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Beneath the mountains
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A “quiet place” where to study 
Universe rarest processes
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Dark MatterNuclear Astrophysics

Neutrinos
Supernovae neutrinos

Solar neutrinos

Relic neutrinos

Neutrinos mass & nature

Exploring the Universe from beneath the mountains
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Dark Matter

Exploring the Universe from beneath the mountains

WN

Mass = 20 GeV
σN,SI = 10-45 cm2

~1 events/kg/year

Nuclear 
Recoils
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Nuclear Astrophysics

Exploring the Universe from beneath the mountains
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Neutrinos
Supernovae neutrinos

Solar neutrinos

Relic neutrinos

Exploring the Universe from beneath the mountains

Neutrino Interactions Cross Section Neutrinoless double beta decay

Current limits  
T1/2 > [1021-1026] years

Neutrinos mass & nature
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Rare events copycats: not only cosmic rays

Muons
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Rare events copycats: not only cosmic rays

Muons
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Rare events copycats: not only cosmic rays

Muons

mainly 40K
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Rare events copycats: not only cosmic rays

Muons

mainly 40K

mainly 238U, 232Th 
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Rare events copycats: not only cosmic rays

Muons

mainly 40K

mainly 222Rn, 40K

mainly 238U, 232Th 
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Additional background suppression
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Active 
shielding

Neutrons & 
muons

Passive 
neutron 
shielding

Passive ɣ 
shielding

Passive ɣ 
shielding

Purification/
ventilation system 
for Rn reduction

Pb, Cu
H2O, 

polyethylene

Plastic/liquid 
scintillators, 
Cherenkov 

liquids 
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Laboratori Nazionali del Gran Sasso
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Nuclear Astrophysics
D. Piatti



E. Baracchini - Low Energy Astroparticle Physics at GSSI & LNGS - GSSI Scientific Fair - February 2022

Nuclear Astrophysics
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Study of the nuclear reactions that 
shape much of the visible Universe 

Sun, Supernovae, stellar evolution 
Study of Big Bang Nucleosynthesis
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Reaction rate & Gamow peak
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Nuclear Effects Coulomb barrier

Reaction 
cross section

The reaction rate is given by the convolution of the 
cross section with the Maxwell-Bolzmann energy 
distribution of colliding nuclei = Gamow peak

Reaction of 
charged 
particles

TUNNEL 
EFFECT!



E. Baracchini - Low Energy Astroparticle Physics at GSSI & LNGS - GSSI Scientific Fair - February 2022

Laboratory for Underground Nuclear Astrophysics: LUNA
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LUNA experimental setup
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Ion beam accelerator with 
high current (hundreds uA), 

long term stability and 
precise energy 
determination

High precision 
gamma rays 
measurement

High precision 
beam current 

on target 
measurement

Possibility of both solid and 
gaseous targets
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Direct Dark Matter searches 
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It’s a Dark Universe

“Dark” Matter because 
it does not interact with 

light

Large scale 
structures

…and many 
more

Dark Matter gravitational evidences

Universe composition
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Direct Dark Matter detection principle
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Direct Dark Matter detection principle

Look at a larger number of nuclei (…electrons…) and see if any 
of them recoils due to a hit-and-run collision with a WIMP.
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Driving to CYGNUS with a DM wind blowing in your hair…
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Direct DM searches facts & figures

Patrick Decowski - Nikhef/UvA

Preliminaries

Sun velocity vector pointing 
roughly to Cygnus

WIMP
from galactic halo

Target Nucleus
in laboratory

v~220 km/s v~0 km/s

ER~30 keVr

θR

WIMP

Elastic collision

ER =
µ2v2

mT
(1� cos ✓) vmin =

s
mTEth

2µ2

Assume WIMP is not only gravitationally interacting
M. W. Goodman and E. Witten, Phys. Rev. D 31, 3059 (1985).

3

Interaction rate & nuclear recoil energy are very low

Recoiling nuclei 
(partially) retain 
WIMP direction

Sensitivity to different WIMP masses 
depends on energy threshold AND 

target nuclei
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Direct DM searches experimental techniques

±80-90% of energy

few % of energy±20 % of energy
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XenonNT & Darkside-20k

±80-90% of energy
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ER/NR discrimination via S1/S2 
comparison + PSD (for LAr)

Z fiducialization: S1-S2 time difference
X-Y fiducialization: PMTs pattern

S2 amplification via 
electroluminescence

S. HorikawaC. Ferrari
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Direct DM searches experimental techniques

±80-90% of energy

few % of energy±20 % of energy
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CRESST & COSINUS
CRESST

CaWO4

COSINUS

TES for heat 
measurement

TES for light 
measurement

CaWO4 or NaI NaI

ER/NR discrimination via energy (i.e. heat) 
vs light comparison

COSINUS to test DAMA via 
modulation + ER/NR discrimination

N. Di MarcoM. Olmi



E. Baracchini - Low Energy Astroparticle Physics at GSSI & LNGS - GSSI Scientific Fair - February 2022 �31

Direct DM searches experimental techniques

±80-90% of energy

few % of energy±20 % of energy
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CYGNO/INITIUM
3D track with 
sensitivity to 

direction

+ SF6 for negative 
ion drift

5.2 keVee nuclear 
recoil candidate

Can spot direction 
and sense!

ER/NR discrimination via track 
topology + positive identification of 
DM signal via directional correlation

G.Dho

Gaseous Time 
Projection Chamber
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DM search panorama
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COSINUS

DM search panorama
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DM search panorama

COSINUS

XenonNT & 
Darkside
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COSINUS

CRESST

XenonNT & 
Darkside

DM search panorama
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COSINUS

XenonNT & 
Darkside

CRESST

CYGNO/
INITIUM

DM search panorama
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Neutrino Physics
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The Neutrino nature
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?

Neutrinoless double 
beta decay

Measures effective 
electron neutrino mass

Test neutrino hierarchy

F. Vissani JHEP 06 (1999) 022
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Neutrinoless double beta decay experiments @ 
LNGS
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T1/2 > [1021-1026] years
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GERDA/LEGEND & CUORE/CUPID 
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(Scintillating) cryogenic calorimetersHPGe ionisation detectors

CUORE/CUPIDGERDA/LEGEND

N. Di Marco, M. Morella D. Helis
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Relic Neutrinos
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Relic neutrino detection principle
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In Tritium:
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Ptolemy experiment concept
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M. Messina
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Solar & Supernovae neutrinos
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LVDBorexino

pp and CNO solar neutrinos 
measurements on Nature
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Exploring the Universe from beneath the mountains

What the Universe 
is made of

How the Universe was 
born and how it evolves

A picture of the 1st 
second of the Universe

The solution to 
neutrino mystery


