[ PHYSICS & ASTRENOMY

DBDZ>

The DarkSide-20k search
for dark matter
interactions with argon

Michela Lai
On behalf of




Global Argon Dark Matter Collaboration

DEAP-3600 @SNOLAB DarkSide-50 @LNGS ° {;:l;ﬁlz?_mk @ LNGS (49.7 tonnes active), foreseen by

* Established in 2017

* Counting > 500 members > 100 stitutions in 14 countries
* Future detectors:
4+ ARGO (3000 tonne-year exposure, foreseen in 2030s)

4 DarkSide Low-Mass (1 tonne-year exposure)
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Pulse shape discrimination
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.081101

Pulse shape discrimination

Nuclear Recoil (NR)
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Pulse shape discrimination

Nuclear Recoil (NR)

0: " w .
Ene:-10— S2
20 40 60 80 100 120 140 160 N
8 1& I =y 1 1 l I 1 1 I 1 1 ] I o dil | 1 I I 1 1 I 1 1 I I 1 I 1 I I _20__
Y ook —g— ol ( ENE —— 2*'AmBe in D [ e
0 BE -
= : < | 90~0.7
0.7 o S1 > o
0°6_%-F | (I) — .SIOI — ll(IJOI — 11;01 | IZOO
- t [us]
0.5
0.4 .
- Electron Recoil (ER)
0.3 -
ES O LI LB | LB B T T
.2‘_ b
0-29 2 XY from S2
0.1— o | ¢ . PMT frac
o:l | I | = | 1 I | | L 1l | | | 1 1 IJ 1 1 | l | 1 1 | I | I 1 1 l | | | 1 l 1 | | I —6:_ Zfrom dt
50 100 150 200 250 300 350 400 450 | T il el
S1 [PE] : S2 )
Phys. Rev. D 93, 081101 (2016 2US e = .
s Rev S [ S,dt : 4 | f90~0.3
foy = —ops 2E (S >
90 - 90”5’ _14:_ R N T
JO Sldt cl> slo ul)o 1éo 7200
t [us]


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.081101

Pulse shape discrimination
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* World-leading PSD was
demonstrated in
DEAP-3600, using
Atmospheric Argon

* ER background rejection
efficiency as high as 108 1n
DarkSide-50, using a double
phase TPC


https://link.springer.com/article/10.1140/epjc/s10052-021-09514-w

Underground Argon %
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https://www.sciencedirect.com/science/article/pii/S0370269315001756

Underground Argon




Argon Extraction: Urania
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* Low activity UAr found 1n 2009 at
Southwest Colorado CO; wells and
purified at FNAL for DarkSide-50,
with a rate 140 g/day

Urama

i
.
:

. | 1 1 : - Urania will be built next to the
e g . 5 o : ' | ' oy ';' s i . . .
W, 7T T e il - e previous site by Polaris S.p.A.

* Expected extraction rate 250 kg/day

* Additional experiments interested in UAr from Urania:
Argo, COHERENT, LEGEND




Argon purification: Aria
* Expected purity from URANIA: 99.999 %

* At least two more orders of magnitude needed for
DarkSide-20k

* Arnia: argon cryogenic distillation plant

Seruci-1: 350 m tall distillation column
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https://epjc.epj.org/articles/epjc/abs/2021/04/10052_2021_Article_9121/10052_2021_Article_9121.html

Argon purification: Aria
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* Expected purity from URANIA: 99.999 %

* At least two more orders of magnitude needed for DarkSide-20k

* Aria: argon cryogenic distillation plant

Seruci-1: 350 m tall distillation column

Seruci-0: 26 m tall already demonstrated 30Ar - 4VAr separation
performances 1n a few days run
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https://epjc.epj.org/articles/epjc/abs/2021/04/10052_2021_Article_9121/10052_2021_Article_9121.html
https://link.springer.com/content/pdf/10.1140/epjc/s10052-023-11430-0.pdf

Argon essay: DArT

* DArT: small low-background detector located at %S'DE
Laboratorio Subterraneo de Cantranc (LSC, Spain), w

1400 m.w.e undergound

ArDM, a LAr
TPC (850 kg AAr)

JINST 15 (2020) 02, C02044
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https://iopscience.iop.org/article/10.1088/1748-0221/15/02/C02044

