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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 Gentro Formi Growp | The Expertise

:-Advanced detectors for:

i Researchers _ Torj
' particle and astro particle

* D. De Gruttola (P.l.)
i+ F. Coccetti
2+ M. Garbini
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'_ - Participation to the assembling, test
. and characterisation of the

photodetectors of the DarkSide
Experiment Detector construction

,’ - Development and maintenance of the
} DS construction Database

§ - Outreach activities

M. Garbini, Giornate di Studio: Progetti del Centro Fermi 2020-2022, Rome, 11-12 December 2019 3
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-"éome 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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/ Transition from PMTs to SiPMs both for threshold and background mitigation

38 PMTs 450 PDM 8280 PDMs

)
O
2 .
-
= —
©
O)
k=
c
c
-
o 360 cm
DS-50 DS-Proto-0 DS-Proto-1 DS-20k
(2014—-present) (2019-2020) (2020-2021) (2022-)
46 kg active 10 kg active 175 kg active 48 ton active
Conventional TPC Test bench Scaled-down of Novel sealed TPC
DS-20k TPC

PDM: PhotoDetectionModule
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sioe, 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-20Kk).

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

M. Garbini, Giornate di Studio: Progetti del Centro Fermi 2020-2022, Rome, 11-12 December 2019 8
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,' 8x12 mma2
¥ NUV-HD-Cryo SiPMs
¢ from FBK-LF

SiPMs Pros’ :
- High PhotoDetection 5x5 cm? + FrontEnd: PDM
efficiency |
- Better Single Photon:
resolution y
i 1+ Lower background ]
t §- Lower cost o

25 PDMs (25x25 cm?) + Steering
Module + Optical transmitter

Detector . Nb. of PDM Nb. of SiPMs

PROTO-0 2 50 1200
PROTO-1 18 450 10800
DS-20k 344 8280 198720

M. Garbini, Giornate di Studio: Progetti del Centro Fermi 2020-2022, Rome, 11-12 December 2019
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Assem blyof moc kup @ | Bologna

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

—

Also people from
Salerno University
people joined during
this phase

Test successful —> proceed with MB test

M. Garbini, Giornate di Studio: Progetti del Centro Fermi 2020-2022, Rome, 11-12 December 2019 10
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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

ISNR"‘24I
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"\\ Centro Fermi has the full responsibility of preparing the
o) Construction Database of the DarkSide experiment

We started in January 2019 this task; main requests:

e redundancy (backup in different sites)

e security (access management, log)

e remote access

_ Recall the numbers!
e support for automation

e graphical user interface

Detector Nb. of MB Nb. of PDM Nb. of SiPMs
PROTO-0 1200
PROTO-1 18 450 10800

DS-20k 344 8280 198720

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

FEB _PCB

Key |FEB_PCB_ID SERIAL

Compaonents (?) Type
FEB

Key |FEB_ID SERIAL
FEB_PCB_ID INTEGER
uC_ID INTEGER
Components (?) Type

Y

OpticalTransmitter

MotherboardStrip

Key |OT_ID |[SERIAL Key |[MS_ID |SERIAL
Field Type Field Type
Copper SteeringModule

Key [CO_ID |SERIAL Key |SM_ID |SERIAL
Field Type Field Type

SIPM TILE PCB
Key |SiPM_ID SERIAL 4 Key |Tile_PCB_ID SERIAL
RunNumber INTEGER Components (?) Type
WaferNumber INTEGER
X INTEGER
Y INTEGER
TILE MTILE
+—{ Key [Tile_ID SERIAL |—|— Key |[MTile_ID SERIAL
MTile_ID INTEGER > Tile_PCB_ID INTEGER
Tile_PCB_ID INTEGER Components (?) Type
SiPM_IDs INTEGER ARRAY[24) >
O
¢ PDM ({)
Key |PDM_ID SERIAL
FEB_ID INTEGER
Tile_ID INTEGER
T
o
MotherBoard
Key |MB_ID SERIAL
<
Tests - PDM_IDs INTEGER ARRAY([25]
oT_ID INTEGER —
Key |TestlD SERIAL
SM_ID INTEGER >
Description TEXT
MS_ID INTEGER >
COo_ID INTEGER —

First graphical mapping of the DB tables

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

Visualise the SiPMs wafer
(easy insertion of data)

Run #1 Run #2 Run #3 Run #4

=
8 ] Quenching resistance vs wafer
Wafer list g 28 |
o
Z 26 | o & o
2 24 |
Wafer #1 Wafer #2 Wafer #3 Wafer #4 @ 22 |
= 20 |
&)
§ 1810 ¢ o : o ©O
Wafer #5 Wafer #6 Wafer #7 Wafer #8 g 16 | o0 3
o 14
o
. 0 2 4 6 8 10 12
>
Wafer#9  Wafer #10  Wafer #11 < Wafer Number
% ] Break-down voltage vs wafer
Wafer #12 Wafer #13 Wafer #14 > 304
5 302 |
; 30.0 | o
§ 29.8 |
T 206 | o
. _ . = 294 |
[ Previous waferinrun = Next wafer in run 292 ‘ 0 < o o o . o
. nuseable 290 | o
Wafer properties Calculated parameters ; : P 7 . - 0 5 a 5 8 10 12
KEY VALUE KEY VALUE 5 Wafer Number
Manufacturer FBK Number of 47
RunNumber 4 good SEM SiPM SiPM
Number of 1 tiles '
WaferNumber 11 possible +23

=3

Wafel ' ID SiPM SiPM
61
Used Sll M 0 7075 #7077

Production 2019-09-

date 13T10:58:16.682955  Unused I .
: 47 SiPM
SiPM 9 #7084
SPAD size undefined |
Still .

