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1. What is LAGUNA ?
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What is LAGUNA ?

® The current European approach to the
next generation, liquid [Mt-like], p-decay
and neutrino detectors

® It considers seven candidate sites: RAX -y
4 NA Candld)ate § tes
CUPP @ Pyhdsalmi mine, Finland [ W - alitin

IUS @ Boulby mine, UK p = :
SUNLAB @ Sieroszowice mine, Poland ~
IFIN-HH @ Unirea mine, Romania
LSM @ Frejus tunnel, France
-Italian-Site @ CNGS beam halo, Italy
LSC @ Canfranc RW tunnel, Spain

® It considers three different detector
technologies:
* Water-Cherenkov: ~ 1 Mt
* Liquid-Argon TPC: ~ 0.1 Mt
* Liquid-Scintillator: ~ 0.05 Mt

LNGS is not there (i!)



The LAGUNA Cosortium
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® a pre-Collaboration was formed 7"
It did apply for 5 M€ funding

WG3 coordinator
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Academic partners' representatives
ETH Zurich
U-Bern
U-Jyvaskyla
UOULU

e Only 1.7 M€ were granted. .
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was to focus in the Feasibility IF%MPAN
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The LAGUNA detector-technology approaches



Water-Cherenkov = MEMPHYS
Gd.
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- each tank ~250 kt
- tank size limited by light attenuation length (A ~ 80m) and pressure on PMTs
- readout : ~3 x 81K 12” PMTs, 30% geom. Cover

- hopefully with matter-flavour/neutron tagging = Gd solute
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main characteristics of EGADS
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LAGUNA (MEMPHIS) is the European “competitor” of
SuperiKamiokande’s successor: HyperKamiokande

- they have the expertise
- they have a powerful v beam

- they have a wonderful “push”
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Liquid Scintillator = LENA

DETECTOR LAYOUT

Cavern
height: 115 m, diameter: 50 m g =N
shielding from cosmic rays: ~4,000 m.w

Muon Veto
plastic scintillator panels (on top)
Water Cherenkov Detector
1,500 phototubes

100 kt of water

reduction of fast

neutron background

Steel Cylinder
height: 100 m, diameter: 30 m
70 kt of organic liquid

13,500 phototubes

Buffer
thickness: 2 m

non-scintillating organic liquid »
shielding external radioactivity s =
Nylon Vessel 33,: 2
parting buffer liquid : SRR
from liquid scintillator %

Target Volume
height: 100 m, diameter: 26 m
50 kt of liquid scintillator

vertical design is favourable in terms of rock pressure and buoyancy forces

~ 50 kt Liquid Scintillator

Borexino (LNGS):
LSci fiducial/tot vol.: 100/300 t
Buffer UP-org/water: 1k/2.4k t

Borexino DeSIgn 2200 8" Thom EMI PMTs

(1800 with light collectors
400 without light cones)

Stainless Steel
Sphere 13.7m &
Nylon Sphere Muon veto:
200 outward- .
poirting PMTs o

100ton

fiducial volume =
Nylon film

Rn barrier

/
{
f Scintillator
i

-7

Buffer

‘L Holding Strings
Stainless Steel Water Tank Steel Shielding Plates .
18m & 8mx 8mx 10cmand 4m x 4mx 4cm =

KamLand (Kamioka):
LSci fiducial/tot vol.: 400/1k t
Buffer UP-org/water: 2k/3k t

Chimney (Calibrzltion Device
iquid Scintillz : LS Ball
Liquid Scintillator [ Jj o LS Balloon
(1 kton)

Containment

Vessel 1 ; \ !
(diam. 18 m}—_ ¢ Y 4 Ph()l(f-

o A ‘ \ % Multipliers

start 2000 ~+— Buffer Oil
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Liquid Argon = GLACIER

® LAr storage based on LNG tank tech
® Double - Phase LEM readout (gain ~ 10%)
® Cockroft-Walton [Greinacher]
Voltage Multiplier (~ 1 kV/cm)
® Very Long drift distances (~ 20 m !!)
e ~ 100 kt

: “Precursor”
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Rough Comparison of Potentialities:

Table 12. Summary of the physics potential of the proposed detectors for astro-
particle physics topics. The (*) stands for the case where gadolinium salt is added
to the water of one of the MEMPHYS shafts.