Argon essay: DArT

* DArT: small low-background detector located at
Laboratorio Subterraneo de Canfranc (LSC, Spain),
1400 m.w.e undergound
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https://iopscience.iop.org/article/10.1088/1742-6596/2156/1/012043/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/15/02/C02044
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Neutron Veto
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Neutron Veto

Neutron veto Active
UAr mass = 32 tonnes

—— Load Anchors

—— Calibration Pipe

Top OP ESR + PEN

— PMMA Anode Plate

Wire Grid Frame

Anode

<—— Titanium Vessel

Gd PMMA Barrel

Field Cage

Reflector Cage

Cathode

i A !
-l
T} |

S ]
' 'L(,"‘ .I'
il L)

- :‘K’“’"{’ = e o A P Y Zﬂ“ /
— m’—£ — ~J’L3”“"\:2.=——-f‘;—*1§=_4:——4:£—"§§r“ ,ﬁ
- e — i : — ==

PMMA Cathode Plate

Bottom OP

20

Temporary Legs



Load Anchors

Calibration Pipe

Top OP

— PMMA Anode Plate

Wire Grid Frame

UAr (TPC) Gd-PMMA UAr (Veto)

Anode

Veto Reflector

<—— Titanium Vessel

Gd PMMA Barrel

Visible photons

Field Cage

Reflector Cage

Cathode

PMMA Cathode Plate

Bottom OP
21

Temporary Legs



DARK

Membrane Cryostat
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Photodetection

* Silicon Photomultipliers (S1PMs)
guarantees the best energy resolution
compared to photomultipliers tubes

Parameter 7V of OV 9V of OV
Requirement for Internal Cross Talk probability at 77 K < 33 % < 50 %
DarkSide-20k @ Dark noise rate at 77 K < 0.01 Hz/mm* < 0.1 Hz/mm?

Afterpulse probability at 77 K [within 5us] : < 10 %

PDE at 420 nm at 77 K - >40 %

Breakdown Voltage at 77 K (SPE charge) 26.8 0.2V

Breakdown Voltage at 77 K (SPE amplitude) 27.5+0.2V

Single Cell Capacitance (from SPE charge) 62.5 + 2.5 {F 26




Photodetection

* Silicon Photomultipliers (S1PMs)
guarantees the best energy resolution
compared to photomultipliers tubes

Parameter 7V of OV 9V of OV
Requirement for @ Internal Cross Talk probability at 77 K < 33 % < 50 %
DarkSide-20k Dark noise rate at 77 K < 0.01 Hz/mm* < 0.1 Hz/mm?

@ Afterpulse probability at 77 K [within 5us] - < 10 %

PDE at 420 nm at 77 K - >40 %

Breakdown Voltage at 77 K (SPE charge) 26.8 0.2V

Breakdown Voltage at 77 K (SPE amplitude) 27.5+0.2V

Single Cell Capacitance (from SPE charge) 62.5 + 2.5 {F 27




Photodetection

* Silicon Photomultipliers (S1PMs)
guarantees the best energy resolution
compared to photomultipliers tubes

Requirement for
DarkSide-20k

Parameter

7TV

Internal Cross Talk probability at 77 K

Dark noise rate at 77 K

Afterpulse probability at 77 K |[within 5us]
® PDE at 420 nm at 77 K

Breakdown Voltage at 77 K (SPE charge)

Breakdown Voltage at 77 K (SPE amplitude)

Single Cell Capacitance (from SPE charge)

<

26.8 -
20uh 5

of OV 9V of OV
33 % < 50 %

< 0.01 Hz/mm* < 0.1 Hz/mm?
. < 10 %
. >40 %

0.2V
0.2V
2.5 tF

62.5 -

' 28




Photodetection

500

» Silicon Photomultipliers (SiPMs) zi?gledPhotO-fElect;‘OH R;;FI?E% fgr
. ] crea waveiorm irom -
guarantees the best energy resolution - )
compared to photomultipliers tubes HD-CRYO SiPM at 7V of OV

. . = A. Gol [ S 19(2), 308 (2019
* NUV-HD Cryo S1PMs developed with ola et al. Sensors13(2) (2019)

Fondazione Bruno Kessler meet all 200-
DarkSide-20k requirements

count

100 -

0 15 30 45 60 75 90 105 120
Filtered Amplitude [A.U.]

