The LAGUNA design study

Deep Underground Science Facilities for v Physics & Proton decay

Prospects for a next generation V observatory 100 kton - | Mton
Progress in Europe
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LAGUNA Design Study

Large Apparatus for Grand Unification and Neutrino AstroPh)’sics

® Obijective: defining and realizing this research programme in Europe

® Participation (open): very interdisciplinary - most European physicists
interested in massive detectors; geo-technical experts, geo-physicists;
structural engineers; tank and mining engineers

® EC contribution: |.7 M€ to be mainly devoted to the sites infrastructure
studies (FP7 “Design Studies” Research Infrastructures LAGUNA

Grant Agreement No. 212343) ::;&- . II-I.

2| beneficiaries in 9 countries: 9 higher education entities, 8 research organizations, 4 private
companies (+4 additional universities)

Discuss and assess:
- rock engineering — feasibility
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Science of LAGUNA

Particle Physics and Particle Astrophysics

Supernova Solar Dark
neutrinos neutrinos decay neutrinos neutrinos matter

Superbeams Betabeams Neutrino factory
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LAGUNA detector options

A new far detector at a new far site

» three options considered (MEMPHYS, LENA, GLACIER) with total
mass in the range 50-500 kton

o Water

MEMPHYS C |
500 kton water erenkov

b
//;;A-@_\!\N Ld S dd b &)
Z/;??iﬂ_ | ~ Liquid
< scintillator
[LENA]
* Liquid Argon
TPC

GLACIER

100 kton liquid argon
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7 potential sites
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BaS|c characterlstlcs of the European sites:
From existing road tunnels: Canfranc, Fréjus
From existing deep mines: Boulby, Pyhasalmi, Sieroszowice
Existing large shallow cavern: Slanic
Greenfleld tunnel site: Umbrla

FRANCE._ =

2.Canfrancg

Pointer 52°41'20!
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7 potentlal S|tes

4.Pyhasalmi
y \3/ |

Table 1: Potential sites being studied with the LAGUNA design study.

Location Type Envisaged depth Distance from Energy 15! Osc. Max.
m.w.e. CERN [km] [GeV]

Fréjus (F) Road tunnel ~ 4800 130 0.26
Canfranc (ES) Road tunnel ~ 2100 630 1.27
Umbria(IT) @ Green field ~ 1500 665 1.34

Sierozsowice(PL) Mine ~ 2400 950 1.92
Boulby (UK) Mine ~ 2800 1050 2.12

Slanic(RO) Salt Mine ~ 600 1570 3.18

Pyhisalmi (FI) Mine up to ~ 4000 4.65

@ ~1.0 ° CNGS off axis. AR, arXiv:1003.1921
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7 potentlal S|tes

' 4 Pyhasalml

Table 1: Potential sites being studied with the LAGUNA design study.

Location Type Envisaged depth Distance from Energy 15! Osc. Max.
nm.w.e. CERN [km]

Fréjus (F) Road tunnel ~ 4800 130
Canfranc (ES) Road tunnel ~ 2100 630
Umbria(IT) @ Green field ~ 1500 665
Sierozsowice(PL) Mine ~ 2400 950
Boulby (UK) Mine ~ 2800 1050
Slanic(RO) Salt Mine ~ 600 1570
Pyhisalmi (FI) Mine up to ~ 4000 2300

@ ~1.0° CNGS off axis. MultiGeV 7
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Synergies with worildwide programs

Future at JPARC FNAL-DUSEL (USA)

NPO8 is The 4th International Workshop
on Nuclear and Particle Physics at J-PARC
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LAGUNA and superbeams

Requires a high energy and high intensity proton driver for baselines
longer than CERN-Frejus m» HP-PS(2)

PS+SPS

SpS RF
upgrade

SPL+PS2+
SPS new RF

SPL

+ PS2

New
HP-PS

Table 2: Expected pot per year [1e19] for different machine scenarios. L,y = E), X Ny, corresponds to the total
amount of energy deposited on the target per year, which 1s a relevant quantity to estimate neutrino event rates.
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RCS 4 MW
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Opportunities of long baselines

CERN-Slanic & CERN-Pyhasalmi offer very long baselines not considered
elsewhere in the world "™ unique physics opportunities in Europe

CPV and mass hierarchy degenerac

N

1570 km, sin?(20,,)=( 0.1 2300 km, sin®(260,;)= 0.1

o)

