
Laboratori Nazionali del Gran Sasso



Le strutture

Edifici esterni

Laboratorio sotterraneo



Perchè non 
riusciamo a 
vedere le stelle di 
giorno?

Se vogliamo vedere un 
segnale molto piccolo, 
ad esempio la luce delle 
stelle, dobbiamo liberarci 
delle sorgenti di luce più 
forti (il sole)



Perchè andare
sottoterra?

Per studiare gli eventi rari è 
necessario un ambiente 
sotterraneo in grado di 
schermare i raggi cosmici che 
arrivano sulla terra



Le caratteristiche
dei Laboratori
sotterranei
Ø 1400 m di roccia sovrastante

ØRiduzione dei raggi cosmici di 
1.000.000 di volte

Ø I più grandi al mondo oggi in 
funzione



Internazionalità 
dei Laboratori 
Nazionali del Gran 
Sasso
Total users: N. 981
Italian users: N. 417
Foreign users: N. 564



Breve storia dei
Laboratori del 
Gran Sasso

Ø 1979:  proposta di A. Zichichi al 
Parlamento Italiano

Ø1982: approvazione del Progetto di 
costruzione dei LNGS

Ø1987: costruzione completata

Ø1989: inizio presa dati del primo
esperimento (MACRO)



Uno sguardo
all’interno

Ø Le 3 sale sperimentali misurano circa 
100 m di lunghezza, 20 m di 
larghezza e  18 m di altezza

Ø Circa 22 esperimenti in presa 
dati o in costruzione

Ø Il più sensibile laboratorio (LOW 
ACTIVITY LAB) dedicato alla 
misura e all'identificazione dei 
contaminanti dei materiali



Principali argomenti 
di ricerca. Neutrini

Ø Sono i messaggeri dell’Universo 

Ø Comportamento unico nel 
panorama delle particelle 
(neutrino di Majorana)

Ø Potrebbero spiegare la 
prevalenza della materia 
sull’antimateria nell’Universo



Neutrini

BOREXINO

LVD

CUORE

GERDA/LEGEND

CUPID



Borexino
(equation (1)) rate to be 131 6 2 counts per day (c.p.d.) per 100 t of
target scintillator.

The scintillation light generated by a 100 keV event typically induces
signals in ,50 photomultiplier tubes (PMTs). This allows for a low de-
tection threshold (,50 keV), much less than the maximum electron recoil
energy of pp neutrinos (Emax 5 264 keV).

The pp neutrino analysis is performed through a fit of the energy dis-
tribution of events selected to maximize the signal-to-background ratio.
The selection criteria (Methods) remove residual cosmic muons, decays of
muon-produced isotopes, and electronic noise events. Furthermore, to
suppress background radiation from external detector components, only
events whose position is reconstructed inside the central detector volume
(the ‘fiducial volume’: 86 m3, 75.5 t) are used in the analysis. The fit is done
within a chosen energy interval and includes all relevant solar neutrino
components and those from various backgrounds, mostly from resid-
ual radioactivity traces dissolved in the scintillator.

Figure 2 shows a calculation of the spectral shape of the pp neutrino
signal (thick red line), as well as of the other solar neutrino components
(7Be, pep and CNO), and of the relevant backgrounds (14C, intrinsic to
the organic liquid scintillator; its ‘pile-up’ (see definition below); 210Bi;
210Po; 85Kr; and 214Pb), all approximately at the observed rates in the data.
The pp neutrino spectral component is clearly distinguished from those
of 85Kr, 210Bi, CNO and 7Be, all of which have flat spectral shapes in the
energy region of the fit. Most of the pp neutrino events are buried

under the vastly more abundant 14C, which is ab-emitter with a Q value
of 156 keV. In spite of its tiny isotopic fraction in the Borexino scintil-
lator (14C/12C < 2.7 3 10218), 14Cb-decay is responsible for most of the
detector triggering rate (,30 counts s21 at our chosen trigger thresh-
old). The 14C and pp neutrino energy spectra are, however, distinguish-
able in the energy interval of interest.

The 14C rate was determined independently from the main analysis,
by looking at a sample of data in which the event causing the trigger is
followed by a second event within the acquisition time window of 16ms.
This second event, which is predominantly due to 14C, does not suffer
from hardware trigger-threshold effects and can thus be used to study
the rate and the spectral shape of this contaminant. We measure a 14C
rate of 40 6 1 Bq per 100 t. The error accounts for systematic effects due
to detector response stability in time, uncertainty in the 14C spectral
shape27, and fit conditions (Methods).

