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DarkSide program

Located 1400m underground lab. at LNGS, Italy ———

LAr dual phase direct detection experiments designed to detect
WIMP scattering interactions from the dark matter halo

ARGO

3000 tyr exposure
2030s +

a High mass focus

~

DarkSide-LowMass
Proposed 1 tyr

DarkSide-50 DarkSide-20k exposure
0.03 tyr exposure 200 tyr exposure Low mass (sub GeV)

2013-2018 2026 +

DarkSide-10
2012

Multiple collaborations joined together in 2017 to form the Global Argon DM
Collaboration (GADMC) for future LAr-based dark matter detectors
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LAr TPC principles

Photosensors
\‘ } Gas Phase
Incoming gﬁf Outagoin
DM S2 oM going
e .
ey, e‘
9%?’\% Liquid Phase

Scattered argon
nucleus

Photosensors /
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- DM-nucleus interaction creates initial scintillation pulse (S1) in LAr

- Electric field drifts 1onisation electrons up to top of TPC

- Electrons are accelerated across gas phase to produce secondary

ionisation pulse (S2)

- These are seen by photosensors on top and bottom of the TPC

- Use the S1-S2 time difference to measure Z position of event, and the S2
light distribution to determine XY position: 3D reconstruction

Integral [photoelectrons]
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Important backgrounds for DarkSide

85Kr B-decay

) Gammas from
Cogmogentlc radioactive
activation of LAr - contamination of

39Ar undergoes B- /' detector components
decay \ Electron Recoil

Electron Recoil
(gammas)

B o v Coherent elastic
/ y ® neutrino interactions
Cosmogenic muon
induced neutrons Nuclear Recoil \
U-238 and Th-232 contamination (a,n) reaction in the
of detector materials detector material

DarkSide-20k aim: <0.1 background events in the total 200tyr exposure
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Pulse shape discrimination

Amplitude [arb]

Amplitude [arb]
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f romps = Prompt light/total light

fy, : fraction of S1 light pulse collected
in the first 90ns

« fyo NR) ~ 0.7

« fy (ER)~0.3

© o © o © O o o ©

Argon dimers decay with two different
decay constants:
taug, ~ 6 ns and taug,, ~ 1600ns

Electron recoil and nuclearrecoil events
excite a different fraction of singlet and

triplet state decays.

This can be utilised to discriminate between
WIMP NR events and ER backgrounds.
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arXiv:1802.07198

DarkSide-50 high mass results
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arXiv:2207.11966
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DarkSide-50 low mass results

» Usingonly the S2 signal we can access
Electron Recoil Energy [keVg,]
0.04 0.13 0.20 0.55 1.10 3.10 11 21 muCh lower energy events

H) * Analysisthreshold : 4e- (0.6keVnr)
£ * Migdal effect: additional ER energy from
X electron cloud can push NR events above
o ol detector threshold
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DarkSide'zOk deSign Nested design:

AAr Cryogenics ProtoDUNE Cryostat  UAr Cryogenics UAr Transportation Skid and Storage
Cryogenics Support Structure

1. ProtoDUNE-like cryostat (8m
tall) holds 600t AAr
bath: muon veto

= UAr Compressor

2. Stainless steel vessel holds 12t
UAr: neutron veto

3. Inner TPC contains 50t UAr

Hall C @ LNGS
b N Ti
vessel
Top OP
Inner TPC: | 1< vPDU
* Octagonal TPC with inner diameter B g
350cm :
* Instrumentedwith SiPM sensors on top . : Calibration
and bottom optical plane: 21m? coverage < ——) )  Pipe

e Drift field: 2.8kV/em
 Wallscoated with Reflector + PEN (WLS)

Bottom OP with PDUs
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DarkSide-20k SiPM sensors

Photodetector unit (PDU)

Array of 16 tiles assembled on MB IRy cotom 0P

—> vPDU
TPC Barrel

Calibration

528 PDUs form the
optical planes of the
TPC, covering 21m?

Why SiPMs?:
Higherphoton detection efficiency, lower radioactivity, lower cost, operated with lower bias

Challenges:

* Small area - need to produce large area arrays of SIPM sensors
» High electronicnoise

 Higherdark rate and correlated noise

Result:

DarkSide have successfully developed state of the art large-area PDU sensors which meet
and exceed the performance requirements of the detector, including having single photon
resolution.
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DS20k Background reduction: NRs

* Reduce radiogenic neutron backgrounds
by tagging them in the veto volume
(between TPC and stainless steel vessel)

¢« Neutron veto : UAr volume instrumented
with 5m? of vPDUs (single phase)

Veto PDUs mounted on
TPC walls facing outwards
into veto volume
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Gd-loaded acrylic layer (10cm thick ) between the TPC and veto 1s used to
capture neutrons and release high energy gammas (shower up to 8 MeV)




DarkSide-20k sensitivity

Curves from DarkSide-20k

a6 Exclusion 90% C.L. Technical Design Report
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* DarkSide-20k expected to be the most sensitive dark matter search in the next
decade

