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Who turned off the lignht?

- 1933: F. Zwicky predicted the existance of additional
(invisible) mass from the motion of galaxies in the
Coma Cluster:

- Virial Theorem application requires more mass
respect to the luminous onel!

- 1970: V. Rubin found the first ever indirect evidence of , ' obsereations
DM by observing Galaxies rotation’s curves:
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Expected from

- Flat distribution instead of exponentially T DTl S
decreasing one imply the presence of additional — e ¢ |
invisible matter!
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Who turned off the lignht?

Other Cosmological evidences:

.« Since 1980 evidence of Dark Matter were found in
the pattern of anisotropies of the cosmic

microwave background (CMB).

- Necessary to explain current Universe Structure
under the ACDM paradigm.
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. Gravitational Lensing effects.
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. Bullet Cluster: mass of the system (x-ray map)
does not trace the reconstructed lensing signal.
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WIMP as Dark Matter Candidate

- Weakly Interactiv Massive Particles

- new particles with masses and cross
sections characteristic of the
electroweak scale.

Cold (non relativistic).

. In thermal equilibrium in the hot early
universe with SM particles.

. . . QCD @aon WDM limit unitarity limit
- Detection rates are within reach of current 1022 gy casievindow  paV] GeV 10Ty My, 10 M
or planned detectors, making them “— . i | | | —
|
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ne Hunt for Dark Matter

Direct detection

£ £
. Direct: Detect the recoil of \/

nucleus after scattering with WIMP
dark matter. t_/\ :

Indirect detection

. Indirect: Detect product of DM
oarticles annihilation in presence of
clump of gravitational matter.

- Production: Collider Search for
new production chain leading to
MIssiNg transverse momentum.




irect Detection

IDUO Recoil
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Heat

How can we see 1t”

Direct Detection

Phonons

- Recoil Energy of the detector

constituents is the key and depends Ge,Si: / | \ CAWO, . CRESST

from the DM kinetic one! SuperCDMS / \ Nal: COSINUS
EDELWEISS /
- Different experiments focus on one or /’
two techniques to access different Light
energy scales and DM mass ranges / R

Si: DAMIC-M
Ge: CDEX

Xe: LZ, XENONNT
Ar: DarkSide-20k Ar: Deap-3600
Nal: DAMA/LIBRA

COSINE, SABRE
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Liquid Nople Gas Detectors

ATgOonN - Xenon

Light Emission!

@ Excitation Excited molecule
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Ionized molecule

VUV
Incoming WIMP

Ionization
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Electron Emission!
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Liquid Nople Gas Detectors

Dual Phase detectors

Time Projection Chamber

ectrons (from ionization) drift up to the gas
nase under E field action.

o |1

- Photosensors (PMT or SiPMs) collect light
signals:

Outgoing
Particle

Incoming
Particle

« S¢Primary signal (Scintillation) in liquid.

.« S2 Secondary signal (Electroluminescence)
IN gas.

- Event position reconstruction.
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Liquid Noble Gas Detectors .
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Background
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- Other particles can replicate DM signals either
oroducing Nuclear or Electron Recoil (NR - ER)

-
Q

Pulse amplitude [a
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. Solution: Material Selection - Tagging - PSD* and SRR —"

Time [us]

Underground Labs!
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Pulse Shape Discrimination technigue to
discriminate NR - ER from light signalnal
shape analysis. (Argon)
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Under the mountain
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- Xperiment resu.

ts: Sensitivity Plot
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Laboratori Nazionali del Gran Sasso

Q@ DarkSide-20k

Detector Semplified Scheme

Dual Phase Argon TPC Detector under
construction at LNGS (Hall C).

- Nominal Exposure of 200 t yr Hall C - Jenuary 2024
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. TPC: 50t of Liquid Argon (20t active) IPG:

. Membrane Cryostat: 700t LAr as ===
thermal bath and Veto.

. Instrumental Background: 0.1 events

from neutrons. Operations expected
to start in late 2026
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Preliminary assembly of the
Acrylic Mockup TPC for
DarkSide-20k

UqArgO”! Preparation for the future
' assembly, cooldown and test of
the Acrylic Mockup TPC

¢

Assembly and test of the
Cryogenic system at LNGS
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Conclusions

- There is compelling evidence for the existence
of dark matter. Although our understanding of
its nature and distribution is still incomplete!

- Present and future experiments (collectively,
the direct, indirect and collider searches ) may
oe able to shed new light on the physics and

astrophysics of dark matter. True essence of being a Ph.D. Student
. Stay tuned for updates from DarkSide!
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