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WELCOME

A new research infrastructure supporting deep underground cavities able to host a very large

multipurpose next-generation neutrino observatory of a total volume in the range of 100.000 to

1.000.000 m3 will provide new and unique scientific opportunities in the field of particle and

astroparticle physics, attracting interest from scientists worldwide to study proton decay and neutrinos

from many different natural sources, very likely leading to fundamental discoveries. 

The Superkamiokande Water Cerenkov Imaging detector with a total volume of 50.000 m3 and the T2K

long baseline neutrino oscillation experiment in Japan represent today the state-of-the-art in this field,

addressing neutrino astrophysics and studying neutrino properties. Swiss groups are visibly engaged in

the T2K experiment since 2006. First physics results are expected in summer 2010.

One of the main reasons for a new observatory beyond Superkamiokande is to find direct evidence for

the Unification of all elementary forces, by searching for a rare process called proton decay. The new

underground detector will pursue the only possible path to directly test physics at the GUT scale,

significantly extending the proton lifetime search sensitivities up to 1035 years, a range compatible with

several theoretical models.

While searching for proton decays, the continuously sensitive underground observatory will offer the

opportunity to concurrently detect several other rare phenomena. In particular, it will sense a large

number of neutrinos emitted by exploding galactic and extragalactic type-II supernovae, allowing an

accurate study of the mechanisms driving the explosion. The neutrino observatory will also allow

precision studies of other astrophysical or terrestrial sources like solar and atmospheric ones, and search

for new sources of astrophysical neutrinos, like for example the diffuse neutrino background from relic

supernovae or those produced in Dark Matter (WIMP) annihilation in the centre of the Sun or the Earth.

In addition, the recent measurements of neutrino oscillations point forward to the need to couple the new

neutrino observatory to advanced neutrino beams for instance from CERN, to study matter-antimatter

asymmetry in neutrino oscillations, thereby addressing the outstanding puzzle of the origin of the excess

of matter over antimatter created in the very early stages of evolution of the Universe.

Europe currently has four world-class national deep underground laboratories with high-level technical

expertise, located in Boulby (UK), Canfranc (Spain), Gran Sasso (Italy), and Modane (France), hosting

WELCOME TO THE SEARCH FOR THE GRAND UNIFICATION AND TO THE OBSERVATION OF THE UNIVERSE
WITH NEUTRINOS
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Extremely rare signals. Go underground.
Physics beyond the Standard Model!
Neutrinos are massive!
Lepton numbers are violated!
Neutrino change flavour !

Discovery in underground laboratories with natural 
long base-lines  sources (sun, cosmic rays)!
Confirmation and improvement in precision with 
reactor and accelerator experiments, on 
unprecedented baselines!

Dark Matter detection

Provide crucial information on the 
fundamental laws of Nature and 
on the evolution of the Universe.
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Deep underground facilities
• Deep underground laboratories are large laboratories, caverns, 

and cleanrooms serving the field of underground science. 

• The main impetus is the execution of dedicated experiments 
studying extremely rare nuclear physics processes, which can 
only be studied in the absence of cosmic rays, such as: 
• Low Energy Neutrinos Detection

• Search for Radioactively Decaying Protons
• Terrestrial detection of Dark Matter 

• Search for Neutrinoless Double Beta Decays 

• Study of Neutrinos from Accelerators (Neutrino Flavor Oscillations)

• etc.
(Cosmic rays on the Earth's surface cause backgrounds in these types of experiments, but the 
particles cannot penetrate great depths in rock.)

• Easy access to great depths opens new frontiers in 
geomicrobiology, geosciences, and mining engineering, making 
deep underground laboratories multidisciplinary facilities.
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Deep underground science
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Particle Physics and Particle Astrophysics

Long baseline neutrinos with accelerators
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Geo
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Open questions about natural 
radioactivity in the Earth 

Open questions about natural 
radioactivity in the Earth

1 - What is the 
radiogenic contribution 
to terrestrial heat 
production?

