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ABSTRACT 
The!DULIA! (Deep!Underground! Lab! Integrating!Activity)! project! aims! to! integrate! the! four! operating! European!

deep! underground! laboratories! (LSM,! LNGS,! LSC! and! BUL)! into! a! worldbclass! distributed! interdisciplinary! and!

intersectoral! infrastructure.! Europe! has! for! many! years! been! the! worldbleader! in! deep! underground! science!

thanks!to!the!capabilities!of!its!four!laboratories.!Deep!underground!science!is!now!growing,!both!in!the!scale!and!

variety!of! the!projects!being!proposed.!There! is! international! competition! for! this!growth!however,!with!major!

underground! science! facilities! now! being! operated! in! the! US,! Canada,! Japan! and! elsewhere.! The! integrating!

activities! of! DULIA!will! secure! and! enhance! Europe’s! global! leadership! in! the! deep! underground! science! field,!

making! the! European! laboratories! better,! stronger! and! more! impactful! by! working! together! rather! than!

separately.! DULIA!will! do! this! through! the! development! of! common! procedures,! the! common! coordination! of!

laboratory! space! and! support! services,! the! sharing! and! common! development! of! scientific,! technical! and!

operational!expertise,!and!the!promotion!of!the!opportunities!and!services!provided!by!the!European!laboratories!

to!a!wider!range!of!science!users.!The!DULIA!project!will!achieve!this!through!1)!Networking!activities:!facilitating!

efficient!and!effective!sharing!of!information,!procedures!and!resources,!and!promoting!collaborative!discussion!

of! European! underground! science! and! science! support! strategies,! 2)! Transnational! Access:! promoting! and!

supporting! access! to! the! four! laboratories! for! new! scientific,! industrial! and! public! sector! users,! and! 3)! Joint!

Research!Activities:!enabling!the!development!of!instruments!and!facilities!highly!relevant!to!deep!underground!

science! to! provide! better! services! to! science! users.! The! DULIA! project’s! activities! will! ensure! that! Europe!

continues!to!play!a!leading!role!in!this!important!and!exciting!field.!

!

!

Figure 1 Photos of the halls of the four DULIA labs. From left to right: LNGS, LSC, BUL and LSM. 

ABBREVIATIONS 
0νΒΒ:!NEUTRINOLESS!DOUBLE!BETA!DECAY!

APP:!ASTROPARTICLE!PHYSICS!

APPEC:!ASTROPARTICLE!PHYSICS!EUROPEAN!CONSORTIUM!

APS:!ASSOCIATED!PARTNERS!

BUL:!BOULBY!UNDERGROUND!LABORATORY!

DDB:!DUL!DIRECTORS’!BOARD!

DM:!DARK!MATTER!

DUL:!DEEP!UNDERGROUND!LABORATORY!

EPOS:!EUROPEAN!PLATE!OBSERVING!SYSTEM!!

ERA:!EUROPEAN!RESEARCH!AREA!

ESB:!EXECUTIVE!AND!STANDARDISATION!BOARD!

GB:!GOVERNING!BOARD!

HPGE:!HIGH!PURITY!GERMANIUM!!

ICPbMS:!INDUCTIVELY!COUPLED!PLASMA!MASS!

SPECTROMETRY!!

ILIAS:!INTEGRATED!LARGE!INFRASTRUCTURES!FOR!

ASTROPARTICLE!SCIENCE!(FP6!EUbFUNDED!PROJECT)!!

IPR:!INTELLECTUAL!PROPERTY!RIGHTS!!

ITSF:!INTERNATIONAL!TECHNICAL!SAFETY!FORUM!

KIB:!KNOWLEDGE!AND!INNOVATION!BOARD!

LNGS:!NATIONAL!LABORATORY!OF!GRAN!SASSO!

LR:!LOW!RADIOACTIVITY!

LSC:!CANFRANC!UNDERGROUND!LABORATORY!

LSM:!UNDERGROUND!LABORATORY!OF!MODANE!

LTDP:!LONGbTERM!DATA!PRESERVATION!

MT:!MANAGEMENT!TEAM!

NP:!NUCLEAR!PHYSICS!

PANAGIC:!PARTICLE!AND!NUCLEAR!ASTROPHYSICS!AND!

