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® -Advances in low energy neutrino astronomy and direct- -investigation of
Grand Unification require the construction of very large Volume
underground observatorles
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® -Advances in low energy neutrino astronomy and direct- -investigation of

Grand Unification require the construction of very large Volume
underground observatorles

® There is currently no such infrastructure in Europe able to host
underground instruments of this size, although many national
underground laboratories with high technical expertise are currently
operated with leading-edge smaller-scale underground experiments.
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® -Advances in low energy neutrino astronomy and direct- -investigation of

Grand Unification require the construction of very large Volume
underground observatorles

® There is currently no such infrastructure in Europe able to host
underground instruments of this size, although many national
underground laboratories with high technical expertise are currently
operated with leading-edge smaller-scale underground experlments

® A pan-European infrastructure able £ host underground instruments
- with volumes up to 1’000’000 m3 will provide new and unique scientific -
opportunities in.low energy neutrino astronomy and Grand Unification
physics. - s - ;
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- A newmfrastructure in Europe (el 2

® -Advances in low energy neutrino astronomy and d1rect-1nvest1gatlon of
Grand Unification require the construction of very large Volume e
underground observatorles G

® There is currently no such 1nfrastructure in Europe able tohost = - @
‘ underground instruments of this size, although many national
underground laboratories with high technical expertise are currently
operated with leading-edge smaller-scale underground experlments

® A pan-European infrastructure able ’tmhost underground instruments
- with volumes up to 1°000°000 m3 Wwill provide new and unique scientific -
opportunities in.low energy neutrino astronomy and -Grand Unification
physics. . v - .

® This fleld 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 1ead1ng
M and 1nnovat1ve role in the field. _ g i
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Grand-Unification_ and Neutrino Astrophysics - .

»

: Rare event detection in very massive detectors will allow the search for
proton decays with an unprecedented sensitivity. Proton decay is the
most generic and directly verifiable consequence of Grand Unlﬁcatlon

i €GUy - *

® Detecting proton decay implies de facto discovering GU -
GU implies a new fundamental symmetry between quarks & leptons (hence ;

®

« -explains their identical number)

® GU explains electric charges of elementary fermions

® GU guldes models of fermion masses and mixing

. - @ GUis one of the motivation for SUSYsand SUSYapredicts LSP as dark matter
® _ GU motivates see-saw (Nr) and consequently tiny neutrlno masses
-
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Grand-Unification_ and Neutrino Astrophysics - .

: Rare event detection in very massive detectors will allow the search for
proton decays with an unprecedented sensitivity. Proton decay is the
most generic and directly verifiable consequence of Grand Unlﬁcatlon

i AGU) *

® Detecting proton decay implies de facto discovering GU -

GU implies a new fundamental symmetry between quarks & leptons (hence ;
-explains their identical number)

GU explains electric charges of elementary fermions

GU-guides models of fermion masses and mixing

GU is one of the motivation for SUSYsand SUSYapredicts LSP as dark matter
GU motivates see-saw (Nr) and consequently tiny neutrlno masses

»

XX KT

»

Veéry  massive underground detectors will provide an extensive next
generation neutrino physics programme @
® They will detect neutrinos from a galactic SuDernova greatly advancing our
understanding of stellar explosions and neutrino properties. _
® They could also further study the Sun’s interior with real-time solar
neutrino deteetion and detect. geo-neutrinos, as well study of: neutrlnog‘
produced in the Earth’s upper atmosphere with high statistics. .
~-*® Coupled to artificial neutrino beams, they will'measure neutrino flavour
~~ oscillations with an unprecedented precision and offer-new opportunities
o o like the discovery of CP- Vlolatlon in thé&leptonic sector. .l
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Physics focus - - o

e D1rect evidence for Grand
: Unlfleatlon (Proton decay)

-

.9 Low energy neutrlne
astronomy |

@ Long basehne neutrino - .
~beam ' i
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. . . Averyrichfield! g

® Historically ajvery rich field (SN1987A, solar & atmosphefi'c neutrinos). The
physics programme addressed by LAGUNA will span the next 30 years.
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® Historically ajvery rich field (SN1987A, solar & atmosphefi'c neutrinos). The
physics programme addressed by LAGUNA will span the next 30 years.
® Testing proton lifetime up to 1035 years will provide a very stringent, perhaps

ultimate, test of the Grand Unification hypothesis
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- . . . Averyrichfield! £ s

