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Extremely rare signals. Go underground.

Provide crucial information on the
fundamental laws of Nature and
on the evolution of the Universe.

A.Rubbia Deep Underground Facilities and Long Baseline Neutrino Experiments

Wednesday, September 29, 2010



e Deep underground laboratories are large laboratories, caverns,
and cleanrooms serving the field of underground science.

ind
Supernova Solar Proton Atmospheric Reactor Geo
neutrinos | neutrinos decay neutrinos  neutrinos neutrinos

® Easy access to great depths opens new frontiers in
geomicrobiology, geosciences, and mining engineering, making

deep underground laboratories multidisciplinary facilities.
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IUS

Institute of Underground
Science in Boulby mine, UK

LSC

Laboratorio Subterraneo
de Canfranc, Spain

Laboratoire Souterrain
de Modane, France

LNGS

Laboratori Nazionali del
Gran Sasso, Italy

Western Europe hosts five national operating underground
laboratories. They are linked and coordinated via ApPEC (& ILIAS).

m
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Direct Dark Matter searches Dark Matter Searches

And axions of course...
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v'Dark Matter

Roadmap encourages large consortia of ton—sé TOH Scale dark matter deteCtorS
* EDELWEISS, CRESST =>EURECA

* XENON, ArDM =>DARWIN
* Design studies financed by ASPERA

v'Neutrino mass

100K g/ton neutrino mass detectors

v'Proton decay, neutrino properties and low 1ss searches

energy neutrino astrophysics

Neutrino mas

Ovpp decay: in operatia

GERDA (I-ll and Megaton scale detectors

Ge diodes in liquid nitroge

Implemented in phases (1¢

Results phase I: 2011, pha
]

CUORE or R&D EX0200
Bolometer of TeO, (*'Te 203 kg) N
Operation 2011, full detector in  EXO,

2013 Cobra,
- SuperNEMO NEXT,

20 modules of a tracko-calo, Lucifer,
100 kg of 82Se or '5°Nd

& First module in 2012 (=GERDA I)

A.Rubbia Deep Underground Facilities and Long Baseline Neutrino Experiments
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planned

under development

Jun-19-10

Europe enjoys today a leading position in underground science with five
national underground laboratories. LNGS is the largest in the world.
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Advances in low energy neutrino astronomy and direct investigation of Grand
Unification require the construction of very large volume underground
observatories.

ASPERA/
AppEC
Roadmap
for EU
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The LAGUNA consortium': D. Angus®, A. Ariga®, D. Autiero®, A. Apostu®, A. Badertscher®,

T. Bennet!, G. Bertola?, P.F. Bertola?, O. Besida", A. Bettinit, C. Booth? , J.L. Borne®, I. Brancus®,

W. Bujakowsky?, J.E. Campagne®, G. Cata Danil®, F. Chipesiu®, M. Chorowski*, J. Cripps?,

A. Curioni®, S. Davidson®, Y. Declais¢, U. Drost9, O. Duliu', J. Dumarchez¢, T. Enqvist™, A. Ereditato®,
F. von Feilitzsch™, H. Fynbo®, T. Gamble!, G. Galvanin®, A. Gendotti¢, W. Gizicki*, M. Goger-Neff",
U. Grasslind, D. Gurney?, M. Hakala", S. Hannestad®, M. Haworth?, S. Horikawa®, A. Jipal, F. Jugetb,
T. Kalliokoski®, S. Katsanevas®, M. Keent, J. Kisiel*, I. Kreslo®, V. Kudryastevf , P. Kuusiniemi™,

L. Labarga®, T. Lachenmaier™, J.C. Lanfranchi®, I. Lazanu', T. Lewke™, K. Loo™, P. Lightfoot!,

M. Lindner®, A. Longhin”, J. Maalampi®, M. Marafini®, A. Marchionni®, R.M. Margineanu®,

A. Markiewicz¥, T. Marrodan-Undagoita™, J.E. Marteau®, R. Matikainen”, Q. Meindl™, M. Messina®,
J.W. Mietelski¥, B. Mitrica®, A. Mordasini?, L. Mosca", U. Moser®, G. Nuijten”, L. Oberauer™,

A. Oprinad, S. Palingf . S. Pascoli®, T.Patzak®, M. Pectu®, Z. Pilecki’, F. Piquemal®, W. Potzel™,

W. Pytel®, M. Raczynski®, G. Rafflet*, G. Ristaino?, M. Robinson? , R. Rogers?, J. Roinisto",

M. Romana', E. Rondio®, B. Rossi®, A. Rubbia®, Z. Sadecki®, C. Saenz', A. Saftoiu®, J. Salmelainen”,
0. Simd', J. Slizowski?, K. Slizowski? | J .Sobczka ,N. Spoonerf . S. Stoica®, J. Suhonen®, R .SulejA,

M. Szarska¥, T. SzeglowskiB , M. Temussi?, J. Thompson?, L. Thompsonf , WH. Trzaska®,

M. Tippmann™, A. Tonazzo®, K. Urbanczyk?, G. Vasseur”™, A. Williams?, J. Winter™, K. Wojutszewska?,
M. Wurm™, A. Zalewska, M. Zampaolo®, M Zito"