P(vu — ve)
o

o o

Red:v NH, 0<6<180 . Red: v NH, 0<6<180
Dark-Red: v NH, 180<6<360 Dark-Red: v NH, 180<6<360

Blue:v IH, 0<6<180 Blue:v IH, 0<6<180
Dark-Blue: v IH, 180<56<360 Dark-Blue: v IH, 180<56<360

i
Y
Y

vacuum oscC vacuum oscC

Determine CPV and mass hierarchy and resolve
degeneracies and so-called “Tt-transit” effect

See e.g. arXiv:0908.3741v] for “Magic 2500 km baseline”

The LAGUNA design study
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http://arxiv.org/abs/0908.3741v1
http://arxiv.org/abs/0908.3741v1

LAGUNA and HP-PS(2) .

013 Sensitivity - CNXX NOvVA Horns - 50 GeV protons CP Discovery - CNXX NOvA Horns-50 GeV protons
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Full GEANT4 simulations of fluxes

50 GeV LAr 100 kton
I 130 km
630 km

100 kton LAr

950 km

5 % sys err.

1570 km
2300 km

The GEANT4
simulation and
optimization tools
are being used to
study Super
Beams from a 50
GeV proton driver
(IHP-RS2™)

to LAGUNA sites
equipped with a
100 kton LAr
detector
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Considering a staged scenario

® We can consider both options:
® 400 GeV protons from SpS with PS2 as new injector

® 50 GeV protons from an intensity upgraded PS2 (HP-PS(2))
® Neutrino flux scaling: (pot @ 50 GeV) = 8x (pot @ 400 GeV)

CNGS 10 GeV optics

CNXX NOvVA Horns

\ OA0.25
protons at 50 GeV

scaled by a factor of 8
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Events (nu_mu CC /200 MeV / 4.5x10"" p.o.t. /100 kton)

“—>vX L=1544 km

| 9 16 . I .l I 3.5 4
Ene (GeV) Ene (GeV)

New v line ™ must be designed to sustain several MW beam power

The LAGUNA design study A. Rubb ™
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Event rates at Pyhasalmi vs Okinoshima

At L=2300 km the first maximum is above tau production threshold
yielding a copious humber of (QEL) tau events

Neutrino horn polarity Antineutrino horn polarity

Distance/OA v, CC Vy — Ve Vy — Vs v, CC v, CC Vy — Ve vy, — Ur
v.CO) | (v, —ve) | 0, —v) | @,CO) | W CO) | (v, = Ve) | (VY — Vr)

J-PARC , 30 GeV protons , 1.66 MW

Okinoshima
658 km 17010 138 26 1.5 1817 32 1.3 0.5
0.76 deg (619) (12) (0.4) (0.2) (4627) (31) (5.4) (0.4)

CNXX NUMI-ME-like horns , 400 GeV SPS protons , 2.4 x10%" pot/year

Pyhasalmi
2300 km 12393 73 26 738 15 1.2
0.25 deg (449) (10) (0.3) (4808) (25) 4.1)

CNXX NUMI-ME-like horns , 50 Ge)V HPPS2 protons , 3x10%! pot/year

Pyhasalmi
2300 km ¥ 596 9 1.8 14
0.25 deg | 2906 19 5.5 16

The LAGUNA design study
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Combined SPS and HPPS(Z) scenario
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LAGUNA and beta-beams

B-beams and LAGUNA

A [3-beam is produced from boosted, radioactive-ion decays T L
= a pure Ve (7e) beam. . |,

P. Zucchelli, Phys. Lett. B 532, 166 (2002). LAGUNA Canfranc meeting

Several different combinations of ions, boosts, baselines and
exposures have been studied:

Low-y beam: J. E. Campagne, M. Maltoni, M. Mezzetto
and T. Schwetz, arXiv:hep-ph/0603172

@ 100y '®Ne and 100y ®He ions. 7 . 7
@ 440 kton WC detector at Fréjus (130 km). Intermediate-y beam: D. Meloni, O. Mena, C. Orme, S.
Palomares-Ruiz and S. Pascoli, arXiv:0802.0255

@ Combine with a super-beam (SPL).

@ Short baseline limits hierarchy sensitivity @ 450y '*Ne ions.
- use atmospheric v as well. @ 50 kton LAr detector at Boulby (1050 km).

