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ApP and associated sciences 
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Broad Research activities 
•  Neutrino physics 
•  Dark matter 
•  Nuclear reactions of astrophysics 
  interest 
•  Fundamental Physics 
•  Geophysics  
•  Biology 

 LNGS:the world largest underground laboratory 
•   Opening: 1987 

•  1400 m rock coverage 

•  Muon flux = 3.0x10-4 s-1 m-2 

•  Neutron flux = 3.8±0.3 10–2 m–2s–1 

•  Experimental Area =  
   3 halls 17300 m2 

•  Volume 180 000 m3,  
•  ISO 14001 
•  Access: horizontal  
 through the highway tunnel 
•  γ flux= 1 104 m–2s–1 

•  Ventilation: 1 lab volume/3 h 
•  Radon in air 50-120 Bq/m3  

•  The largest international 
   scientific community 
•  Permanent staff = 80  
   +23 TC 



  DAMA/LIBRA    
  CRESST  
    WARP  
XENON 

     The inventory of Universe and the dark matter 

 What about the interior of the Sun and the Earth 

Properties of neutrinos and their role in cosmic evolution 

  LBL - CNGS 
OPERA 
Icarus T600 

    2β0ν	

CUORE 
GERDA 
COBRA 
Lucifer R&D 

BOREXINO 
LUNA 

  What about the supernova explosions  LVD 



OPERA 

BOREXINO 

ICARUS 

WARP 

LVD 

GERDA CRESST 

CUORE 

DAMA/LIBRA 

COBRA 

VIP 

LUNA XENON 
GIGS 

LOW ACTIVITY LAB 

ERMES 





The detector is working since May 2007. 



•  Spectroscopy of geo-neutrino signal 
    Phys. Lett. B 687 (2010) 299-304 

•  Recent: bounds on electron antineutrinos 
from the sun and other sources 

   arXiv:1010.0029 submitted to PLB 



Only	  two	  detectors	  (Kamland,Borexino)	  are	  presently	  able	  to	  detect	  	  Geo-‐	  ν	  

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	  

Relevance	  of	  geoneutrinos	  study:	  A	  new	  probe	  of	  the	  Earth	  interior	  
The	  movement	  of	  the	  heat	  within	  the	  Earth	  is	  central	  in	  the	  theory	  of	  plate	  tectonics	  

-‐ 	  What	  is	  radiogenic	  contribution	  to	  the	  Earth	  energy	  budget	  (50%??)?	  	  

-‐ 	  What	  is	  the	  distribution	  of	  the	  radiogenic	  elements?	  	  
• 	  How	  much	  in	  the	  crust	  and	  how	  much	  in	  the	  mantle?	  	  

Geo-‐ν:	  a unique direct probe of the Earth interior 
The	  radioactive	  isotopes	  inside	  the	  Earth	  

generate	  heat.	  

	  The	  Earth	  shines	  in	  anti-‐ν	  



Data from the International Heat Flow Commission 

Global	  Heat	  Flow	  (	  mW	  m2)	  

0-‐40	  violet,	  40-‐80	  blue,	  80-‐120	  green,	  120-‐240	  yellow,	  240+	  red	  	  



The earth’s temperature increases with depth 
The heat flow calculated from the product of the average thermal conductivity and 
the temperature gradient 
Q ( mW/m2) = l(W/m2/K) x D(mK/m) 

Measure conductivity from samples taken in drillholes 
A fundamental assumption is that the temperature gradient is vertical 
Surface condition (such as clearing forests) can affect heat flow 

Global:  46 ± 2 TW     87 mWm-2    

Global Heat Flow Estimates 



Earth’s heat and geo-neutrinos 

Radiogenic heat depends on total mass of U, Th and K  
( Heat Producing Elements) in the Earth 

H (TW) = 9.5M(U) + 2.7M(Th) + 3.6M(K) 
If	  M(U)	  e	  M(Th)	  are	  in	  10^17	  kg	  and	  	  M(K)	  in	  10^21	  kg.	  

