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In USA

In Japan

LBNE – a plan to build a new neutrino beam 
at Fermilab aimed at Homestake, where 
either a large water Cerenkov detector or a 
LAr tracking calorimeter would be built

An upgrade of the J-PARC neutrino beam 
to reach 1.6 MW beam power and a new 
far detector

LAGUNA/LAGUNA-LBNO – 
three different options for 
astroparticle physics and new 
long baseline in Europe

In Europe

The next generation projects in Deep Underground Laboratories, Zaragossa, June 2011A. Rubbia

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

1

2

3

4

5
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>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
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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
71

Three “conventional beam” proposals

Recent results from T2K/MINOS 
further boosted the interest in these 

“incremental” options.

We are not alone !
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Comments about scenarios in Europe

3

•The chicken and egg problem
➡ Does the baseline define the far site or does the far site define the baseline ?
➡ Do(es) the far detector(s) decide upon the kind of baseline / beam ? or do the 

baseline / beam decide upon the far detector(s) ?
➡ Does the non-accelerator based physics programme define the underground 

location or does an underground location enable the non-accelerator physics 
programme ?

•The European /CERN Context
➡ The (current) priority is the high energy frontier
➡ The long baseline neutrino programme is presently CERN-LNGS (CNGS), and 

will likely end towards 2013-2014. Many EU neutrino physicists are “abroad”.
➡ No approved neutrino programme exists beyond CNGS
➡ Several FP7-Research Infrastructures “design studies” funded (LAGUNA, 

EuroNU, LAGUNA-LBNO) ➠ we like to interpret these as “CD-0-equivalent”
➡ LAGUNA has a very high priority in the ASPERA European Astroparticle Physics 

Roadmap (“magnificent seven”)
➡ Look for an endorsement from the Updated European Strategy for Particle 

Physics ? What kind of endorsement ? “Global” input expected at the next ICFA 
meeting at CERN in October 2011.

3Tuesday, August 2, 2011
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A new EU “Research Infrastructure”

4

•New “megaton-scale” detectors pose us scientific, technical and 
financial challenges.

• In addition, establishing the infrastructure and the legal status of 
the far detector(s) is an additional challenge that we are starting 
to address in LAGUNA
➡ In Europe, there is at present no existing infrastructure that can host the far 

detector(s) for the next generations of long baseline experiments
➡ In the EC language, we need to establish a new RI = Research 

Infrastructure. This involves at least  (a) a legal status (b) construction 
funds and (c) operational funds (for several decades)

➡ In contrast, given funds / time / priority, CERN has the proper framework and 
technical expertise to consider and likely build any kind of neutrino beam.

•What should / will be the role of CERN ?
➡ The far detector RI is unlikely to be a “100%-CERN project”
➡ It will probably be managed by an international consortium involving several 

national funding agencies, with the support from the CERN Council and with 
participation from CERN.

4Tuesday, August 2, 2011
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The LAGUNA design study (2008-2011)

5

•Large Apparatus for Grand Unification and Neutrino 
Astrophysics
➡ Proposal discussed for the first time at ASPERA “Town meeting” in 2005 

to “combine efforts” and “regroup all European physicists interested in 
this kind of physics”

➡ FP7 funded LAGUNA “Design Study” (2008-2011)
➡ Detailed investigation of the feasibility of a deep underground “megaton-

scale” detector, considering three detector technologies (WC, LAr, LS) 
and seven potential European sites

➡ Focused on European options, but following closely developments of 
other options worldwide (Americas, Asia)

➡ Outcome of studies summarized in 16 deliverables: fundamental material 
for site prioritization

•Recommendation to consider potential beam options
➡ In 2008, LAGUNA evaluation expert panel (ESR) strongly suggested to 

take into account potential neutrino beams (from CERN)

5Tuesday, August 2, 2011
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The EU design study “menu”

6

tim
e

LAGUNA EuroNu

LAGUNA-LBNO

-far detector “RI” for 
astroparticle and beam physics
-three detector options
-seven potential sites
-excavation costs
-industrial links

-international consortium including 
EU, Japan and Russia
-two main far sites
-new conventional beam from SPS
-high energy MW-superbeam (HP-PS)
-near detector infrastructure
-detector magnetization
-detector construction and costs 

-international consortium
-low energy MW-superbeam (HP-SPL)
-beta beam
-neutrino factory
-costs
-comparison of facilities

next step(s) ?

