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K-SiPM 
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• The Centro Fermi K-SiPM project (started in 2018) is a R&D activity (and 
not only) in the context of the DarkSide experiment (approved in 2017).

• DarkSide-20k will be a powerful experiment at LNGS to directly detect Dark 
Matter.

• It is a two phase (Liquid/Gas) Argon Time Projection Chamber.

• The technological breakthrough in the DarkSide experiment is the use of 
SiPMs at cryogenic temperature  instead of traditional PMTs. 

The Centro Fermi Group 

Researchers 
• D. De Gruttola (P.I.) 
• F. Coccetti 
• M. Garbini 
Grants 
• C. Pellegrino 
Associate scientists 
• F. Carnesecchi

The Expertise 

• Advanced de tec tors fo r 
particle and astro particle 
physics (ALICE, EEE, LVD, 
XENON) 

• Computing 
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The Centro Fermi Activities
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- Participation to the assembling, test 
a n d c h a r a c t e r i s a t i o n o f t h e 
photodetectors of the DarkSide 
Experiment 

- Development and maintenance of the 
DS construction Database 

- Outreach activities 

Detector construction
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DM detector recipe
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- Some tons of Noble gas, 

Argon works better 
- Make it clean 
- Make it cold until liquid 
- Cook it underground 
- Wait 
- …. 
- Keep waiting
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The DarkSide Program
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Transition from PMTs to SiPMs both for threshold and background mitigation 
R
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PDM: PhotoDetectionModule

* 450 PDM
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Photodetectors for DS
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The whole Centro Fermi group is collaborating to the activities of the DarkSide 
Photoelectronic (PE) group in charge of the assembling&tests of the PDMs and MBs 
of the DarkSide Program (from Proto-0 to DarkSide-20k).

2019 activities: 

• Weekly PE meetings 
• Collaboration meetings 
• Construction (in agreement with Bologna INFN Section) of a MB mechanical 

mockup for tests in PROTO-0 
• Participation to the first PROTO-0 functional tests 

Foreseen 2020 activities: 

• Weekly PE meetings 
• Collaboration meetings 
• Participation to the assembly of PMDs for PROTO-1 
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From SiPM to the PDM to the MB
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8x12 mm2   
NUV-HD-Cryo SiPMs 
from FBK-LF

5x5 cm2  + FrontEnd: PDM

25 PDMs (25x25 cm2)  + Steering 
Module + Optical transmitter

SiPMs Pros’ 

• High PhotoDetection 
efficiency 

• Better Single Photon 
resolution 

• Lower background 
• Lower cost

Detector Nb. of MB Nb. of PDM Nb. of SiPMs
PROTO-0 2 50 1200
PROTO-1 18 450 10800
DS-20k 344 8280 198720
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Assembly of mockup @ Bologna
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Construction of a MB mechanical mockup for 
tests in PROTO-0. 
No SiPMs on the PDM but just wire bondings. 
The mockups has been used at CERN to  
-check mechanical interferences in the 
PROTO-0 TPC 
-establish mounting procedures 
-define cool down and warm up procedures  

Test successful —> proceed with MB test

A l s o p e o p l e f r o m 
Salerno Univers i ty 
people joined during 
this phase
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First Tests of MB @ CERN
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• First MB mounted in 
the PROTO-0 TPC 
at CERN 

• First functionality 
tests in liquid Argon 

• Tests on MB 2 in 
Gas phase finished 
few days ago
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The Construction DataBase
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Centro Fermi has the full responsibility of preparing the 
Construction Database of the DarkSide experiment  

We started in January 2019 this task; main requests: 

• redundancy (backup in different sites) 

• security (access management, log) 

• remote access  

• support for automation 

• graphical user interface 

Recall the numbers!