® Historically a-very rich field (SN1987A, solar & atmospheric neutrinos). The
physics programme addressed by LAGUNA will span the next 30 years.
® Testing proton lifetime up to 1035 years will provide a very stringent, perhaps
i ultimate, test of the Grand Unification hypothesis

® After the optical observation of supernovae by mankind during the'last J
centuries and the SN1987A neutrino detection, the next observable event with
neuttinos will occur with high probability in the next decade and with
certainty in the next 30 years. Neutrinos will shed more hght on the SN

. explosmn mechanisms than optical hght'

-
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- . a - -

LAGUNA A. Rubbia ASPERA WG7, March 2007 (Chambery)



. . . Averyrichfield! g

® Historically a-very rich field (SN1987A, solar & atmospheric neutrinos). The
physycs programme addressed by LAGUNA will span the next 30 years.
® Testing proton lifetime up to 1035 years will provide a very stringent, perhaps
ultimate, test of the Grand Unification hypothesis
After the optical observation of supernovae by mankind during the'last J
centuries and the SN1987A neutrino detection, the next observable event with
neuttinos will occur with high probability in the next decade and with
certainty in the next 30 years. Neutrinos will shed more hght on the SN
- explosion mechanisms-than optical light!
The study of neutrinos properties have Shown the flrsl; 1nd1cat10n of physics
beyond the Standard Model of Elementary Particles. New discoveries, like CP- _
violation in the leptonic sector, are expected in this field, :

»

@
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@ HIstorlcal-ly a- Very rich fleld (SN1987A solar & atmospherlc neutrmos) The il
physms programme addressed by LAGUNA will span the next 30 years. i
® Testing proton lifetime up to 1035 years will provide a very strlngent perhaps

ultimate, test of the Grand Unification hypothesis :
After the optical observation of supernovae by mankind during the'last .
centuries and the SN1987A neutrino detection, the next observable event Wlth -
neuttinos will occur with high probability in the next decade and with '
certainty in the next 30 years. Neutrinos will shed more hght onthe SN -

. explosion mechanisms than optical light! :

The study of neutrinos properties havé Shown the f1rst 1nd1cat10n of physics
beyond the Standard Model of Elementary Particles. New discoveries, like CP-
violation in the leptonic sector, are expected in this field, : :

®

® High-energy accelerators like the LHC or the planned ILC cannot directly answer
these fundamental questions about Nature. This was also recognized in-the CERN
European roadmap for particle physics: “A range.of very important nen-
accelerator experiments take place at the overlap between particle and.
astroparticle physics exploring otherwiseinaccessible phenomena Council will
seek to work wzth ApPEC to develop a coordinated strategy i1 these areas of
: mutual interest.”
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Sensitivity to proton decay: comparison with theory

MEMPHYS (10 Mtonxyr)
St 0 B GLACIER (1000 ktonxyr)

UKD in 10 years lifietimes i years

| | | _ | LENA (500 ktonxyr)
10° 10t 107 7 DMBRmidande ¥
— = Non-3USY 5U(5) Superk in 10 years S

B Eamickande .0

B8 Two—step Mon-5U75Y S0(10) URO in 10 years lifetimes I years

D — Complate 5D TS ; _ i e I i
R

MS5M 5U(%)

Sming Theory 60-Brfnes

a— g | TBee Family Hewotic Siting Model

Complete D SU(3)
MSSM SU(S) -

5D SULE) Smomgly Coupled

Flipped 5U(5)  -———

Split multiplets

SUSY Without GUT

MESK S0(10) Minimal 50{10) SUSY Model
Fermion mass comelated MEEM S0(10)
M5SM SCH10)-generic Fenmion mass comelated

Exira dimenzion at GUT zeale ME5M 50(10}-generic

Higher dimension models (eg. 6D SO(10)) not included

Definitively not exhaustive.




Supernova type-ll neutrinos

Type Il in LMC (~55 kpc)

=Access supernova and neutrino physics SN1987A

simultaneously Water Cherenkov: IMB E_~29 MeV, 6 kton 8 events
Kam Il Em~ 8.5 MeV, 2.4 kton 11 events

Liquid Scintillator: Baksan E,~10MeV,130ton 3-5events
Mont Blanc Em~7 MeV, 90 ton 5 events??