(a) University of Durham (UDUR), University Office, Old Elvet, Durham DH1 3HP, United Kingdom (b)
University of Bern, 4 Hochschulstrasse, CH-3012, Bern (c) Centre National de la Recherche Scientifique, Institut
National de Physique Nucléaire et de Physique des Particules (CNRS/IN2P3), 3 rue Michel-Ange, Paris 75794,
France (d) Horia Hulubei National Institute of RD for Physics and Nuclear Engineering, IFIN-HH, 407
Atomistilor Street, R-077125, Magurele, jud. ILFOV, PO Box MG-6, postal code RO-077125, Romania (e) ETH
Zurich, 101 Raemistrasse, CH-8092 Zurich (f) The University of Sheffield (USFD), New Spring House 231,
Glossop Road, Sheffield S102GW, United Kingdom (g) Lombardi Engineering Limited, via R.Simen, CH-6648,
Minusio (h) Commissariat a I’Energie Atomique (CEA)/ Direction des Sciences de la Matiere, 25 rue Leblanc,
Paris 75015, France (i) Laboratorio Subterraneo de Canfranc (LSC), Plaza del Ayuntamiento no. 1, 22880
Canfranc (Huesca), Spain (j) Mineral and Energy Economy Research Institute of the Polish Academy of Sciences
(IGSMIE-PAN), Wybickiego 7, 30-950 Krakow, Poland (k) Wroclaw University of Technology (PWr Wroclaw),
ul. Wybrzeze Wyspianskiego 27, 50-370 Wroclaw, Poland (1) University of Bucarest (UoB), Faculty of Physics
Bld.Atomistilor nr.405, Physics Platform, Magurele, IlIfov County, RO-077125, MG-11 Bucharest-Magurele,
Romania (m) University of Oulu (U-OULU), 1 Pentti Kaiteran Katu, Oulu 90014, Finland (n) Technische
Universitiat Miinchen (TUM), 21 Arcisstrasse, Miinchen 80333, Germany (o) University of Aarhus (AU), 1 Norde
Ringgade, Aarhus C 8000, Denmark (p) AGT Ingegneria Srl, Perugia, 10 A via della Pallotta, Perugia 06126,
Italy (q) Technodyne International Ltd., Unit16, Shakespeare Business Centre Hathaway Close, Eastleigh UK SO
50 4SR, United Kingdom (r) Kalliosuunnittelu Oy Rockplan Ltd., 2 Asemamiehenkatu, Helsinki 00520, Finland
(s) University of Jyviskyld (JyU), 9 Survontie, Jyviskyld 40014, Finland (t) Cleveland Potash Limited (CPL),
Boulby Mine, Loftus, Saltburn Cleveland, TS13 4UZ, UK (u) Institute of Physics, University of Silesia
Uniwersytecka 4, 40-007 Katowice, Poland (v) Universidad Autonoma de Madrid (UAM), C/Einstein no. 1;
Rectorado, Ciudad Universitaria de Cantoblanco, 28049 Madrid, Spain (w) Max-Planck-Institute for Nuclear
Physics, Heidelberg (x) KGHM CUPRUM Ltd Research and Development Centre, P1. 1 Maja, 50-136 Wrocaw,
Poland (y) IFJ Pan, H.Niewodniczaski Institute of Nuclear Physics PAN, Radzikowskiego 152, 31-342 Krakow,
Poland (z) Max-Planck-Institute for Physics, Munich (A) High Energy Physics Department - A. Soltan Institute
for Nuclear Studies (SINS) Hoza 69 00-681 Warsaw, Poland (B) Faculty of Physics and Astronomy, Wroclaw
University, pl M. Borna 9, 50-204 Wroclaw, Poland.
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http://www.laguna-science.eu
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* -4.Pyhasa|mi

Basic characteristics of the studied underground sites:

From existing road tunnels: Canfranc (1500-2700mwe),
Fréjus (4800mwe)

From existing deep mines: Boulby (3400-4000mwe), e
Pyhasalmi (2500-4000mwe),
Sieroszowice (1400mwe)

Existing large salt-mine: Slanic (840mwe)

Greenfield site(off-axis CNGS): Umbria (1500-2300mwe)

#% |
g * 6.Slanic

2.Canfranc

/.Umbria
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. RUDDIa

LENA
50 kt scintillator

MEMPHYS
500 kton water

70m

<

eep undergroun acCllities an

GLACIER
100 kton liquid argon
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WP2: Underground
infrastructures and
Engineering

WP3: Safety,

environmental and socio-
economic issues

WP4: Science Impact and
Outreach
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Interim site-dependent geotechnical reports: delivered!

inal joint report on potential European sites:

LAGUNA

LARGE APPARATUS FOR GRAND UNIFICATION AND NEUTRIN ASTROPHYSICS

Revsion 8" Febuary 2010

Feasibility study for Fréjus site

FACILITIES OF THE LAGUNA PROJECT AT THE LSC (CANFRANC, HUESCA, SPAIN)

HUESCA, SPAIN)