GRAVITATION!INTERNATIONAL!COMMITTEE!OF!THE!

INTERNATIONAL!UNION!OF!PURE!AND!APPLIED!PHYSICS!

PP:!PARTICLE!PHYSICS!

RI:!RESEARCH!INFRASTRUCTURE!

SB:!SCIENTIFIC!BOARD!

SSS:!SUCCESS!STANDARDISATION!SCENARIO!

TPC:!TIME!PROJECTION!CHAMBER!!

USP:!USER!SELECTION!PANEL!

WIMPS:!WEAKLY!INTERACTING!MASSIVE!PARTICLES!
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Boulby	  Underground	  Laboratory	  
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The	  UK’s	  deep	  underground	  science	  facility	  
operaJng	  in	  a	  working	  potash	  and	  salt	  mine.	  

1.1km	  depth	  (2805	  mwe).	  With	  low	  background	  
surrounding	  rock-‐salt	  

Operated	  by	  the	  UK’s	  Science	  &	  Technology	  
FaciliJes	  Council	  (STFC)	  in	  partnership	  with	  the	  
mine	  operators	  ICL	  

VERY	  low	  ambient	  Radon	  background:	  	  <3	  Bq/m3	  

Low	  ambient	  gamma	  backgrounds	  

	  

 

Boulby Palmer lab. >800m2 floor space. 
Operating since 2001 

 



Underground	  Science	  @	  Boulby	  Mine	  
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•  DRIFT: Directional Dark Matter Search 
•  DM Ice: Nal(TI) Dark Matter detector 
•  Ultra-low background material screening  
•  Deep Carbon: Muon Tomography for CCS (etc) 
•  ERSaB: Environmental gamma spectroscopy 
•  BISAL: Geomicrobiology / Astrobiology studies 
•  MINAR: Space Exploration Tech. Development 
•  Misc. Geology / Geoscience 
•  Misc. Low-background support projects 
•  Etc... (More to come). 

A	  growing	  mul>-‐disciplinary	  science	  programme:	  
from	  astro-‐parJcle	  physics	  to	  studies	  of	  geology,	  
climate,	  the	  environment,	  life	  on	  Earth	  &	  beyond.	  



Boulby	  Dark	  Ma:er	  Studies	  
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DRIFT-‐II:	  A	  DIRECTIONAL	  Dark	  MaKer	  
Detector…	  
	  

Par$cipants:	  Occidental	  College,	  New	  
Mexico,	  Colorado	  State,	  Hawaii,	  
Wesley	  Coll.	  Sheffield,	  Edinburgh,	  

Boulby	  

DM-‐Ice:	  NaI(Tl)	  array	  for	  studying	  WIMP	  wind	  
annual	  modula>on	  

	  Par$cipants:	  Wisconsin,	  Yale,	  
Fermi	  Nat.	  Accel,	  Lab,	  Illinois,	  

Alberta,	  Sheffield,	  Boulby	  

1m3	  (Fiducial)	  Low-‐pressure	  gas	  TPC	  with	  
MWPC	  readout	  

STATUS:	  Programme	  operaJng	  at	  Boulby	  since	  
2001.	  Currently	  limit-‐se^ng	  and	  conducJng	  
system	  performance	  and	  scale-‐up	  R&D	  	  

STATUS:	  ULB	  NaI	  (Tl)	  detector	  array	  
assembly,	  characterisaJon	  &	  operaJon	  
prior	  to	  installaJon	  at	  the	  South	  Pole.	  ~18kg	  ULB	  NaI(Tl)	  detector	  units	  



ULB	  Material	  Screening	  
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      Growing suite of ultra-low-background germanium detector systems to support astro-physics 
& misc ‘rare-event’ studies 

Ortec	  

Canberra	  

238U	  
232Th	  

Various low BG counting studies 
underway supporting SuperNEMO, 
DRIFT, DM-Ice, LZ and more.   
 

Now EXPANDING low background  
counting capabilities to meet 
international demand. 
 

