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THE ASPECT I LIKE MOST



THE IDEA OF COSMIC 
SILENCE

from dream to reality !



A SHORT HISTORY
1979 → Submission to the Italian Parliament of the 
proposal of the Gran Sasso Underground 
Laboratory, conceived by Antonino Zichichi 
1982 → Approval of the Parliament  
1987 → The Underground Laboratory completed 
1989 → The first experimental apparatus, MACRO, 
begins the data taking. 

Happy 30th birthday



GRAN SASSO  
A WONDER OF NATURE



THE MOST INTERNATIONAL  
INFN LAB



UNDERGROUND SCIENCE 
LABORATORIES

LNGS is (still) the largest, the 

easiest to access and deep enough
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OUTLINE

The lab 

The main research lines 

Other sciences.... 

Summary 

      



GRAN SASSO LABORATORY
Muon Flux

3.0 10-4  μ m-2 s-1

Neutron Flux
2.92 10-6 n cm-2 s-1 (0-1 keV)
0.86 10-6 n cm-2 s-1 (> 1 keV) 

3 main halls  A  B  C ~100 x 20 m2 (h 20 m)

Depth: 1400 m  (3800 m w.e.) 
Surface: 17800 m2 

Volume: 180000 m3 

Rn in air: 20-80 Bq/m3 

ISO 14001 
Ventilation: 1 Lab volume/3 h 

Electrical power: 1300 kW 

Access: horizontal

external facilities



A BUSY LAB



THE MAIN  
LINES OF RESEARCH

Neutrino Physics 

Dark Matter  

Nuclear Astrophysics



NEUTRINO PHYSICS

a recent past 

Solar and Cosmogenic Neutrinos 

Double β decay



AN ENDLESS 
RESEARCH FIELD

How much does a neutrino weigh ? 

What is the mass ordering (hierarchy) 

Is neutrino a Majorana or Dirac particle 

Do more (sterile) neutrinos exist ? 

Do neutrinos violate CP ? 

Can we observe the CNB (a picture of a universe 1 second old)



OPERA AND THE CNGS

See a neutrino change flavour

under your eyes

νµ → ντ



0.77 kton LAr-TPC

ICARUS-T600 @ LNGS 
                              FNAL



A LONG TRIP

CERN- Basel-Antwerp- 
Burns (Indiana)- FNAL



SOLAR NEUTRINOS

Sun is a precious source  

of neutrinos. They are studied 

thoroughly on Earth !



BOREXINO @ LNGS



BOREXINO CONTRIBUTION TO 
SOLAR NEUTRINO 
UNDERSTANDING

bB



BOREXINO LOOKING 
DOWN TO EARTH

238U    206Pb + 8 α + 8 e- + 6 νe + 51.7 MeV 
232Th    208Pb + 6 α + 4 e- + 4   νe + 42.8 MeV 
40K    40Ca + e- + 1 νe + 1.32 MeV 

 The Earth shines in anti-ν 

Uranium & Thorium 

contribution disentangled



BOREXINO 
REINCARNATE IN SOX



Search for ν  
from Core Collapse Supernovae

LVD



DUTY FACTOR

  Run from 1992 
  1 kTon 
  100% duty cycle 

90% U.L. of gravitational 
collapses (for D<20kpc) 

R<0.12 events /year



WHAT IS A NEUTRINO ?



THE PHYSICS IN SHORT



NEUTRINOLESS DBD 
INVERTED OR DIRECT ?

Three region 

1) Degenerate : few 100meV 

2) Inverse: few 10meV 

3) Direct: few meV 
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Daring 

isn’t it ?

THE NASTY PROBLEM

To gain a factor 10 you need 10000 !



LNGS LEADS THE HUNT

GERDA with a spectacular limit  

CUORE taking data  

CUPID paving the way for a new generation aiming at B=0



GERDA

29



THE BEST RESULT IN TOWN



CUORE

Searching for neutrinoless double beta 

decay of 130Te

CUORE Hut

Cryogenic Underground Observatory for Rare Events

Expected 5 Years sensitivity:  
T1/2 = 2.1 x 1026 y,  mββ=41−95 meV 
background counting rate 
10-2 c/keV/kg/y 

200 Kg  
130Te

Cryogenic Underground Observatory for Rare 
Events 
•  988 TeO2 crystals run as a bolometer array 

–  5x5x5 cm3 crystal, 750 g each 
–  19 Towers; 13 floors; 4 modules per floor 
–  741 kg total; 206 kg 130Te 
–  1027 130Te nuclei 

•  Excellent energy resolution of bolometers 
•  New pulse tube dilution refrigerator and 

cryostat  
•  Radio-pure material and clean assembly to 

achieve low background at ROI  

CUORE 

2!"" 

0!"" 