@ Very sensitive to exposure.

High-v beam: C. Orme, arXiv:1004.0939

@ 5707 ®Ne and 350+ ®He ions.
@ 50 kton LAr at Slanic (1570 km) or Pyhasalmi (2300 km).

@ Combine with a second baseline and detector (500 kton WC)
at Canfranc (650 km) to improve hierarchy sensitivity.

Thursday, June 3, 2010 15



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
o sites work together on common areas

The LAGUNA design study
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16 deliverables (2008-2010)

Interim safety, socio-economic, environmental
report: July 2009

LAGUNA, Design Study

» 207 pages, delivered on schedule
» report on the Health and Safety issues for

each of the seven LAGUNA sites LAGUNA Design Study
» list of Ioca.l authorities gnd responsible entities SIS IEI——-
and establish contact with them and Socio-Economic Overview

Report

» address basic environmental issues (Deliverable 3.1)

» address impact on local area
» identify potential show-stoppers

in strict confidence

P7 Research Infrastructure “Design Studies”
AGUNA (Grant Agreement No. 212343)

Interim geotechnical reports: May 2010
Final report: postponed to fall 2010

AGUNA design stud

Thursday, June 3, 2010




16 deliverables (2008-2010) kS

Deliverable Estimated

Lead c o E g . N .
Number 61 : : WP .. indicative Dissemination |Delivery date
Deliverable Title number 53 beneficiary person-months Nature 62 level 63 64

number

First year report ETHZ Report Public

Final report on European
underground research
infrastructure and its
science

Report Public

Interim report for CUPP/ UOULU

Pyhédsalmi Report Public

Interim report for Fréjus CNRS Report Public

Interim report for Boulby USFD Report Public

Interim report for CNGS off-axis U-Bern Report Public

Interim report for SUNLAB IFJ PAN Report Public

Interim report for LSC LSC Report Public

Interim report for IFIN-HH IFIN-HH Report Public

Final joint report on potential
European sites

UOULU Report Public

Site specific safety

: USFD Report CO
overview report

Final report on safety USFD Report CO

Report on liquid procurement USFD Report RE

Report on socio-economic USFD Report RE
impact >

Deep science paper for general IFJ PAN
audience

Report Public

Scientific paper for the physics
community

IFJ PAN Report Public

Total

The LAGUNA design study
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7 sites technical reports

Interim geotechnical reports:
inal joint report on potential

UNIVERSITATEA DIN PETROSANI
FACULTATEA DE MINE
CATEDRA DE INGINERIE MINIERA SI SECURITATE IN INDUSTRIE

finalized
ean sites:

LA gvr{.\

LAGUNA Design Study

Underground infrastructures and engineering
for LAGUNA at Italian Site

BOULBY
LAGUNA Design Study

Geo-technical, Underground Infrastructure and Engineering Interim Repos
(EU, FP7: Work kage 2: Deliverable 2.1)
- in strict confidence -

LAGUNA

LARGE APPARATUS FOR GRAND UNIFICATION AND NEUTRIN ASTROPHYSICS

(EU, FP7 : Work Package eliverable 2.1)
REGIONE UMBRIA Site (Valnerina)

Bstve:
jjﬁ:" Suis

e

Ostérreich

Feasibility study for Fréjus site

STMR [ ] IBERINSA

STUDIUL DE STABILITATE S| MODELUL 3D
AL UNEI EXCAVATII DE MARI DIMENSIUNI
EXECUTATA IN ZACAMANTUL DE SARE
SLANIC PRAHOVA.

ACEST STUDIU ESTE SUPORT PENTRU
FP7 212343 DESIGN OF A PAN- EUROPEAN
INFRASTRUCTURE FOR LARGE
APPARATUS STUDYING GRAND
UNIFICATION AND NEUTRINO
ASTROPHYSICS - LAGUNA

Vleice

HUESCA, SPAIN)
REVISION 8" February 2010

LOMBARDI

ENGINEERING LIMITED

TURE FACILITIES OF THE LAGUNA PROJECT AT THE LSC (CANFRANC,
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The
University
Oof

Work Package 2 - deliverable 2.1

Interim report, 02.12.09 Sheffield.