Parameter 7V of OV 9V of OV
Requirement for @ Internal Cross Talk probability at 77 K < 33 % < 50 %
DarkSide-20k @ Dark noise rate at 77 K < 0.01 Hz/mm? < 0.1 Hz/mm?
@ Afterpulse probability at 77 K [within 5us] - < 10 %
® PDE at 420 nm at 77 K - >40 %
Breakdown Voltage at 77 K (SPE charge) 26.8 0.2V
Breakdown Voltage at 77 K (SPE amplitude) 27.5+0.2V
Single Cell Capacitance (from SPE charge) 62.5 £ 2.5 {F 29



https://www.sciencedirect.com/science/article/abs/pii/S0016703716305658

Photodetection
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Photodetection

14 Tiles =1 PDU
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Photodetection

14 Tiles = 1 PDU TPC: 525 vPDU

IV: 20 vPDU
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DAQ

Parameter Value
Total number of readout channels in TPC detector 2112
Total number of readout channels for inner Veto detector 480
Total number of readout channels for outer Veto detector 128
Minimum number of digitizer boards for TPC readout 36

Minimum number of digitizer boards for inner and outer Veto readout 12 33




DAQ

2 Wavetorm
digitizers

2 Wavetorm

digitizers
2 x 250 MB/s
Parameter Value
Total number of readout channels in TPC detector 2112
Total number of readout channels for inner Veto detector 480
Total number of readout channels for outer Veto detector 128
Minimum number of digitizer boards for TPC readout 36

Minimum number of digitizer boards for inner and outer Veto readout 12

34



DAQ

ﬁi\;’z\zfzfcs)rm — Front-End-Processor # 1

2 Wavetorm » Front-End-Processor # 2

digitizers
2 x 250 MB/s X 24 FEPs = 6 GB/s
Parameter Value
Total number of readout channels in TPC detector 2112
Total number of readout channels for inner Veto detector 480
Total number of readout channels for outer Veto detector 128
Minimum number of digitizer boards for TPC readout 36

Minimum number of digitizer boards for inner and outer Veto readout 12 35




DAQ

2 Wavetform

digitizers — Front-End-Processor # 1 \ Time Slice Processor #A

2 Wavefti

digi?i;:r(smn —, Front-End-Processor # 2 ———> Time Slice Processor #B

2 x 250 MB/s X 24 FEPs = 6 GB/s TSP limited to 1.25 GB/s

Parameter Value
Total number of readout channels in TPC detector 2112
Total number of readout channels for inner Veto detector 480
Total number of readout channels for outer Veto detector 128
Minimum number of digitizer boards for TPC readout 36

Minimum number of digitizer boards for inner and outer Veto readout 12

36



DAQ &

2 Wavetform

digitizers —_— Front-End-Processor # 1 \ Time Slice Processor #A ———» MIDAS Data Storage
2 Wavetorm : :
digi tizers —_— Front-End-Processor # 2 ———» Time Slice Processor #B —» MIDAS Data Storage
2 x 250 MB/s X 24 FEPs = 6 GB/s TSP limited to 1.25 GB/s Desired logging rate: 60 MB/s
Parameter Value
Total number of readout channels in TPC detector 2112
Total number of readout channels for inner Veto detector 480
Total number of readout channels for outer Veto detector 128
Minimum number of digitizer boards for TPC readout 36

Minimum number of digitizer boards for inner and outer Veto readout 12 37




DAQ

2.Wa.vefo Front-End-Processor # 1
digitizers

ZOszvefo Front-End-Processor # 2 —
digitizers

2 x 250 MB/s X 24 FEPs = 6 GB/s

Parameter

Total number of readout channels in TPC
Total number of readout channels for inn
Total number of readout channels for out
Minimum number of digitizer boards for

ADC
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MIDAS Data Storage
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Example detector analysis: clustering and pulse
shape discrimination (credit: T. Hessel, APC)

Parameter Value
Total number of readout channels in TPC detector 2112
Total number of readout channels for inner Veto detector 480
Total number of readout channels for outer Veto detector 128
Minimum number of digitizer boards for TPC readout 36

Minimum number of digitizer boards for inner and outer Veto readout 12 39




Double Phase TPC

b V | Exclusion 90% C.L.

