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What 1s LAGUNA?

1. The European project .Large Apparatus studying
Grand Unification and Neutrino Astrophysics” aiming
at defining and realizing this research programme in
Europe.

2. It includes a majority of European physicists
interested in the construction of very massive
detector(s) (10° - 10° tons) realized in one of the
three technologies using liquids: water, liquid argon
and liquid scintillator.
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3. No one of the existing European underground
laboratories is able to host such a huge detector
- a new large underground infrastructure is needed.

4. The group applied for the RI Design Study in the
framework of FP7 (2.05.2007) with the main goal to
study possible localizations of the future laboratory
together with further R&D for the proposed
detector technologies.
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The ApPEC recommendation, January 2007

"We recommend that a new large European infrastructure
/s put forward, as a future international multi-purpose
facility on the 100°000-1000000 tons scale for improved
studies of proton decay and of low-enerqgy neutrinos from
astrophysical origin.  The three detection technigues
being studied for such large detectors in Europe, Water-
Cherenkov, Liguid Scintillator and Liguid Argon, should be
evaluated in the context of a common design study, which
should also address the underground infrastructure, and
the possibility of an eventual detection of future
accelerator neutrino beams. This design study should take
into account worldwide efforts and converge, on a time
scale of 2010, to a common proposal.”
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The ApPEC roadmap, January 2007

ETHZ:

Field’ Cost scake Desirable Remarks
Experiments Me start of
construction

Dark Matter Search: 2 expermments (different

Low background &0-100 Me 2011-2013 | nuclei, different techniques),

experiments with 1-ton e g | bolometric, 1 noble

1MAsS liquid: more than 2
worldwide.

Proton decay and low - multi-purpose

e€nergy neutrino - 3 different techmicues;

astronomy': large synergy between then.

Large infrastructure for p- 400-800 M€ | 2011-2013 | - peeds huge new excavation

decay and v astronomy on - expenditures likely also

the 100kt-1Mton scale after 2015

= worldwide shanng

- possibly also
accelerator newtrinos
in long baseline
experiments

The high energy vniverse:

Gannna ravs:

Cherenkov Telescope Array | 100 M€ (South) first site Pliysics potential well

CTA 50 M€ (North) m 2010 defined by rich physics from
present gamma experiments

Charged Cosmric Ravs:

Auger North 85 M€ 2009 Confinuation of physics
potential from Auger South
results expected in 2007

Neprrinos:

KM3NeT 300 M€ 2011 FP6 design study.
Confinnation of physics
potential from IceCube and
ganuna ray telescopes
expected i 2008-2010

Gravitational Waves: Civil ) )

Third generation 250-300 M€ | engineering | Conceived as underground

interferometer 2012 laboratory




COLLABORATIVE PROJECT 2 052007

Design Study

FP7-INFRASTRUCTURES-2007-1

Proposal title (max 200 characters) Design of a pan-European
Infrastructure for Large Apparatus
studying Grand Unification and
Neutrino Astrophysics

Proposal acronym LAGUNA

Type of funding scheme RT design study implemented as
Collaborative Project

Work programme topics addressed Deep underground science, particle
physics, astroparticle physics

Name of the coordinating person Prof. André Rubbia




LAGUNA - after negociations with the EC

Approved by the European Commission but with the
recommendation to concentrate on the underground
laboratory site studies

Funding - 1.7 mIn Euro (out of 5 min in the application)
- detector R&D should be funded with different money

Two years study with a start up on the 15t of July 2008,
kick-off meeting at ETH Zurich, 3-4 July 2008,
the second meeting in Bucharest, 5-7 November 2008.

