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Dark matter summary

+ Galaxy rotation curve o About 27% of the energy content of the
: Universe

Interacts gravitationally

Most likely “cold” (non relativistic)

T + — One possible candidate: WIMPs (Weakly

ey Mara ST LG B Interacting Massive Particles)
+ CMB anisotropy

Angular scale

- K B + DarkSide goal: probe WIMP-nucleus cross
2 S AR section and other phenomena (WIMP-e
A o ' Trin el T in‘rerqc‘rion, boosted Dark Matter, Supernovae
Tl ] neutrino)

Multipole moment I

+ Bullet cluster o g
* ETC Marke 1a'n; . .\ .

X-r8y; NASA/CXCIG#AM Markevitch, Oftical and lensing nap: -,
« * *NASA/STScl, Magellan/U.ArizonalD.Glowe, Lensing map: ESO WF
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DarkSide experiments

Program

Liguid Argon Time Projection Chamber (LArTPC)

Dual Phase (amplification through electroluminescence in the gas phase)

Discriminate electron and nuclear recoil with pulse shape discrimination
Underground Argon

* & & o

Experiments

¥ »Profotype
DarkSide-10

Light Yield in DarkSide-10
T. Alexander et al.

DarkSide-20k «

under
construction

|

1l J’ DarkSide-50 «
aitld | 2013-2020

| Search for low-mass dark matter

T
“ qu‘w "r | WIMPs with 12 fon-day exposure

CF — of DarkSide-50

P o)

P. Agnes et al. (DarkSide-50 Collaboration)
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https://doi.org/10.1016/j.astropartphys.2013.08.004
https://doi.org/10.1103/PhysRevD.107.063001

Dark matter direct detection with DarkSide-20Kk:

Pulse Shape discrimination in Liquid Argon
]
e./,lonlzatlon

Electron recoils (ER) produce more triplet state than Nuclear
° H recoils (NR)

Shape of S1 pulse is different -> Excellent discrimination (1E9)
for ER and NR using Pulse Shape Discrimination

. & Pulse-shape discrimination against low-energy Ar-39 beta decays in liguid argon with 4.5 fonne-years of DEAP-3600 data
Recombination DEAP Collaboration
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DarkSide50 calibration data
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https://doi.org/10.1140/epjc/s10052-021-09514-w

Dark matter direct detection with DOrkS|de 20k:
Dudal Phase Liquid Argon TPC
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Signal from WIMP

Nuclear recoil in liguid Argon

Reduce neutrons
and u
backgrounds

Argon depleted in
radioactive 39Ar
Avoid too much
pile up due to
scaling up
detector

+ Sl Liguid Argon scinftillation (128nm) - prompt signal
+ S2: Ionization electrons drifting to the top reaching gas

phase -> second light signal

Need background free condition for discovery program
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WIMPs Sensitivity with DarkSide-20k

Projected exclusion
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[EPJ C 78 256 2018]
[PRL127 251802 2021]

I3 Complex WIMP [EPJ C 8 992 2022]

[EPJ C 82 1 2022]
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PRL 131.041003 (2023)
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Ionization signal only study:

~x100 improved sensitivity

DS20k Collaboratidh,

h
ESN
E N
o N\
[
1 2 3 4
[GeV/c?]

Commun Phys 7, 422 (2024)

See more details on this in Zoe Balmforth’s talk
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DS-20k - 1 year
QF - Ne- =2

DS-20k - 1 year
QF - No- =4

DS-50 - QF - 2023
PandaX-4T 2023
XENONnT 2023
PandaX-4T 2023
LUX 2021

XENONIT 2021
Pico-60 2019
CDMSlite 2018
LUX 2017
DAMA/LIBRA 2008
Excluded region
LAr Neutrino fog n=2



DarkSide-20k location

DarkSide-20k under construction at Gran
Sasso’s underground laboratory (Italy).
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DarkSide photodetection from PMTs 1o SiPMs

h; _ | N {
Source of
backgrounad
in
DarkSide50
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Silicon PhoToMulﬂher SiPM

+ Befter radiopurity per unit of sensitive area
wrt pmts
+ Beftter photo-detection efficiency (>40%)
o  Critical for light yield and thus for PSD
+ Beftter single photon resolution
+ Ideal at cryogenic temperature

DarkSide SiPMs based on FBK NUV-HD Cryo,
developed during several years of R&D
e.g. reduction of Dark Count Rate by 1E3!

NUV-Sensitive Silicon Photomultiplier
Technologies Developed at Fondazione
Bruno Kessler

Alberto Gola and al.
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DCR (Hz/mm?)

| @ Arrays of reverse-biased pn-junction diode operated in Geiger mode.
Absorption of photons triggers an avalanche of electrons.
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https://doi.org/10.3390/s19020308
https://doi.org/10.3390/s19020308
https://doi.org/10.3390/s19020308

Operating SIPMs

Additional sources of correlated noise

+ Affer pulses (AP)

+ Late avalanche correlated with a previous event (1 ~ 0.1-1 us)

+ Direct cross talk (DiCT)
» Avalanche triggered in neighbour cell in a short tfime by
secondary photon by primary avalanche
(10-40% depending on Vbias)
+ External cross talk (exCT)
+ Photon created by primary avalanche, escaping the cell
excTANY Activating a different sensor

</

substrate

electrodes

aS:I:naéze - ARC
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Cryogenic Characterization of FBK
RGB-HD SiPMs
C. E. Aalseth and al.
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— Noise can have a direct impact on
the physics results, needs o be
understood, monitored and suppress



https://doi.org/10.1088/1748-0221/12/09/P09030
https://doi.org/10.1088/1748-0221/12/09/P09030

DarkSide-20k photodetectors construction

+ 528 TPC PDUs (NOA)

+ 120 Veto PDUs (UK group)

+ Requirements to enable the
experiment physics reach :

- Signal-to-noise-ratio single PE > 7

- Timing resolution < 10 ns (TPC)

- DCR< 1E-2 Hz / mm?