-Update European Strategy for 
Particle Physics

2008

2011

2013
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Long-baseline Neutrino Beam Options at CERN, August 2011A. Rubbia

LAGUNA at work (2008-2011)

7

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

7Tuesday, August 2, 2011
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LAGUNA detector options

8

!"#
!"#$%&'%()#*$+)#,-./012.&3#$%1.2#4.5016&)#!$+7898)#9:#;#9<#40=0>?01#7898)#$%1.2)##@1%-=0#

65 m 10
3 

m

up to Φ≈70 m

up to h =20 m
Max drift length

GLACIER 100kt

MEMPHYS
2x 330kt

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]

LENA 50kt

10
0 

m

26 m

220’000 
8-10” 
PMTs

55’000 
8” PMTs

33

FIG. 18: A 500MeV muon in LENA. On the left, the color coded information is the charge seen by each PMT, while the

hit time of the first photon at each PMT is shown on the right, applying a time of flight correction with respect to the

charge barycenter of the track.

FIG. 19: Results obtained by reconstructing 300 MeV muons created in the center of the detector and traveling in

negative x direction (500 events). The upper row shows the results for the start point of the track, the lower row shows

the reconstructed start time (left), the angular deviation of the reconstructed track from the Monte Carlo truth (center)

and the kinetic energy of the muon (right).

XIV International Workshop on Neutrino Telescopes (2011)A. Rubbia
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Water Cerenkov Imaging

19

Water Cherenkov:
e/! identification

• At low momenta 
one can correlate 
the particle visible 
energy with the 
Cherenkov angle. 
Muons will have 
“collapsed” rings 
while electrons are 

~always at 42o.

• At higher 
momenta, look at 
the distribution of 
light around 
Cherenkov angle. 
Muons are “crisp”, 
electron showers 
are “fuzzy”. See 
plots and figures 
at the right.

Figures from M. Earl’s PhD Thesis
Figures from
 http://hep.bu.edu/~superk/atmnu/

Tuesday, July 7, 2009

19Wednesday, March 16, 2011

The rationale: Large liquid volumes observed by photodetectors and/or charge electrodes 
on the surfaces of the tanks

(a) Target mass M scales like volume excavated
(b) Amount of instrumentation scales roughly like sqrt(M)

(c) the amount of material to bring underground (e.g. tank material) is <<< target mass M
(d) Liquids are sent underground via pipes into the tanks

This is one reason why we focus on 
liquid detectors

8Tuesday, August 2, 2011



A. Rubbia Long-baseline Neutrino Beam Options at CERN, August 2011

Main LBL physics programme

9

νe appearance in a νµ beam with high precision to test higher 
order terms that depend on δCP and determine the matter effects
➠ Measure energy-binned probability with rel. error < O(5%)

!"#$%&'()&)*+,$-." /01)$23,$2455

!"##$%&'("()%*$+','-+'-)'

!"#$%&'()*θ
+,
-'./*#00"1"&#.2&*ν 3$

δ$+','-+'-)'

./ν
µ
$0$ν

'
1$$%"#$%&2%'($3(+'($4'(!#$4%"4$+','-+$3-$

δ$"-+$4%'$!"##$%&'("()%*

Courtesy: L. Whitehead

leading term

higher order 
terms

leading term

matter 
effect
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CPV term
approximate
dependence

~L/E
solar 
term

 ~7500 km
magic bln

linear dep. on θ13

matter effect ~E

CP asymmetry grows as 
θ13 becomes smaller !

10

 ~2540 km
magic bln

quadratic dep. on θ13
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• Two main modes of investigation (or a combination of both)
νe Appearance Energy Spectrum Shape in Wide Band Beam (WBB) at fixed L
‣ Peak position and height for 1st, 2nd maximum and minimum
‣ Sensitive to all the non-vanishing δ including 180°
‣ Investigate CP phase with ν run only, but need WBB
‣ Need very good energy resolution and low background systematics

Difference between νe and νe Appearance Behaviors (CP asymmetry)
‣ Also in Narrow Band Beam (off-axis)
‣ Need both beam polarities with similar statistics to study effect 
‣ Need good control of systematic errors between neutrino & antineutrino run  

11

Different approaches to the problem
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Simultaneous solution to CP and mass 
hierarchy problems
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Δm232<0
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WBB averaged 

υμ→υe probability
<Eυ> = 4 GeV, 

width=±2.5 GeV
sin22θ13 = 0.11

δ=0

δ=180 δ=270

δ=90

Longer baselines 
are better to 

determine mass 
hierarchy. 