2 - How much 
U and Th in 
the crust?

3 - How much U and 
Th in the mantle?

4 - What is hidden in the 
Earth’s core? 
(geo-reactor,

40K, …)

5 - Is the standard 
geochemical model 

(BSE) consistent 
with geo-neutrino data?
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Present European underground labs
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Laboratoire Souterrain
de Modane, France

Laboratorio Subterraneo
 de Canfranc, Spain

LSC
Laboratori Nazionali del

Gran Sasso, Italy

LNGS

Institute of Underground
Science in Boulby mine, UK

IUS

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

5Wednesday, September 29, 2010



Deep Underground Facilities and Long Baseline Neutrino ExperimentsA. Rubbia 6

Underground science in expansion

Next 3 years (2010-2012) 
1 event/103-4  kgdays

XENON100/WARP140/
EDELWEISS-II/CDMS-II

2013-2015
1 ton detector material

1-10 events/tonyear

1 order of magnitude every 5 years ?

Present
1 event/ 100 kgdays

Trotta and all 
constrained SUSY
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EDELWEISS
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Originally 
by T. Sumner
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Direct Dark Matter searches
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GERDA,
CUORE,
SNEMO
EXO200

KKGH  

1-10 
counts/year*to 
n
0,1-1 
count/year*ton

Ge diodes in liquid nitrogen
Implemented in phases (18,40,500 Kg)
Results phase I: 2011, phase II 2013 

GERDA  (I-II and III)

CUORE
Bolometer of  TeO2 (

130Te 203 kg)
Operation 2011, full detector in 
2013

SuperNEMO

First module in 2012 (=GERDA I)

20 modules of a tracko-calo, 
100 kg of 82Se or 150Nd

0
 

decay: in operation CUORICINO, NEMO3

But also 
participatio 
n 
or R&D 
in   
EXO, 
Cobra, 
NEXT,
Lucifer,
…

ICRR, U-Tokyo

Dark Matter  

Ton scale dark matter detectors 

Neutrino mass  

100Kg/ton  neutrino mass detectors 

Proton decay, neutrino properties and low 
energy neutrino astrophysics

Megaton scale detectors 

3 infrastructures in underground laboratories
Addressing EW and GUT scale physics  with very high 

cosmological impact 
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Deep Underground Labs in the world
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Jun-19-10!

INTERNATIONAL UNDERGROUND LABORATORIES 

(Present and Planned) 

un
de

r 
de

ve
lo

pm
en

t

pl
an

ne
d

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. 

There is currently no such infrastructure in Europe able to host underground 
instruments of this size, although five national underground laboratories with high 

technical expertise are currently operated with leading-edge smaller-scale underground 
experiments. 

A pan-European infrastructure able to host underground instruments with volumes at 
the 100ʼ000 m3 scale will provide new and unique scientific opportunities in low energy 

neutrino astronomy and Grand Unification physics.

This field of research is at the forefront of particle and astro-particle physics and is the 
subject of intense investigation also in North America and Asia. Such an infrastructure 
in Europe would attract scientists from all over the world and ensure that Europe will 

continue to play a leading and innovative role in the field. 

A new giant neutrino 
observatory in Europe ?

8

➠ LAGUNA project

It is clear Europe has great relevant infrastructure and expertise 
to build LAGUNA, we can benefit from this

Big range of CERN-LAGUNA baselines are feasible (130 km - 2300 km)
- no obvious geo-technical show-stoppers so far
- main difficulty (my opinion) liquid delivery underground

In Europe LAGUNA has a well defined timeline 
- e.g. prioritize sites in 2010

“we recommend that a new large 
European infrastructure is put forward 
as a future international multi-purpose 
facility on the 100-1000 ktons scale for 
improved studies of proton decay.....etc”

APPEC  
Roadmap 
for EU

Growing world activity on large detectors, both new sites and 
detector technology

“recommend that a new large 
European infrastructure is put forward 
as a future international multi-purpose 
facility on the 100-1000 ktons scale for 
improved studies of proton decay...”