Working in collaboration with UCL, 
Oxford, STFC-RAL 

� Ortec 2kg Coax (90% eff). 
� Canberra BEGe detector  
� Canberra SAGe Well-type 

Sensitivity down to 50ppt  
U/Th per sample, & improving 



Expanding	  MulJ-‐Disciplinary	  Studies	  	  
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DEEP-‐Carbon:	  Muon	  Tomography	  for	  
deep	  geological	  mapping	  applicaJons	  

including	  CCS	  

Boulby,	  Durham,	  
Sheffield,	  Bath,	  

Premier	  Oil,	  CPL.	  	  

Life in Boulby Salt…	  

BISAL:	  Astrobiology	  /	  Geo-‐microbiology.	  Studies	  
of	  life	  in	  salt,	  life	  on	  Earth	  &	  beyond	  

Boulby,	  
Edinburgh,	  NASA,	  

DLR,	  CPL	  etc.	  	  

Plus	  Misc.	  Geology	  &	  
Geoscience	  (&	  more	  to	  
come)…	  

ERSaB:	  Gamma	  spectroscopy	  &	  low	  
BG	  counJng	  environmental	  
radioacJvity	  studies	  

Boulby,	  ScoLsh	  Universi$es	  Env.	  
Research	  Ctr	  (SUERC)	  

From	  astrophysics	  to	  climate,	  
geology,	  the	  environment,	  
life	  on	  Earth	  &	  beyond...	  

MINAR:	  Space	  Technology	  
Development	  
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Large	  Expt.	  Cave	  Area:	  
Internal	  lab	  height/
width	  of	  6m/7m	  

Offices	  &	  
People	  
Entrance	  

Materials	  
Entrance	  1	  

Material
Store	  

Low	  Background	  
laboratory	  

Materials	  
Entrance	  2	  

Mars	  Analogue	  
Area	  &	  outside	  
tesJng	  area	  

Main	  hall:	  
Internal	  Lab	  
height/width	  of	  
4m/7m	  	  

New	  Laboratory	  
construc>on	  plan	  

A	  NEW	  LABORATORY	  now	  being	  built	  at	  Boulby	  
To	  replace	  current	  facility	  and	  host	  planned	  &	  new	  
projects	  for	  the	  next	  decade	  and	  more…	  

50m	  

Project	  comple>on	  date:	  end	  2015	  

Fully-‐equipped	  1000m2	  lab.	  Class	  10K	  &	  1K	  
clean	  room	  throughout.	  5-‐10T	  liiing	  capacity.	  	  



Laboratoire	  Souterrain	  de	  Modane	  
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Depth:	  4800	  m.w.e.	  
	  
Surface::	  400	  m2	  
	  
Volume	  :	  3500	  m3	  

	  
Muon	  flux:	  4	  10-‐5	  µ.m-‐2.s-‐1	  
	  
Neutrons:	  
Fast	  flux:	  4	  10-‐2	  n.m-‐2.s-‐1	  
Thermal	  flux:	  1.6	  10-‐2	  n.m-‐2.s-‐1	  
	  
Radon:	  15	  Bq/m3	  
	  

Access	  :	  horizontal	  

Budget (full cost): 1 M€/yr  
Staff:    3 Physicists 

 3 Engineers 
 7 Technicians 

International associated laboratory agreement with JINR Dubna (Russia) and  
        CTU Prague (Czech Republic) 



Science	  at	  LSM	  
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CreaJon	  of	  the	  ma:er	   Search	  for	  Dark	  Ma:er	   EvoluJon	  of	  Universe	  

DataJon	  Bordeaux	  wine	  Nano-‐electronics	  Environment	  
	  

Biology	  

And	  also	  :climatology,	  oceanography,	  Human	  effects	  on	  the	  environment,	  	  effets	  de	  l’homme	  sur	  
l’environnement,	  glaciology,	  archeology,....	  



Modane	  UG	  Laboratory	  
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From a particle physics experiment to a multi-science platform 
1979 - 1981 1982- 1990 1990- 2000 2000 - …. 

