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Laboratorio Subterráneo de 
Canfranc

Nuclear Astrophysics Opportunities at 
Underground Laboratory in Canfranc

Barcelona, 18 February 2009
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Map of LSC
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600 m2 (40x15x12)

Depth:          800 m

Muons: 0.47 x 10 -2 m-2 s-1

Hall A

Hall B

Hall C

150 m2 (15x10x7)

Experimental halls A, B and C

Radon : 50-80 Bq/m3

Neutrons: 2´́́́ 10� 2 m � 2 s � 1
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• January 2007: Signs of rocks instability 

• March 2007: Rock fall in hall A

• August 2007: End of short range consolidation works (UZ)

• January 2008: Agreement on the project for safety improvement works

• February 2008: UZ sends project to GA for supervision

• July 2008: LSC Director requests to UZ, including

•Report on the status of the reparation works “as done”, and convergence measurements

•Programme of the future works including organisation, milestones and times

• December 2008: GA sends final supervision to UZ

•5 February 2008: UZ states in a CE meeting that works will start 1st of April 
and will be completed by the end of the year

•February 2008: Opening of LSC. Hopefully

Status of the reparation works
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Objectives
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Headquarters & Administration
Safety and Quality Assurance
16 offices for scientific users
7 offices for LSC personnel
4 specialised laboratories
Mechanical workshop & storage room
Meeting room
Library
Conference room
Exhibitions room
2 apartments

Surface: 1.821 m 2 (2.115 m2 built)
Project completed: December 2008
Building completed:   Autumn 2010
Cost of the building:     2.830.403,27 €

External building
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Managed by 14 staff

Structures
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- Approved experiments on proposal of the International Scientific Committee. 

3 years running. Milestones defined. Two referees appointed to each exp 

� EXP-01-2008 (ANAIS) Dark Matter (NaI, Annual modulation) 
Direct check of DAMA/LIBRA result

� EXP-02-2008 (ROSEBUD) Dark Matter (Scintillating bolometers)
Integrated in the European EURECA project

� EXP-03-2008 (BiPo) 0n2b decay (extra-low surface background meas.)
Ancillary to Super-NEMO

� EXP-04-2008 (ULTIMA) Super-fluid 3He physics
To be screened by muon background

� EXP-05-2008 (NEXT) 0n2b decay (Enriched 136Xe TPC)
Majorana vs Dirac neutrinos
CUP Consolider approved

� EoI-02-2005 (ArDM) EoI on Dark Matter (Liquid Argon TPC)
In risk analysis phase

Scientific Programme
Physics
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Dark Matter
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EXP-01-2008 ANAIS
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Active vetos

PVC box

40 cm neutron shielding

2 mm Cd

10 cm Roman lead 20 cm lead
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EXP-02-2008 ROSEBUD
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EoI-02-2005  ArDM
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Neutrino-less Double beta decay
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EXP-03-2008 BiPo
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SuperNEMO idea
No scientific proposal to LSC yet
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The ultimate background: 2bbbb2222nnnn
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SuperNEMO
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EXP-05-2008 NEXT
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EXP-04-2008 ULTIMA
100 µK superfluid 3He detector

Density of quasi-particles determined directly by 
measuring the damping of micro vibrating wire 

Originally proposed for dark matter direct 
search via spin-dependent coupling

Detector sensitive mass very small (grams)

The super-fluid phase of the 3He-4He mixture 
might be observable at these temperatures

Signal is confused by cosmic muons 
interference on the surface 
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Laboratory space is almost full

Possible location of the experiments
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•Presented on 31/12/2008

•Built on the basis of the approved multi-annual LSC funding

•Invest in infrastructures residuals 2006-2008

•New hall for CUNA (about 1 M€ escavation + 0.5 M€ infrastructures)

•Infrastructures for geodynamic and environmental sciences in the existing 
tunnels

•Invest in high-value materials for experiments (Ge, Xe, NaI,..)

•Oral presentation to the international panel on 13/1/2009

Strategic Plan 2010-2013
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- Presented at the Scientific Committee, preliminary stage of discussion

� Canfranc Nuclear Astrophysics facility (CUNA)
� New dedicated hall & Accelerator (4-5 MeV, to be funded separately)

� Develop synergic program with INFN LNGS

� Geodynamic facility (GEODYN)

� Integrate in the TOPO-IBERIA Consolider

� Integrate with LSC rock stability monitors

� Ultra-Low Level Lab for Environmental Radioactivity Monitoring (ULLERM)

� Groundwater, rainwater, air (inside & outside) and soil characterisation

� Integrate in the general purpose ultra-low-background service

Proposed new facilities
Nuclear Astrophysics, Geodynamics, Environment
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Nuclear Astrophysics
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The astrophysical S-factor
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Extrapolations by orders of 
magnitude not always safe 
(resonances)
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CUNA
•First Laboratory for Nuclear Underground Astrophysics (LUNA) at INFN LNGS. 
1995…..

•LUNA1: 50 kV + LUNA2: 400 kV

•Beautiful measurements of the cross sections of nuclear reactions relevant for the Sun 
and stars: d(p,g)3He, 3He(a,g)7Be, 14N(p,g)15O, 25Mg(p,g)26Al

•Many other cross sections await for measurement:

• 12C(a,g)16O, 13C(a,n)16O, 22Ne(a,n)25Mg

• (a,n) on 15N, 14N, 18O…

•Next phase requires higher energy (3-5 MeV) accelerator

•Needs separate hall due to neutron production

•LUNA3 proposal at LNGS 3-4 MeV

•Develop European program with two complementary sources

•Build a dedicated hall and associated facilities at LSC
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GEODYN
•LSC is located underground in one of the most seismically active areas in Europe

•Ideal position for an advanced geodynamic observatory with

•two perpendicular LASER strainmeters 

•borad-band and strong motion seismometers

•CGPS stations on the surface

•Integrate in the TOPO-IBERIA Consolider project

•Local phenomena

•measure seismic phase velocity

•Slow earthquakes

•Strain seasonal changes (charging and discharging of the aquifer,..)

•Tectonic deformation

•Global phenomena

•Siesmic core modes

•Free oscillations of the Earth

•Free core nutation
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GIGS. Fast and slow quakes

Local normal quakes
#.)�F�

$.)�F�Slow (aseismic) quake

Quake at Giava 
superposed to a slow 
local quake

Michelson 
interferometer with 
asymmetric arms. 
Longer one is 90 m
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Dark Life
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Thank you
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Budget

0
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Investments
Maintenace
Operation
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An exercise for CUNA
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The tunnels