D. Autiero et al.; JCAP11(2007)011

GLACIER LENA MEMPHYS
Topics 100 kton 50 kton 440 kton
Proton decay
et O 0.5 x 103° — 1.0 < 1033
vK* 1.1 x 103% 0.4 x 103° 0.2 x 1033

SN » (10 kpc)
CC orinverse f3

2.5 x 10%(v.)

9.0 x 103(&.)

2.0 x 10%(w.) (*)

NC 3.0 x 104 3.0 x 103 m—

ES 1.0 x 10%(e) 7.0 < 103%(p) 1.0 x 103(e)

DSNB v (S/B 5 yr) 40-60/30 9-110/7 43-109/47 (*)

Solar v (evts. 1 yr)

5B ES 4.5 x 104 1.6 < 104 1.1 x 10°

5B CC — 360 —_

"Be — 2.0 x 10° —

pep 7.7 x 10*

Atmospheric v (evts. 1 yr) 1.1 x 101 — 4.0 x 10* (1 ring only)

Geo v (evts. 1 yr)

Below threshold =1000

Need 2 MeV threshold

Reactor v (evts. 1 yr)

1.7 x 101

6.0 x 101 (*)

= "~ similar” physics output in "~ similar” periods of time



We must bear in
mind, always, a
nossible new v
beam, of some
kind, from CERN

[explicitly addressed
in LAGUNA-LBNO,
see end of the talk]

= what is 645 ?

LSC\

LSM
& 130 Km




Feasibility Study ror
agun at the LSC



Some items about this first period LAGUNA-LSC

® The coordinator of the Feasibility Study (FS) for the LSC was L. Labarga
(UAM); he had the help of LSC staff

® For the FS, LAGUNA-EU assigned ~145 K€ to the LSC, and 31 K€ to the
the UAM, the LSC and UAM contributed with ~100 K€ and 7 K€ respectively

(the later from the AC FPA2008-03002-E)

® The LSC has not Geotechnic Dept.; technical part had to be subcontracted

® July 2008 --> March 2009
- Contact, discussions and (private) pre-selection of Geotechnic Companies
candidate to carry out the FS for the LSC
- Administrative and legal procedure to select the Company.
- Select Company (got a "dream team”, see next slide), sign contract,
Company starts working

® June 2010: the main document basis of WP2's “Interim Report for the LSC”

is delivered
[final version is at http://www.lsc-canfranc.es/ links activity — LAGUNA]




PROJECT TEAM

Main work leader: Manuel Romana (STMR)
Help work co-leader: Clemente Saenz (Iberinsa)
Companies involved:

e Iberinsa: big Spanish consulting firm
- Geological-geotechnical work (General)
- Numerical modelling
- Environmental questions
- Auxiliary installations. Buildings
- Cost estimates
e STMR: small Spanish geotechnical and tunnelling firm
- Project managing and coordination
- Geologic-geotechnical work (Rock Mechanics problems)
— Construction processes and work methods

e Obras Subterraneas (OSSA): Biggest Spanish firm for underground
works contruction

— Construction processes and work methods
— Cost estimates

e Jtasca Spain: Local branch of Itasca network of firms
- Numerical modelling

e Individual consultants

- Site knowledge (project and construction Manager for Somport Tunnel)
- Tectonic stresses and seismicity (Madrid Geology Faculty Professor)

31/03/2009 LAGUNA Canfranc
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best compromise between
overburden, rock quality,
knowledge (within FS) and
expectations of rock quality,
centralization of services ... : &

= the LAGUNA experiment should be
close to the current LSC location.