 Model (Bulk Silicate Earth) gives mass of U, Th and K and 
predicts about 50% of the heat being radiogenic 

 Minimum Rad. Earth: heat only from HPE of the Crust 

 Maximum Rad. Earth: all heat due to radioactivity 
 The total mass of U, Th and K determined from the total heat 



Earth’s heat and geo-neutrinos:The Earth’s Crust 



•  Sampling 40 km radius circle around LNGS in a great detail 
•  Upper crust samples from Valsugana and Lago Maggiore 
•  Lower crust samples from Val Sesia and Val Strona 
•  Refined model predicts a 5 TNU lower flux at Gran Sasso 



 There are no direct data on the content of U, Th and K  
deep in the earth. The amount of these elements is 
usually estimated accorging to the content of chondritic 
meteorites, based on the assumed similarity of the 
composition of meteorites to the composition of earth’s 
mantle and core. 

 Use geochemical arguments to account for loss and fractioning during 
planet formation 

 Obtain composition of primitive mantle before crust formation 

 BSE gives total m(U) and a(Th):a(U):a(K)~4:1:12000 
 mBSE(U) ~ 0.8×1017 kg;   
 mMantle(U) ~ mBSE(U) – (mCrust(U)	  =0.3×1017 kg) 



For comparison 

Lν(Sun) ~ 1.8×1038 s-1 

Lν(SNelectron anti-ν) ~ 3×1057 s-1    

Geo-ν luminosity and flux 

40K	  [19	  ppb]	  
232Th	  [55	  ppb]	  
238U	  [15	  ppb]	  

40K : 26×1024 s-1 

232Th : 5.3×1024 s-1 

238U : 6.8×1024 s-1 

L(geo-ν) ~ 38×1024 s-1 

€ 

φgeo−ν ~ Pee
Lgeo−ν
4πR⊕

2 ~ 4 ×106  cm-2s−1



Flux not omogeneous  
Strong contribution from local geology 
Geoneutrino community needs regional 
models based on: 
• γ-ray spectroscopy (surface) 
•  seismology + geochemistry    (wholecrust) 
• Heat flow (whole crust) 

Reactor	  flux-‐	  irreducible	  background	  

Geo-ν: expected fluxes 

Need	  of	  multi-‐site	  measurements	  
-‐ Continental	  sites	  (Borexino,Kamland,	  SNO+…)	  
-‐ 	  Oceanic	  site	  	  (Hanohano???)	  

Borexino:	  
 	  Low	  intrisic	  radioactivity;	  
 	  Far	  from	  reactor	  plants;	  
 	  Underground	  site:	  Φ(µ)	  reduced	  by	  ~	  106.	  

Enomoto	  

Mantovani	  (TAUP	  2007)	  



 Spectroscopy of geo-ν signal 
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Geo-ν: the observation of the geo-ν signal 
Our	  best	  estimates	  are:	  

Null	  geo-‐ν hypothesis	  rejected	  at	  4.2	  σ	


Background	  in	  the	  geo-‐ν	  energy	  
window:	  	  0.31	  ±	  0.05	  

Unbinned	  maximal	  likelyhood	  analysis	  

@ 68.3% C.L 

@ 99.73% C.L 
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Best-fit parameters from  likelihood analysis 
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Borexino	   7.1	  	  

BSE	  (Mant.2004)	   4.6	  

Max.	  rad.	  Earth	   7.2	  

Min.	  rad.	  Earth	   2.9	  



STELLA 
low background γ spectroscopy Facility 

•  Underground experiments aim to detect very weak 
processes and very rare events.  

•  They have to fight against background of different 
origin. 
–  cosmic radiation 
–  particles of nuclear decays 
–  intrinsic natural radioactivity 

low background γ spectroscopy @ L.N.G.S. 

STELLA = SubTErranean Low Level Assay 



•  measurements of environmental samples in an 
ultra low background laboratory are useful, 
because the data is more robust due to the 
practically constant very low background level;  

•  measurements of environmental samples in an 
ultra low background laboratory can be 
considered as almost background free reducing 
systematic uncertainties; 

•  measurement times can be drastically reduced, 
saving time and reducing also systematic 
uncertainties;  

Why does one go underground? 