* Projected sensitivity based on background free search (using fiducial volume), and
using the full active volume, compared to xenon-based detectors

* Neutrino backgrounds becomeimportant: 3.2 eventsin 200 tyr

 DS20k will additionally be able to carry out S2 only searches to reach much lower
masses than shown here (as seen from DarkSide-50)
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Conclusions

- DarkSide-50 was able to carry out a background free DM
search, setting an upper limit on the dak matter cross-section
of le-44cm? at 100GeV

- DarkSide-50 can set world-leading exclusion limits in mass
region down to 0.04 GeV using S2 only analysis and the Migdal
effect

- DarkSide-20k R&D complete, and construction phase 1s
starting, including S1PM production, construction of cryostat,

UAr production
- Data taking is expected from 2026

- Expected sensitivity at 100 GeV: ~1e-48 cm?, approaching the
neutrino floor.

- We have highlighted some of the design aspects which
contribute to DarkSide-20k sensitivity, including the muon and
neutron veto system, SiPM photosensors, underground argon
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Underground argon

Phys. Rev. D 93, 081101 (2016)

———— *aAr (Global Fit)

-1
10 :E AAr Data at 200 V/cm
= (LSV Anti-coinc.)
1072 UAr Data at 200 V/em
= (LSV Anti-coinc.)

3 = ——— ®Kr (Global Fit)

107 E-

10°

Events / [50 PE X kg X s]

107’

[ \IIII|'|T| IIIII\|'|| TTTI
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5000 6000

3000
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| [ -
4000

L L ]
1000

2000

10°®

o

39Ar 1s produced by cosmic rays in the atmosphere -> beta-decay
« Activity in atmospheric argon: ~1 Bg/kg
* Activity in underground argon: 0.73 + 0.10 mBq/kg

DarkSide-50 demonstrated 1400x reduction in 39Ar backgrounds
using underground argon
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Underground argon for DS20k

1. Extraction of argon: Urania 2. Purification of argon: Aria

- Underground - Argonis
argon is extracted transported from S
from industrial - Colorado to f '
CO2 wells 1n § 3 Sardinia, Italy L;, Seruci-|
z 44 Ko 33
Colorado, USA Q 2 Seruci-ll

A

- At the coal mine, a
distillation column
purifies the argon [
at a rate of 1t/day ==F

Q\;:]

- Reduction of 39Ar E

by a factor of 10 z

T
AVAVS

AN

\

oory

/s
s
A
e\ A\
/ /
// "

- Extraction plant
ready to ship

VAN,

<
- Extract 330 "
kg/day

L ¥

« Purity 1s 99.99%
- Chemaical and

1sotopic
3. Qualification: DArT purification

- Single phase LAr detector which can measure the depletion of 39Ar
in Canfranc, Spain
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1.42 kg of UAr, installed inside the ArDM detector




S1PM sensor testing
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Migdal effect

Non instantaneous . .
movement of atomic Differential rate:
electron cloud can lead ar X

dR dRy 1 d
~ - C e E o En
dErdEgpy dvpy dErdvpy *on ; dEepqE(n — (Eem 0))

Nuclear recoil /

differential rate from
the EFT framework

lonisation probability

X

Sum over different

Incoming d: energy levels
matter . @
ed by the Total el ; - B =F E o=
intter otal electromagnetic energy: EM = er + nf a
'
+
g
3
Ionisation probabilities from Ibe et al 2
Lo-4T (arXiv:1707.07258) : 5 o
107%- 2 5 R
10'87 10 T T |\|\||| T II\\II‘ T T \I\I\' T T \\IHl ; 4;5 q-)
1070 : == L " 10’ - n=1 % 2=
mpy = 0. GeV/c — 0 3 o B
Ogr = 10_38 C‘.Il’l2 10—5 o P 10 - n=2 ? o ﬁ
—_ x S 10-7 P ®n =
21072 4 106 2 @ - n=3 3 A=
> % X 1072 1 g3
& 107 g gy 10 - =
- v E TE
" 1078 M — | kK 104 = 2
ol = N o5 i <9
1031 1 Ho® 10 E g5
-6 4 o
LA | - ol 10—10“2% 10 Ar E n ,3
N T O oo -1 0 _ =
L 10 10 E] 107 Ll Ll Lol 1 )
] Epy [keVe:] 1072 1072 107 100 10 RO
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arXiv:2209.01177

DarkSide-LowMass

* Proposed small (1 tonne
scale) S2-only dedicated
L detector

« Additional depletion of
o oo UAr to reduce 39Ar
e background
« R&D to reduce spurious

PDM Buffer Veto
(same at top)

Bath Veto

A electron backgrounds
S —— « Expected to reach neutrino
floor within 1 year of
1ot running

* Aim to use a 2e- threshold

+85kr (1900+100 pBq/kg):
: i : : r-':: \Bd;

39}\5:

counts/ (Ne kg-day)
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arXiv:2209.01177

DarkSide-LowMass
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