Doping dose  undefined produceable 1 SiPM
tiles #7074

Yield 32.19%
. I RN B N s
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] -vcurve
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Visualise the SiPMs |-V
curves

Current (A, loq)
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1e-12 |
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Voltage (V)
PDM Shelf

Motherboard Dismount stack
Highlight PDM Name

3 PDM 1 recal Drop here to

Assembly PDMs 7 [ i r remove from

motherboard.

5 PDM 3 recal

r PDM 4 recal E

M. Garbini, Giornate di Studio: Progetti del Centro Fermi 2020-2022, Rome, 11-12 December 2019 15



id .~ _Detector Construction summary

EEEEEEEEEEEEEE
EEEEEEEEEEE

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

M. Garbini, Giornate di Studio: Progetti del Centro Fermi 2020-2022, Rome, 11-12 December 2019 16
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s-°=* Centro Fermi has the full responsibility of the outreach program
; S for the DarkSide Exepriment

e Experiment Promotional Video
 Masterclasses for high school students
e Social media

 Yearly education and outreach events

e Construction of the new DarkSide official website

The outreach group led by Centro Fermi has now 30 members from the
collaboration

M. Garbini, Giornate di Studio: Progetti del Centro Fermi 2020-2022, Rome, 11-12 December 2019
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The storyboard has been peseted twice at DSCoIIaboratlon meetlng

- 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

3

DARKSIDE20K

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

» Lectures including video

» Small groups of students
to create teams
(as done for ICD and other
masterclasses)

» A few single events to

let students calculate -
» Analysis with many

events

physics quantities and » EDs and
make students familiar main plots
with them

» Comparison of results from different groups

» Results form several schools (from abroad too)

» Short talks (even by slides) presented by students
and discussion (centrally lead by a chair)

Material ready and first test with high school in Vicenza fixed for January the 20th

M. Garbini, Giornate di Studio: Progetti del Centro Fermi 2020-2022, Rome, 11-12 December 2019 19
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ad -~ Masterclasses - an example
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soe Proposal for social media

— - DS-20k Instagram and Facebook accounts could be used
- Rather reqular 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

M. Garbini, Giornate di Studio: Progetti del Centro Fermi 2020-2022, Rome, 11-12 December 2019
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,' The Centro Fermi K-SiPM group is working on cryogenic SiPMs based detectors
L 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.

i- Beside this activity the Centro Fermi is developing the DS-20k construction
i 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.

M. Garbini, Giornate di Studio: Progetti del Centro Fermi 2020-2022, Rome, 11-12 December 2019 22
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EXTRA
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10°¢

| Low Field technology
< 10° Over-Voltage e -
§. ) +—— 4V, Low Field —+— 4 V, Std Field P proved to fulfill the
> P e T Al M R strict requirements.
(]
10?
- * DCR ~ 4x10-3cps/mm?
; at 5VOV, LAr
- temperature.
" 7 DS -20k requlrement
10 i L
7 A - (T TR T e AP+DiCT prObablllty
90 50 100 150 200 250 T?(l)((; <60% at LAI‘
i = ov temperature.
90—
"E e PDE 50% at 5VOV at
3 420nm.
= 60;—
B PEeion 2% (A3 e Cell Recharge Time
a0 ) = = Ng—
- : = at LN ~500ns.
30—
20
= = e Surface: lcm?
105_ Measured at room empera’éure
950500 350 400 450 500 550 600 650 500 750 IEEE Trans. Electron Dev.
Wavelength [nm] 64 2’ 2017
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NR 50% Acneptmce Curves fmm
SBENE @200 V/cm

: " - : D - : : -3
. «  Wm - .- == . - - .
lm-F?l-l|1|||-1-||1|F1“|1|1|111|

100

Phys. Lett. B 743 (2015) 456

150 200 250 300 350 400 450 0
S1 [PE]

Corresponds to 220 yr exposure of DS-50 with UAr

M. Garbini, Giornate di Studio: Progetti del Centro Fermi 2020-2022, Rome, 11-12 December 2019
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e | everaged technologies:
e Nnginx as a http proxy

e PostGRESQL as DataBase Management System
(DBMS)

o RESTful API as an interface to the DB

e Current infrastructure deployed at CNAF (T1 + cloud)