TAUP Asilomar, Sept 11 2013 2 Ke Han (Berkeley Lab) for CUORE 



CUORE PRINCIPLE
heat sink

thermometer

ββ atom x-tal

(T0)

(thermal conductance G)

Basic Physics:ΔT= E/C


T0 ∼ 10 mK

C ∼ 2 nJ/K ∼ 1 MeV/0.1 mK

G ∼ 4 pW/mK




EXPERIENCE FROM CUORE-O
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Fig. 4: (color online) Background spectrum of CUORE-0
(red with shades) and Cuoricino (black) in the region dom-
inated by degraded α particles. The figure shows reduction
of the flat background caused by degraded α particles in the
energy region of [2.7 - 3.1] and [3.4− 3.9] MeV.

atic uncertainties arising from background shape are studied
by comparing a constant and a linear background models,
and are found to be less than 3%. The systematic contribu-
tion from the uncertainty in energy calibration is less than
1%.

The two major sources of background in the ROI are
degraded α particles from surface contamination on the de-
tector components and γ rays that originate from the cryo-
stat. Degraded α particles with a decay energy of 4 to
8 MeV may deposit part of their energy in the 0νDBD
ROI. These α events form a continuous energy spectrum
extending from their decay energy to well below 0νDBD
region. The α background rate in the ROI is estimated by
counting events in the “α flat continuum region”, which
is defined to be from 2.7 to 3.9 MeV (excluding the 190Pt
peak region from 3.1 to 3.4 MeV). This energy range is
above almost all naturally occurring γ rays, in particular
the 2615 keV γ rays from 208Tl decay. Figure 4 shows
the background energy spectrum of CUORE-0 (shaded red)
and Cuoricino (black). The measured rate for CUORE-0 is
0.019± 0.002 counts/(keV ·kg ·y), which improves on the
Cuoricino result (0.110± 0.001 counts/(keV ·kg ·y)) by a
factor of 6.

The γ-ray background in the ROI is predominantly
Compton-scattered 2615 keV γ rays originating from 208Tl
in the cryostat. Since CUORE-0 is hosted in the same cryo-
stat as was used for Cuoricino, the γ-ray background is ex-
pected to be similar. The γ-ray background is estimated as
the difference between overall background in the ROI and
the degraded α background in the continuum. The mea-
sured γ-ray backgrounds of CUORE-0 and Cuoricino are
indeed compatible [12], consistent with the hypothesis that
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Fig. 5: (color online) Sensitivity of CUORE-0
with the measured background rate in the ROI of
0.071 counts/(keV ·kg ·y) and energy resolution of
5.7 keV FWHM. The CUORE-0 sensitivity is expected to
surpass that of Cuoricino with one year of live time.

the background in the ROI is composed of γ rays from the
cryostat and degraded α particles.

4 Projected sensitivity of CUORE-0

Using the measured background rate and energy resolution
of the 2615 keV γ-ray peak, we obtain the CUORE-0 sensi-
titvity with the approach outlined in [33]. With the excellent
energy resolution, we construct a single-bin counting exper-
iment with a 5.7 keV bin centered at the 0νDBD Q-value.
The sensitivity is obtained by comparing the expected num-
ber of signal events with Poissonian fluctuations from the
expected background rate in this bin. Figure 5 shows the
90% C.L. sensitivity of CUORE-0. With one year of live
time, or 11 kg ·y isotope exposure, CUORE-0 is expected
to surpass the 130Te 0νDBD half-life sensitivity achieved by
Cuoricino, 2.8× 1024 y.

5 Summary and outlook

We present the energy resolution and background mea-
surements of CUORE-0 detector from from the 7.1 kg ·y
exposure accumulated up to September 2013. The mea-
sured 5.7 keV FWHM in the 0νDBD ROI repre-
sents a slight improvement over Cuoricino and vali-
dates the CUORE-0 wiring scheme and assembly pro-
cedure. The background rates have been measured to
be 0.071± 0.011 counts/(keV ·kg ·y) in the ROI and
0.019± 0.002 counts/(keV ·kg ·y) in the α continuum re-
gion. These results are a factor of 2 and 6 improvement
compared to Cuoricino, due to more rigorous copper surface



CUORE SENSITIVITY



PHYSICS & ARCHEOLOGY

A couple of hundred ingots 

for the CUORE shielding

210Pb free  (22.3 y half-life) 

2000 y shielded by sea water 



AN OPTION FOR A 
BRIGHT FUTURE

130Te 76Ge 100Mo 116Cd 

Background � 
ambientale 

82Se 



CUPID-0 (LUCIFER)



YET ANOTHER OPTION
 Neganov-Luke light detectors

TeO2 does not scintillate 
Use Cherenkov effect



DARK MATTER 

SEARCHES



ROTATION CURVES



 LENSING



• Ultrapure Na(Tl) 
Residual contamination 

232Th, 238U and 40K at level of 10-12 
g/g 

DAMA/LIBRA



DAMA/LIBRA   
ANNUAL MODULATION
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Multiple hits events = Dark Matter particle “switched off”

Comparison between single hit residual rate (red points) and  
                multiple hit residual rate (green points);  

                A=-(0.0006±0.0004) cpd/kg/keV



THE XENON FAMILY 



XENON1T RESULT



XENON100 ON EM SIGNAL



overall where are we ? 
(in confusion !)