General II:
= place MEMPHYS and LENA where overburden is largest
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- GLACIER can work at shallower locations.
- Its 75 m & dome (!) is a geotechnic challenge; less
overburden and best rock quality will be of big help.
- There is a region along the tunnel shallower and of better rock
= place GLACIER there



Important reminder

The LSC lies physically in between:

a New Road Tunnel (Somport tunnel, opened 2003)
- binational: Spain (Jaca) - France (Pau)
- Length: 8,6 Km (5,7 in Spain + 2,9 in France)
- State of the art on safety features (EU directive 2004)
an Old Railway Tunnel
- Now used as service and emergency exit of Road Tunnel

- Safety galleries connecting both tunnels every 400 m
- Current Access for Laboratory

CANFRANC-ESTACION

FRONTERA

S

BOCA FRANCIA

N
\\

Bypass

_ Main experimentzl hall

New labfratory

Evacuation gallery




General lll:

* The main layouts in the three experiments have been designed neither to
interfere with the regular running of Road Tunnel nor with the emergency
and service purposes of Railway Tunnel.

e Of course they try to take the maximum profit of them, but at the same
time they are thought to operate independently if necessary.

= An independent access tunnel (2 - 3 Km long, ~ 4 - 7% downwards) almost
parallel to existing ones

— For construction access (!)
— For regular operation/running and maintenance access
— For radon-free air conduction
— For supplies: energy, water, others
— For Liquid Scintillator .OR. Liquid Argon supply by truck
— For ventilation: regular operation/running and fire

= A permanent connection with the Road and Railway tunnels and the LSC
— For normal operation (connection to LSC)
— As an emergency escape way

= Another tunnel + vertical shaft to the surface
— For ventilation: regular operation/running and fire



For instaree MEMPHYS
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AC2

Water & air purificatior

Ramp AG1 between upper chamber
and lower level of MDC's
AC1+AC3

{from level +1072.00 to level +1000.00)

Clean storage and \

power transformation room \

AC1 Main control & office

EXIT AIR POINT
Ventilation shaft S1
//(+1412.00)

Connection gallery AG1 batween upper
Connection shaft 1 from

chamber and upper level of MDC's

Ventilation gallery AG1
raibway tunnel to upper chamber

Access gallery AG1
from railway tunnel

STANDARD VENTILATION

=+ = = —t HUMAN VENTILATION CIRCUIT

RADON VENTILATION (Air free of radon and

human ventilation for MDC's and AC’s)
FRESH AIR INLET POINT
Access gallery AG1 Access gallery portal
JL=2371.215m, Slope=512% (+1194.40)
|
|
|
| Rallwax tunnel portal
. Upper chamber AC1 at upper level of MDC's .'
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G 4 4 e e 4 4 4 e e e e e G G e e g 4 e e 4 e e e e e G e -
* o w
RAILWAY TUNNEL
-~ / ; ! D —
/ \ | |
/ |
/ | | ¢
L : | |
/ | | 1\ Laboratory 1
/ | |\
ll | |
( \ 1\ SompoRy TUNNE(
Wideningof  / | | '\ \
railway tunnel | \ 1 \
| | | |
\ \
« = For instance MEMPHYS /
000 | e
N - B o N S /(

ACCESS GALLERY FROM RAILWAY TUNNEL
TO CONNECTION SHAFT
B N A VS S A | S—
1200
1100
1000
900

130.00
1 T

SOMPORT TUNNEL

RAILWAY TUNNEL

ey

1197.07 | 120710

1070.00

CONNECTION GALLERY BETWEEN

UPPER CHAMBER AND UPPER
LEVEL OF THE MDC's

VENTILATION GALLERY

CONNECTION RAMP BETWEEN

1000.00

MDC 3

UPPER CHAMBER AND LOWER LEVEL
OF THE MDC's




Environmental I:

|Leyenda T

MAPA DE ESPACIOS PROTEQIDOS - — . e— e

LIC = SCI, Spaces of Community Importance; ZEPA = SPA, Special Protection
Areas (Birds); Parque Natural = Nature Park