Construction 
 

τp Experiment 

Fundamental physics: 
Ø  Neutrino: double beta decay 
     (SuperNEMO) 
Ø  Dark matter (EDELWEISS,  
                          SEDINE, MIMAC) 
Ø  Nuclear structure (TGV, SHIN) 
 

Prototypes                      Experiments  

Multidisciplinary activities 
Ø  Ultra low radioactivity measurements 
     Environmental sciences, applications, expertises 
	  

Ø  Logical	  test	  failures	  	  in	  nano/micro-‐électronics	  

Ø  Biology	  
 



LSM	  Extension	  Project:	  Domus	  
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DOMUS	  extension	  project	  	  14	  000	  m3	  (X4	  present	  LSM)	  

Cavity:	  Length	  40	  m,width18	  m,	  height	  16	  m	  



Stefano	  Ragazzi	  –	  INFN	  LNGS	  &	  UNIMIB	  

Laboratorio	  Subterráneo	  de	  Canfranc	  

Headquarters	  &	  AdministraJon	  
Safety	  and	  Quality	  Assurance	  
16	  offices	  for	  scienJfic	  users	  
7	  offices	  for	  LSC	  personnel	  
4	  specialised	  laboratories	  
Mechanical	  workshop	  &	  storage	  room	  
MeeJng	  room	  &	  Library	  
Conference	  room&	  ExhibiJons	  room	  
	  2	  apartments	  

Personnel:	  10	  units	  
Budget:≈	  1.6	  M€/yr	  
Users:	  275	  (19	  countries)	  
Visits	  (2014):	  966	  

LSC	  external	  building	  



LSC	  Underground	  
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Two	  main	  Halls	  
•  Hall	  A	  (length:	  40	  m,	  width	  15	  m,	  height:	  12	  m)	  
•  Hall	  B	  (length:	  15	  m,	  width	  10	  m,	  height:	  8	  m,	  Figure	  7)	  	  



LSC	  services	  
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	  	  -‐	  On	  surface	  

ü Chemistry	  	  	  	  	  	  	  Electroforming	  

ü 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Environmental	  	  analyses	  

ü Mechanics	  
ü Electronics	  
ü Computers&Network	  
-‐ Underground	  
ü Low	  acJvity	  	  	  	  7	  HP	  Ge	  counters	  and	  
related	  	  	  analysis	  soiware	  

ü Clean	  room	  	  	  ISO	  7	  and	  6	  &	  mechanical	  
shop	  

ü ConJnuous	  convergence	  	  monitoring	  

Low activity    7 HP Ge  

Clean room  



LSC	  Experiments	  
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  - Experiments under construction 

ü  ANAIS          DM (NaI, Annual modul.)   

ü  ROSEBUD   DM (Scintill. bolometers) 

ü  ArDM        DM (2phase Ar TPC) 800 kg 

ü NEXT        0ν2β (Enr 136Xe gas TPC) 
ü BiPo              0ν2β  (screening for S-NEMO) 
ü SuperK-Gd   screening for Super-K-Gd 

ü GEODYN     Geodynamics 
- Expressions of Interest 
ü CUNA           Nuclear astrophysics 

ü New 300 m2 facility in project 

ü GOLLUM     Characterising subterranean 
bacterial                

NEXT prototype. Cs electron 
track 

GEODYN  small magnitude 
aftershocks, in low background 
underground  environment 



NEXT	  –	  Double	  beta	  decay	  

Stefano	  Ragazzi	  –	  INFN	  LNGS	  &	  UNIMIB	  

Enriched 136Xe (100 kg) High Pressure Time Projection Chamber 
NEXT-NEW protype (10 kg Xe) being installed in its Pb shield 



LSC	  Dark	  Ma:er	  
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ANAIS-NaI(Tl) 250 kg 

LSC	  ordered	  to	  Alpha	  Spectra	  a	  NaI(Tl)	  
prototype	  aiming	  to	  20	  ppb	  or	  less	  of	  40K	  	  
Traveling	  (on	  surface)	  to	  LSC.	  

ordered, and will be installed at the same time as the top shield.

Figure 2: Left: View of the octagonal layers that compose the bottom part of the neutron shield,
corners and central part can be distinguished. Right: Lateral view of the polyethylene shield showing
the bottom part already mounted.

The required LAr evacuation system in case of an accidental spill has been already installed.
In order to provide an evacuation path for LAr, the polyethylene floor on the internal central
part of the bottom shield, right under the detector, was covered with a polyethylene foil. A hole
in the bottom shield (Fig. 3-left) evacuates the LAr to an aluminium duct and to the pool placed
under the shield (Fig. 3-center and 3-right).

