cm HPD ptototype 











Small photosensors for 
Hyper-K 



Photon detector System 

Km3Net experience: 
Multi-PMT system with small PMTs (DOM) 

Use small PMTs 
 Almost uniform coverage 
 Photon counting 
 Several manifacturer of 

small PMTs 
 Directional sensitivity 
 

Km3Net DOM 

Photodetectors and 
electronics arranged inside 
a pressure resistent vessel 

INFN Naples, TRIUNF and UBC Canada  



MultiPMT in HyperK 

semiDOM (spherical 
geometry) 

DOM structure as 
in Km3Net:  

ID/OD DOM 
→ part of DOM 
looking at inner 
detector, part 
looking at outer 
detector 



Small Photodetectors Options 



 As in Km3Net: 3-inch PMTs 
Key features: 

– timing ≤ 4.5 ns (FWHM) 

– QE ≥ 25-30% 

– collection efficiency ≥ 90% 

– photon counting purity 100% (by hits, up to 7) 

– price/cm2 ≤ 10” PMT 

 
ETEL D792 Hamamatsu R12199 HZC XP53B20 

Neutrino conference, 2-7 June 2014, Boston, U.S.A., M. de Jong for the KM3NeT coll. 



An innovative design for a modern hybrid photodetector based on the combination 
of a Silicon PhotoMultiplier (SiPM) with a Vacuum PMT standard envelope 

GC . Barbarino et  al 
INFN - Napoli 

Photocathode 

Focusing Ring 

The classical dynode chain of a PMT is 
replaced with a SiPM, acting as an 

electron multiplying detector. 

SiPM 

increase the SiPM surface with 
SiPM performnces 

Vacuum Silicon PhotoMultiplier Tube 

VSiPMT 



VSiPM: The industrial prototypes 

Photocathode 

Focusing grid 

Focusing ring 

SiPM  

Prototype ZJ5025 ZJ4991 

SiPM Area (mm2) 1×1 1×1 

Cell size (mm) 50 100 

Total number of cells 400 100 

Fill Factor 61% 78% 

• 7x7 mm2 Borosilicate glass 
entrance window 

• 3 mm Ø GaAsP photocathode  
• p+nnn+ configuration 
• special non-windowed 

MPPC series 

In 2013 Hamamatsu realized 
for us two industrial 

prototype, by arranging a no-
windowed SiPM inside a 

commercial Hamamatsu HPD. 



VSiPM: The prototypes 
characterization 

Excellent photon counting capability 

5 mV/div 20 ns/div 

Peak values istogram 

MEASUREMENT CONDITIONS: 
 

• VSiPMT illuminated by a pulsed 
laser light at low intensity 
(407nm) 

• Oscilloscope  triggered in synch 
with the laser 

• Responses for multiple triggers 
are overlaid  

Well separated waveforms 

Waveforms and spectra 



VSiPMT features 

• Excellent photon counting capabilities 
• Photon Detection Efficiency: ≈23% @ 407nm 
• High gain: 105 ÷ 106, HV-stable 

• Good timing performances: TTS < 0.5ns 
• Low power consumption: 5mW (amplifier stage) 
• SPE resolution 17.8% 
• Peak-to-valley ratio ≈65 



A new project for the 
Realization of a 3-inches VSiPM 

Contacts with companies for new prototypes 

VSiPMT prototypes characterization provided the unequivocal proof 
of feasibility of the device. 

Engineering and design 
phase 
• development of 

VSiPMT 3 inches 
photocathode area 
prototype  

• focusing system for 
linearity and TTS 
optimization; 



Photosensor plans for the UK for 
Hyper-Kamiokande 

F. Di Lodovico et al., 18 June 2014 , 2th EU Hyper-Kamiokande Open Meeting, CERN,  

LAPPDs (Large Area Picosecond Photo-Detector) 





Activities in Hyper-K/nuPRISM 

• Study with the aim of system 
optimization (cost/performance 
ratio): 
– ADC parameters 
– Signal conditioning & shaping 
– Signal processing (optimal FIR 

filters) 
– Impact of noise and EMI pickup on 

system performance 

• Development of Monte-Carlo 
models of electronics chain. 