Results of the study should be ready for the ESFRI
recommendations in 2010
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The LAGUNA
Collaboration

21 beneficiaries

(16 scientific partners,
5 industrial partners)
plus 9 affiliated
scientific institutions

~100 participants
from 10 countries
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Beneficiary Date enter | Date
Beneficiary no. | Beneficiary name short name | Country project exit
project
. Swiss Federal Institute of p - -
{coordinater) Technology Zurich ETH Zurich | Switzerland 1 4
2. University of Bem U-Bern Switzerland 1 4
i University of Ivviskvld U-Tvviiskyld | Finland 1 24
4. University of Qulu U-Oulu Finland 1 4
= Kalliosuummitteln Oy ] . R
5. Rockplan Ltd Rockplan Finland 1 24
Comnussariat 4 1'Energie
6. Atomigque / Direction des | CEA France 1 24
Sciences de la Matiere
Institut Naticnal de
Physique Nucléaire et de .
1. Fhysique des Particules IN2FS France 1 A
{CNERS/INIP3)
Max-Planck-Gesellschaft
5. zur Férderung der MPG Germany 1 24
Wissenschaften e V.
Technische Universitt -
9. Mimchen ITM Germany 1 24
H MNiewodniczanski
Institute of Nuclear
10. Fhysics of the Polish IF] PAN Poland 1 24
Academy of Sciences,
EKrakow
EGHM CUPELU
11. Litd Research and EC(I?::IR\:TM Poland 1 24
Development Centre
Mineral and Energy
Economy Research IGSMIE
12. Institute of the Polish | PAN Poland ! 4
Academy of Sciences
Laboratorio Subterraneo . -
13. de Canfranc LsC Spain 1 24
Univerzidad Autonoma, . -
14. Madnd UAM Spain 1 24
15. University of Granada UGE Spain 1 4
14. University of Durham UDUR United Kingdom | 1 24
The University of - . -
17. Sheffield U-Sheffield | Uted Kingdom | 1 24
18. [ echnodyne Intemational | Technodyne | United Kingdom | 1 24
19, University of Aarhus U-Aarhus Denmark 1 4
20. AGT Ingegnenia 5rl, AGT Ttaly 1 24
Perugia -
Institute of Physics and
21. MNuclear Engineering, IFIN-HH Eomania 1 M

Bucharest




Work packages (Switzerland organizes Europe)

B.1.3.3. Work package list / overview

Work Lead
) C ) . I'ype of . Person- | Start End
E:t]-..a ge | Work package title activity Ezneﬁ-:mrj months | month | month
Wp1 | Management, coordination | MGT | ETHZ 26.3 1 24

and asszessment

Wwp2 | Underground Infrastructures | pTD TUM 1575 1 24
and Engineering

Wp3 | Safety, environmentaland | RTD | U-Sheffield 46 1 24
ROCI0-2CON0oMmiIc 155025

WP4 Science Impact and Outreach REID IFTPAN 49.9 1 24
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Detector concepts

Three liquids: water (MEMPHYS), scintillator (LENA), liquid
argon (GLACIER)

MEMPHYS . %o e Fresent Tunnel  §5m
Water Cherenkov, e~
(420 kton -1 Mton) * N - i
\ . <
Futare ! Y 1 -
Safetry Lunnd ., - 80m
LENA Fresont | abaraten
quuld SCIH.T. dor Futere Laborators
(30-70 -"(lon) with Water Cereabon Detectors |
1€0m : 3

20m
Muon
veta

' ~12000 PMT (S0cm)

GLACIER Liguid Argen (S0 -100 kion)



MEMPHYS - water Cherenkov detector

Concept: initial work for the Frejus laboratory, the SuperKamiokande
detector as a prototype, rescaling by a factor up to 20

Advcm’rages: the cheapest target material, mature technology,
possible extrapolation to the 1 Mton mass

Challenges: better and cheaper photomultipliers, dopping with 6dCl;

4‘.