Figure 3: Left: Bottom view of the ArDM evacuation path, where polyethylene foil can be distin-
guished. Center: Aluminium evacuation plate coming out the shield. Right: Aluminium plate for
redirecting liquid argon flux.

In addition, during this installation period, another two rings of the lateral shield were
installed. Each ring is composed by eight blocks of polyethylene. The neutron shield now
reaches up to the level of the top ArDM pipe, as presented in Fig. 4.

Hence, the second phase of installation of the ArDM lateral neutron shield was successful.
Once all the components will have been installed inside the vessel and tested, the collaboration
will proceed to the final step of the polyethylene shield installation. This latter will consist
in the installation of the remaining part of the lateral shield and the top part of it, using the
pieces which have been prepared and tested at the workshop in CIEMAT and they are currently
underground in Hall A at LSC.

Considering the large amount of polyethylene used in the shield, the safety features of this
material have been analysed in detail in the ArDM risk analysis document (see Section 2). Despite
the good properties of polyethylene, in terms of the spread of fire, all the external surfaces of

3

Now filled with 
LAr 

ARDM-Lar TPC 800 kg 



GEODYN 



Laboratori	  Nazionali	  del	  Gran	  Sasso	  
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3400	  m.w.e.	  

1.1	  μ	  /	  (m2	  h)	  

•  Muon	  flux:	  3.0	  10-‐4	  m-‐2s-‐1	  
•  Neutron	  flux:	  	  

	  2.92	  10-‐6	  cm-‐2s-‐1	  	  (0-‐1	  keV)	  
	  0.86	  10-‐6	  cm-‐2s-‐1	  	  (>	  1	  keV)	  

•  Rn	  in	  air:	  20-‐80	  Bq	  m-‐3	  
•  Surface:	  17	  800	  m2	  
•  Volume:	  180	  000	  m3	  
•  VenJlaJon:	  1	  vol	  /	  3.5	  hours	  
	  

•  >	  900	  users	  from	  29	  countries	  
•  ~	  100	  Staff	  
•  225	  avg.	  daily	  presence	  in	  2014	  

•  Mechanical	  Design	  and	  Workshop	  
•  Electronics	  Lab	  &	  Service	  
•  Chemistry	  Lab	  &	  Service	  
•  ULB	  Lab	  &	  Service	  

•  ~	  8000	  visitors/y	  
•  Virtual	  tour	  via	  Street	  View	  



LNGS	  AcJviJes	  
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BOREXINO	  

LVD	  

GERDA	  -‐	  II	  CRESST	  

CUORE	  

DAMA/LIBRA	  

COBRA	  

VIP	  

LUNA	   XENON	  

LOW	  ACTIVITY	  LAB	  

ERMES	  

DARK	  SIDE	  50	  

XENON	  1T	  

LUNA-‐MV	  

GINGER	   ERMES-‐W	  



•  SN	  neutrino:	  
–  LVD	  1	  kton	  liquid	  scint.	  WaiJng	  for	  

SN	  since	  1992	  

•  Solar	  Neutrino:	  
–  Borexino:	  real-‐Jme	  measurement	  of	  

pp	  neutrino,	  …,	  Geo-‐neutrinos	  

•  Double	  Beta	  Decay	  
–  Gerda	  /	  Gerda-‐II:	  76Ge	  
–  CUORE	  –	  the	  coldest	  m3	  in	  the	  world	  :	  

130Te	  
–  Cobra:	  116Cd	  
–  LUCIFER:	  R&D	  phase	  on	  crystals	  

•  Sterile	  Neutrino	  
–  Borexino-‐SOX	  (CeSOX	  first)	  

LNGS	  Neutrino	  
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(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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•  DAMA/Libra:	  NaI	  
–  Reports	  annual	  modulaJon	  

•  NaI	  
–  INFN-‐LNGS	  is	  going	  to	  support	  

independent	  test	  of	  DAMA	  
result	  

•  CRESST	  
–  CaWO4	  scint	  with	  bolometric	  

r/o	  

•  XENON	  family	  
–  Double	  phase	  liquid	  Xe	  TPC	  

•  DarkSide	  
–  Liquid	  Ar	  TPC	  double	  phase	  

LNGS	  Dark	  Ma:er	  
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•  LUNA-‐400	  –	  LUNA-‐MV	  
–  Measurement	  of	  small	  x-‐secJon	  

relevant	  to	  Nucleosynthesis	  
–  LUNA-‐MV	  upgraded	  with	  

intense	  C-‐beam	  

LNGS	  Nuclear	  Astrophysics	  
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Gamow	  Peak	  Maxwell	  
Boltzmann	  