] Nearby protected sites

« Special protected area
for birds (ZEPA)

Includes site

There is a rare vulture
protected species

No influence for
underground works

Regulations for surface
works during birds nesting
period

 Nature Park

Far away from the site



Environmental Il:
Animals habitats network

i i
= o Maps for animal and
, S vegetal habitats network
\ 20 B around the site have
»o } e ! Y SRR e
e it been drawn

MAPA DE MABITATS

There is no special
problem at the site for
underground works



Environmental Ill:

Places for waste rock

Waste rock quantities are big
MEMPHYS ~1.000.000 m3
GLACIER  ~200.000 m3

Two sites are selected closer than
20 Km. with no environmental
problems

The places would be reforested
like it was done for the Road
Tunnel waste rock sites




Geology I: profile at site from Road Tunnel studies

| Study zone |

i ¢ ¥ § 8§ §8 § i § § 14
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LIRS A

" Calcareous slate (Atxeffro series) LSC '
— Metamorphic (low grade)

— Schistose texture
:> « Limestone (Coralline limestone Series)

— Sedimentary
— Bedded texture




N* of geomechanical evaluations
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Geology ll: geological studies in this FS

Retrospective analysis of falls in the current LSC in order to
check the real rock parameters around the laboratory

Revision and analysis of geological data gathered at Road
Tunnel excavation fases

Two probing boreholes (40 and 70m long) in key locations
Laboratory tests

m Atxerto Formation and Transtion

I _l:l CoralneLimestonss

Two boxes of S-1. At le®t, from 11,00 to 13,25 meters deep. At right, from 27,00 to 32 20.

o L] - o o
"

' A
S S transition \
coragmes

I T L] T T L]
§1-5¢ 56-€0 €1-65 6870 71-75 7E-€0 E1-35 3650 ©1-95 9&-100

Ranges of RMR values Twio boxes of 5-2. At left. from 25,90 to 28,20 meters deep. At right, from 44,20 to 48.420.



Geology lll: conclusions and assumptions for calculations

*The rock in most of the site is good quality marine coraline
limestone

*There is a transition between the limestone and medium quality
folded Atxerito beds

*The distribution of both rocks is well known at the Road Tunnel
elevation (both from tunnel excavation and further studies for

AGUNA project)

*To know the exact distribution of both rocks at larger depths
it is necessary a further campaign of geological-geotechnical
boreholing

The rock assumptions for the calculations of this study are:
- MEMPHYS and LENA are assumed to lie in the worst
possible situation (the Atxerito beds)
- GLACIER is known to lie in good quality limestones beds
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Conceptual support design |I: MEMPHYS and GLACIER
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Figure 3.1-5. Scattered plot span vs. depth of permanent large caverns classified by use.
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Conceptual support design I: MEMPHYS and GLACIER
There are no precedents

Their big spans cannot be supported by conventional methods
(cables < 20 m, bolts, shotcrete):

*Able to cope with rock stresses near excavation limits
*Able to cope with “minor” wedges (relative to big spans)
*Not able to cope with “major” wedges
A complete concrete roof vault is not considered
= Go for a partial concrete structure to cope with eventual big wedges

24 24

s ! E L I—
AR X s )| VA WA
SRR 12 RE¥ /2SR

29.32

MEMPHYS MDC
TYPICAL EXCAVATION PROCEDURE
SCALL 1 2%

Figure 7.3-2. Perspective view of the vault system. Figure 7.3-3. Excavation sequence for the MEMPHYS caverns.



Conceptual support design ll: LENA

There are precedents: Mingtan cavern
in weak rock (by Hoek)

1. Preliminary circular gallery excavated
over the cavern

2. Support cables installed from the
gallery before cavern excavation

3. Support completed with more cables,
bolts and shotcrete during excavation

35
36
37

35
36
37

38

39-42

lﬂ]

------

Figure 8.3-3. Excavation sequence for the LENA cavern.