10744 —T
a : = pMSSM11 [EPJ C 78 256 2018]
: “ W Scalar complex WIMP [EPJ C 8 992 2022]
-\ 550 Dirac complex WIMP [EPJ C 8 992 2022]
10-45L “ B Ar v-fog [PRL127 251802 2021]
N
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Multi-messenger

° Demonstrated outstanding sensitivity to neutrinos from an eventual Core Collapse Supernova
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Multi-messenger

° Demonstrated outstanding sensitivity to neutrinos from an eventual Core Collapse Supernova
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B 27 Mg SN-v
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- background
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Multi-messenger

Significance [O]

* No PSD available, extremely low background in the SN time-

lapse

* Unique sensitivity among noble liquid detectors to Core-Collapse

supernovae

e Sensitive to all neutrino flavors
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single-electrons 0.7 5.1
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Multi-messenger

Significance [O]

* No PSD available, extremely low background in the SN time-lapse

_. 100
o)
* Unique sensitivity among noble liquid detectors to Core-Collapse :
supernovae %
0]
* Sensitive to all neutrino flavors ":4:
c
o
* Sensitivity up to the Milky Way Center also to the neutronization burst 0

only

* Contribution to the Supernova Early Warning System
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L.ow mass searches

QyR [e” /keVp,]

Additional research program:
sensitivity to low mass candidates with S2-only
No PSD available

Background from spurious electrons at < 4 e-

Top PMTs

g
ITO Coded

PTFE amount

Physical Review Letters 130, 101001 (2023)
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L.ow mass searches
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L.ow mass searches
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L.ow mass

* Optimized for the S2-only analysis

Structural supports

TPC/Veto
optical barrier

-~ TPC photosensors
(same at bottom)

Acrylic vessel

Depleted argon
active(fiducial)
mass:1.5(1)t

PDM Buffer Veto
(same at top)

Bath Veto

Veto photosensors

Double walled cryostat

Phys. Rev. D 107, 112006 (2023)
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L.ow mass

Structural supports

TPC/Veto
. _—optical barrier

i —TPC photosensors
(same at bottom)

Acrylic vessel

L Depleted argon
active(fiducial)
mass:1.5(1)t

PDM Buffer Veto
(same at top)

Bath Veto

= .\’\
- s Veto photosensors
- >

= "

Double walled cryostat

Phys. Rev. D 107, 112006 (2023)
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* Sensitive to the neutrino fog with 1 tonne year exposure
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3DPi

Positron emission and PET scanner
positron-electron annihilation

Positron-emitting
. radionuclide
o Positron
Electron
‘ —*_
—>
511 keV 511 keV
ammar ra ammara
9 4 Annihilation 9 4 \

Gamma ray
detectors

* Time-of-Flight PET scanner Total body design

* Ongoing R&D using DarkSide-20k technology on
medical physics

* Xenon-doped argon as scintillator medium observed
by VU V-sensitive SIPMs
* Low dose or ultra-fast scanning time!

NSS/MIC 2021 and 50
RTSD2021 Proceeding PoS EPS-HEP2021 (2022) 778
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Take home

* DarkSide-20k is the first experiment
. 1 . trom GADMC, now in the construction
dillinn phase at LNGS
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Inner detector

Load Anchors

Calibration Pipe

0 D0 OO0 900 00 0D 00 9O O O«a Top OP
 PMMA Anode Plate
8 _’ —— Wire Grid Frame
: Anode
":.: :.:.: : [ <— Titanium Vessel
[ Gd PMMA Barrel
o Field Cage
< — : .: , Reflector Cage
[ Cathode
T " . —ﬂ, L PMMA Cathode Plate
1 “ Bottom OP
—] ‘ ' * ; J Temporary Legs

Octagonal shape dual phase TPC

Active UAr Mass: 49.7 tonnes

Fiducial UAr Mass: 20.2 tonnes

Structure built in pure and Gd-doped acrylic

ESR serving as reflector and TPB as wavelength shifter
Drift field: 200 V/cm

Extraction field > 2.8 kV/cm

Clevios™ coating serving as anode, cathode and field
cage rings

Stainless steel wire for the electron extraction grid
Gas pocket thickness: (7.0 = 0.5) mm
LY at null field: 10 PE/keVee
S2 yield > 20 PE/e-
53



ER Ionization yield
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L.ow mass searches

Electron Recoil Energy (keVe.)
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