±5% error And the two 
ellipses are better 
separated, which 

provides an 
unambiguous δCP 

determination
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LAGUNA-LBNO sites

13
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‣ CERN-Fréjus is a short baseline. It 
offers good synergy for enhanced 
physics reach with β-beam at 
γ=100

‣ CERN-Pyhäsalmi is the longest 
baseline. It offers good synergy for 
enhanced physics reach with a NF

‣ [CERN-Umbria has an existing 
beam but is considered at lower 
priority (missing near detector, 
limited power upgrade scenarios)]

New conventional 
beams to be 

considered based on 
CNGS experience

13Tuesday, August 2, 2011
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Ilias Efthymiopoulos - GLA2010 - June 7, 2011

CNGS ν-beam performance

7

Beam Intensity: 
~2.1E19 pot/extr
87% nominal 

Duty factor:
 30s (CNGS)/43.2s (total) = 69%
- 311 kW average power

411 kW 

Tuesday, June 7, 2011

CNGS/SPS present performance

•311 kW average beam power
•1.5x1020 p.o.t @ 400 GeV accumulated so far
•Integrated intensity limited by shared mode of operation

Courtesy: I. Efthymiopoulos
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• Task 4.1	

Study of impact of CERN SPS accelerator intensity upgrade to neutrino beams
• Task 4.2	

Feasibility of intensity upgrade of CNGS facility
• Task 4.3	

Conceptual design of the CN2PY neutrino beam
• Task 4.4	

Feasibility study of a 30-50 GeV high power PS
• Task 4.5	

Definition of the accelerators and beamlines layout at CERN
• Task 4.6	

Study of the Magnetic Configuration for the LAGUNA detector
• Task 4.7	

Definition of near detector requirements and development of conceptual design

CERN new conventional beams study
• The feasibility study of new conventional beams has been approved by the 

CERN Management (LAGUNA-LBNO GPF signed by DG). It includes the 
following tasks

‣ The new beam facility for high energy towards Pyhäsalmi initally accepts protons from the 
400 GeV SPS after the intensity upgrade for HL-LHC, and eventually from a new potential 
accelerator involving LP-SPL + 50 GeV HP-PS. 

‣ Starting from the EuroNU studies, a layout of the HP-SPL+accumulator+target station for the 
low energy superbeam to Fréjus will be developed.

• Conceptual design reports will be delivered within 2014

Workpackage:

15Tuesday, August 2, 2011
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CN2PY beam concept

16

Re-use existing CNGS equipment for the proton beam line and as much as 
possible from the secondary beam

CNGS anyhow must be dismantled (cost saving, avoiding permanent disposal of active 
materials)

Target station design for 2 MW facility
Upgraded engineering for the CNGS target station, follow R&D for LBNE, T2K beams
Beam flux optimization for the high energy superbeam to LAGUNA sites demonstrates that 
target and first horn can be separated, simplifying the design and operation

key advantage of the high beam energy
1/L2 flux decrease is compensated by the higher E (cross-section) and by the higher focusing 
efficiency for higher energy pions compared to low energy horn focused options.

The decay tunnel will be shorter (~200-300m) but steeper (~10 degrees) than 
CNGS

The near detector can be located in the CERN Prevessin area
design issues for such a detector to be considered

detector technology ?
magnetized ?
size of near detector cavern ?

possibility of synergy with short baseline programme

16Tuesday, August 2, 2011
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CN2PY tentative layout

17Ilias Efthymiopoulos - GLA2010 - June 7, 2011

CERN ν-beam to Pyhasalmi - CN2PY

17
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CNGS

HPPS

CN2PY

(LP)-SPL

Option B: 
Target station close to existing one for the North Area

Tuesday, June 7, 2011
17Tuesday, August 2, 2011
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Short baseline synergy in North Area ?

18

L=300m L=1100m L=1730m

outside 
fenced area 
L=2900m

Fenced area

target

EHN1
(NA61) (COMPASS, NA48)

decay 
volume

target 
area

NA extraction line

Area presently in operation: 400 GeV protons, slow 
extraction, 3e13 / extraction, 3 targets (T2/T4/T6)

18Tuesday, August 2, 2011
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CN2PY HP-PS upgrade option

19

Aim for 2 MW at 50 GeV proton beam
For example: 1.4E14 ppp, 1.2s cycle, 3e21 pot per year
Table of parameters to be defined / finalized
Lattice

A LP-SPL could be the injector (but other options exist)
Power at injection (3 GeV) : 120 kW

J-PARC MR is a prototype of such a configuration
Consider common R&D

Design to consider synergies with other ν-beam options 
and possible needs for other CERN programs

Layout (3-D) of possible implementation of such facilities at 
CERN to be performed

consider safety arguments (feedback from EUROnu studies) 

19Tuesday, August 2, 2011
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LAGUNA @ Pyhäsalmi

20
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Table 2: Charged current (CC) event rate calculated assuming a NUMI-ME-like realistic focusing, normalized to
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3 x 1021 pots/yr, 1.6 MW

100 kton liquid Argon (GLACIER option)