First estimation of the caverns feasibility I:
""""""""""""""""""""""" Modelling / Calculations [elastic]

nnnnnnnnnn

1. Check the effect of real
topographic features

= no significant effect




First estimation of the caverns feasibility II:
Modelling / Calculations [elastic]

2. Three MENPHYS caverns; Plasticity Indicators = OK

nnnnnnnnnnnnnnnnnnnnnnnnnn

Step 33758
28/07/2009 17:55: 11
FS
0.0000E-+H10
1.0000E-01
2.0000E-01
3.0000E-01
4.0000E-01
5.0000E-01
6.0000E-01
7.0000E-D01
5.0000E-01
I 9.0000E-01
1.0000E-+J0D
ZGroup

Group Slot: 1
terreno

intacto




First estimation of the caverns feasibility Ill:
Modelling / Calculations [elastic]

3. enormous GLACIER cavern; Plasticity Indicators = OK

FLAC3D 4.00

onsulting Group, Inc.

Step 31281
29/07/2009 8:57:23

FS
(0.0000E-+D0
1.0000E-01
2.0000E-01
3.0000E-01
4.0000E-01
5.0000E-01
6.0000E-01
7.0000E-01
8.0000E-01
I 9.0000E-01
1.0000E-+00
ZGroup
Group Slot: 1
I terreno
intacto

caverna

3.8 m.




Realistic Calculation: MENPHYS elasto-plastic modelling

* Assumed worst rock conditions
« Almost all construction stages (slightly simplified)

» Three different behaviour laws for concrete
— Elastoplastic
— Birittle failure
— Softening

« Two different concrete sequences
— Prior to cavern excavation
— By stages with cavern excavation

« Concrete needs some reinforcement in the roof lower gallery

Elastic modelling studies allows us to extrapolate
valid conclusions for LENA and GLACIER pre-designs

Example for illustration follows:



Pre-design after elasto-plastic structural calculations
of one of the three MENPHYS detector’ caverns
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we even don't forget (try to) that part of
our day-to-day life is outside physics ....
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the LSC is in the middle- :
: sized village of Canfranc :

oId( 1097) but lively (~15000 inhab.) city
of Jaca, that is well capable to provide all
I|V|ng services / needs

. both with excellent road
. communications  with all
i major Spanish cities, ports,

airports etc.
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How much would it cost 7?7?77

MEMPHYS

GLACIER

[CHAPTER 1.- MDC EXCAVATION

|

ICHAPTER 1.-MDC EXCAVATION

| 11 MDC EXCAVATION |
| 1.2 MDC SUPPORT |

70.600.084,33€
40.066.880,77€

1.1 moc ExcavaTion ]

[ 1.2moc zurrorT |

14.5CC 341 42¢€
©.381.232,69¢

[ PARTIAL CHAPTER 1 (euros)

T10.69.915,10€ |

FARTIAL CHAPTER 1 (euroc)

24.282.176,11¢ |

|CHAPTER2.-ACCESS GALLERIES AND CAVERNEXCAVATIONSANDSUPPORT |

| 2.1 ACCESS GALLERIES | 27.050020.20€ [ 27ACCE:: GALLERIES | 17.128.504,17¢€

| 2.2 AUXILIARY CAVERNS | 2065082.24€ | 2.2 AuxiLlARY CAVERN2 | 1.1822¢1,55¢€

| 2.3 VENTILATION GALLERY AND SHAFT | 720146087€ [ 2.3 VENTILATION GALLERY AND SHAFT | 2.131343,43¢€
| PARTIAL CHAPTER 2 (euros) 38.226.502,40€ | | PARTIAL CHAPTER 2 {ource) 28,452 688,17 ¢ |
CHAPTER 3.- INSTALLATIONS | [cHAPTER 3.-WsSTALLATIONS |

