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K-SiPM: objective of the project
Centro Fermi involved in R&D for SiPM

Project started in autumn 2018

A group of researchers and grants has been created to develop and test SiPM to be used in DarkSide-20k at LNGS:


Researchers 
 Fabrizio Coccetti

 Daniele De Gruttola

 Marco Garbini

Centro Fermi has experience with SiPM and the group is involved in R&D for a novel technology to operate SiPM at 
cryogenic temperature


This activity can be applied at research on dark matter 

DarkSide-20k (approved in 2017) will be a powerful experiment for direct detection in shielded underground detectors 

Two-phase Liquid Argon Time Projection Chamber (LAr TPC) with an active (fiducial) mass of 23 t (20 t) will perform 
direct WIMP  search in the mass range (1 GeV,10 TeV)


R&D is ongoing for vetos (for cosmic muons and for 𝛾 and neutrons) and for details on SiPM configuration and tests 

transition from PMTs to SiPMs was crucial for the experiment

Grants 
 Francesca Carnesecchi

 Carmelo Pellegrino
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DS-20k can reach a sensitivity 1.2×10−47 cm2 for WIMPs of 1 TeV/c2

DarkSide-20k
20.7 m2 active surface
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SiPM: 8x12 mm FBK LF NUV-HD

SiPM for DarkSide-20k

mother board: 25x25 cm2 array of detector modules +
‘steering module’ + optical transmitter

Detector module: 5x5 cm2 SiPM array + front-end electronics
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PMT

 Difficult to operate PMTs at T = 77 K DarkSide-50 experience quite painful: required running PMTs at a modest HV + cryogenic 

electronics (developed by the experiment)

 Expensive (few k€/PMT) - problematic for large area (R&D for ALICE-TOF MRPC originated from PMTs high cost)

 Require HV channels (>1 kV)

 Not a compact device

 Fragile

 Radioactivity not negligible (few mBq/PMT)


SiPM (Pro’s)

 Higher photo-detection efficiency

 Better single photon resolution

 Lower background

 Lower cost

Large volume       very large surface to be covered /tens of square meters)       

5210 channels for the whole experiment

K-SiPM technology

SiPM (Con’s) 

 High dark rate

 Small area      large number of preamps/cables/feedthroughs

 High capacitance per unit area
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SiPM (Pro’s)

 Higher photo-detection efficiency

 Better single photon resolution

 Lower background
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SiPM (Con’s) 

 High dark rate

 Small area      large number of preamps/cables/feedthroughs

 High capacitance per unit area

Large volume       very large surface to be covered /tens of square meters)       

5210 channels for the whole experiment

Group SiPMs and contend with

5x5 cm2 area per channel

Photo detection module (PDM)

Motherboard 25x25 cm2

K-SiPM technology
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Current progress for PDM

First motherboard
PDMs

Setup for cryo tests
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Centro Fermi: people and experience

ALICE MRPC TOF (𝜎t=60 ps, 𝜀∼99%, A=144 m2, 1.5·105 readout pads, 1500 MRPCs) 
 R&D, construction, maintenance, data taking, performance analysis with CR/LHC data (D. De Gruttola - F. Carnesecchi)

Hardware skills of Centro Fermi group

EEE (largest area covered with MRPCs, excellent performance for cosmic rays detection

 R&D, construction and maintenance of MRPCs (F. Coccetti - D. De Gruttola - M. Garbini - F. Carnesecchi)


                                                   

 Run coordination, technical coordination, hardware task force, test on new chambers  


                                                                               (F. Coccetti - D. De Gruttola - M. Garbini - F. Carnesecchi) 

 EEE Offline and data base at CNAF (F. Coccetti - C. Pellegrino)

Scintillators/SiPM, UFSD, MRPC 
 R&D for timing (PhD and publications F. Carnesecchi - SiPM M. Garbini) 

 SiPM were used by our group in PolarQuEEEst (project to measure cosmic rays at North Pole)

LVD and Xenon at LNGS 
 Muon veto (M. Garbini)
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SiPM at LNGS and Naples

 All motherboards will be tested at cryogenic temperature in Naples INFN labs 


 F. Carnesecchi already involved in DS


 M. Garbini experience at LNGS in dark matter search experiments


 D. De Gruttola coordinate Centro Fermi group and contact with Salerno University and INFN

Contribution to SiPM development  

 characterization of SiPM at cryogenic temperatures at LNGS 

 R&D for grouping SiPMs in PDMs at Princeton


Data Base and offline 
 DarkSide Construction Database to be installed at INFN-CNAF Bologna 

 Huge amount of information for each PDM will be stored

 C. Pellegrino                                   

 F. Coccetti 

Centro Fermi: people and experience
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Involving High Schools students

Masterclasses, measurements, seminars, institute visits, project conferences and meeting

Schools outside Italy connected to the EEE projected (both with research and outreach activity)

Outreach experience of Centro Fermi group

Centro Fermi: people and experience

A couple of recent events
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D. De Gruttola 

M. Garbini               masterclasses, videoconference meetings with students, visits, measurement

F. Coccetti 

Starting from EEE schools in:

 Abruzzo - proximity with LNGS

 Sardinia - proximity to Sulcis site ARIA (a project to purify UAr to be used in DS-20k/details in backup)

 Cagliari group (C. Cicalò) is already performing a set of measurements underground with EEE students


Further steps:

 Naples      whole Italy      Europe

 Possibility to join IPPOG

Outreach experience of Centro Fermi group

Centro Fermi: people and experience

}
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Conclusions

SiPM working at cryogenic temperature


Centre Fermi involved in R&D and tests


Past experience of Centro Fermi people from SiPM and large area projects 


Activity applies to dark matter search experiment (DS-20k)


Milestones in 2019


 Milestone 1 - tests and assembling of motherboards containing PDMs for DS prototype 1 Ton 

 Milestone 2 - development of a Construction DataBase to store and retrieve all needed information relates to 


                          each SiPM


 Milestone 3 - development of masterclasses and outreach activity for young students of Italian and European   


                           schools (starting from EEE schools)



Backup
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