Construction: 3-5 Tanks W.,ﬁ\ J— Frejus
each one with a diameter - e Gl

and a height of 65 m,
fiducial mass of 147 ktons
read out by 81000
photomultipliers (12" - 30%  Present Laboratory
surface coverage, 20" - 40%

coverage) MEMPHYS
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LENA - the liquid scintillator detector

Concept: initial work for the Pyhdsalmi mine in Finland,
the Borexino, Chooz and KamLAND detectors as prototypes,
rescaling by a factor 50

Advantages: very low energy threshold,
good energy resolution, known technology

Challenges: scintillator cleaning, better
and cheaper light detection (photomultipliers,
light concentrators)

Construction: cylindrical tank 100m
high and with a diameter of 30m, fiducial
mass of about 50 ktons, readout by 12
000 photomultipliers (20" - 30% surface
coverage, with added light concentrators
- 50% coverage)
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GLACIER - the Liquid Argon detector

Concept: initial work for Sieroszowice and 6ran Sasso, prototype
- the ICARUS detector, rescaling by a factor 150

Advantages: very good positional and energetic resolutions
- imaging topologies, identification of low energy hadrons

Challanges: 20-m long drift of electrons, huge cryogenic installation

Construction: cylinder T
70m in diameter and 20 m s
hight, total mass - 100 ktons
of Liquid Argon, read out of
the ionisation signal and two
types of light signals
(scintillations and Cherenkov
light)

ETHZ1, 18.11.2008
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Research programme

1. Searches for proton decay

2. Studies of low energy neutrinos from
astrophysical sources (SN explosion, Sun,
atmosheric neutrinos, relic SN neutrinos in our
galaxy) and of geo-neutrinos

3. Studies of neutrino properties based on
accelarator neutrino beams

J.Aysto et al.., hep-ph/07050116;
J. Cosmol. Astropart. Phys. 11 (2007) 011;
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Table 1 Overview of the physics potential of the three types of instruments considered

Topics

GLACIER (100 kt)

LENA (30 kt)

MEMPHYS (400 kt)

proton decay, sensitivity (years)

decay mode e* n° 0.5.10% TBD 1.0.10%
decay mode anti-v K* 1.1.10° 04.10% 0.2.10”
SN at 10 kpe, 7 events 9.0. 10° (anti-v,)
CC 25.10% (v,) 3.0.10° 2.0 .10 (anti-v,)
NC 3.0.10¢ 5.0 10°(p) '
Diffuse SN
1 Signal /Background events 60/ 30 (10-115)/4 (40-110)/50
(after 5 vears) {(with Gadolimium)
Solar neutrinos *BES:4.5.10% “Be: 2.0.10° "BES: 1.1.10°
f events, 1 year Abs:  1.6.10° pep: 7.7 . 10°
CNO: 7.6 . 10*
*B(CC): 3.6.10°
BINCx5.10°
Afmospheric v
% events, 1 year 1.1.10¢ TBD 4.0 10
Geo-neutrinos & events, 1 year Below threshold 1.5.10° Below threshold
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Proton decay

MEMPHYS (10 Mtonxyr)

VB Karmckande —_— e+ TD
. i — GLACIER (1000 ktonxyr)
UNO n 10 vexs R [fetnes ; years

| 1 1 1 1 I LENA (500 ktonxyr)

|
| | VL | ! - —
0° 10t 10t 10® ¢ 5 0% 10 IMB Kaziokands—— e %

———m Non-SUSY $U(5) Superk: in 10 years —.
Two-step Non-SUSY SO(L0)  UNO in 10 years —_— Lifetizaes m vears
| | | | | | | |
Complete 5D SU(5) I [ I I I [ I
30 | 3 3 y 5 7
Saing Thaory 6D- 100 1t w? 10® 10 10° 10
. - MSSM SUGS)
- ee Family Hetrotie Samg Mode
Conplete 5D SU(5)
MSSM SL(S)
5D SU(S) Strongly Coupled
Flpped SU(S) <
Split muulrplecs SUSY Without GUT
MSSM S0(10) Minamal SO(10) SUSY Model
Fermion mass correlated —_—— MSSM S0(10)
MSSM S0(10)-generic Feruion mass comelated
Exuza dimension # GUT scale — MSSM SO(10)-generic