An important consideration in this analysis were the pile-up events:
occurrences of two uncorrelated events so closely in time that they can-
not be separated and are measured as a single event. Figure 2 shows the
expected pile-up spectral shape, which is similar to that of the pp neutrinos.
Fortunately, the pile-up component can be determined independently,
using a data-driven method, which we call ‘synthetic pile-up’ (Methods).
This method provides the spectral shape and the rate of the pile-up com-
ponent, and is constructed as follows. Real triggered events without any
selection cuts are artificially overlapped with random data samples. The
combined synthetic events are selected and reconstructed using the same
procedure applied to the regular data. Thus, some systematic effects, such
as the position reconstruction of pile-up events, are automatically taken
into account. The synthetic pile-up is mainly due to the overlap of two 14C
events, but includes all possible event combinations, for example 14C with
the external background, PMT dark noise or 210Po. 14C–14C events dom-
inate the synthetic pile-up spectrum between approximately 160 and
265 keV. The fit to the 14C–14C pile-up analytical shape in this energy
region gives a total rate for 14C–14C pile-up events of 154 6 10 c.p.d. per
100 t in the whole spectrum, without threshold.

Measurement of the pp neutrino flux
The data used for this analysis were acquired from January 2012 to
May 2013 (408 days of data; Borexino Phase 2). This is the purest data
set available, and was obtained after an extensive purification campaign
that was performed in 2010 and 201128 and reduced, in particular, the
content of 85Kr and 210Bi isotopes, which are important backgrounds
in the low-energy region.

The pp neutrino rate has been extracted by fitting the measured
energy spectrum of the selected events in the 165–590 keV energy win-
dow with the expected spectra of the signal and background components.
The energy scale in units of kiloelectronvolts is determined from the
number of struck PMTs, using a combination of calibration data col-
lected with radioactive sources deployed inside the scintillator29 and a
detailed Monte Carlo model28.

The fit is done with a software tool developed for previous Borexino
measurements28 and improved for this analysis to include the descrip-
tion of the response of the scintillator to mono-energetic electrons, to
give high statistics; a modified description of the scintillation line-
width at low energy, providing the appropriate response functions
widths for a- and b-particles (mainly from the 210Po and 14C back-
grounds); and the introduction of the synthetic pile-up.

The main components of the fit are the solar neutrino signal (the
dominant pp component and the low-energy parts of the 7Be, pep and
CNO components); the dominant 14C background and the associated
pile-up; and other identified radioactive backgrounds (85Kr, 210Bi,
210Po and 214Pb). The free fit parameters are the rates of the pp solar
neutrinos and of the 85Kr, 210Bi and 210Po backgrounds. The 7Be neut-
rino rate is constrained at the measured value17 within the error, and
pep and CNO neutrino contributions are fixed at the levels of the SSM9,
taking into account the values of the neutrino oscillation parameters25.
The 14C and the synthetic pile-up rates are determined from the data
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Figure 2 | Energy spectra for all the solar neutrino and radioactive
background components. All components are obtained from analytical
expressions, validated by Monte Carlo simulations, with the exception of the
synthetic pile-up, which is constructed from data (see text for details).
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Figure 1 | Solar neutrino energy spectrum. The flux (vertical scale) is given in
cm22 s21 MeV21 for continuum sources and in cm22 s21 for mono-energetic
ones. The quoted uncertainties are from the SSM9.
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Misura in tempo reale di neutrini prodotti da 
reazioni di fusione pp e ciclo CNO

Misura in tempo reale dei geoneutrini



CUORE/CUPID

La ricerca del doppio decadimento
beta senza emissione di neutrini: 

CUORE: 988 rivelatori 
bolometrici di Te𝑂! (il metro cubo
più freddo dell’Universo)

CUPID: utilizzo di rivelatori 
bolometrici di Li!Mo𝑂" arricchiti 
con l’isotopo !""𝑀𝑜(CUPID)



LEGEND 200

Ricerca del doppio 
decadimento beta senza 
emissione di neutrini del 
76Ge attraverso l’utilizzo di 
200 kg di rivelatori a 
germanio



Materia Oscura

Quello che conosciamo
rappresenta solo la punta 
dell'iceberg



Principali argomenti 
di ricerca: Materia 
Oscura

La materia di cui siamo fatti noi è 
meno del 5%

Circa il 27% è materia oscura

Il restante, più del 68%, è energia 
oscura 



Materia Oscura

CRESST

DAMA

DarkSide

XENON

R&D: COSINUS, CYGNO, 

NEWS, SABRE



XENON/nT

Rivelazione della materia 
oscura attraverso l’utilizzo 
di 8.3 tonnellate di xenon 
liquido altamente radiopuro



DarkSide-20K

20 tonnellate di argon liquido
ottenuto da giacimenti 
sotterranei (prodotto in 
Colorado)



Principali argomenti di 
ricerca: Astrofisica 
Nucleare

Studiare in un laboratorio 
sotterraneo il cuore delle stelle 
per rispondere ad alcune affascinati 
domande

Come nasce una stella? Come 
evolve? In che modo si  producono 
gli elementi presenti nell’Universo?



Astrofisica Nucleare

LUNA 400 kV

ION BEAM FACILITY



Multidisciplinarietà e 
applicazioni ai LNGS

Il piombo romano

Additive Manufacturing

CHNet: Monete di Ybshm/Ebusus

Biologia

Geofisica



Attività di 
comunicazione 
scientifica e progetti 
di didattica

SHARPER

International Cosmic Day

Gran Sasso Videogame

Lab2Go

Art&Science

Pint of Science