ASPERA/
AppEC 
Roadmap 
for EU
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European LAGUNA project
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The LAGUNA design study– towards giant liquid based underground
detectors for neutrino physics and astrophysics and proton decay
searches∗

The LAGUNA consortium†: D. Angusa, A. Arigab, D. Autieroc, A. Apostud, A. Badertschere,
T. Bennetf , G. Bertolag, P.F. Bertolag, O. Besidah, A. Bettinii, C. Boothf , J.L. Bornec, I. Brancusd,
W. Bujakowskyj , J.E. Campagnec, G. Cata Danild, F. Chipesiud, M. Chorowskik, J. Crippsf ,
A. Curionie, S. Davidsonc, Y. Declaisc, U. Drostg, O. Duliul, J. Dumarchezc, T. Enqvistm, A. Ereditatob,
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A. Markiewiczy, T. Marrodan-Undagoitan, J.E. Marteauc, R. Matikainenr, Q. Meindln, M. Messinab,
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A. Oprinad, S. Palingf , S. Pascolia, T.Patzakc, M. Pectud, Z. Pileckij , F. Piquemalc, W. Potzeln,
W. Pytelx, M. Raczynskix, G. Raffletz , G. Ristainop, M. Robinsonf , R. Rogersq, J. Roinistor,
M. Romanai, E. RondioA, B. Rossib, A. Rubbiae, Z. Sadeckix, C. Saenzi, A. Saftoiud, J. Salmelainenr,
O. Simal, J. Slizowskij , K. Slizowskij , J.SobczykB , N. Spoonerf , S. Stoicad, J. Suhonens, R.SulejA,
M. Szarskay, T. SzeglowskiB , M. Temussip, J. Thompsonq, L. Thompsonf , W.H. Trzaskas,
M. Tippmannn, A. Tonazzoc, K. Urbanczykj , G. Vasseurh, A. Williamst, J. Wintern, K. Wojutszewskaj ,
M. Wurmn, A. Zalewskay, M. Zampaoloc, M.Zitoh
(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,
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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 (l) University of Bucarest (UoB), Faculty of Physics
Bld.Atomistilor nr.405, Physics Platform, Magurele, Ilfov County, RO-077125, MG-11 Bucharest-Magurele,
Romania (m) University of Oulu (U-OULU), 1 Pentti Kaiteran Katu, Oulu 90014, Finland (n) Technische
Universität München (TUM), 21 Arcisstrasse, München 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 Jyväskylä (JyU), 9 Survontie, Jyväskylä 40014, Finland (t) Cleveland Potash Limited (CPL),
Boulby Mine, Loftus, Saltburn Cleveland, TS13 4UZ, UK (u) Institute of Physics, University of Silesia
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∗Contribution to the Workshop “European Strategy for Future Neutrino Physics”, CERN, Oct. 2009, to appear in the
Proceedings.
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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.

Abstract
The feasibility of a next generation neutrino observatory in Europe is being
considered within the LAGUNA design study. To accommodate giant neu-
trino detectors and shield them from cosmic rays, a new very large under-
ground infrastructure is required. Seven potential candidate sites in differ-
ent parts of Europe and at several distances from CERN are being studied:
Boulby (UK), Canfranc (Spain), Fréjus (France/Italy), Pyhäsalmi (Finland),
Polkowice-Sieroszowice (Poland), Slanic (Romania) and Umbria (Italy). The
design study aims at the comprehensive and coordinated technical assessment
of each site, at a coherent cost estimation, and at a prioritization of the sites
within the summer 2010.