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

| effeciency
High single photon Large number of
resolution components
o 4 oy
Low cost High capacitance per ’r—»
3” PMT unit area AxA mm?2

Strong R&D was needed to compete with PMTs

Featwres | pwT siev

Bias Voltage 1000 + 2000 V 30+40V
Sensitivity to magnetic fields YES No

QE/PDE @420 nm @300 K 30% 40+50%

SPE resolution 25% 2-5%

Gain 10° / 3x10° nominal / real 10°

Dynamic Range =10 103

DCR 1 cps/PMT 10 + 1000 cps/mm?
Packing efficiency 60% 80+90 %

Comparison at Liquid Argon Temperature (87 K)
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Current (uA)
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MEB1_ch19

MB1_ch12

MB1_ch1g
MB1_ch20

Voltage (V)
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: 1200/ |SNR"’24|
1000}
: ﬂ Preliminary
800’_—
600—
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v B 4
0 0 50 200 250
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25
A ||\||||\|H| |
15
Prelimina
~ 10
2 - —
;é; 50l ; Individual PDM channels
- 0 1 23 45 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27
= Tile #
®)
s s e, e ) (T 1 EH ’
? 30 40 50
Voltage (V)

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

M. Garbini, Giornate di Studio: Progetti del Centro Fermi 2020-2022, Rome, 11-12 December 2019 30
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SIDE

VETO

WIMP
particle

F Camesecchl 2019

‘The DS Masterclass

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

NAAAN

= =

¢
b
{
-
¢
-
{

PC
A 4 \v/’\\_/"\j/\v /

WIMP: interacts only once

A0

: e -
b -
-
x ]
- -
1
1 %
N
__TPC :
\7 {1 1

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)

15t step

Pt ]

2nd step

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

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

After unblinding: Step by step...

e

Cut over cut...

And EXxcel file exercise

Lecture on the data

for Dark Matter

selection for DM analysis

Quality +Trgtime +Slsat

feo

Encxgy [keV ]

80 100 120 140 160

70
e Y T T —————————— -- 60
N T - 50
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y 532.4 live days ]
. i - 20
10
BECNET I I

@ %P e D

4 Il 1
200 250 350 450
S1 [PE)

300 400

Masterclass_DataSel_AllData.xlsx

%@ e e

o 5
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Edit Font Alignment Number Format
ubﬂ - ‘;‘ Fill ~ Helvetica v 14 = abc~ @ Wrap Text *  General M } v Normal Bad
paste (A Cear~ | B| 1 U 3 = Merge = |8 ir % 3 ||S8i 4 Condomal|  Newra
P280 00 fx
Y < 0 o < W i . i “ 0 s - a " G T ]
|
2 Filters
2 Point 1: Followirg tha examplas by tha tutor calculata the quantities in AED 2 [zt=m| o) Ivrm
‘ <t
|[Event  St(pe) S190(pe)S2(pe) X(cm) Y(em) 1 drift(xs) VETO(pe) 190 r(em) Drift Distance (em Z (em) | Drift Velocity (cm/yis TPC Total length (cm)
4 42007 11538 18394 7,221 35725 25338 3,0715058 2356434 12,038
14| 45942 13,45 10155 11 55405 2887 0 26,8001
27 26708 75099 7108 14445 53332 166168 53563623 15,453624 | Point 2: Draw the plot of #90 vs S1 l
31 9984 23,776 15601 -10408 39914 48,384 2,5505225 19,147 s409712| 51,0
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48| 130,63 37534 31315 67778 3| AL0B 4467326
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Tile # 44 Tile # 11 Tile # 7 Tile #20 Tile #5
Feb # 12 Feb # 22 Feb #28 Feb #19

Feb #16

DAQ Board O Ch. 10| DAQ Board O Ch. DAQ Board O Ch. 12| DAQ Board O Ch. 13| DAQ Board O Ch. 14
PDM slot 11 PDM slot 12 PDM slot 13 PDM slot 14 PDM slot 15
Tile # 22 Tile # 26 Tile # 6 Tile # 21 Tile #8

Feb # 13 Feb # 10 Feb # 26 Feb #9

Feb # 11

DAQ Board O Ch. 15 DAQ Board 2 Ch. O DAQ Board 2 Ch. 1 DAQ Board 2 Ch. 2 DAQ Board 2 Ch. 3
PDM slot 16 PDM slot 17 PDM slot 18 PDM slot 19 PDM slot 20

Tile # 27 Tile # 18 Tile # 19 Tile # 22 Tile #22

Feb # 8 Feb # 3 Feb # 17 Feb # 21 Feb #21

DAQ Board 2 Ch. 4 DAQ Board 2 Ch. 5 DAQ Board 2 Ch. 6 DAQ Board 2 Ch. 7 DAQ Board 2 Ch. 8
PDM slot 21 PDM slot 22 PDM slot 23 PDM slot 24 PDM slot 25
Tile # 17 Tile # 12 Tile #13 Tile #10
Feb # 18 Feb #6 Feb #20

Tile # 43
Feb # 15 Feb # 23

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



