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Evidences of dark matter

Galaxy rotation curves

> Extra invisible matter.

> Contributing for ~80% of
the galaxy mass.




Evidences of dark matter

Galaxy clusters

X-ray distribution 8
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Evidences of dark matter

In cosmology

> Galaxy rotation curves and cluster dynamics

> Gravitational lensing

» CMB anisotropies (ACDM cosmology model)
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Dark matter searches
WIMP paradigm

Production: search in collider -

Strongly model dependent
G——

> Weakly interacting (no electromagnetic X SM
or strong interaction) - Some interaction

required for thermal equilibrium in early
universe

> Massive (Cold Dark Matter)

» Stable ;( SM
- >

Annihilation: indirect search -
Complex background

Collision: direct
search - Model

iIndependent,
controlled background




noble liquids
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Working principle

Photosensor array

(Gaseous Phase

Liquid Phase

Photosensor array

>

Dual Phase Time Projection Chamber

Interacting particle induces ER or NR

The recoil produces scintillation (S1) and
lonization

lonization electrons are drifted and
produce electro-luminescence in the
gas pocket (S2)

S1 and S2 lights are seen by photosensor
arrays on top and bottom



FAr p-emitter contamination

Natural depletion in underground argon

39Ar produced in atmosphere by spallation of cosmic rays.

>

Underground argon is naturally depleted.
Extraction wells for large production.

Urania facility in Colorado for extraction and purification
(99.99% purity).
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Why liquid argon?

Pulse shape discrimination
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Nuclear recoil band:
mostly singlet states (6 ns)

Electron recoil band:
mostly triplet states (1600 ns)
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DarkSide-50

A first successful milestone

Dual Phase Time Projection
Chamber
® 46.6 kg of UAr
® 1 cm thick gas pocket
o 2x19 Photo-Multiplier Tubes
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Water Cerenkov veto
e Neutron shielding and u
detection

e 1000 tonnes of purified
water

Liquid scintillator veto
e Neutron and y tagging

® 30-tonnes of boron-loaded
scintillator



f90

Results after 532 days exposure

Standard analysis
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Empty ROI after all
selection cuts
Exclusion limit down to ~10-44

cm?2 at high mass (100 GeV/c?)

WIMP-nucleon Og, [cm?]
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Events / (0.25 Ne x kg x day)

Results after 532 days exposure

Low mass analysis using ionization channel only
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LAr Neutrino Floor
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Moving on to DarkSide-20k

Down to the neutrino floor

Load Anchors

Calibration Pipe

PMMA Anode Plate

e T Tl » Larger volume: 1 day of DS-20k has
. e Anode the same exposure as DS-50 full data
i taking.
- AR A ‘ Titanium Vessel
3.5m t e TPC: 50 tons of UAr, 20 tons fiducial.
R e Gd PMMA Barrel
e R * Inner veto: 32 tons of UAr.
o L . HH@“Q Reflector Cage
. BERREW o  SiPMs instead of PMTs: better radio-
' e purity.

PMMA Cathode Plate
oo oo oo oo oo oo oo =

Bottom OP

«—  Temporary Legs

3.5m
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In TPC and inner veto
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Argon 39 depletion

From the extraction to Gran Sasso
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ARIA distillation column

For purification and 3°Ar-40Ar separation

Condenser

Distillate
Flow (D)

Rectifying section

Feed

Flow (F)
A
Vapor Liquid
flow (V) Flow (L)
\ 4

Stripping section
Bottom
Flow (F)

Reboiler

The highest distillation column in the world,
currently under assembly:.

Chemical purification rate: 1t/day
> Argon purity to ppt (10-12)

> Relative volatility of 3%Ar with respect to
40Ar: 1.0015

> Isotope purification rate: O(10) kg/day
(not needed to reach DS20k sensitivity)
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Background

Mitigation and rejection

>

>

>

LNGS underground laboratory at Gran Sasso.
Anti-coincidence with vetoes.
Rejecting multiple scattering events.

Fiducialisation to reject materials radioactivity.

Deep underground experiment
3800 meters water equivalent

High radio-purity materials



High discovery potential for the next direct search generation

Exclusion 90% C.L.
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Conclusion

Unprecedented physics reach

> Construction started (infrastructures and photo-
electronics).

> Data taking starting in 2026.

> Other physics case (super-nova neutrino alarm)

Thank you for your attention






WIMP-nucleon sensitivity

With noble liquids experiments
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High mass search in DS-50

Before and after analysis cuts

Energy [keVn:] Energy [keVnr]
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Measurement of 3%Ar depletion factor
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Neutrinos interacting via CEVNS

event / 0.001 s / 1 ton
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During a core collapse supernova, 99% of the energy

is emitted through neutrinos (~10%3 erg):

» CEVNS signature: low energy (S2 only) nuclear

recoill.

>  DS-20k alarm system for supernova
observation?
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Outer veto and neutron shielding
With Gd-doped acrylic
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Low mass search in DS-50

Before and after analysis cuts

Nuclear Recoll Energy [keVp,]
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DCR (Hz/mm?)
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Hit finder algorithm
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