Proton Decay
projects in Europe

Andre Rubbia (ETH Zurich)

Acknowledgments to FP7 Research Infrastructure “Design Studies”
LAGUNA(Grant Agreement No. 212343 FP7-INFRA-2007-1)

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

Friday, July 1, 2011




Introduction

Several large underground detectors for proton decay searches and neutrino physics have been built
and operated in the last 30 years, including three located in Europe.

Detector Technology Location | Fiducial Mass
Irvine-Michigan-BNL Water Cerenkov USA 3.3 kton
NUSEX Tracking calorimeter Europ 0.13 kton

Fréjus Tracking calorimeter Europ 0.7 kton

Soudan-2 Tracking calorimeter SA 0.96 kton

Kamiokande Water Cerenkov 0.88 kton

SuperKamiokande Water Cerenkov 22.5 kton
MINOS Magnetized Fe calorimeter | USA 5 kton

ICARUS T600 LiquidArgon TPC  {|Europe | 0.48 kton
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*No longer

operating
‘ i *Results
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~103'-10%2 yr

*Operating underground at

LNGS (Hall B) since 2010
*Collecting CERN CNGS

events and cosmic ray
induced events

*Results expected soon
*Move to CERN in 2014 ?
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“We recommend that a new large European infrastructure

AS TROPARTICLE PHYSICS/
is put forward as a future international multi-purpose

the European strategy—"f'

facility on the 100-1000 ktons scale for improved studies of
A~ A% /|

ASPERA/
AppEC

Roadma
1{o] g '

VA

w | AGUNA/LAGUNA-LBNO “design studies” funded by the
European Commission via FP7 (project duration 2008-2014)
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Feasibility Studies (CD-0)

Two design studies of a pan-European Infrastructure for
Large Apparatus studying Grand Unification, Neutrino
Astrophysics and Long Baseline Neutrino Oscillations

LAGUNA (2008-2011)  [FP7 funded]

a) feasibility of huge underground caverns, identify show-stoppers
) infrastructure layout and cost estimates
) comparison of seven EU sites (mines & road tunnels)
) down selection for further more detailed design/studies
(e) created a strong multi-disciplinary collaboration, links with industrial
partners

LAGUNA-LBNO (2011-2014) [FP7 funded]

a) underground construction planning and risks

b) detector construction and cost estimates, including instrumentation
C)

d

(

(b
(C
(d

liquid handling
conceptual studies of new CERN beamlines to Fréjus and Pyhasalmi
create links with funding agencies and develop implementation plan
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LAGUNA physics goals

Giant underground detectors provide a comprehensive physics program

Non-accelerator based

Proton decay hunt

Precise measurement of supernova neutrinos
Precise determination of solar and (subleading)
atmospheric neutrino oscillation parameters
Supernovae remnants neutrinos

Determination of geo-neutrino flux

*

Accelerator-based

% Long baseline neutrino oscillation experiment for 813,
CP-violation and neutrino mass hierarchy discovery and
precise parameters determination
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Worldwide challenges

In Europe

CENTRE FOR UNDERGROUND
PHYSICS IN PYHASALMI MINE

| ’ : Institute of 7Underground
W it )i i il . . ’ > I Science in Boulby mine, UK

Requires new beam (LBNE) L " SRR N
Requires new far site detector | e s SRR P MR |  SUNLAB
(LBNE/SURF) 9 . |

Laboratoire Souterrain
de Modane, France

= @

Laboratorio Subterraneo
de Canfranc, Spain

/fff/

© 3006 Euroa Technologies--
Requires new far site detector
(LAGUNA + LAGUNA-LBNO)
Requires new beam
(LAGUNA-LBNO)

In Japan — Shiozawa

rr"-,a

Exisging beamliné (upto>| MW) |
1 Requires |-PARC proton accelerator upgrade
Requires new far detector
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Conventional facilities
Key experimental factors

® Giant detectors
® Woater Cerenkov =300-500 kton

e Liquid Argon TPC =~ 100 kton compared to present
® Liquid Scintillator =50 kton generation LBL

at least x 10 statistics

® High proton beam intensities
FNAL: 300-750 kW — 2 MWV, 120 GeV MI protons !
CERN: 400-700 kVV, 400 GeV SPS — 2 MW 30-50 GeV HP-PS ?

J-PARC: 140-750 kW, 30 GeV MR = [.66 MW ?
CERN : 4MW @ 5 GeV SPL ?

® Long Neutrino Flight Paths

® Being Pursued
e LBNE (USA), LAGUNA (EU), Future @ J-PARC (Japan)

® Where will it be realized ? one or two sites / technologies ?
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CERN

JPARC
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Staged

Now

T2K

(295km)

- 0.15MW operation in
2011

NUMI/MINOS

(732km)

- 0.3MW sustained
operation

CNGS

(732km)
- 0.3MW sustained

operation, 0.45MW if no
beam sharing

approach to intensity frontier

Courtesy: llias Efthymiopoulos - CERN

»

»

T2K

(295km)

- expected 0.75MW
gradually ~2014 ?