No Osc. νµ　CC νe 　CC νµ　CC νe 　CC
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1 year 17257 110 203 7

negative horn 
1 year 471 16 7577 32
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LAGUNA-LBNO Pyhäsalmi physics prospects

23
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LAGUNA-LBNO Pyhäsalmi physics prospects
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Giant Liquid Argon Detector R&D (KEK-ETHZ)

24

Extremely high performance
“Electronic Bubble Chamber”
3D tracking of all charged particle from 

very low energy threshold
Precise resolution of ~mm
Fully active homogeneous 4π detector 

(as WC)
Good PID w/ dE/dx, π0 rejection
Double phase w/ Gas amplification 
<10ppt purity needed
LEM readout (~106ch)
600ton detector realized and working

Observation of cosmic rays with a LEM-TPC
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Data Sample 
 800MeV penetrated Pion ・・・ PhysicsOct48 ( 1500 event ) 

 800MeV Proton ・・・ PhysicsOct49 ( 500 event ) 

 800MeV Kaon (1LG + 1LB)  ・・・ PhysicsOct52 ( 500 event ) 

 

※ Data used in this analysis are already calibrated for Purity and Channel dependence. 

penetrated Pion 

⇒ channel calibration 

⇒  

⇒ signal charge comparison 

same energy 
deposit 

proton 
easy to 
determine
stopped   
point 

Kaon 

stopped 
point 

 signal charge comparison 

 stopped point comparison 

Calibration sample Analysis sample 
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Test beam at J-PARC
(T32 Collaboration)

Automatic reconstruction software

A. Rubbia 12th J-PARC PAC, July 2011

Upgrade of the 250L-TPC readout

33

PMT

LAr

GAr
LEM
Readout

Implement double phase operation with adjustable charge amplification 
with 2D projective readout

electrons

ions

The holes and
the dielectric rims

A. Badertscher et al., NIM A 641 (2011) 48

Observation of cosmic rays with a LEM-TPC
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Double phase charge readout  w/ adjustable gain

ArDM-1ton
(CERN RE18 Collab)

see 12th J-PARC PAC (July 2011)
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140 m
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m

Water Cerenkov detector,
2 independent modules,  

330’000 m3 each
220’000 8-10” PMTs
≈500 kton fiducial mass

CERN SPL 5 GeV 4MW 2 yr υ + 8yrs υ @ 4 MW

Courtesy: T. Patzak

Favored layout
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Prospects for long term upgrades with 
enhanced neutrino beams

26

Neutrino	
  Factory:Beta	
  Beam	
  :
Ion	
  produc*on	
  ?	
  Ion	
  collec*on	
  and	
  bunching	
  ?	
  Ion	
  accelera*on	
  ? High	
  power	
  target?	
  Muon	
  cooling	
  ?	
  Muon	
  accelera*on	
  ?

The	
  considered	
  LAGUNA-­‐Fréjus	
  with	
  
MEMPHYS	
  is	
  already	
  an	
  adequate	
  far	
  
detector

The	
  magne*za*on	
  of	
  the	
  	
  LAGUNA-­‐
Pyhäsalmi	
  detector(s)	
  will	
  be	
  considered.
Alterna*vely,	
  “hybrid”	
  op*ons	
  are	
  
possible.
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Conclusions

27

• World-wide interest for next generation long-baseline based on the conventional 
neutrino beam technology, with longer baselines to address CP-violation and mass 
hierarchy, as the next step beyond T2K/NOvA.

• Physics case is strongly reinforced by recent evidence for sin22θ13 > 0.01 in T2K 
(and MINOS). Situation will clarify further in the coming year.

• As a community, we should aim at realizing two complementary projects (but many 
challenges ahead, including world peace and politics). Worldwide global coordination 
is surely necessary, but a bottom-up approach is even more necessary.

• In Europe,  based on the success of LAGUNA, the LAGUNA-LBNO consortium, 
now including EU, Russian and KEK colleagues, is getting ready to define further the 
project, in synergy with the J-PARC options. 

• A LAGUNA-LBNO staged approach (“pilot project”) will likely be proposed. Open 
to all interested !

• For the longer term: the LAGUNA Fréjus option would be readily available for a 
beta-beam. Magnetization or a hybrid solution should be considered for the 
LAGUNA Pyhäsalmi in case of a neutrino factory.
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LAGUNA Underground Labs
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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Fréjus Boulby
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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

1

2

3

4

5

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
31

Geographic locations
Several baselines from CERN
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Seven technical reports
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Interim site-dependent geotechnical reports: published
Final joint report on potential European sites: !finalized
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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
•technical basis for site 
selection

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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Fluxes full optimization vs baseline
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A. Longhin
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