ETHZ1, 18.11.2008 16



p—vK*, K'>n'n’ search (SK-1)

typical p—>vK*, K*>n*n? MC event
[Guter Detector

/" \ * Super Kamioxande %

. <@ - 99
_ \ l SRR N 2182

selection criteria
B 2 e-like ring
B 1 Michel electron

( ;ﬁ} 15N color : Time B 85 <m_o< 185 MeV/c?
T '.' Radlus : Charge W 175<p_o< 250MeV/c
\\-9, | / W 40 < Q.+ < 100PE, Q,.<70PE

K Kobayashi, UNO meeting. Apnil 6 2005 6



Kaon decay after 5ns
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Proton decay In Liquid Argon

65 cm
A

o TR r*.q-t'h\ ‘) Simulation
e+
T600: Run 939 Event 46

p—> K v,

(¥
w

dE/dx in T6o0

Fun 939 Event 46

°) p=425 MeV

™ dEfdy (Meliern)
o =

7
\\
"
N
53 cm

. L
Ronge o)

Detection efficiency of almost 100%
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Possible localizations of the future large
underground laboratory

investigated R ‘ SITE STUDY
sites dealy ™ Wi

»

o -

Candidate Sites

- Boulby, UK

- Canfranc, Spain

- Frejus, France

- Pyhasalmi, Finland

- Sieroszowice, Poland
- Slanic, Romania

- Caso, Italy
LAGUNA
Collaboration

100 scientists

. - _ more than 20 institutes
) ' 1OEuropean countries

Sic Il .

0



Localization criteria - 1.

UNIVERSITY

Eﬁ Bedrock zones In the Earth

0uULU
Red: very old bedrock, hard crystalline rock: usually very good

Green: mobile belts (mountains etc), hard rock: fair/variable
White: sedimentary covers (soft rock): often bad
Local variations within each zone

¢ ¢ ¢ ¢




Localization criteria - 2.

UNIVERSITY

(S

oult

Nuclear reactor background

Reactor electron anti-neutrino flux density

Prediction for 2015

U

» Relevant mostly for LENA
*» Reactor fluxes estimated globally
* Marine reactors irrelevant?

30

1e+09
9e+09
8e+08
7e+08
6e+08
5e+08
4e+08
3e+08

|

Location
Pyhasalmi
Gran Sasso
Frejus
Canfranc
Boulby
Kamioka
Sudbury
Soudan
Pylos

v (10 1/m* s)
40

54

175

196

190

408

100

33
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2005




CENTRE FOR UNDERGROUND
PHYSICS IN PYHASALMI MINE

Institute of Underground @
Science in Boulby mine, UKE:

"SUNLAB

Polkowice-Sieroszowice,

Poland
nlkomce \t\ I

\ . /-
Laboratoire Souterrain s ak il o _ /
de Modane, France | U _ > L—950 ,ﬁrxf-

T IFIN —HH
"'lfrH-HH--;r Unirea Salt Mine

Laboratorio Subterraneo

de Canfranc, Spain c}‘* As;e'r'igi

Y o t i g =3 : £
] ! ] 4 @JQL(JLIurD Technulu ies fan . . .
:L 1’} | ‘}‘c- ; r'_'_ 4 f'F% Imige@E%ﬁ?&a_TerraMelrglcs . ;}';-7-"‘-::_‘ ,J." 3'--? LabOI’atOFI NaZ|0na|| d6|
e iy WSS Image CERE N Gran Sasso, Italy

Pointer 52°41'20.12" N 10 56'28.22" E Streaming ||||l]]1]] 100%




Neutrinos from (3 beam — oscillations in MEMPHYS

- Acceleration of ®He nuclei (source of antineutrinos) and of 8Ne
huclei (source of neutrinos), R&D in the framework of EURISOL DS.
(FP6)