Ultra Low-level Gamma Spectrometry 

i.e. low-level γ-spectrometry with 
additional background reduction by using 
active shields, material selection and/or 
underground laboratories 



Background components in Ge spectrometry 
•  external gamma radiation (2.6 MeV 

•  radio-impurities close to crystal 
(primordial, anthropogenic) 

•  Rn and its progenies  

•  cosmic rays  (neutrons, muon and 
activation) 

•  neutrons from fission and (α,n) 
reactions 

most important: material screening  U/Th 
chains and K dominant from Bq/kg down to µBq/kg     only reliably 
radiopure material - Cu – but mBq/kg cosmogenics besides Si, Ge, 
Au, Ag, Hg, (Pb – except 210Pb)    

improvements in iterative steps 

208Tl, {up to 3.2 MeV 214Bi}) 

by courtesy of Dr. G. Heusser 



HPGe detectors 
(sensitivity for 14 d measurement U/Th, 0.5 kg sample mass) 

0.10 0.36 0.46 65 GeMPI 

0.10 1.2 0.36 78 GeCris 

2615 keV 1461 keV 352 keV 40-2700 keV 

0.31 1.5 1.2 186 GePaolo 

0.74 4.8 2.4 412 GsOr 

1.2 3.6 2.5 451 GePV 

0.93 6.0 4.9 539 GeMi 

0.82 2.5 0.93 885 GeDSG (well) 

total and peak background count rate [d-1 kg-1
Ge]  detector 

0.10 0.11 <0.36 41 GeMPI2 

0.21 4.5 1.7 242 GeMulti (4x) 

O(0.5) 

O(2) 

mBq/kg 

O(3) 

O(5) 

O(5) 

O(7) 

O(10) 

O(0.5) 

O(3) 
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Examples of activities 

•  CELLAR: samples from JET (Joint European Torus; 
fusion experiment) 

•  meteorite measurements (Jesenice (Slovenia), 
Maribo (Denmark), Bunburra Rockhole (Australia), 
Almahata Sitta (Sudan)) 





University of 
Iceland 

IAEA-MEL 

SL LNGS 

IRMM 

LSCE 
VKTA 

MPI-K 

PTB  

IRSN 

IFIN-HH 

University of 
Insubria 





Outcome of the second JET measurement campaign 

- Charged-particle losses were observed for the first time in JET 
plasmas with a D-3He fuel mixture using NeutronActivationAnalysis.  

- Quantitative data on charged-particle losses were obtained for the 
first time.  

- Ultra low-level gamma-ray spectroscopy performed at underground 
laboratories helped considerably to enhance detection levels.  

- Production pathways were determined for all the measured 
radionuclides.  

- Two radionuclides (48V and 7Be) were identified as produced 
dominantly from charged-particle reactions.  

- Angular distributions with respect to the magnetic field were 
measured as well.  



Meteorite measurements 



Maribo 

Almahata Sitta 
(only ca. 9 g) 

Puerto Lapíce 

Jesenice 
145 g 

MPS 44, Nr 2, 159–174 (2009) 



in meteorites 
size determination of 
parent body through 
measurement of  
26Al (7.16x105 a) 

22Na  (2.602 a) 
60Co (5.27 a) 
54Mn (312.15 d) 

exposure age 
determination through  
26Al (7.16x105 a) 

40 150 

100 

R = 75 cm 

60
C

o 
 



New research applications 
(not exhaustive) 

•  Space Science (e.g. micro meteorites, Mars samples, 
cosmic activation products, comet tail samples) 

•  Atmospheric samples (short lived isotopes, 
radionuclide composition)  

•  Ocean samples (monitoring the movement of the 
water in the ocean - impact on the climate) 

•  archaeological samples (anthropology - dating of 
human bones) 



Environmental Radioactivity Monitoring for 
Earth Sciences at the deep underground Gran 

Sasso National Laboratory, Italy 



The sources for neutron background considered are the interaction 
between cosmic muons with rock or detectors, the radioactivity in the rock 
and the structural coating in cement, and recently at LNGS its percentage 
of water: in the latter case, the water acts only as moderator for neutron 
flux. 

The possibility of a spatial-temporal variation of the neutron flux induced 
by the hydrogeological properties of the Gran Sasso aquifer, and the 
groundwater radioactivity due to water-rock interaction and geochemical 
variations in solubility of Uranite and Thorianite  are studied by ERMES 

The (LNGS-INFN) is located inside the largest aquifer of 
central Italy… …. and in a seismogenic area. 

  Sources for the neutron background 



The natural radioactivity in rock and 
materials used for the internal structures 
of the LNGS-INFN has been studied in 
detail, and the specific activities of natural 
radionuclides are known with high accuracy 
for the characterization of neutron 
background 

Wulandari, H. et al., 2004. Neutron flux at the Gran Sasso 
underground laboratory revisited. Astropart. Phys., doi:
10.1016/j.astropartphys.2004.07.005.	