FEASIBILITY STUDY FOR LARGE UNDERGROUND CAVERNS AND AUXILIARY
INFRASTRUCTURE FACILITIES OF THE LAGUNA PROJECT AT THE LSC (CANFRANC,
REVISION 8" February 2010

Work Package 2 - deliverable 2.1
Interim report, 02.12.09

SIEROSZOWICE (SUNLAB)

LAGUNA Design Study

Underground Infrastructure and Engineering Interim Report
(EU, FP7: Work Package 2: Deliverable 2.5)

LA 51°30" N, LO 16°4' E

Our Ref.: 7535.0-R-2

Industrial partners:
KGHM Cuprum CBR, Wroctaw, é""

Witold Pytel, Zbigniew Sadecki, Stawomir Hanzel, Andrzej Markiewicz, Stawomir Cygan,

Piotr Mertuszka, Mirostaw Raczyriski

Sieroszowice Mine,

%4 1GSMiE PAN, Krakéw

Scientific partner

Jarostaw Slizowski, Wiestaw Bujakowski, Leszek Lankof , Zenon Pilecki, Kazimierz Slizowski,
Kazimierz Urbariczyk, Karolina Wojtuszewska

LAGUNA Design Study

Underground infrastructures and engineering
for LAGUNA at Italian Site

UNIVERSITATEA DIN PETROSANI
FACULTATEA DE MINE
CATEDRA DE INGINERIE MINIERA SI SECURITATE IN INDUSTRIE

(EU, FP7 : Work Package 2 : Deliverable 2.1)
REGIONE UMBRIA Site (Valnerina)

STUDIUL DE STABILITATE SI MODELUL 3D
AL UNEI EXCAVATII DE MARI DIMENSIUNI
EXECUTATA IN ZACAMANTUL DE SARE
SLANIC PRAHOVA.

ACEST STUDIU ESTE SUPORT PENTRU
FP7 212343 DESIGN OF A PAN- EUROPEAN
INFRASTRUCTURE FOR LARGE
APPARATUS STUDYING GRAND
UNIFICATION AND NEUTRINO
ASTROPHYSICS - LAGUNA

PYHASALMI
LAGUNA Design Study
Feasibility Study for LAGUNA at PYHASALMI
Underground infrastructure and engineering
(EU, FP 7: Work Package 2: Deliverable 2.1)
63°39’31” N - 26°02’ 48” E

soon

BOULBY
LAGUNA Design Study
Geo-technical, Underground Infrastructure and Engineering Interim Repo:
(EU, FP7: Work Package 2: Deliverable 2.1)
- in strict confidence -

FP7 Design Study:
CPL and University of Sheffield

Scientific Partners: ETH ZURICH — U-BERN

Technical Partners: AGT INGEGNERIA SRL (Perugia) - GEOINGEGNERIA SRL (Rome)
Geological Advisors: Prof. GIORGIO MINELLI — Dott. Geol. CLAUDIO BERNETTI

Project number

Grant Agreement: 212343

Project itle
LAGUNA—Design of a pan-European
Infrastructure for Large Apparatus
studying Grand Unification and Neutrino
Astrophysics

Call (part) identifier

FP7-INFRASTRUCTURES-2007-1

Designer

KALLIOSUUNNITTELU OY
ROCKPLAN LTD

in co-operation with

‘Coordinator LAGUNA: Swiss Federal Institute of Technology
Zurich (ETH Zurich, Switzeriand); Prof. André Rubbia

‘Coordinator WP2: Technische Universitat Manchen (TU
Minchen, Germany); Prof. Franz von Feilitzsch

Mr. G.A. Nuiten, M.Sc., project leader
d

12.11.2009
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2. It appears technically feasible to excavate the desired underground caverns
and infrastructures, to build the necessary tanks underground, and to fill
them with the desired liquids.

4. The cost of the excavation, although non-negligible, is not the dominant cost
of the project. In order to proceed towards a technology choice, a better
understanding of the costs of the full detector design and construction
including their instrumentation for the three detector options is essential.

6. The physics goals play a dominant role In selecting the site !
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 LBNE is proceeding with both water and LAr with a baseline that is
fixed to 1300 km. It needs a new beamline and at least one far
detector. The beam power will be 700 kW until ProjectX is

operational (>20207?).

* Japan has an existing J-PARC beam with an upgrade plan to
1.66MW (>2014) and two fixed possibilities for the baseline
(Kamioka @ 300km and Okinoshima @ 658 km).
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http://arxiv.org/abs/0908.3741v1
http://arxiv.org/abs/0908.3741v1

WP1 : Management, Outreach, International relations

WP2 : Detector R&D and Design, Cost Estimation including
Underground Construction, and Large Volume Magnetization

WP3 : Definition of Detector Operation and Liquid Processes -
Project Lifetime Costs and Safety

WP4 : Conventional Neutrino Beams from CERN to LAGUNA and
Conceptual Design of Near Detectors

WPS5 : Underground Science and Physics Potential
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Paper Design Study (EU funded):

Phase 1 excavation-construction:

Phase 2 excavation-construction:

2008-2011

2015-2020 ?
>2020 ?
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