=Decouple supernova & neutrino
properties via different detection channels

1. Supernova physics:

. . . B ! P * Kamickande II Confi rmEd
«  Gravitational collapse mechanism OOI gl el onME baseline
«  Supernova e.volutlon in time 1L model...
e  Burst detection | - but still
«  Cooling of the proto-neutron star = 4 many
«  Shock wave propagation o questions
« Black hole formation?
2. Neutrino properties

« Neutrino mass (time of flight delay)

e  Oscillation parameters (havor transformation in SN core and/or
in Earth): Type of mass hierarchy and 0,, mixing angle

3. Early alert for astronomers

« Pointing to the supernova




Proton
decay and
low energy
neutrino

astrophysics

LAGUNA

Field/
Experiments

Cost scale
Mg

Desirable
start of
construction

Remarks

Dark Matter Search:
Low background
experiments with 1-ton
mass

60-100 M€

2011-2013

2 experiments (different
nuclei, different techniques),
e.g. 1 bolometric, 1 noble
liquid; more than 2
worldwide.

Proton decay and low
energy neutrino
astronomy:

Large infrastructure for p-
decay and v astronomy on
the 100kt-1Mton scale

400-800 M€

2011-2013

- multi-purpose
- 3 different techniques;
large synergy between them.
- needs huge new excavation
- expenditures likely also
after 2015
- worldwide sharing
- possibly also
accelerator neutrinos
in long baseline
experiments

The high energy universe:
Gamma rays:

Cherenkov Telescope Array
CTA

Charged Cosmic Rays:
Auger North

Neutrinos.
KM3NeT

100 ME€ (South)
50 M€ (North)

85 M€

first site
in 2010

Physics potential well
defined by rich physics from
present gamina experiments

Confirmation of physics
potential from Auger South
results expected in 2007

FP6 design study.
Confirmation of physics
potential from IceCube and
gamma ray telescopes
expected in 2008-2010

Gravitational Waves:
Third generation
interferometer

250-300 M€

Civil
engineering
2012

Conceived as underground
laboratory

A. Rubbia

ASPERA WG7, March 2007 (Chambery)




- LAGUNA WG is a coordinated EUP.dpe_aln effort- 9

¢ A'working group almed towards common physics goals

® . Proposed and accepted at the ApPEC “Munich meeting” on November 2005

LAGUNA A. Rubbia ASPERA WG7, March 2007 (Chambery)



- LAGUNAWG is a coordinated EUr'.dpe_an effort- 9

A'working group almed towards common physics goals

®

® . Proposed and accepted at the ApPEC “Munich meeting” on November 2005

-

»

Develop conceptual designs for European large underground detectors

-

® Investigate physics complementarities and common R&D needs

Provide a coherent and well- coordinated EU Wlde e_ffonts Work in_synergy.
e

-

®
'® Solve common problems together.
®

‘Take into account the unique technological expertise *m Europe and other
existing or planned programs in the world. S :
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* LAGUNA WG is a coordinated EUr'.opean effort - 9
® A'working group aimed towards common physics goals

® . Proposed and accepted at the ApPEC “Munich meeting” on November 2005

-

®  Develop conceptual designs for European large underground detectors

-

® Investigate physics complementarities and common R&D needs

Provide a coherent and well- coordinated EU Wlde e_ffonts Work in_synergy.
e

-

®
'® Solve common problems together.
®

‘Take into account the unique technological expertise *m Europe and other
existing or planned programs in the world. S :

Mature desagns and credible proposals should emerge around 2010.

»

This 'effort- although oriented towards ‘a potential infrastructure in Europe, also®
allows Europeans to contribute in a coherent way and possibly with better impact; to

the on-going discussions worldwide._

€]
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The step to very large volume liquid detectors - o
® . -Three .con:iplementary techniques are currently being. investigated for
next generation large volume underground rare event observatorles
1. Water Cerenkov imaging
; ~ ® Ongoing R&D effort on photodetection in Europe: MEMPHYS
® Synergy with HK (Japan) and UNO.(USA)
2. Liquid scintillator -
® Ongoing R&D on scintillator eharacterization in Europe: LENA
: ® - Connected to. BOREXINO R&D programme and DOUBLE CHOOZ
3. - Liquid argon time-projection chamber®®™
- ® Technology pioneered in Europe by the ICARUS R&D progr.amme

® Twoe new independent and on-going R&D efforts: GL-ACIER in Europe and
LARTPC in USA

£ 3
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The step to very large volume liquid detectors - =

® . -Three .cornplementary techniques are currently'belng- investigated for

next generation large Vqume underground rare event observatorles
_Water Cerenkov imaging ;

" ® Ongoing R&D effort on photodetection in Europe: MEMPHYS

1

Lo

bt o

® Synergy with HK (Japan) and UNO.(USA) : e
Liquid scintillator - ; '
® Ongoing R&D on scintillator characterlzatlon in Europe: LENA %5