The 238U and 232Th contaminations in 
concrete are 1.05±0.12 ppm and 
0.656±0.028 ppm, respectively. 
Esposito, A. and Pelliccioni, M., 1985. Nucl. Sci. J., 
22, 291-295.	


   Sources for the neutron background 



Wulandari, H. et al., 2004. Neutron flux at 
the Gran Sasso underground laboratory 
revisited. Astropart. Phys., doi:10.1016/
j.astropartphys.2004.07.005. 	


The measurements of the neutron flux 
made during the years at the LNGS-INFN 
revealed differences 

The neutron flux depends on the 
humidity of the environment: in hall A is 
lower if the concrete is wet than if it is 
dry (8% and 16% water content, 
respectively). The effect seen in the 
flux here is caused only by moderation. 
Wet concrete moderates neutrons more 
effectively than dry concrete due its 
higher hydrogen content.  

Sources for the neutron background 



Plastino, W. et al., 2010. Uranium groundwater anomalies and L’Aquila earthquake, 6th April 2009 (Italy), J. 
Environ. Radioact., 101, 45-50.	




Plastino, W., et al. 2009. Environmental radioactivity in the ground water at the Gran Sasso National Laboratory 
(Italy): a possible  contribution to the variation of the neutron flux background, J. Radioanal. Nucl. Chem., 282, 
809-813.	


     ERMES: measurement sites 
Water samples from 3 sites where the overthrust 
fault, the main tectonic structure, separate two 
portions of the aquifer with different hydrologic 
characteristics: 
one, where the labs are excavated, flows in well 
drained cretaceous formations, while the latter is 
within not drained and poorly permeable dolomitic 
formations. 

Two different groups in U groundwater  
results: 
E1 and E4 much lower U levels with weaker  
correlations between sites; 
E3 and E3dx clear U correlated variations with slightly depleted stable isotopes 
in water. 



Plastino, W. et al., 2010. Uranium groundwater anomalies and L’Aquila earthquake, 6th April 2009 (Italy), J. Environ. Radioact., 101, 45-50.	


Seismic activity from the main shock on 6th April, 2009 to 31th May  



Plastino, W. et al. Uranium groundwater anomalies and active normal faulting, J. Radioanal. Nucl. Chem., in press.	




Plastino, W. et al. Uranium groundwater anomalies and active normal faulting, J. Radioanal. Nucl. Chem., in press.	


Wolfango Plastino - Uranium Groundwater Anomalies at LNGS: from the Neutron Flux Background to the Geodynamic Processes	


The U groundwater anomalies observed before the seismic swarm and the main  
shock provide a key geochemical signal of a progressive increase of deep CO2  
fluxes at middle-lower crustal levels.  
Repeated sharp U enrichments in groundwater, that can be directly associated with 
geodynamics of earthquake, represent a much more precise strain-meter than Rn 

Present-day architecture of mantle-CO2 degassing beneath L’Aquila 



Neutron Flux Background 

 The studies on neutrons performed until now are not conclusive and 
the characterization of this background requires new measurements and 
analyses of the natural radioactivity in water over a suitable time-
space range.  

 The spatial-temporal variations of ground water radioactivity could 
induce a neutron flux modulation due to water-rock interaction and 
hydrological properties of the Gran Sasso aquifer.  

 The work shows that there are two types of water with different 
uranium concentrations at the LNGS-INFN.  

 Further neutron monitoring activities and numerical simulations will be 
scheduled to better characterize the neutron flux background at the 
LNGS-INFN. 

ERMES Outlooks 



Geodynamic Processes in the Earth’s Lithosphere and Mantle 

 More attention should be devoted to the pre-earthquake and volcanic 
eruption studies of geodynamic processes, especially on characteristics 
of fluids filling the fractures before the main shock and eruption.  

 Uranium in groundwater has been tested as a potential indicator of 
pre-earthquake processes as it may be associated with geodynamics of 
preparation phases of earthquakes.  

 Another possible physical process during the pre- and post-phases of 
the earthquake could be investigated: the first stage seems to be 
characterized by U variations in groundwater that can modulate the 
radon concentration, the second one (after the main shock) do not 
show any U anomalies, justifying the different radon patterns before 
and after the main shock. 