NUMI/NOVA

(732km off-axis)

- 0.75MW upgrade
(T2014)

»

»

T2K (295km)

T20(658km)

- expected 1.66MW
operation, by >2014

LBNE/DUSEL

(1300 km)

- 2MW operation
requires Project-X

CNGS+ (732km) or

CN2PY (2300km)
- 0.75MW *“ultimate”,
requires SPS and injector
upgrade

»

CN2PY(2300km)

CN2FR(130km)
- 2MW operation
requires LP-SPL+HPPS, or
HP-SPL+Accumulator
(4AMW)

LAGUNA-LBNO, EUROV FP7 Desiqn Studies
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CERN

CNGS v-beam performance

PS-PAGE1 Current user: CNGS1 02-05-11 08:02:52

SC 31945 (36BP, 43.2s) FT: 90 ms Last update: O seconds ago
Duty factor:

30s (CNGS)/43.2s (total) = 69%
\ \ \ \ - 311 KW average power

Larget I/E11 MUL 2%SYM Experiment
T2 0.0 0 HZ2 /H4

0
T4 0 H6 /HE
0

ool Beam Intensity:
T10 0.0

CNGS T40.1 209 E11 OK (0) Comments (01-05-11 ofER 13 %% POV@Xfr
CNGS T40.2 213 E11  OK (0) | Phone: 77500 or 704 [N .

(HC 1591 E10 Dest: TI2-R1 877 nominal
User Injected Flat Top

CNGS1 4269 E10 4131 E10

A.Rubbia The next generation projects in Deep Underground Laboratories, Zaragossa, June 201 |

Friday, July 1, 2011 11



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),
Pyhasalmi (2500-4000mwe),
Sieroszowice (1400mwe)
Existing large salt-mine: Slanic (840mwe)

Y
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Guidelines for detector overburden:
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GLACIER = 2500 m.w.e (9oo m of rock)
LENA > 4000 m.w.e (1400 m of rock)
0 i MEMPHYS = 3000 m.w.e (1100 m of rock)
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Typical questions addressed

o assessment of strengths and weaknesses
e rock mechanics of caverns

o design of tanks in relation to sites

e 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

- I
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Seven technical reports

LAGVRA

Interim site-dependent geotechnical reports: published
inal joint report on potential European sites: finalized

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

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 Package eliverable 2.1) (EU, FP7: Work Package 2: Deliverable 2.1)

- in strict confidence -
REGIONE UMBRIA Site (Valnerina) tn strict conficence

Bstve:
jjﬁ:" Suis

e

LAGUNA

LARGE APPARATUS FOR GRAND UNIFICATION AND NEUTRIN ASTROPHYSICS
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
SH

.
= |
Scientific Partners: ETH ZURICH — U-BERN W PoTa
Technical Partners: AGT INGEGNERIA SRL (Perugia) - GEOINGEGNERIA SRL (Rome)

Geological Advisors: Prof. GIORGIO MINELLI - Dott. Geol. CLAUDIO BERNETTI

PYHASALMI
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

more than 1200 pages
elarge amount of information
and details

*healthy competition among
sites

technical basis for site
selection

Grant Agreement: 212343 KALLIOSUUNNITTELU OY

ROCKPLAN LTD

Industrial partners:

KGHM Cuprum CBR, Wroctaw, 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

Piotr Mertuszka, Mirostaw Raczyriski Astrophysics

Sieroszowice Mine, ﬁ E

FP7-INFRASTRUCTURES-2007-1
Nuiften, M.Sc., project leader
f

Scientific partner K& 1Gsmie PAN, Krakéw

12.11.2009

Jarostaw wski, Wiestaw Bujakowski, Leszek Lankof , Zenon Pilecki, Kazimierz Slizowski,
Kazimierz Urbariczyk,Karolina Wojtuszewska




Tank concepts

80 pages report by
Technodyne Ltd

MEMPHYS

Lena

Glacier

Type

Single
Containment

Single
Containment

Single or
Double
Containment

Inner
Membrane

Plastic

Nylon

Liquid Holding
Tank

Stainless Steel

Stainless Steel

Stainless Steel

Cavern Liner

Stainless Steel

Stainless Steel

9% Nickle
Steel
or Carbon
Steel
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INSTRUMENTS FOR

£|  CABLES TO PHYSICS
*| INSTRUMENTATION

0 IN'IANK PUMP, BOIL OFF GAS,
4 UID DELIVERY.
é TEMPERATURE

INNER TANK TOP _Z
LEM / ANODE -

SHELLINSULATION ——

FIELD SHAPING ———=1
COILS

BOTTOM INSULATION ——]