XENON/LUX/PANDAX

DAMA/LIBRA



A BRILLIANT IDEA TO 
CHECK DAMA/LIBRA 

 Quintessential the successful operation of the 
prototype module was the first and essential step to 
converge to the COSINUS goal. Once reached, a 
moderate exposure of few 10 kg-days will be sufficient 
to confirm or rule-out a nuclear recoil origin of the 
DAMA/LIBRA dark matter claim.



Dark Side

based on  Argon 

possibly allowing a big volume (20 Tons) keeping 
Zero Background



Dark Side@LNGS



the Holy Graal 
Zero Background
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A new project at LNGS: Dark Side

WIMP region 

background region 



the key is in getting rid of 
39Ar



separation by cryogenic 
distillation

It relies on  
different 
vapour tensions 
for the different 
isotopes of the 
same element

Thousands of 
equilibrium states 
are needed 



NUCLEAR 

ASTROPHYSICS



nuclear fusion reaction cross sections 
Stars powered by nuclear reactions 
Key parameters to model stars 

chemical composition, opacity… 
reactions cross sections   

determine the origin of elements 
stellar evolution and dynamics 

Many reactions need high precision 
data.

THE LUNA EXPERIMENT



LUNA ASTROPHYSICAL 
MOTIVATION

• Solar neutrinos:  
3He(3He,2p)4He, 3He(4He,γ)7Be, 14N(p,γ)15O 

• Age of globular cluster:   
14N(p,γ)15O 

• Light nuclei nucleosynthesis  
(17/18O abundances, 19F production, 26Mg excess,...):  

15N(p,γ)16O, 17N(p,γ)18O, 25Mg(p,γ)26Al 
• Big Bang Nucleosynthesis:  

2H(α,γ)6Li, 3He(4He,γ)7Be, 2H(p,γ)3He 
• Next: 
• Light nuclei nucleosynthesis:  

17O(p,α)14N, 22Ne(p,γ)23Na, 23Na(p,γ)24Mg, 18O(p,γ)19F, 18O(p,α)15N 
• He burning and stellar evolution:  

12C(α,γ)16O 
• s process nucleosynthesis:  

13C(α,n)16O, 22Ne(α,n)25Mg



LUNA MV PROJECT

• Higher energy machine 
3.5 MV single ended positive ion accelerator 

• Aim 
• key s-process reactions 

Helium burning  
neutron sources 

12C(α,γ)16O 
13C(α,n)16O 
22Ne(α,n)25Mg 
(α,γ) reactions on 14,15N and 18O 

Relevant at higher temperatures than hydrogen-burning



CONSIDERATION

put together LVD (supernovae collapse) and LUNA (star 
formation 

It is clear that to understand the stars you should go into the 
darkness !



HELPING BIOLOGY



LOW BACKGROUND 
RADIATION

• Test the “Linear No Threshold” model 
No point in doubling the dose 
Need to lower the dose 

Is the damage to cells (DNA) ∝ dose 
at low dose 

 or are low doses of radiation 
 more damaging ….. or …. 
 less   damaging 

    than expected from the LNT model 
 in vitro studies done 

 with tantalising results  
 in vivo (drosophilae)



The Cosmic Silence experiment: on the putative adaptive role of environmental ionizing radiation

Previously we reported that yeast and Chinese hamster V79 cells cultured under reduced levels of 
background environmental ionizing radiation show enhanced susceptibility to damage caused by 
acute doses of genotoxic agents. Reduction of environmental radiation dose rate was achieved by 
setting up an underground laboratory at Laboratori Nazionali del Gran Sasso, central Italy. We now 
report on the extension of our studies to a human cell line. Human lymphoblastoid TK6 cells were 
maintained under identical in vitro culture conditions for six continuous months, at different 
environmental ionizing radiation levels. Compared to "reference" environmental radiation 
conditions, we found that cells cultured in the underground laboratories were more sensitive to 
acute exposures to radiation, as measured both at the level of DNA damage and oxidative 
metabolism. Our results are compatible with the hypothesis that ultra-low dose rate ionizing 
radiation, i.e. environmental radiation, may act as a conditioning agent in the radiation-induced 
adaptive response.



more.......



EARTH SCIENCE
GINGERino is a large frame laser gyroscope investigating the ground motion in the most inner part of the 
underground international laboratory of the Gran Sasso, in central Italy. 

Mid Atlantic ridge earthquake, June 17, 2015, 12:51 p.m., MWC 7. Top: seismograms for the 
transverse acceleration (black) and vertical rotation (red). Center: the zero lag correlation coefficient 
between rotation and transverse acceleration. Bottom: apparent phase velocity of the surface waves. 
Phase velocities are computed for the seismograms parts where the correlation between rotation and 
translation is larger than 0.6.



THE START OF A 
COMPLEX ANALYSIS

Before, during and after the 24 August 2016, Amatrice, central Italy 
earthquake: a record of changes in the Gran Sasso groundwater



Neutrino Physics 

Dark Matter  

Foundations of physics and cosmology 

Health and Earth science

SUMMARY

A great intuition 

A superb facility 

A great program 

A brilliant future

The Scientific Programme at Gran Sasso is world leading 
and  addresses crucial scientific issues 

A national lab & international asset


