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Task 4.1: R&D OF SIPM AS SINGLE PHOTON COUNTERS IN NEUTRON IRRADIATED 
                AREAS

→ SiPM as potential replacement for Belle II single photon detectors in future upgrade (2030) 
     (due to highly increased backgrounds existing photon detectors not usable)

Main challenge: incdeased dark count rate due to 
                          neutron damage 

Ways of mitigation:  
Objectives: 

→neutron irradiation tests of SiPM samples
→effect of annealing 
→ design and fabriaction of readout electronics 
→ light concentrator development 
→ technology and prototype validation in               
     the lab, test beam, and  operational               

environment 

Key people: Rok Pestotnik (JSI), Prof. Samo 
Korpar (JSI), prof. Nishida Shohei (KEK),
Alberto Gola (FBK) custom technology team 
leader



  

Activities in Ljubljana

                                                                             Tests of SiPMs at different temperatures Selection of best amplifier 



  

 

Activities at FBK 

→ Preparation of the clean room to perform the production of samples          
     (funds for the production AIDAInnova Innovation Pilot)

→ R&D of different design changes

→ monthly meetings with FBK 

Developed by CERN (KT funded) and 
University of Barcelona (ICCUB)

Irradiation tests @ TRIGA, JSI, Ljubljana Ongoing tests of full chain with FastIC 
multichannel front-end electronics 



Task 4.2: Development of long-lived microchannel-plate photomultipliers

(presented by E. Torassa, INFN Padova)



Methods of lifetime measurements

→ LED illumination in lab (at the testing stage)

→ dismount from the detector and test in the lab

→ use detector laser calibration system 
    (meant for timing calibration → not reliable for QE)

→ use di-muon events (“standard candle”)

Lifetime – QE drop to 80% of original value

Lifetime measurements of MCP-PMTs installed in TOP counter of Belle II 



→ better understanding of the current 
    MCP-PMT QE degradation is needed 

→ lifetime can be improved if residual quantity  
     of H+, He+, H

2
O+ ions is reduced

 
→ backup for MCP-PMT in future upgrades is  
    SiPM, tests and R&D of these are ongoing 

Secondary signal time delay

Lifetime determinations from di-muon events

Some modules aging faster than 
expected → bad batches?



Passivation layer
S/D (Au, 25nm)
Organic semiconductor
Gate dielectric
Gate (Al, 70nm)
PEN substrate (100μm)

The OPT is 
mounted on a 
socket which allows
to perform tests.

Fabricated by 
CNR-IMM and RomaTre INFN
within the FIRE 
Collaboration.

Effects of illumination on the electrical characteristics in organic thin-
film transistors based on dinaphtho [2,3-b:2′,3′-f] thieno[3,2-b] 
thiophene (DNTT): Experiment and modeling, Synthetic Metals 
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Highly sensitive oonicrganic phototransistor for flexible optical 
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        Flexible fully organic sensor for radiation detection (OPT – organic photo-transistor)

Task 4.4: Study of innovative organic photosensors  (presented by P. Branchini, INFN Roma Tre)
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A setup has been built to perform 
measurements as a function of incident 
light source power (LaserLED pulser)

Light pulse response

10s pulses, 
repetition time: 60s



Next steps:

- couple a scintillator to the OPT in order to build an​ indirect sensor.​

​- characterize the sensor to different particle beams.

Determining limit of detection  



Task 4.3: Development of multi PMTs for large water Cherenkov detector   
                (presented by Alan C. Ruggeri, Charles University)

Hyper-K overview

+ ~500 m-PMTs for Intermediate water 
Cherenkov detector (IWCD)



Hyper-K multi-PMT design

Many tests on the mPMT prototype and its material/components:

- Optical, mechanical and nuclear contamination tests 
  on the UV-transmittance acrylic material

- Water absorption into acrylic sample

- Pressure tests of the external-component vessel

- Functional test of the first prototype in MEMPHYNO lab
  (a second test is scheduled soon with the last design)



Electronics of multi-PMT
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