. ®_ - Connected to. BOREXINO R&D programme and DOUBLE- CHOOZ

L1qu1d argon time-projection chambe®®™

' ® Technology pioneered in Europe by the ICARUS R&D progr.amme

® Twoe new independent and on-going R&D efforts: GIACIER in Europe and
LARTPC in USA

® The construct'lon of very large detéctors of those technologies appears -
possible, but requires . detailed "design studies- to optimize the
. -underground 1mplementatlon in very large scale and the most promlslng'
_technologies under well controlled cost estimates. : o

® In parallel design studies for site(s) to build the requlred 1nfrastructure :
« . for these very large detectors under controlled cost boundaries, are. -

- mandatory.

LAGUNA

A. Rubbia ASPERA WG7, March 2007 (Chambery)



| L‘arge-Und'e'r'gr'o'ynd detectors considered in LAGUNA "
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Large Under'gr'ound detector's con5|der'ed in LAGUNA g

MEMPHYS

% Present Tunnel

Future
Safety Tunnel

Present Laboratory

Future Laboratory _ —
with Water Cerenkov Detectors

'Liquid Scintillator (= 50 kton)

Liquid- Argon (zio"—d‘oo kton) ~ .
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s T LAGUNA._ WG co__nst_itu.'ency = O
® =60 members - '
~ -® 29 jpstitutes from DE ESP , FIN, I, POL, UK
® 2 , CUPP, Un1vers1ty of Helsmkl Un1vers1ty of
: Katow1ce University of Iérakow N2y :
,-University of Granada, Un1vers1ty of Hamburg, Max- Planck- :

‘ Inst1tgj; fur Kernphysik Heidelberg, University of Jyvdskyla, Max- .
-~ Planck-Institut fur Physik Miinchen, Technische Umvor51tat Miinchen,

-

Un1vers1ty of Oulu, |1, ; i , INFN/
University of Padova Paris, D AN /(e IUnlver51ty of
Sheffield, :Ziirich - : =2 z gl

® New 1nterest was raised-at Valencia meeting e

®List of participants” (contractors in FP6) 1(0) LAGUNA DS in the
o process of being defined. Includes: - _
& All underground Iaboratorlés (CUPP LNGS LSC LSM, IUS s
SUNLAB) ‘ . : .
.a All involved scientific partners

- v

= ‘& Some 1ndustr1a1 partners - -
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-

Durmg the last months, an effort has been made to consohdate these 1deas into
a format compatible with a potential “design study”.

® A series of workmg meeting were held.
Munich, April 24th, 2006
Mumch June 2nd, 2006
Parfs, July 21st 2006
Zurlch October 12th, 2006
~ Paris, December 18th 2006
'Next' Chambery, March 2nd, 2007 **=

L -

.i

® A scientific casé document (=30 pages) has been drafted. .

. ®A list of Workmg Packages, in a sultable form for the FP7 DS has been prepared.

® The list of milestones & dehverables with detalled tables of tasks has st111 to be
elaborated. - .

®The potentlal FP7 DS document is being drafted (prehmmary version) to be ; "
flnahzed until May 2007. '

-
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-« .Intwo sentences.. = -

e The DS W111 provide the scientific and ob1ect1ve
mformatlon to make an optimized choice for site(s) for
an European Undérground Infrastructure capable of
very large volume underground instruments.
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* - .« .Intwosentences.. 4

e The DSwill provide the scientific and objective
information te make an optimized choice for site(s) for
an European Undérground Infrastructure capable of
very large volume underground instruments.

e-- The deliverables: contaln the elaboratlon of “decision
factors” like * : -
- (1) technical feasibility (cavern access, safety, liquid
procurement, ...) - *
(11)cost optimization of 1nfrastructure (dlgglng,

safety, ...)- -
111)phys1cs performance (e g, depth baseline,...)" - -
: 1V) :
LAGUNA A. Rubbia | ASPERA WG7, March 2007 [Chambery)



LAGUNAFP7 —DRAFT DRAFT DRAFT

Proposal full title A Design Stud}: for Large
Apparati for Grand Unification
and Neutrino Astrophysics
Proposal acronym LAGUNA

EU contribution, Timescale:
5 M€ over 3-4 years (estimate)

Table of contents

1. Introduction
2. Scientific goals and European added value of the new Infrastructure
3. Scientific and Technological excellence
3.1 ‘Norking packages and implementation plan
WP 1: Underground infrastructures (site engineering)
WP 2: Underground Tanks
WP 3: Tank Instrumentation
WP 4: Liquid procurement and handling systems
WP 5: Safety & Environment
WP 6: Underground science
WP 7: Management and coordination
evance to the Objectives of the scheme
Tustification of the proposed Design Study
Exploring the feasibility of the Infrastriueture ... e 12
uality of the IMIALIAGRITIEIIE .ottt e et e et e e et e e e e e e e e e e et e e e e ettt e e er e e e e eenns 12
Management and Competence of the Participants ... 12
Justification of the Financing Requested ... e 12

—
""-h]m'\ﬂ-h-wlq'—"

—

4.
4.
5.