[ 2.1 CONSTRUCTION INSTALLATIONS | £41.750,00€ [ 2.7 CONZTRUCTION INSTALLATIONS | §41.750,00€

| 2.2 UNDEGROUND INSTALLATIONS | 8.003420,00€ | 22 UNDEGROUND INSTALLATIONS | £.212.500,00¢

| 2.3 SURFACEINSTALLATIONS | 261.650,00€ [ 22 SURFACE INSTALLATION? | 231.580,00€
[ PARTIAL CHAPTER 3 (euros) 10.386.820,00€ | | PARTIAL CHAPTER 3 {eurcc) 7.106.800,00¢ |
[CHAPTER 4.- ENVIRONMENTAL MANAGEMENT | [CHAPTER 4. ENVIRONMENTAL MANAGEMENT |

[ 4,1 ENVIRONMENTAL MANAGEMENT | 700.000,00 € [ &1 ENVIRONMENT AL MANAGEMENT | §20.000,00€
[ PARTIAL CHAPTER 4 (euros) 700.000,00€( | FARTIAL CHAPTER 4 [eurcc) 820.000,00¢ |
CHAPTERS 110 4 (2uros) 160.509.237,50 € CHAPTERS 170 4 (04roc) 65.471.763,28¢€ |

HEALTH AND SAFETY 2.407.639,00€ HEALTH AND SAFETY 877.078,00¢

UNDERGROUND MONITORING 481.528,00€ UNDERGROUND MONITORING 233 887,00¢

FURTHER SUBSOIL EXPLORATION 1.029.354,00€ FURTHER $UBSOIL EXFLORATION 817.812,40¢

DETAILED DESIGN AND PROFESSIONAL ASSOCIATION FEES 2.629.910,76 € DETAILED DE2IGN AND FROFESSIONAL A 33 OCIATION FEES 1.289 035,27 ¢

TOTAL CONSTRUCTION COST 167.067.669,26 € TOTAL CON2TRUCTION COST 81.429. 575,06 ¢

13% OVERHEAD EXPENSES 21.718.797,00€ 13% OVERHEAD EXPEN 3ES T.881.01881¢

6% INDUSTRIAL PROFIT 10.024.060,16 € 8% INDUSTRIAL PROFIT 3.838 182,44 ¢

TOTAL CONTRACTOR BUDGET 198.810.526,42 € TOTAL CONTRACTOR BUDGET 73.143.665,00¢

16% VAT 31.809.684,23€ 16% VAT 11.709.788,80 ¢

TOTAL TENDER COST 230.620.210,65 € TOTAL TENDER CO2T 84.862 323,80¢




How long will it take 7?7?77

MEMPHYS

MEMPHYS MOC & CONTRUCTION TIMETABLE

—VEANT VEAR 2 = | VEAR 3

| VEAR S

1 VEAR € T VEART |

P 83 4887 88 WY -sunnu-u-nnnﬂnnn-n-n.n-u

T

T w.-lls.ndhl.l‘hjnunnnlu-ﬂ.-

T
| |

[ [ O N N o
=#
1 1 1
1 1
A0 muppont AT+
!li

e

F vl A Sww ponmetrsl
121
F r |
i
N ol
"
doma
Ll MDC)
lon and 1) (e




How long will it take 7?7?77
GLACIER

GLACIER MDC. CONSTRUCTION TIMETABLE

MONTHS

YEAR 1 YEAR 2 YEAR 3 YEAR 4
PART OF CIVIL WORKS 12 3 4 5 6 7 8 9 10 11 12]13 14 15 16 17 18 19 20 21 22 23 2a]25 28 27 28 29 30 31 32 33 34 35 36|37 38 39 40 41 42 43 44 45 48 47 48
ACCESS GALLERY

Tunnel Portal |

Excavation and support access gallery AG1

Upper chamber AC1

Widening of railway tunnel and connection

VENTILATION GALLERY | |

Excavation and support ventilation gallery AG1 u

Raise Boring of ventilation shaft -

ACCESS GALLERY TO LOWER LEVEL MDC |
Tunnel branch (1223,190)
Excavation and support AG1