σ	


•  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	  	  
–  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	  evoluJon:	  	  
–  12C(α,γ)16O	  

•  s	  process	  nucleosynthesis:	  	  
–  13C(α,n)16O,	  22Ne(α,n)25Mg	  



•  GINGER	  
–  Ring-‐laser	  to	  probe	  Lense-‐

Thirring	  effect	  

•  Cosmic	  Silence	  
–  Study	  effect	  of	  very	  low	  

radiaJon	  doses	  on	  cells,	  fleas,	  …	  
–  Test	  Linear	  No	  Threshold	  model	  

•  ERMES-‐W	  
–  Primary	  resources,	  global	  

geodynamic…	  

•  VIP	  
–  Test	  Pauli	  Exclusion	  Principle	  

LNGS	  General,	  MulJdisciplinary	  
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Figure 5: Present status of the experimental apparatus

the room, and we are checking if a good stable situation can be obtsined in this
simple way. This solution is very cheap, and vibrations and transients due to
on/o↵ switches will not be transmitted to the apparatus.

Next steps are listed below:

• complete the enclosure of the vacuum chamber (all the pieces are present)

• start the vacuum pump and check the vacuum

• installation of the mirrors and alignment procedure

• install the getters pumps

• insert the gas mixture and start the discharge

• install photodiodes and optics to recover the Sagnac signals and the signal
of the two monobeam

• install signals for monitoring (temperature, humidity, tiltmeter, seismo-
menters etc.)

• restart the DAQ. NOTE: our DAQ is compatible with the LNGS GPS
distribution inside the cave, and this signal will be used as soon as it will
be available.

it is important to tell that the first 3 points are consequentials. The DAQ is
the same used in the previous run, but we have to use the PPS (pulse per second)
signal coming from the LNGS general GPS distribution system, which is not
ready; but at the beginning it is possible to start the debugging of the apparatus
without it. The GPS time is absolutely necessary for any seismological study,
and as well for very low frequency analysis, in fact a very stable clock is necessary
in the acquisition. It is not easy to say when the apparatus will start to take
data, if we will not have problems we could start DAQ before the end of the

5

           

  

MAIN ACHIEVED RESULTS 
 
The research group has performed several experiments on different biological models 
ranging from yeast Saccaromices cerevisiae to rodent and human cells (namely Chinese 
hamster V79 fibroblasts and TK6 human lymphoblasts). The obtained results have given 
strong indication that the environmental radiation helps cell capability of sustaining cellular 
metabolism in facing damage induced by genotoxic agents.  
Recently, the measurements have been performed on the hybridoma cell line (A11), 
obtained from pKZ1 mice. The murine transgenic pKZ1 model is extremely sensitive to 
even very low doses of ionizing radiation. 
Data from cells pKZ1 A11 grown in parallel for 1 month inside (LNGS) and outside (ISS) 
the Gran Sasso laboratory have shown that: 

1) DNA damage, measured trough colorimetric biochemical test in situ (pKZ1 
inversion), do not exhibit significant differences between the two cultures. 

2) PARP-1 protein, involved in DNA damage signalling and repair, is less expressed 
in the cells cultured at LNGS 

3) The analysis of genes involved in the Reactive Oxygen Species (ROS) homeostasis 
shows that these genes, (Glutathion peroxidase GPXs, Catalase CAT, Superoxid 
dismutase SOD), are less expressed in the cells cultured at low environmental 
radiation (LNGS). Moreover, the gene (SBP1, selenium binding protein) involved 
in GPxs down regulation is over expressed (Figure 2-3).  

 

 
 
 
 
Figure 2. PARP-1 modulation in pKZ1 A11 cells cultured for 1 month at low radiation (LNGS) and 
reference (ISS) environmental radiation. Actin is the constitutive protein used as housekeeping. 
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2000	  Years	  Old	  LRT	  
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