CPL and University of Sheffield
SIEROSZOWICE (SUNLAB)

LAGUNA Design Study

Underground Infrastructure and Engineering Interim Report
(EU, FP7: Work Package 2: Deliverable 2.5)

LA 51°30" N, LO 16°4' E

Our Ref.: 7535.0-R-2 CLEVELAND

£
PYHASALMI Scientific Partners: ETH ZURICH — U-BERN "W POTASH
LAGUNA Design Study
Feasibility Study for LAGUNA at PYHASALMI
Underground infrastructure and engineering
(EU, FP 7: Work Package 2: Deliverable 2.1)

63°39"31” N - 26°02’ 48” E

Technical Partners: AGT INGEGNERIA SRL (Perugia) - GEOINGEGNERIA SRL (Rome)
Geological Advisors: Prof. GIORGIO MINELLI - Dott. Geol. CLAUDIO BERNETTI

more than 100
huge amount o
information !

wealthy competition
among sites !

esoon publicly available

Grant Agreement: 212343 KALLIOSUUNNITTELU OY

ROCKPLAN LTD

Industrial partners:
LAGUNA—Design of a pan-European
Infrastructure for Large Apparatus

Witold Pytel, Zbigniew Sadecki, Stawomir Hanzel, Andrzej Markiewicz, Stawomir Cygan, studying Grand Unification and Neutrino
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Several different options are being
systematically assessed and compared




(1) Tank concepts

Englneerlng of Iarge tanks becoming well understood

Designs by Technodyne Ltd
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(2) Main cavern engineering EM
Relationship between tank design -

and mai n cavern excavation Overburden >2000 mwe >4000 mwe >600 mwe

e Interaction between scientists, Technodyne
Ltd. with Rockplan, Cuprum, CPL, AGT, ... S5 cylinder of 30m @ x105 o
cylinder: 72,4m O x

Dimensions of | cylinder 65m @ x | M height inside a external 26,5m height

GLACIER@Sierozsowice .. §— 5500 cank Smbeight | 0ol ~ olindrieal shape, |y o Yeighe x
- S VLS | i 34m O for water-buffer. 144,8m ©

MEMPHYS@Fréjus

’ : ‘ ' . / / / //
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N\ N L) f | — Concrete structural

] , i galleries

4 > Structural and
drainage galleries
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Rock data gathered for all sites * o A A e e
Numerical modeling based on these ji B ou I b)’ Middle Halit
parameters: | oo o 58
e Convergence A —
Rock-bolting .
Mucking
Multi-strata rock issues
Cavern shapes

Pyhasalmi

Rock spalling vs depth

KALLIOSUUNNITTELL OY
1 ROCKPLAN LTD

L FLAC3D 2.70 Job Title: GLACIER 100kt - LARGE ANHYDRITE CAVERN
. T 7
y, Step 55465 Model Projection
G L AC I E R " 08:44:04 Tue Mar 10 2009

Center: Rotation:
N - 4 - : X: 3.080e+001 X: 0.000
Y: 1.013e+002 Y: 0.000
Z: 4.000e+000 Z: 0.000

300 m {:BSOmwe) 600 m {1?00mwe} 900 m {255DmWE) Dist: 152564003 Size: 651564001

Contour of SZZ

Magfac = 1.000e+000

Gradient Calculation
-5.3244e+001 to -5.0000e+001
-5.0000e+001 to -4.5000e+001
-4.5000e+001 to -4.0000e+001
-4.0000e+001 to -3.5000e+001
-3.5000e+001 to -3.0000e+001
-3.0000e+001 to -2.5000e+001
-2.5000e+001 to -2.0000e+001
-2.0000e+001 to -1.5000e+001
-1.5000e+001 to -1.0000e+001
-1.0000e+001 to -5.0000e+000
-5.0000e+000 to 0.0000e+000
0.0000e+000 to 2.2271e-001

Interval = 5.0e+000
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m .
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(4) Underground Layout

Details of layout including MDC, auxilliary caverns, access, escape routes, etc...