3.
3.
3.
3.
3.
3.
3.
4, Re
1.
2.
Q
1.
2.

5.
5.
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£l LAGUNAworklng packages e

OWP1: Management and coordination

.i

-ty

LAGUNA A. Rubbia ASPERA WG7, March 2007 (Chambery)



i LAGUNAworklng packages e

O WP1: Management and coordination

OWP2: Underground infrastructures (site englneerlng)
@ Feasibility of large excavations, access, local conditions, site
- preselection. - -

e 3 i -
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i LAGUNAworklng packages e

O WP1: Management and coordination
OWP2: Underground infrastructures (site englneerlng)
@Feamblhty of large excavations, access, local conditions, site
; " preselection. - -
OWP3: Underground tanks
@Desvg,n geometry, support structure materials, 1nsu1at10n
underground assembly

e 3 i -
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i LAGUNAworklng packages e

O WP1: Management and coordination
OWP2: Underground infrastructures (site engmeerlng)
@Feamblhty of large excavations, access, local conditions, site
; " preselection. - -
OWP3: Underground tanks
@Desvg,n geometry, support structure materials, 1nsu1at10n
underground assembly
DWP4 Tank instrumentation
. @Charge & light readout large scaleéphemes BV, I:ahbratlon :
mechamcal aspects * -
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i LAGUNAworklng packages e

O WP1: Management and coordination
OWP2: Underground infrastructures (site engmeerlng)
@Feas1b111ty of large excavations, access, local conditions, site.
preselection . -
OWP3: Underground tanks
@Des1gn geometry, support structure materials, 1nsu1at10n
underground assembly
DWP4 Tank instrumentation
. @Charge & light readout large scaleéphemes BV, I:ahbratlon :
mechanical aspects * -
O WP5: Liquid procurement and handhng systems
@Production, handling, purification, filling, long-term stability, gases
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i LAGUNAworklng packages e

O WP1: Management and coordination
OWP2: Underground infrastructures (site engmeerlng)
@Feas1b111ty of large excavations, access, local conditions, site.
preselection . -
OWP3: Underground tanks
@Des1gn geometry, support structure materials, 1nsu1at10n
underground assembly
DWP4 Tank instrumentation
. @Charge & light readout large scaleéphemes BV, I:ahbratlon :
mechanical aspects * -
O WP5: Liquid procurement and handhng systems
@ Production, handling, purification, filling, long- term stability, gases
OWP6: Safety and environmental issues
- @Additional infrastructure, interface between 1nstallat10n and host
site (tunnel or mine) -
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£, LAGUNAworklng packages e

O WP1: Management and coordination
OWP2: Underground infrastructures (site engmeermg)
@Feas1b111ty of large excavations, access, local conditions, site.
preselection . -
OWP3: Underground tanks
@Des1gn geometry, support structure materials, 1nsu1at10n
underground assembly
DWP4 Tank instrumentation
. @Charge & light readout large scaleéchemes BV, I:ahbratlon :
mechanical aspects * -
O WP5: Liquid procurement and handlmg systems
@ Production, handling, purification, filling, long- term stability, gases
OWP6: Safety and environmental issues
@Additional infrastructure, interface between 1nstallat10n and host
J site (tunnel or mine) -
E\WP7 Underground sc1ent1fic programme assessment and
optlmlzatlon :
. @Physics potential of the facﬂlty, multldlsmpllnarlty, other sciences

LAGUNA A. Rubbia ASPERA WG7, March 2007 [Chambery)



WP resources subdivision

Underground infrastructure

2.3+0.7 M€

Underground tanks

0.8+0.5 M€

Tank instrumentation

0.5+2.0 M€

Pure liquid procurement

0.5+0.5 M€

Safety and environment

0.25+0.25 M€

Underground science optimization
and outreach

0.5+1.0 M€

Management and coordination

0.15+0.15 M€

LAGUNA

A. Rubbia

5.0+5.1 M€

ASPERA WG7, March 2007 [Chambery)




Where?