AUXULIARY CAVERN CONSTRUCTION |
Excavation and support AG1+ "AC1+AC3" 1

Excavation and support AG2+AC1

MDC EXCAVATION AND SUPPORT |

Lower perimetral gallery —
Ribs to level 121048

Intermediante perimetral gallery

Ribs tu upper cavern

Excavation and support, upper cavern ﬂ
Concrete pouring for ribs and galleries

Excavation and support (dome) (m3) _

Raise boring (MDC)

Excavation and support (cylinder) (m3) | __




recapitulating:

® A very detailed feasibility study for LAGUNA at the LSC has been performed
with positive results

LAGUNA-WP2's "Interim Report for the LSC”
[http://www.Isc-canfranc.es/ — activity — LAGUNA]

® Many items have not been presented here due to lack of time (in particular
installations and auxiliary infrastructures). Please have a look to the above
documents

e The Canfranc area is excellent to provide the social / living needs of the
people forming a large Collaboration like LAGUNA

The LSC is found to be very well suited to
locate any of the LAGUNA experiments

But, certainly, the important stuff is the experiment ... _|



FP7-INFRASTRUCTURES-2011-1 Design Study (CP) proposal  :
[LAGUNA-LBNO]

....and much work is yet to be
done to solve the master
equation:

COLLABORATIVE PROJECT

technology + dacatton + beam = Design sudy
excellent-physics :

Proposal title (max 200 characters) Design of a pan-European

... and to execute its solution g G Unton, Nouving

Astrophysics and Long Baseline

[... solution and execution are | opostscon RN "

Type of funding scheme RI Design study implemented as

rath e r CO r re I a ted i SS u es A ] Work programme topics addressed &B;ﬁzjz:grgxﬁiuenw particle
: physics, astroparticle physics, long
: baseline neutrino oscillations

LAGUNA-LBNO

Coordinating person: Prof. André Rubbia
E-mail: rubbia@ethz.ch
Phone: +41 44 633 3873

November 2010




*Engineering design of three detector options in seven sites

LAGUNA eFeasibility of the excavation of large and deep underground caverns on
de 51gn the seven sites and costs of excavation
Identification of potential show-stoppers (technical, environmental,
.‘ Stlldy political)
\. W,

e Development of Underground Construction Plan and Costing
LAGUNA- e Operation Strategy, Costing and Risk Analysis
LBNO «Prospects for long baseline CERN neutrino beam

Al mdb A Adh A e
‘\(ﬂ\:‘ @\( “11(0O))
A\ B\ I G\

o

LAGUNA
preparatory | eExecutive plans
phase ?

Figure 4: Graded strategy towards the technical/definition of the LAGUNA project.

The goal is to be here in the position of submitting
a firm proposal to the National Funding Agencies
for the full realization of the LAGUNA experiment