Sieroszowice

Safety tunnel

Accesq adit Road tunnel

L8A Denotes:
Laboratories & Ancillary Chambers

Canfranc

TYPEA(SITE: 1-3-4-5)

Umbria

AUXILIARY TANKS o *— oo Py
| | EMERGENCY PEDESTRIAN TUNNEL 5
’ l MAIN TUNNEL "A"

PROPOSED LAY-OUT OF UNDERGROUND SERVICES AND AUXILIARY CAVERNS

(L=150 m)

FIRE / SMOKE
BARRIER

( EXTERNAL )

7 MAIN TUNNEL "B2~

MAIN TUNNEL "8"
ANCILLARY TUNNEL "C"
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Stage II/1 ~ covern excavatkn between "0° and "—1" jewnia ~ sheping of voult

Stage 1IN covern excovalkn bulwess “0° ond "< 1% lewsls - shoping of vaul
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Stoge 1/2 = cowern sscavation betwesn “=17 end =27 levels = shopng of akie wollt Stoge 12 = Covern excovation between "0 and =17 leweia — shaping of side wola
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'
e P e T S \ \ 4 | ]9
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. -
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Fhese 18 nurt loywr mcowellors Phase 19 remp louldatvn
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Details of construction
sequence also studied at
various sites

e Rock disposal

o Geotechnical stability and
safety at each stage of excavation
e Requirements for rock removal
and rock bolting

o Egress routes and evacuation
safety
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(6) Additional infrastructure

Details of ancillary laboratories, storage caverns and egress
e Design of liquid transit, storage and emergency dump

e Ancillary caverns for construction phase

e Clean rooms, electronics and mechanical workshops

e Emergency safe havens, double egress routes

LAY-CUT OF UNDERGROUND SERVICES AND AUXILIARY CAVERNS

@
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CAVERNS

4.3, OVERFLOW CHANNEL O EMERGENCY TANK:! ENGINEERING LIMITED
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(7) Costs

Cost estimation for each detector option has been divided into several

sections

e Main Detector Cavern excavation and support.

 Access galleries, auxiliary caverns and ventilation facilities excavations and support.

e Installations: construction installations, underground installations and surface installations.
e Environmental measures.

e The proposed designs developed by each industrial partner for each site has
been critically reviewed by other industrial partners during a series of dedicated
technical meetings.

e The designs were “corrected” where necessary. Technical differences between
sites remain due to local boundary conditions (quality of rock, depth, etc.)

e The unit costs were taken using reference from civil construction in the same
area. Unit costs were debated at length. Differences among regions clearly exist.

e Approximate costs for site and infrastructure excavation (details in documents):
GLACIER O(65M<£), LENA O(75M€), MEMPHYS O(200M¥€) — detectors not
included!
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LAGUNA is about choices -

® Our main goals are:
® to study the feasibility of the considered experiments
® to prepare a conceptual design of the required
underground infrastructure
® to deliver a report that allows the funding agencies
to decide on the realization of the experiment(s) and
to select the site and the technology(ies)
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LAGUNA choices -

Prioritization and down-selection to be included into next deliverables

 Deliverable 2.8 : Final joint report on potential European sites
 Deliverable 1.2 : Final report on European underground research infrastructure and its science

At present:

® GLACIER keeps several options:
® Mine (vertical access): Pyhasalmi, Sieroszowice, Slanic
® Road tunnel (horizontal access): Canfranc, Umbria
® [Okinoshima, Japan (horizontal access)]
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LAGUNA - Schedule A8

Paper Design Study (EU funded): 2008-2010
Prioritize the sites and down-select: July 2010

Prioritize detector options and down-
select (LAGUNA-NEXT ? call end 2010): 2011-2012

Phase 1 construction (intermediate step): 2012-2016
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Conclusions

Growing interest and activities on large neutrino and proton decay detectors, both new
sites and detector technologies

In Europe LAGUNA has a well defined timeline

- no obvious geo-technical show-stoppers so far - but several challenges (e.qg.
underground construction, liquid procurement, financing...)

- prioritize sites in 2010

Big range of CERN baselines are feasible (130 km - 2300 km)

- timeline matched to potential superbeam in >2020

- could be operated in connection with more advanced beams like beta-beams or
neutrino factories (>>2020 ?)

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

- LAGUNA mainly towards a European research infrastructure but should also be
strongly linked to projects world-wide that consider same physics goals
(J-PARC to Okinoshima and LBNE project)

AS P E R A/ A E C “recommend that a new large European infrastructure
p p is put forward as a future international multi-purpose
facility on the 100-1000 ktons scale for improved

Road map fo r E U studies of proton decay...”

ASTROPARTICLE PHYSICS /

rop rategy — 7777
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