1 Physics goals
Large underground neutrino detectors, for instance SuperKamiokande or SNO, have achieved funda-
mental results in particle and astro-particle physics. A next-generation very large multipurpose neutrino
observatory of a total mass in the range of 100’000 to 1’000’000 tons will provide new and unique scien-
tific opportunities in this field, very likely leading to fundamental discoveries. It will aim at a significant
improvement in the sensitivity to search for proton decays, pursuing the only possible path to directly test
physics at the GUT scale, extending the proton lifetime sensitivities up to 1035 years, a range compatible
with several theoretical models; it will measure with unprecedented sensitivity the last unknown mixing
angle θ13 and unveil the existence of CP violation in the leptonic sector, which in turn could provide
an explanation of the matter-antimatter asymmetry in the Universe; moreover it will detect neutrinos
as messengers from astrophysical objects as well as from the Early Universe to give us information on
processes happening in the Universe, which cannot be studied otherwise. In particular, it will sense a
large number of neutrinos emitted by exploding galactic and extragalactic type-II supernovae, allowing
an accurate study of the mechanisms driving the explosion. The neutrino observatory will also allow pre-
cision studies of other astrophysical or terrestrial sources of neutrinos like solar and atmospheric ones,
and search for new sources of astrophysical neutrinos, like for example the diffuse neutrino background
from relic supernovae or those produced in Dark Matter (WIMP) annihilation in the centre of the Sun or
the Earth.

2 The LAGUNA design study
The construction of a large scale neutrino detector in Europe devoted to particle and astroparticle physics
was discussed several years ago (see e.g. [1]) and is currently one of the priorities of the ASPERA
roadmap, defined in 2008 [2]. Four national underground laboratories located resp. in Boulby (UK),
Canfranc (Spain), Gran Sasso (Italy), and Modane (France), are today in operation, hosting detectors
looking for Dark Matter or neutrino-less double beta decays, or performing long-baseline experiments.
However, none of these existing laboratory is large enough for the next-generation neutrino experiments.

The FP7 Design Study LAGUNA [3] (Large Apparatus studying Grand Unification and Neu-
trino Astrophysics) is an EC-funded project carrying on underground sites studies and developments in
view of such detectors observatories. Three detector options are currently being studied: GLACIER [4],
LENA [5], and MEMPHYS [6]. The study is evaluating possible extensions of the existing deep under-
ground laboratories, and on top of it, the creation of new laboratories in the following regions: Umbria
Region (Italy), Pyhäsalmi (Finland), Sieroszowice (Poland) and Slanic (Romania). Table 1 summarizes

†LAGUNA Coordinator : andre.rubbia@cern.ch

Large Apparatus for Grand Unification and Neutrino Astrophysics

• European physicists interested in 
massive neutrino detectors; geo-
technical experts, geo-physicists; 
structural engineers; tank, rock 
mechanical&underground and mining 
engineers

• about 100 members

• 28 institutions

• 10 countries

• multidisciplinary

• academic and industrial partners

Objective: defining and realizing this research programme in Europe 

http://www.laguna-science.eu/
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A. Rubbia CHIPP Plenary

LAGUNA focus

Candidate sites
1.Boulby, UK
2.Canfranc, Spain
3.Fréjus, France
4.Pyhäsalmi, Finland
5.Sieroszowice, 
Poland
6.Slanic, Romania
7.Caso, Italy
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6

7

>1500 m!

rock overburden!

Longitudinal section 

6,2 km 

12.8 km 

6,6 km 

Boulby Mine Basics

• A working potash and salt mine (Cleveland - North East England)

• One of deepest in EU (850m-1.3km deep) (proposed 1.5-1.6 km)

• Unique environment for science (deep and low radioactivity)