I N Beneficiary Oxford
Beneficiary no. | Beneficiary name short name Country The Universitv of ) — ‘
: : 25. - y U-Liverpool United Kingdom
1. 3}‘}"‘050:;:;';;; [stiu'e | ETH Zurich Switzerland %;:'Cg",d o of
e University o . ]
2. University of Bern U-Bern Switzerland 26. Sheffield USKFD United Kingdom
3. University of Geneva UNIGE Switzerland 27. RAL RAL United Kingdom
i [ombardi Engineering | 1 ombardi Switzerland 28. s University of U-Warwick United Kingdom
EUROPEAN Technodyne - -
ORGANIZATION FOR International 29. International Ltd Technodyne United Kingdom
E NUCLEAR 2l Organisation Alan Auld Engi i
an Auld Engincering i .
RESEARCH 30. Ltd. AAE United Kingdom
6. University of Jyviskyld | U-Jyviiskyli Finland 31. Rhyal Engineering Ltd | REL United Kingdom
7. University of Helsinki UH Finland 32. Sofregaz SOFREGAZ France
8. iversity of Qul L Finl i
. Rockplan Finland crugia
Rockplan Ltd Institute of Nuclear
Commissariat a 34. Technology of DEMOKRITOS | Greece
I’Energie Atomique / Demokritos
i Direction des Sciences CEA Frimice Horia Hulubei Institute
de la Maticre of &D Physics and IFIN-HH -
Institut National de 35. Nuclear Engineering, i Romania
Physiquf: Nucléaire et Bucharest and partners
11. de Physique des IN2P3 France 36. University of UoB Romania
Particules Bucharest
(CNRS/IN2P3) 37 Institute for Nuclear INR Russi
Technische Universitat * Research, Moscow - ussia
12. .. TUM Germany
Miinchen 18 Petersburg Nuclear PNPI Russia
13. Hamburg University UHAM Germany ) Physics Institute }
H.Niewodniczanski High Energy
Institute of Nuclear 39. Accelerator Research KEK Japan
14. Physics of the Polish IFJ PAN Poland Organization
Academy of Sciences,
Krakow
1P wWarsa Potand new Members Incorporated
Wroclaw University of
16. Technology wruT Poland |:> S a i n .
17. KGHM CUPRUM KGHM Poland p C
Laboratorio Subterranco -
® de Canfranc_ - spein IFIC, ACCIONA-ING/STMR
19. Mg Gac AUlonoma. | g Ay Spain .
Cusmgo Supecie s | = Consortium (most relevant):
20. Investigaciones CSIC Spain
CERN !}, KEK
21 HEER ACCIONA Spai ) l ’
: INGENIERIA & STMR | * e pam
22. i’gﬁ;ﬂ:‘ College ICL United Kingdom
23. University of Durham UDUR United Kingdom ( ) / I ( / I)
24. The University of U-Oxford United Kingdom Ita/y INFN IS nOt yet In I'




International | Institution Board

Advisory — Chairperson: to be elected
Committee : One delegate per beneficiary

Executive Board WP1: Management, Project Secretariat and
Coordinator, Heads of Boards, Steering, Outreach, Administration

WP leaders, Administrator International relations F. Petrolo

Coordinator: A. Rubbia (ETHZ) (ETHZ)

Technical Board Scientific Board
Chair: L. Labarga (UAM) Chair: Th. Patzak (APC)
Technical Coordinator: G. Nuijten (Rockplan) Global Science Advisor: T. Hasegawa (KEK)

WP2: Underground WP3: Detector WP4: Long WP5: Science and
Facility Construction Lifetime Operation Baseline Neutrino Impact on Detector
Plan and Costing N. Spooner Beams Design
J. Elliot (AAE) (USFD) 1. Efthymiopoulos S. Pascoli
(CERN) (UDUR)

:Task 5.4 High energy astrophysical neutrinos :
:O. Mena (IFIC) will lead this task. Hundreds of E

------------------------------------------------------------------------------------------------------------------------



International | Institution Board

E Advisory — Chairperson: to be elected
| Committee : One delegate per beneficiary
Executive Board WP1: Management, Project Secretariat and
Coordinator, Heads ofBoards, Steeﬁng, Outreach, Administration
WP leaders, Administrator International relations F. Petrolo
Coordinator: A. Rubbia (ETHZ) (ETHZ)
Technical Board Scientific Board
Chair: L. Labarga (UAM) Chair: Th. Patzak (APC)
Technical Coordinator: G. Nuijten (Rockplan) Global Science Advisor: T. Hasegawa (KEK)

WP2: Underground WP3: Detector WP4: Long WP5: Science and
Facility Construction Lifetime Operation Baseline Neutrino Impact on Detector
Plan and Costing N. Spooner Beams Desi
J. Elliot (AAE) (USFD) 1. Efthymiopoulos S. Pascoli
(CERN) (UDUR)

iTask 54 High energy astrophysical neutrinos

t h ere we are O, Mena (IFIC) will lead this task. Hundreds of I