ERMES Outlooks (cont) 



The Gran Sasso geodetic interferometers 

  two independent components of the strain tensor (BA 
and BC distance changes); 

  Δl/l < 10-12 (nominal resolution) 

  maximum  Δl/l: nominally unlimited 

  nominal bandwidth ≈ 200 Hz to 0 Hz 

  maximum strain rate: few 10-7 s-1 (easily increasable) 

B 

A 

C 90 
m 

Two geodetic extensometers: 
unequal arms interferometers 
   90-m long measurement arm 
   <40-cm long reference arm 
HeNe laser source 

Agreement INFN- INGV 
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The Gran Sasso geodetic interferometers 
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The Gran Sasso geodetic interferometers 



The Free Core Resonance on diurnal tides 

A. Amoruso, and L. Crescentini, Free Core Resonance Parameters From Strain 
Tides Recorded by Paired Extensometers at Gran Sasso, Italy, Eos Trans. AGU, 
89(53), Fall Meet. Suppl., Abstract G33B-0700, 2008. 
A. Amoruso, and L. Crescentini, Free Core Resonance parameters from strain 
data: results from the Gran Sasso (Italy) extensometers, in preparation 

The Free Core Nutation  is the result of the fact that the rotation axes of the core 
and mantle of the Earth are not precisely aligned. It causes a resonance on the 
Earth response to tidal forcing whose period TFCR (situated in the diurnal tidal 
band) and quality factor Q depend on the core-mantle boundary (CMB) ellipticity, 
the Earth’s inelasticity, and the viscomagnetic coupling of the CMB. The FCN 
period and Q are usually estimated using VLBI (astronomical interferometry) and 
gravity tide data. After long-standing controversies, the joint analysis of long 
records (many years) from several stations gave (Ducarme et al., 2009) 
TFCR ≈ 430 sidereal days;       Q ≈ 15000 

Similar results have been obtained using only few years of data from the Gran 
Sasso interferometers.  

The Gran Sasso geodetic interferometers: main results 



Slow earthquakes 

A slow earthquake is a discontinuous, earthquake-like event that releases energy 
over a period much longer  than usual earthquakes. Slow earthquakes may play 
an important role in the stress redistribution process. 

L. Crescentini, A. Amoruso, and R. Scarpa, Constraints on Slow Earthquake 
Dynamics from a Swarm in Central Italy, Science,  286, 2132, 1999. 

A. Amoruso, L. Crescentini, A. Morelli, and R. Scarpa, Slow rupture of an 
aseismic fault in a seismogenic region of Central Italy, Geophys. Res. Lett., 29
(24), 2219,  2002. 

A. Amoruso, L. Crescentini, M. Dragoni and A. Piombo, Fault slip controlled by 
gouge rheology: a model for slow earthquakes, Geophys. J. Int., 159, 347, 
2004. 

We reported the first observation of a swarm of slow earthquakes. We first 
recognized that slow earthquakes are probably characterized by a “diffusive” 
rupture propagation, differently from regular earthquakes (recently confirmed in 
the work by Ide et al., Nature, 2007).  

The Gran Sasso geodetic interferometers: main results 



The 6 April 2009 L'Aquila earthquake 

Early post-seismic deformation: We reported the observation of a slow 
earthquake occurring during the first hours following the main shock. We gave 
the first observational evidence of the role and details of slow rupture 
propagation. We also reported the occurrence of afterslip on the earthquake 
causative fault (recently confirmed by SAR imagery, Lanari et al., Geophys. Res. 
Lett., 2010). 
Amoruso, A., and L. Crescentini, Slow diffusive fault slip propagation following the 6 
April 2009 L’Aquila earthquake, Italy, Geophys. Res. Lett., 36, L24306, 2009. 

Pre-seismic deformation: We gave constraints (tighter than ever before) to the size 
and strength of the source of possible pre-seismic phenomena. We also gave 
constraints (tighter than ever before) to the size and strength of pre-rupture 
nucleation. 
Amoruso, A., and L. Crescentini, Limits on earthquake nucleation and other pre‐
seismic phenomena from continuous strain in the near field of the 2009 L’Aquila 
earthquake, Geophys. Res. Lett., 37, L10307, 2010. 

The Gran Sasso geodetic interferometers: main results 



 Underground laboratories offer unique 
opportunities for associated sciences 

 At LNGS a broad program of activities 
ranging from geophysics, seismology, 
enviromental studies, biology 

Thanks for the attention 