• 940 mine staff + ~3000 local employment

• Durham - 75 mins; Sheffield - 105 mins; York - 60 mins 

Plymouth

London

Birmingham

Liverpool

Newcastle

Edinburgh

Inverness

Belfast

Dublin

Redcar

Hartlepool

Peterlee

Middlesbrough

Billingham

Newton Aycliffe

Stockton

Darlington

Middlesborough

Whitby

Staithes

York

Sylvanite
A. Rubbia CHIPP Plenary

MEMPHYS 

500 kton water 

GLACIER 

100 kton liquid argon 

LENA 

50 kt scintillator 

 70 m 

• Three techniques proposed (approx. drawn to scale)

Detectors considered in LAGUNA

• Water 
Cerenkov 

[MEMPHYS]
• Liquid 

scintillator 
[LENA]

• Liquid Argon 
TPC 

[GLACIER]

3.Fréjus

7.Umbria

6.Slanic

1.Boulby

4.Pyhäsalmi

5.Sieroszowice

2.Canfranc
10

Seven pre-selected EU sites
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Seven pre-selected EU sites

Basic characteristics of the studied underground sites:
From existing road tunnels:! ! Canfranc (1500-2700mwe), 
! ! ! ! ! ! ! ! ! ! Fréjus (4800mwe)
From existing deep mines:! ! Boulby (3400-4000mwe), 
! ! ! ! ! ! ! ! ! ! Pyhäsalmi (2500-4000mwe), 
! ! ! ! ! ! ! ! ! ! Sieroszowice (1400mwe)
Existing large salt-mine:! ! ! Slanic (840mwe)
Greenfield site(off-axis CNGS): !Umbria (1500-2300mwe)
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Detector technology options

A. Rubbia CHIPP Plenary

MEMPHYS 

500 kton water 

GLACIER 

100 kton liquid argon 

LENA 

50 kt scintillator 

 70 m 

• Three techniques proposed (approx. drawn to scale)

Detectors considered in LAGUNA

• Water 
Cerenkov 

[MEMPHYS]
• Liquid 

scintillator 
[LENA]

• Liquid Argon 
TPC 

[GLACIER]

• Next generation deep underground neutrino observatory
‣ Three technology options considered (MEMPHYS, LENA, GLACIER) 

with total active mass in the range 50’000-500’000 tons

11
11Wednesday, September 29, 2010
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LAGUNA at work (2008-2011)

12

Typical questions addressed
• assessment of strengths and weaknesses 
• rock mechanics of caverns
• design of tanks in relation to sites 
• overburden vs. detector options 
• transport, access, delivery of liquids 
• safety e.g. tunnel vs. mine 
• environment e.g. rock removal 
• relative costs

Site visits and meeting
• sites work together on common areas

FP7 “Design Studies” Research Infrastructures 
LAGUNA Grant Agreement No. 212343

WP4: Science Impact and 
Outreach

WP3: Safety, 
environmental and socio-

economic issues

WP2: Underground 
infrastructures and 

Engineering

12Wednesday, September 29, 2010
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Several technical reports

13

Interim site-dependent geotechnical reports: delivered!
Final joint report on potential European sites: !soon
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Scientific Partners: ETH ZÜRICH  –  U-BERN 

Technical Partners: AGT INGEGNERIA SRL (Perugia) – GEOINGEGNERIA SRL (Rome) 

Geological Advisors: Prof. GIORGIO MINELLI – Dott. Geol. CLAUDIO BERNETTI 

LAGUNA Design Study 

Underground infrastructures and engineering 
for LAGUNA at Italian Site 

 
(EU, FP7 : Work Package 2 : Deliverable 2.1) 

REGIONE UMBRIA Site (Valnerina) 
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 ACEST STUDIU ESTE SUPORT PENTRU 

FP7 212343 DESIGN OF A PAN- EUROPEAN 
INFRASTRUCTURE FOR LARGE 
APPARATUS STUDYING GRAND 
UNIFICATION AND NEUTRINO 

ASTROPHYSICS - LAGUNA 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

PYHÄSALMI 
LAGUNA Design Study 

Feasibility Study for LAGUNA at PYHÄSALMI 
Underground infrastructure and engineering 
(EU, FP 7: Work Package 2: Deliverable 2.1) 