Detector Nb. of MB Nb. of PDM Nb. of SiPMs

PROTO-0 2 50 1200

PROTO-1 18 450 10800

DS-20k 344 8280 198720
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DB Schema - Mappings
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First graphical mapping of the DB tables



M. Garbini, Giornate di Studio: Progetti del Centro Fermi 2020-2022, Rome, 11-12 December 2019

DB—Graphical User Interface
Visualise the SiPMs wafer 

(easy insertion of data)
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DB—Graphical User Interface
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Visualise the SiPMs I-V 
curves

Assembly PDMs
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Detector Construction summary
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Centro Fermi  Activities 

- Active contribution to the assembly and to the test of the 
photodetectors for PROTO-0 

- Direct involvement in the construction and tests of the 
photodetectors for PROTO-1  

- Development of the Experiment Construction Database 
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Outreach activities
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Centro Fermi has the full responsibility of the outreach program 
for the DarkSide Exepriment 

• Experiment Promotional Video

• Masterclasses for high school students

• Social media

• Yearly education and outreach events 

• Construction of the new DarkSide official website

The outreach group led by Centro Fermi has now 30 members from the 
collaboration
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Promotional Video
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• The storyboard has been presented twice at DS Collaboration meeting 

• The video is almost ready and it will be released soon 

• Green light from DS Executive Board 

• It can be added to DS web site, used in many kind of events, on social media etc 
•
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DS Masterclasses
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The Centro Fermi group has experience in outreach activities for high school  
students developed in the mainframe of the EEE Project (and IPPOG). 

Ø  Lectures	including	video	
Ø  Small	 groups	 of	 students	

to	create	teams		
						(as	done	for	ICD	and	other					
							masterclasses)	

Ø  A	 few	 single	 events	 to	
let	 students	 calculate	
physics	 quantities	 and	
make	 students	 familiar	
with	them	

Ø  Analysis	with	many	
events	

Ø  Comparison	of	results	from	different	groups	
Ø  Results	form	several	schools	(from	abroad	too)		
Ø  Short	 talks	 (even	 by	 slides)	 presented	 by	 students	

and	discussion	(centrally	lead	by	a	chair)	

Ø  EDs	and		
						main	plots	

Material ready and first test with high school in Vicenza fixed for January the 20th
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Masterclasses - an example
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Forthcoming outreach 
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★ Proposal for social media

• DS-20k Instagram and Facebook accounts could be used
• Rather regular posts and news in order to be effective
• News could be shared on web site and social media 

★ Yearly education and outreach events 

• Dark Matter Day
• Futuro Remoto
• Visits to LNGS and ARIA 

★ Renewing DS-20k website 

• Existing site to be updated 
• Wordpress used till now 
• Work started using Google site
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SUMMARY
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• The Centro Fermi K-SiPM group is working on cryogenic SiPMs based detectors 
in the context of the DarkSide-20k experiment. We are actively participating to 
the DS-20k PE group to construct and test the detectors for all the DS program. 
Already in 2019 the group strongly contributed both to the construction and test 
of the first photodetectors.  

• Beside this activity the Centro Fermi is developing the DS-20k construction 
Database which will store the information of all the detector components, 
providing a powerful tool for detector optimisation. 

• Due to the experience of the group also an intense outreach program is ongoing 
and continuously updating.
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EXTRA
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The DarkSide Collaboration
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DS-50 first results
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19
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DB Technical specifications
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• Leveraged technologies:


• nginx as a http proxy


• PostGRESQL as DataBase Management System 
(DBMS)


• RESTful API as an interface to the DB


• Current infrastructure deployed at CNAF (T1 + cloud)
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PMTs vs. SiPMs
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Back
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Test @ CERN
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Final Setup
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PDMs illuminated with a Laser: 
-First Spe Spectra in Liquid Argon 
-First tests of DAQ system 

Second test of PDU in Gas phase inside the TPC finished few days ago - data analysis ongoing
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The DS Masterclass
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A dataset is usually made available by the experiment to let young students analyse data 
(A small set of DarkSide50 has been kindly provided by D. Franco and V. Ippolito)

The masterclass is usually divided in: 
part 1: lectures on the physics case and the experiment
part 2: practical examples to analyse data, exercises done by the students 
part 3: presentation of the results made by the students 

x,	y,	t_drift	and	v_drift	are	given	 Calculate	r,	drift	distance	à	z	1st	step	

Calculate	r,	drift	distance	à	z	

By	 using	 PMTs	 coordinates	 and	 charge	 per	
each	PMT	students	should	calculate	the	mean	
of	 the	 (x,y)	 position	weighted	 on	 the	 charge	
of	the	PMTs	

2nd	step	

Example of both the lecture and 
the excel file for event display 

analysis
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Looking for Dark Matter
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Lecture on the data selection for DM analysis

And Excel file exercise
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Scope Spectra (not optimised)
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