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Talk outline

1. Brief introduction

a. Evidences of dark matter (slides courtesy of M. Cirelli)

b. Direct search for dark matter

c. The case for NaI(Tl) scintillators

2. SABRE status and prospective

3. ASTAROTH: R&D for the next generation
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Dark Matter executive summary
 DM exists

 ƛǘΩǎ ŀ new, unknown particle
 makes up 26% of total energy

                  82% of total matter

 neutral particle
 cold or not too warm

 very feebly interacting

 stable or very long lived
 possibly a relic from the EU

no SM particle 
can fulfil

dilutes as 1/a3 with 
universe expansion

ódarkô...

p/m <<1 at CMB formation

-with itself
-with ordinary matter
  (ócollisionlessô)

[Planck 2018, arXiv:1807.06209]
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https://ui.adsabs.harvard.edu/link_gateway/2020A&A...641A...6P/arxiv:1807.06209


The cosmic inventory

Most of the Universe is Dark

- BBN

- CMB

-  CMB + SNIa

-  CMB -  DM

-  acoustic peak in baryons

69%
1%
4%

26%
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How do we know that 
Dark Matter is out there?
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Begeman et al., MNRAS 249 (1991)

Galaxy rotation 

curves

ócentripetal ôógravitational ô

with

and indeed a ógasô of non-

interacting particles 

distributes like 1/r 2
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You can do the same exercise about the movements of galaxies within 

clusters

[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 :

Åordinary matter 

reconstructed by x - ray 

observations

Ådark matter reconstructed 

by gravitational lensing

Åthe distributions do not

coincide!
ñbullet clusterò -  NASA astro -

ph/0608407

Cluster of galaxies
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Large Scale 

Structures

Springel , Frenk, White, Nature 440 ( 2006 )

SDSS: 10 6 

galaxies,

2 billion lyr

2dF: 2.2 10 5 

galaxies

Millennium: 

1010 particles,

500 h - 1 Mpc

Numerical n-body simulations
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hot spots

cold spots

CMB angular power 

spectrum

CMB

Cosmic Microwave Background

ȿCDM is an excellent fit

no DM => no 3 rd  peak!
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Which Dark Matter ?

ÅCandidates span 90 orders of 

magnitude in mass

ÅHere we are talking about 

particle - like DM at the weak 

scale
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Experimental complementary approaches to 
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Dark Matter Halo

ṉThe solar system 
rotates within the DM 
halo

ṉEarth experiences the 
so called 
ά²Lat ǿƛƴŘέ

ṉComing from the 
direction of the 
Cygnus constellation
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Direct interaction signature

Å Disclaimer: this is only the most straightforward hypothesis!

Å Interaction type: elastic scattering off nuclei

Å Signal: nuclear recoil energy
ω For DM masses in the 10 GeV ς 1 TeV range:

typical recoil energy is 1keV ς 50keV

Featureless spectrum: just exponential decline

N

c c

ω Interaction probability is mostly unknown, 

though different models have their own estimates in the range s = 10-48ς10-41 cm2

Very low expected rate ~ 10-1 to 10-6 events/kg/day

Å Challenge: distinguish signal from 
background at such low energies
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Underground locations

1. Use a mine:

SNOLab (Canada) SURF (USA)

Kamioka (Japan)

Boulby(UK)
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Underground locations
Corno Grande (2912 m): 

best for climbing!

2. Go under a mountain:

Å Laboratori Nazionali del Gran 
Sassoby Instituto Nazionale di 
Fisica Nucleare (INFN)
180000 m3

3600 m w.e.

ÅChina Jinping Physics Laboratory
300000 m3

6700 m w.e.
CJPL (China)

LNGS (Italy)
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Underground DM projects

SABRE-North
CYGNO

COSINUS

SUPL
SABRE-South

/ LZ

(ANDES) 
proposed

ANAIS

COSINE

PICO
SuperCDMS

DAMIC

Yemilab

COSINE   

(PAUL ) 
proposed
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Different targets and techniques
BolometersBubble chambers

Skipper CCDs

and many more

Noble liquids 
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Negative ion gas TPC