63° 39’ 31’’ N - 26° 02’ 48’’ E 

Project number
Grant Agreement: 212343 
Project title 
LAGUNA—Design of a pan-European 
Infrastructure for Large Apparatus 
studying Grand Unification and Neutrino 
Astrophysics 
Call (part) identifier 
FP7-INFRASTRUCTURES-2007-1 

Designer

in co-operation with 

    

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

Coordinator WP2: Technische Universität München (TU
München, Germany); Prof. Franz von Feilitzsch 

Mr. G.A. Nuijten, M.Sc., project leader 

guido.nuijten@rockplan.fi  

12.11.2009

KALLIOSUUNNITTELU OY
ROCKPLAN LTD

•more than 1200 pages
•large amount of 
information and details
•healthy competition 
among sites
•publicly available

LAGUNA, Design Study Boulby 1 (126) 
Geo-technical report, deliverable 2.1. 20.10.2009 

 

 
 

 

FP7 Design Study: 
CPL and University of Sheffield 

 

 

BOULBY 
LAGUNA Design Study 

 Geo-technical, Underground Infrastructure and Engineering Interim Report  
(EU, FP7: Work Package 2: Deliverable 2.1) 

 - in strict confidence - 
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Preliminary LAGUNA findings

14

1. All the pre-selected sites appear technically and environmentally feasible, so 
there are several options (unlike in Japan or now USA), though not all sites 
are interested in all detector options.

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.

3. The liquid procurement with the needed quantities is feasible for all sites and 
for all liquids (Water, LAr, LScint), although it might take several calendar 
years to reach the full in-situ procurement.

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.

5. Studies indicate that some European options offer potential physics and/or 
technical advantages that need to be specially and carefully confronted with 
other options worldwide.

6. The physics goals play a dominant role in selecting the site !

14Wednesday, September 29, 2010



Deep Underground Facilities and Long Baseline Neutrino ExperimentsA. Rubbia

LAGUNA-LBNO

15

Attention is needed to the US and Japan LBL situation and requires 
more concrete considerations of the perspectives of long baseline 
neutrino oscillations within the LAGUNA programme.  

• 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 (>2020?).

• 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).  

Europe has a priori the benefit of more flexibility in choice of both 
beam and baseline, and detector technology. We focus on three 
options where CERN-LAGUNA can be competitive:

(a) existing CNGS beam ➠ Umbria (or LNGSʼ) 650-732km
(b) shortest baseline, no matter effect ➠ Fréjus 130km
(c) longest baseline, matter effect ➠ Pyhäsalmi 2300 km

15Wednesday, September 29, 2010
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Very short/long baseline concept
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CERN-Pyhäsalmi offers a very long baseline not 
considered elsewhere in the world ➠ unique 
physics opportunities in Europe

vacuum osc

0.1 2300 km

arXiv:0908.3741v1 for “Magic distance”

Determine CPV and mass hierarchy by 
spectrum measurement and resolve 

degeneracies and so-called “π-transit” effect

CERN-Fréjus offers a very short baseline 
not considered elsewhere in the world ➠ 
unique physics opportunities in Europe

Adequate baseline for neutrino factoryAdequate baseline/energy for betabeam

Neutrino Oscillations in Matter

Pθ13 = sin2(2θ13)sin θ23
2 sin2((Â − 1)∆̂)/(Â − 1)2;

psin δ = α sin (2θ13)ζ sin δ sin (L∆̂) sin (Â∆̂) sin ((1 − Â)∆̂)/((1 − Â)Â);
pcos δ = α sin (2θ13)ζ cos δ cos ∆̂ sin (Â∆̂) sin (1 − Â∆̂)/((1 − Â)Â);

psolar = α2cos θ23
2 sin2 2θ12 sin2 (Â∆̂)/Â2;