+ ...But a small obstacle (worth ~1 billion CHF) - the programme
requires a serious intervention into the CERN accelerator chain, also
problems with poor knowledge of low energy neutrino cross-sections

. Experiment eesent T .
Proton Driver I A Present Tunnel
. A ) »
SPL Acceleration to final energy /-\:
I lucti PS & SPS
on production )
ISOL target & V V

lon source

Neutrino Future
Beam preparation Source Safety Tunnel

ECR pulsed Decay

A Ring
lon acceleration

Linac

Future Laboratory ——————"%

_\ / with Water Cerenkov Detectors
L]

Acceleration to
medium energy

RCS
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Localization criteria - 4.

CNGS o,’-ax’-s: "“!'&T—-I—(,.T_I : - | ;o::vennaﬂiq- a0
; . - “Rimini |
r | | ‘ i o=~ — u%l.l"l arino
' | ™ {";:g rf.lrenn{. F; '-."'"M -

Distance
from CERN

W,
£12° 30" |
. I.at'iljll_' :

900 km & 2006 Europa Technologies

|- =
Pointer 41° 39"32134'?% 13° 23'07.20°E  elev 733 1t Streaming |II[111]1] 100%

611:032,200



"CASQ" site - a shallow localization in Umbria, Italy

*SMALL OFF-AXIS ANGLE W.R.T. THE
EXISTING CNGS BEAM

*DISTANCE FROM CERN: ~500 km
*PLATFORM LIMESTONE

*HYDROGEOLOGY: NO INTERACTION
BETWEEN GROUND WATER AND
CAVERN/ACCESS TUNNEL

Could be good for Glacier
(AGT Ingegneria)

ENRERA JC’E- HCRREl="TUNNEL
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5. Natural radioactivity of rocks

Integral background counting rates
50 — 2700 keV
[ CPS/keV*kg]

Sieroszowice 2.30 (0.02)

ieroszowice - existing cavern Gran Sasso 57.68 (0.02)
(100 x 15 x 20) m3:, 2200 m.w.e.

Modane 66.06 (0.03)

Boulby 23.83 (0.05)

J. Kisiel et al., University of Silesia, Katowice



SUNLAB (Sieroszowice UNderground LAB- where?

. In the Polkowice-Sieroszowice copper
mine (belonging to the KGHM holding)

Near Wroctaw, south-west of Poland
- easily accessible from the Wroclaw
airport and from the A4 motor-way, 950

km from CERN

ETHZ1, 18.11.2008
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6. Depth

dos
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SLANIC salt mine, Romania — most shallow site

The Unirea salt mine environment:

temperature: 120-130°C

";:'.e- 1 hurmidity: 65-70 %
:‘ .""....r E : excavated volume: 2.9 million m*

PR floor area: 70000 m?
A e average high:  52-57m

PSR
R o very shallow,
o ! Sait lens dimensions:
s AT Length: 5km ery low natural
i‘.'.;'_"_’.';-'t | Width: 3km radioactivi Ty
e '3 Thickness: 0.5km

b e _,*...-_.-n..:.;..' 30
i




...and the deepest site, Finland

UNIVERSITY
Location of the Pyhasalmi site

of
ouLu

@ Pyhasalmi mine in Pyhajarvi town
2 Connections

= Roads open all year round
a Pyhajarvi-Oulu: 2 h car drive
s Pyhajarvi-Jyvaskyla: 2 h car drive

L
j_:
= Pyhajarvi-Helsinki: bus & train
connections
= 4 airports within 2 hours drive, Russia
connections

s Qulu-Helsinki: ca 20 flights a day
= Railway to the mine
@ Distance to accelerators
= CERN 2300 km
a Density profile well known
= JPARC 7100 km

akylé
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1
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st et )
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Conclusions

Very interesting and challenging project

Short time scale - results in two years to fit
the ESFRI recommendation process
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