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Facilities

External buildings

Underground laboratory



Why underground?

Underground laboratories are shielded 
by layers of rock and offer the unique 
possibility of studying rare phenomena 
in an environment where cosmic ray 
background is strongly reduced



Features of 
underground laboratory

Ø 1400 m of rock overhead

Ø Cosmic ray flux reduction: 1.000.000

Ø 3 experimental halls 100 m length, 
20 m width and 18 m height



Gran Sasso National 
Laboratory users

Total users: N. 981
Italian users: N. 417
Foreign users: N. 564



LNGS Experiments

SABRE

DARKSIDE 50

LUNA-MV

LVD

LEGEND-200CRESST

CUORE

DAMA/LIBRA

COBRA

LUNA-400 XENON-nT GINGER

LOW ACTIVITY LAB

ENTRANCE

EXIT

CUPID

BOREXINO

CUPID R&D

VIP NEWS
LIME/CYGNUS

COSINUS

COSMIC SILENCE

o Running
o Construction/Commissioning
o Decommissioning



Main research topics: 
Neutrinos

Ø The messengers of the Universe

Ø Unique behavior in the particle 
landscape (Majorana neutrino, 
neutrino mass, ….)

Ø They could explain the prevalence 
of matter over antimatter in the 
Universe



Neutrino 
experiments

BOREXINO

LVD

CUORE

GERDA/LEGEND

CUPID



Borexino

Real time neutrino (all flavours) detector
Real-time measurement of pp neutrino

(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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Real-time measurement of Geo-neutrinos



Neutrinoless Double Beta Decay

LNGS

LNGS



CUORE/CUPID

Massive cryogenic detector to search 
for Neutrinoless Double Beta Decay: 

130Te using 988 TeO2 bolometric 
detectors (CUORE)

100MO using LMO scintillating 
bolometers (CUPID)



LEGEND-200

Search for Neutrinoless Double Beta 
Decay of 76Ge with new 200 kg 
ultrapure enriched germanium 
detectors deploying more than.

Experiment is in commissioning 
phase in Hall A



Future Strategies on Double Beta Decay
29 Sep – 1 Oct 2021

T1/2 (1028 years) mββ (meV) 3σ Discovery
Excl. Sens. 3σ Discovery Median Range

CUPID 0.14 0.10 15 12 to 20
LEGEND-1k 1.60 1.30 12 9 to 21

nEXO 1.35 0.74 11 7 to 32

North American and European funding agencies meeting
• Selection of future DBD experiments

Experimental sensitivities
Budget requested for each experiment
International collaborations

• Selection of possible undergroud laboratories
SNOLab/SURF – North America
LNGS – Europe (with other European labs)

• All three experiments will be supported 
Two in Europe (in principle)

Prosecutor of CUORE



Main research topics:
Dark Matter

Ordinary matter is less than 5%

About  27% of the Universe is 
dark matter

More than 68%, is  dark energy



Dark Matter 
Experiments

CRESST

DAMA

DarkSide

XENON

COSINUS, CYGNO, NEWS, SABRE



DarkSide-20K

20 Ton (fiducial volume) liquid 
underground Argon TPC

Detector is under construction in 
Hall C of LNGS



XENON/nT

8.3 tonnes of highly radiopure 
liquid xenon



Main research topics:
Nuclear Astrophysics

Studying the heart of the stars in 
underground facilities

- How was star born? 
- How does it evolve? 
- How are produced the elements?



Nuclear Astrophysics

LUNA 400 kV

LUNA MV

Two accelerators installed underground 



LNGS Users Support 
and Facilities

Ultra-low background techniques

Chemistry lab and service

Mechanics design & 3D-lab

Electronics

Mechanics workshop

IT

Clean Rooms



Multidisciplinary
applications

Roman Lead

Additive Manufacturing

CHNet: study of Cultural Heritage

Biology

Geophysics