- PDE > 40% (high fill factor) Nuova Officina Assergl (NO
Clean room ”

SPADs

SiPM
12x8mm?

plan

Photo-
Detection
Unit

(20x20cm?)
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Nuova Officina Assergi (NOA)

o ISO6 Clean room at LNGS completed in 2023 - 400m?
+ Made for large-area silicon based PhotoDetection Unit (PDU) for the TPC and optical plane
assembly

PCB fabrication

SiPM Wafers

TR @ Las u
| Lw o VAU :‘ 9 N

PCB Tile | PCB MB

Assembly =

= { /; T ¥ h
QR code j =
PCB Tile PCB MB UK for Veto
Functional Test Functional Test PDU assembly

Napoli Test Facility
for PDU validation

Assembly

PDU test

plemio pss ejeq buipos

Tile Testing
300K/77K

AL

Tile Inspection
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Tile TesTing

IV Cold Noise Spectrum Cold
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Tile ID: 00411, S/N: 00152, 2024-04-22 08:38:21 —:
Analysed: 2024-04-22 10:15:02 H
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£ asof || T o oneooriz ovonorzs osoeat |
o Test at warm and cold temperature (liquid 00 3
nitrogen) e E
+ Aufomated with LabView soffware and linked 200/ -
fo database 150" 4
« IV curve, noise power spectrum, pulse study ik
for single photon resolution, DCR analysis ak 3

o QA/QC criteria on the measured parameters I | | g
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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 fransport box
designed by the collaboration

After assembly, PDU are sent for PDU testing
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PDU testing

Cryogenic test facility in Naples

o 1SO6 clean room
+ Setup fo test 16 PDUs at once

Once cold fested, PDU are sent back to
NOA for a last warm test.
Sealed and stored until mounting in the

optical plane.




Veto PDU " + 120 Vefo PDUs
+« Same SiPM fested in NOA
o Tiles and PDUs produced in the UK (STFC
Interconnect,Liverpool, Manchester and

Warwick)
+ Tested at: AstroCeNT, Edinburgh, Liverpool

and Oxford

s

| AstroCeNT M

»




Production yields and publications

1

‘E 200 _ Cryogenic Characterization of Production, Quality Assurance
B o - vilrare o 5 i " : .
, E Pvimnas v | EBKnD Neor Uy oensiiive and Quality Control of the SiPM
o ilPMbS' ool (Darkside 20k €S

10 cerbi, F. et al. (DarkSide- : .

. Collaboration) for the DarkSide-20k Time

10 le3 reduction of DCR at low Projection Chamber

102 Tfemperature

107 e —— ) Characterisation of DS20k SiPM

2oz o1 AR HIMERICHEECN Paper in preparation.
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https://doi.org/10.1109/TED.2016.2641586
https://doi.org/10.1109/TED.2016.2641586
https://doi.org/10.1109/TED.2016.2641586
https://doi.org/10.1140/epjc/s10052-025-14196-9
https://doi.org/10.1140/epjc/s10052-025-14196-9
https://doi.org/10.1140/epjc/s10052-025-14196-9
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Dual Phase LAr TPC (12cm drift, 20x20 cm?)
Operated in Napoli

Analysis ongoing

First working TPC with DarkSide PDUs !
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Conclusions

\7

Vool el
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DarkSide-20k photosensors represent a real tfechnical advance and
are a key point for the search of WIMPs and for the future of
astroparticle experiments.
A joint effort from all the collaboration.
TPC PDU are produced at NOA, test setup in Napali
Veto PDU are produced in the UK. Test setups in AstroCeNT,
Edinburgh and Oxford.
Procedures for full production and test of PDUs are in place.

+ Recenftly hit 10% of TPC PDU and 75% of Veto PDU production
DarkSide PDU successfully used for the first fime in a TPC:
Proto-0

17



Thanks for your attention !
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DAQ challenges

More than 2720 channels (TPC + Veto)

Triggerless operation, aiming at extracting single PEs from each
channel (hit time and charge)

Expected event data rate ~100 Hz (1 S1 lasting 10 us, several S2s
lasting 20-50 us each)

Filtering and hit/charge data reduction online

Digitize with CAEN VX2745 ADCs

Ensure high efficiency and precise timing (10 ns for PSD)

2 PB/yr of data written to disk




WIMPs Sensitivity with the DarkSide program
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Ionization signal only study:
World leading lowmass
WIMPs limit

DS50 2022
PandaX-4T 2022
LUX 2021
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