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Dark matter summary

+ Galaxy rotation curve 7 + About 27% of the energy content of the

Universe
+ Interacts gravitationally
+ Most likely “cold”

e — One possible candidate: WIMPs (Weakly
e o o oo Interacting Massive Particles)
+ CMB anisotro ,
O TMAAB e s Mpy DarkSide goal: probe WIMP-nucleus cross

6000

g ] section and other exotic phenomena

aomerang

+ Bullet cluster
+ Etc
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DarkS|de experlments

+ Cryogenic temperature + Discrimination between electron
+ Signal through scintillation and ionization recoil (ER) and nuclear recoil (NR)
+ Transparent to own scintillation thanks to pulse shape discrimination

*

Low energy threshold
Possibility to amplify ionization signal (Dual phase)

Detectors

DarkSide-20k «
under
construction

*

»Prototype
DarkSide-10
Light Yield in DarkSide-10
T. Alexander et al.
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https://doi.org/10.1016/j.astropartphys.2013.08.004
https://doi.org/10.1103/PhysRevD.107.063001

DarkSide-20k expected sensitivity

Exclusion 90% C.L.
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Sensitivity to spin
independent WIMPs
Compared to LZ and
XENONNT

Five years (dotted and
dashed)

Ten years (Solid)
Fiducial (dotted)

Full (dashed and solid)
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DarkSide-20k

DarkSide-20k under construction at Gran
Sasso’s underground laboratory (Italy).
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DarkSide-20k

Load Anchors

Calibration M Chimney DSS DAQ Manhole  Stainless Steel Vessel

Optical Plane Ty o Calibration Pipe
Top OP
wPDU 4 3 PMMA Anode Plate
. Wire Grid Frame
Calibration —
Gd PMMA X1
Stainless Steel Vessel
TP Vet Gd PMMA Barrel
Optical Plane E e e
8 —— Reflector Cage
vPDL ™ Cathode
h4 PMMA Cathode Plate
Cold Structure Bottom OF

Warm Structure Temporary Legs

Designed to maximize background suppression allowing to
operate in nearly background-free condition. (B, ¥ and neutrons).
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Photon Detection Units (PDUSs)

 SiPM ~1cm> BPDU (16 tiles, 20x20cm? )

T

SiPM properties
+ Cryogenic SiPM designed by FBK (ltaly)
+ Low dark count at cryogenic temperature

(0,01 Hz/mm?)
+ Good photon detection efficiency (~45%)
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Nuova Officina Assergi (NOA)

NOA

+ 1SO6 Clean room at LNGS completed in 2023

+ Made for large-area silicon photodetectors
production and part of the detector assembly

Process flow

+ Test wafers (SiPMs) with cryoprobe

+ Dicing single SiPM from tested wafer

+ Mounting SiPMs on board with Flip chip
bonder

+ Wire connection of SiPMs on board to create
the Tile with wire bonder

Wire
bonder
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Production database
]

+ Database to store information on production DarkSide-20K Database

+ Software developed to update database
during production

+ Online webpage to visualize database:

+ Status of different objects .
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. . Exemple test result
Tile testing
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+ Test at warm and cold tem perature Pulse Counting at 132 V Pulse Counting at 132 V

- Automated with LabView software and linked £ — mZmzzssss=s | 3 o mzmlmmaeees
to database

- |-V curve, noise power spectrum and i
response to laser pulses
+ QA/QC criteria f :

50 4
L ] 1
od o BN L i n 1 L9107 E
000 0.05 0.10 0.15 0.20 0.25

, o
Pablo Kunzé DPF — Pheno 2024 arge [Vxs]



PDU assembly

PDU assembly in NOA

+ Tiles passing the tests go to PDU
assembly

+ 16 tiles mounted on a motherboard to
Create a PDU

+ Specific handler and safe transport box
designed by the collaboration

After assembly, PDU can be sent for PDU
testing
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PDU testing

Cryogenic test facility in Naples

+ 1SO6 clean room
+ Setup to test 16 PDUs at once

Once cold tested, PDU are sent back
to NOA for a last warm test.

Sealed and stored until mounting in
the optical plane, which will take
place near NOA.

o
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+ More than 500 TPC PDUs

+ 120 Veto PDUs

+ Similar technology

+ SiPM from NOA but PDU produced in the
UK (Birmingham, STFC interconnect,
Manchester, and Liverpool)

+ Tested at 3 sites: AstroCeNT, Edinburgh,
and Liverpool
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Conclusions

Conclusions

+ DarkSide-20k photosensors represent a real technical challenge
and are a key point for the search of WIMPs.

The PDU will be produced at NOA. Right now still on pre-
production phase.

Veto PDU will be produced in the UK

Procedures for production and test of PDUs are in place.

A joint effort from all the collaboration.

*

*

*

*
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Thanks for your attention
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