• Already have some nice data 
• Joint effort with TRIUMF 

R&D on Flash-ADC based DAQ 

100 MSPS/14 
bit 

15 ns shaper 

ADC-only 

ADC+shaper 

EMI? 

Example measured noise spectrum 

ADC 

Shaper 

floating 

floating 

ch0 (ref) 

ch1 (signal) 

Measurement setup 

M. Ziembicki, Warsaw University of Technology 



Activities in US 
• Evaluation of Hamamatsu 10 and 12 inch High Quantum Efficiency (HQE) PMTs 

and ETL 8’’ 9354KB 
• Development and evaluation of three concepts for external light collectors 

 Various light collection options are being studied 
Wavelength shifter+dichroic mirror 
Acrylic Fresnel lens 



Conclusions 

Thanks! 

Many, many activities on PD R&D 
 
Many Jennifer groups involved in this 
development 
 
Jennifer funds will help in keeping the 
activities linked with the Japanese  
group.  
 





Backup  



Requirements on PDs from physics 

A practical way may be to check physics 
sensitivities by HK simulaLons with 
measured/assumed PD performances for each 
option 

Collaborative work with software WG, physics WG, 
and calibration WG 



R&D of 50cm PDs in Japan 











VSiPM: The prototypes 
characterization 

Efficiency is highly stable over 3200 V. 
No need for high voltage stabilization. 

• HV: photoelectron transfer 

   NO power consumption 

(NULL current) unlike PMTs. 

• LV-based gain EASY 

STABILIZATION 

• Reducing the SiO2 coating layer it 

will be possible to reach the plateau 

region at even lower voltages. 

 

Work function 



50 

Simulations 

Electroctatic potential 
distribution inside the 

VSiPMT. 

Equipotential surfaces 
inside the VSiPMT. 

A new project for the 
Realization of a 3-inches VSiPMT 

Focusing optimization 



A new project for the 
Realization of a 3-inches VSiPMT 

SiPM selection and 
characterization 

The prototypes by Hamamatsu 
showed a linearity range much lower 

than expected 

We selected a special non-windowed 
SiPM with a high pixel-number and a 
reasonable noise  in order to achieve a 

wide dynamic range  

SiPM MPPC Hamamatsu S10943-3360 (X) n.1 

V bias 67.15V 

Gain 1.25 x 106 

Dark Count Rate ≈ 400 kcps 

Size 3x3 mm2 

Pixel Size 50 µm 

Number of pixels 3600 
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A new project for the 
Realization of a 3-inches VSiPMT 

3x3mm2 
SiPM 

HV tab  

SiPM 
frame 

Centering 
disc 

Vacuum 
feedthrough 



A new project for the 
Realization of a 3-inches VSiPMT 



VSiPMT vs HAPD 
HAPD VSiPMT 

Drawbacks of the APD solution 
 
- G=Ephe/Ee,h≈10

4-105  
- too low Gain. HV gain required 
- G depending on HV 
- Need a strong HV critical stabilization. 
- Difficult and expensive insulation 

Advantages in the VSiPMT solution 
 
- G > 106 : a factor 10 higher.  
- Low HV, no need for bombardment gain 
only energy for photoelectron transfer 
- Low voltage Gain: easy to stabilize 
- Normal insulation 



VSiPMT vs PMT 
Features PMT VSiPMT Comparison 

Efficiency QEphotocathodex 
ε1dynode(0.8) 

QEphotocathodex 
FillFactor(twd 1) 

≈equivalent 

Gain 106 - 107 105 - 106 PMT 

Timing ns Fraction of ns 
(no dynode spread) 

VSiPMT 

Linearity Depending on gain Depending on #cells ≈equivalent 

Power Consumption Divider Dissipation VSiPMT: No 
dissipation  

Amp. (G=10-20): 
<5mW 

VSiPMT 

Power Supply 
Stability 

HV Stabilization LV easy stabilization VSiPMT 

Dark counts rate 
(new) 

≈ kHz @ 0.5pe ≈ few kHz @0.5pe ≈equivalent (today) 

Photon Counting Difficult Excellent VSiPMT 

Afterpulse (new) ≈10% @0.5pe <0,3% @0.5pe VSiPMT (today)  

Peak-to-valley ratio ≈3 >60 VSiPMT 









LAPPDs 




