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INFN national laboratories
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LNGS history

• 1979 → proposal to the Italian Parliament of a project 
for a large underground laboratory inside the Gran 
Sasso highway tunnel (under construction at that 
time). 

• 1982 → approval by Parliament.  

• 1987 → construction is completed. 

• 1989 → 1st experiment, MACRO, begins data taking
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Main LNGS characteristics
• Shielded by 1400 m of rock (3800 m.w.e.) 
• Muons flux reduction ~106 
• Surface: 17 800 m2 
• Volume: 180 000 m3 
• 3 main experimental Halls (approx. 100 m length, 20 m width, 18 m height) 
• Air ventilation: 1 volume / 3 hours 
• Easy access directly through the A24 highway 
• Long history and experience 
• Wide variety of support services for the experimental researches

Underground lab

External lab
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Science @ LNGS
Neutrino astrophysics 

•Solar neutrinos 

•Geo-neutrinos 

•Supernova neutrinos 

Neutrino properties 
•Neutrinoless Double Beta Decay 

•Relic neutrinos 

Dark Matter 
•WIMPs direct searches 

Nuclear Astrophysics 
•Astrophysical nuclear reactions

Tests on quantum mechanics 
•Electron decay 
•Violation of Pauli principle 

Radiobiology 
•Biological effects from low radioactivity environments 

Geophysics 
•Earthquakes monitoring and study 
•Analysis of water resources 

Ultra-pure materials 
•Low-radioactivity material screening 
•Cultural heritage samples analysis 
•Additive manifacturing
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Experiments
Presently 22 experiments in data 
taking or under construction
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Internationality of LNGS

LNGS Users in 2023 

• Italians 354 (~ 600*) 
• Foreigners 256 (~700*) 
• Total 610 (~1300*) 

*members of experimental collaborations
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Neutrino physics
Many of the leading experiments in 
neutrino astrophysics and 
neutrinoless double beta decay 

• BOREXINO 

• CUORE 

• GERDA 

• LVD 

• CUPID 

• LEGEND

(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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Dark Matter direct searches
Many of the leading experiments in direct 
Dark Matter search 

• XENONnT  

• DAMA 

• CRESST 

• DarkSide 20k 

• COSINUS 

• SABRE 

• LIME/CYGNO
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LNGS excellence

The LNGS are universally recognized as the world's leading laboratory in Astroparticle Physics 
• dimensions 
• easy of access 
• geografic location 
• quality of support to the experiments 

• The LNGS lab is ~35 years old: needs modernisations in various parts 

• We are working on several upgrades and renovations with the aim of maintaining a high-level support
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External labs
• Directorate 

• Offices and meeting rooms 

• Cafeteria and canteen 

• Administration 

• Technical Division 

• Assembly and test Halls for large equipments 

• Mechanical workshop 

• Chemistry service 

• Computing service 

• Cryogenic service 

• Electronics workshop
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Support to the experiments
• Computing 

• Design and Mechanical Workshop  

• Additive Manufacturing 

• Cryogenics and Vacuum 

• Chemistry (ICPMS) 

• Electronics 

• Special Techniques (HPGe)
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Material screening (Special Techniques Service)

STELLA (SubTErranean Low Level Assay) 

15 HPGe detectors 
• 11 p-type coaxial detectors, all LB or ULB 
• 1 ULB well-type detector  
• 1 BEGe ULB detector 
• 1 multiple p-type crystal ULB detector 
• 1 n-type LB detector   

Alpha spectrometers 
Liquid scintillator counters

Sensitivity (Th/U) 
• commercial LB detectors O(mBq/kg) 
• commercial ULB detector O(0.5 mBq/kg) 
• custom ULB detector O(10-50 μBq/kg)

Activities 
• material screening for LNGS experiments 
• small fundamental physics research projects  
• meteorite measurements  
• environmental radioactivity 
• CELLAR (Collaboration of European Low-level 

underground LAboRatories) 
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Material screening (Chemistry Service)

Chemical labs for Ultra-Trace Analysis equipped with  
• Clean Room ISO6 

• Chemical equipment for treatments and preparation of samples 

• Magnetic Sector ICP-MS 

• TIMS for isotopic measurements 

• New ICP-MS quadrupole 

• New Laser Ablation ICP-MS (Agreement between INFN-LNGS and BMBF)

Sensitivity (Th/U) 
•few μBq/kg
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NOA
NOA (Nuova Officina Assergi) 

• Large (450 m2) Clean Room suitable for Radon-free operation 

• Equipped for photodetector assembly  

-  Cryo-probe  

-  Dicing  

-  Flip-chip 

-  Wire bonding
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High Performance Computing
HPC4DR (High Performance Computing for Disaster Resilience)

A cluster of 400 servers has been recently installed  

• multicore processors Intel Xeon E5-2697 v4 (Broadwell)  

• Interconnection via a high speed network at 100Gb/s 

• high computing power

Goals 
• provide computing resources to Universities and Research Institutions of Abruzzo, Marche e Molise, in order 

to increase, through computational methods and data analysis, the resilience of local systems to natural 
disasters 

• improve the computing power for LNGS experiments
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Cryo-Platform
A new cryogenic setup conceived to perform measurements of detectors and 
devices at mK temperature 
• dry 3He/4He dilution refrigerators 

• Large experimental space: ∅ 50 cm, h 75 cm 

• Base temperature < 10 mK 

• Low radioactivity & low vibration environment 

• Funded by LNGS-FUTURE, BMBF and SQMS 

Useful for low-background tests of 
• Cryogenic detectors equipped with TES, NTD, … 

• Qubits 

The Cryo-Platform facility access procedures will be regulated by a PAC
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Quantum computing
In the last few years there is an increasing interest and numerous R&D addressed at Quantum Computing

• There are evidences that cosmic rays and radioactivity have some impact on the coherence time of superconducting qubits 
• Low temperature detectors groups at LNGS have the same expertise (low temperature, low vibration, low noise, …) 
• Can LNGS become a reference center for quantum computer development? 
• INFN is the only non-US partner of the SQMS (Superconducting Quantum Materials and Systems Center) project 
• Some measurements are already going on in a small dilution fridge at LNGS 
• In the future we plan to test large qubit arrays in the Cryo-platform