LARBSATOTE SOUTERIAIN 3¢ MODANE

Institute of Underground
Science in Boulby mine, UK

Laboratoire Souterrain CENTRE FOR UNDERGROUND

PHYSICS IN PYHASALMI MINE

de Modane, France

Currently there is no

available sight to S D f}}

host very large scale ’
detectors in Europe! SUNLAB

Polkowice-
Sieroszowice, Poland

*New facilities will
have to be
excavated or old one
extended

*\What depth?

*What other e : 4 | $ 5 o 7
synergies? ol = '3 W N N ;
(beamline distance) ' - e A 4 & QY ’ romeyTe——

Muon Intensity, m 2 y !

.What IS the d IStance [ ey i : "‘-': 4 Eg " - s TS : I‘:I - < ; 2000 4000 6000 8000
from reaCtO rS? 3 8 T X i Depth, meters water equivalent

=3 . Y
‘echnologies—— ey
Image © 2006 ‘RerraMetrics ‘B?L‘r‘ &
Image zﬁn NASA ;

- Streaming [1/1111[1 100% - £

;
129 1’flm|. i =
e C ]

* N 10756728

/ﬂ;%\; LSC
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B Advances in low energy neutrino astronomy and direct investigation of Grand
Unification require the construction of very large volume underground
observatories.
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B Advances in low energy neutrino astronomy and direct investigation of Grand
Unification require the construction of very large volume underground
observatories.

M The.direct evidence for Grand Unification would be one of the most
F fundamental discoveries in particle physics. This requires new generatlon
Very massive detectors. ;

-
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[ Advances in low energy neutrino astronomy and direct 1nvest1gat10n of Grand
‘Unification require the construction of very large volume underground

-wobservatories.

M The.direct evidence for Grand Unification would be one of the most
F -fundamental discoveries in particle physics. This requires new generatlon*
Very massive detectors. ' ” =

M An extensive neutrino physics and astronomy programme will be accessible
‘with these new rare event detection instruments, detecting supernova,
atmospheric, possibly solar and geo-neutrinos, as well as-artificial neutrinos

. from-accelerators. These latter measurements could ,lead to the dlscovery of -
¢ CP—Vlolailon in the leptonlc sector. we* .
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B Advances in low energy neutrino astronomy and direct investigation of Grand
Unification require the construction of very large volume underground

-©observatories.

M The.direct evidence for Grand Unification would be one of the most
fundamental discoveries in particle physics. This requires new generatlon
Very massive detectors. ;

M An extensive neutrino physics and astronomy programme will be aecessible
with these new rare event detection instruments, detecting supernova,
atmospheric, possibly solar and geo-neutrinos, as well as-artificial neutrinos
from accelerators. These latter measurements could lead to the discovery of -
CP-violation in the leptonic sector. wa

- The LAGUNA design study will provide the means to perform site feasibility
studies and to develop mature conceptual design for large volume
underground instruments including their infrastructures, with a credible
cost estimate. The DS will provide the means to elaborate the scientific and
objective information needed to make an optimized ch01ce for 31te(s) for the.
pan- European Underground Infrastructure

-
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[ Advances in low energy neutrino astronomy and direct 1nvest1gatlon of Grand
‘Unification require the construction of very large volume underground

-wobservatories.

M The.direct evidence for Grand Umflcatlon would be one of the most

F -fundamental discoveries in particle physics. This requires new generatlon
very massive detectors. ' ; .

M An extensive neutrino physics and astronomy programme will be accessible
‘with these new rare event detection instruments, detecting supernova,
atmospheric, possibly solar and geo-neutrinos, as well as-artificial neutrinos

. from-accelerators. These latter measurements oould ,lead to the dlscovery of -
- CP-violation in the leptonic sector. v ™

M The LAGUNA design-study will provide the means to perform site fea31b111ty

- studies and to develop mature conceptual design for large volume
underground instruments including their infrastructures, with a credible
cost estimate. The DS will provide the means to elaborate the scientific and

objective information needed to make an optimized ch01ce for 31te(s) for the.
pan-European Underground Infrastructure.

@ It should mature around 2010 and lead to possible construction decision SOeM .
.after, when a few years of running of LHC and T2K&NovA&DOUBLE
: CHOOZ will have drawn the-new landscape concerning supersymmetry,
« - - unification, and hopefully the last unknown neutrino mixing angle 6,
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