α = Abs(∆m2
21/∆m2

31); ∆̂ =
L∆m2

31
4E ζ = cos θ13 sin 2θ12 sin 2θ23

Â = ±a/∆m2
31; a = 7.6 · 10−5ρ · Eν(GeV ) ρ = matter density (g cm−3)

The Â term changes sign with sign(∆m2
13)

Matter effects require long “long baselines"
Eν = 0.35GeV L ! 130 km
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Mauro Mezzetto (INFN Padova) Future Long Baseline Experiments Laguna Meeting, Aussois, 08/09/10 5 / 28
Determine CPV by comparison of neutrinos/
antineutrinos in absence of competing matter 

effects

Neutrino Oscillations in Matter

Pθ13 = sin2(2θ13)sin θ23
2 sin2((Â − 1)∆̂)/(Â − 1)2;

psin δ = α sin (2θ13)ζ sin δ sin (L∆̂) sin (Â∆̂) sin ((1 − Â)∆̂)/((1 − Â)Â);
pcos δ = α sin (2θ13)ζ cos δ cos ∆̂ sin (Â∆̂) sin (1 − Â∆̂)/((1 − Â)Â);

psolar = α2cos θ23
2 sin2 2θ12 sin2 (Â∆̂)/Â2;

α = Abs(∆m2
21/∆m2

31); ∆̂ =
L∆m2

31
4E ζ = cos θ13 sin 2θ12 sin 2θ23

Â = ±a/∆m2
31; a = 7.6 · 10−5ρ · Eν(GeV ) ρ = matter density (g cm−3)

The Â term changes sign with sign(∆m2
13)

Matter effects require long “long baselines"
Eν = 0.35GeV L ! 130 km
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Mauro Mezzetto (INFN Padova) Future Long Baseline Experiments Laguna Meeting, Aussois, 08/09/10 5 / 28

need very low energy beam and huge 
(WC) detector

130 km
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LAGUNA-LBNO FP7 DS ?

17

Work Packages

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
WP5 : Underground Science and Physics Potential

Planned submission as FP7 Design Study - Call 2010

The CERN laboratory plans to participate to the study for what 
concerns the feasibility of the neutrino beam (WP4). The far 
underground observatory, including its astroparticle physics 
programme, remains in the domain of the LAGUNA consortium.

17Wednesday, September 29, 2010
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LAGUNA - Schedule

Paper Design Study (EU funded): 
Categorize the sites and down-select:
Study detector design and beam options 
(LAGUNA-LBNO ? call end 2010):
Critical decision
Phase 1 excavation-construction:
Phase 2 excavation-construction:

18

2008-2011
July 2010

2011-2013
2014 ?
2015-2020 ?
>2020 ?

Timeline matched to a new potential 
CERN neutrino beams in >2016

18Wednesday, September 29, 2010
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Conclusions

19

Growing worldwide interest and activities on next-generation underground large 
neutrino and proton decay detectors, requiring both new sites and detector 
technologies

Europe enjoys today the most experience in underground science and sites
Within LAGUNA it has a well defined roadmap & timeline
- a large amount of technical expertise has been gathered to reach the conclusions 
and a strong collaboration has developed since 2008
- no obvious geo-technical show-stoppers so far - but several challenges (e.g. cost of 
deep underground construction, liquid procurement, financing...)
- prioritize sites in 2010, study perspectives for LBL, detector technology choice

Big range of CERN baselines are feasible  (130 km - 2300 km)
- includes possibility of very short and very long baselines
- LAGUNA timeline matched to potential superbeam from CERN

It is clear that Europe has great relevant infrastructure and expertise to build LAGUNA, 
we can benefit from this
- LAGUNA mainly towards a European research infrastructure but strongly linked to 
projects world-wide that consider same physics goals (future J-PARC and LBNE). 
Worldwide coherence and coordination is the only winning strategy for a project of 
this scale.
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