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Talk outline

1. Brief ntroduction

In memory of

a. Evidences of dark matt&dlides courtesy of M. Cirelli) e Cakibrice

b. Direct search for dark matter

c. The case foNalTl) scintillators
2. SABRE status and prospective
3.ASTAROTH: R&D for the next generation



Dark Matter ecutive summary

« DM exists
- A U Q&w, uhknowmnparticle B o
= makes up26%o.0f total energy

82%0f total matter m Q T1@pY Y 18I TP
« neutralparticle osdarko. ..
= coldor not too warm p/m <<1 at CMB formation

-with itself

- veryfeeblyinteracting i ordinay matter
or very long lived

= possibly a relic from the EU


https://ui.adsabs.harvard.edu/link_gateway/2020A&A...641A...6P/arxiv:1807.06209
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Cluster of galaxies

You can do the same exercise about the movements of galaxies  within
clusters

J[actually F. Zwicky first postulation of dark matter was based on
the Coma cluster.]

A more spectacular proof Is
the observation of the so -
called bullet cluster

A ordinary matter
reconstructed by X - ray
observations

A dark matter reconstructed o
by gravitational lensing -

A the distributions do not
coincide!

D. D'Angelo LPNHE seminar 7



Lalrge scale
Structures

s

2dF: 2210 5 50 Numerical'n-body simulations
sBalaxies o e '
galaxies, ~ ;s e ®

2 billion lyr

Wavelength A [h~! Mpc]
100

1000 10

m Cosmic Microwave Backgrojnd

% Cluster abundance

m Weak lensing
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Cosmic Microwave Background

SsCDM 1 s an excell ent
no DM => no "d peak!

= 2.725° K

ol —5

500 1000 1500 2000 2500

CMB angular power
spectrum



Which Dark Matter ?

Fields Particles Macroscopic objects

» .C\
Ultra—light s £ Bhermal
S A
scalars - Vs zrelics PBHs

' 1030 1020 10-10 eV 1010 1020 kg 1020 1030 1040
Hubble Ihow weak scale Planck scale Solar mass

A Candidates span 90 orders of
magnitude In mass

A Here we are talking about
particle - like DM at the weak
scale
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Experimental complementary approaches to

Dark Matter Search

N .

Indirect
) Detection
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D. D'Angelo

Dark Matter Halo

dark matter halo

bulge

. S

Milky Way

LPNHE seminar

Solar motion is in the
direction of Cygnus

The solar system
rotates within the DM
halo

Earth experiences the
so called
a2 Lat @OAYRE

Coming from the
direction of the
Cygnus constellation
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Direct interaction signature

A Disclaimer: this is only the most straightforward hypothesis!
A Interaction type: elastic scattering off nuclei © For DM masses in the 10 Ge¥ TeV range:

A Signal: nuclear recoil energy typical recoil energy is BeV¢ 50keV

Featureless spectrumust exponential decline
Ny (=

* N m, = 100 GeV/c?2
. Gy-n = 104 cm?

N

A Challenge: distinguish signal from
background at such low energies

w Interaction probability is mostly unknown,
though different models have their own estimates in the rasge 10*8¢104! cn¥

Very low expected rate ~ £Go 10° events/kg/day

D. D'Angelo LPNHE seminar 13




1. Use a mine:

D. D'Angelo

Underground locations
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Corno Grande (2912 m):

bestfor CHEIGD SN LUnde rgroun d locations kg ’m
2. Go under a mountain: 1

A LaboratoriNazionaldel Gran

COSMIC SILENCE

CUORE '\ LUNA-400 \ LVD /XENONnT /' GINGER
E \Lmwadoo | LYD /XEN (300,000 m?3)

N\ 22 FisicaNucleare(INFN) = SN NS

X CUPID R&D

& 180000 n¥ ' |
S~ ) DARKSIDE 50 = g ‘ :

Astro. Phys. 172, 103147, (2025)

EXIT

LIME/CYGNUS \

P S P ; T NEWS

PRSI
Mase Carrecting Tun

> ) “&n SABRE ~ el
COBRA .~ m W e |
/ ' ] ] by @

DAMA/LIBRA '
o Running

Construction/Commissioning ENTRANCE

A China Jinping Physics Laborator
300000 m3
6/00 mw.e.
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Underground DM projects
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Different targets and techniques  syipper ccps

Noble I|qu|dsﬁ Bubble chambers Bolometers

Time-projection
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Negative ion gas TPC

and many more
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