70400 QUTER TANK TYPIGAL

53000 INNER TANK TYPICAL

|

i
/ LOAD BEARING INSULATION

i

OUTER TANKROOF

i1

{ OUTER TANK

—— CONGRETE PILE CAP

T I L O e A T T T T T T ST T T e

> CONCRETE PILES

T

‘GAVERN DIAMETER 74000 TYPICAL

Preliminary tank cost estimates have been established as follows:

derground

GATHODE ( 1MV)

GLACIER tank (Low Seismic Site)
GLACIER tank (High Seismic Site)
LENA tank
MEMPHYS tanks (total for 3 off)

aboratories,

M€
M€
M€
M€

/ d

LAGUNA STORAGE TANK

b=
‘GENERAL ARRANGEMENT
LIQUID ARGON TANK - FLAT INNER TOP

1 DOVBLE CONTAINMENT

o0  wies mad
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Main cavern engineering
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 ke
cylinder: 72,4m O x

. A : m height, inside a external .
, : é’;m,,. B e e B Dimensions of | cylinder 65m @ x B e 26,5m height
GLACIER@ S'erozs OW’Ce M ﬁ  EGHM POLSKA MIEDZ SA tank 65m helght fanceh o:);ltl:nlzglsctal Shape’ dome: |2,7m he|ght X

kiady Gor cze POLKOWICE-SIEROSZOWICE I 44,8m @
34m O for water-buffer.

polyester—glass bolt

MEMPHYS@Fréjus

/

o | /] /
o / / ] /
GLACIER@Umbria | | /
/ / + / 1A u ~ui 3 P
NV e L T ——— — Concrete structural
> T L D galleries

4 Structural and
drainage galleries

Ry

\
N

| o B LOMBARDI

ENGINEERING LIMITED™™

ot
=
T | L3
U-BERN SCALE: Drawing Title: —
srL | Drawingnr: 028 ¢ so0n & ) ’ ‘ C I
U SECTION OF MAIN
FicNars: 028,52700% e 1912000

INGEGNERIA
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Geomechanical studies

Rock data gathered for all sites e = L, .
Numerical modeling based on these | Ly s Tl BOUIby B
parameters: . A B 20 i Y 3 S
e Convergence
e Spalling
Rock-bolting
Mucking
Multi-strata rock issues
Cavern shapes

LAgvVnA

Middle Anhydrite

Pyhasalmi

KALLIOSUUNNITTELL OY
ROCKPLAN LTD

FLAC3D 2.70 Job Title: GLACIER 100kt - LARGE ANHYDRITE CAVERN

7
Step 55465 Model Projection ’
08:44:04 Tue Mar 10 2009

Center: Rotation:
X: 3.080e+001 X: 0.000
Y: 1.013e+002 Y: 0.000
Z: 4.000e+000 Z: 0.000
Dist: 1.525e+003  Size: 6.515e+001

300 m (850mwe) 600 m (1700mwe) 900 m (2550mwe) ——

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

KGHM CUPRUM sp. z 0.0. T——u

3 m - CENTRUM BADAWCZO-ROZWOJOWE

IM POLSKA MIEDZ SA

Witold Pytel Zaklady Gornicze POLKOWICE-SIEROSZOWICE \

1200 m 1400 m (3950mwe) 1700 m (4800mwe) | LENA@ 1400m
A. Rubbia '
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Underground Layouts

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

2500-4000 m.w.e | 1400 m.w.e

L)
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o
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5 GALLERY TO "0"
CAl "—1" AND

PROPOSED LAY-OUT OF UNDERGROUND SERVICES AND AUXILIARY CAVERNS TYPEA(SITE: 1-3-4-5) C f
10T Umbria aniranc

AUXILIARYTANKS o o o —o—'@ . EMERGENCY PE wr 1500 m-W-e (G LACIER)
1500-2300 m.w.e 2700 m.w.e (MEMPHYS/

FIRE / SMOKE
BARRIER \ \ /

\ L | r T l — 1 A H
/. MAINTUNNEL B2 .

3

MAIN TUNNEL "8"
ANCILLARY TUNNEL "C"
1

( EXTERNAL )

19
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LAGUNA detector options

Water Cerenkov Liquid Scintillator Liquid Argon TPC
MEMPHYS LENA 50kt
2x 330kt

RARTFARARARARAR

|03 m

channel number

= GLACIER 100kt

N VA VA VA i i i

From

new detectors . . 00 (02 ey

Institute of Underground T B =
Science in Boulby mine, UK g

CERN:

P i

Laboratoire Souterrain
de Modane, France

Laboratorio Subterraneo |8 :@ s
de Canfranc, Spain 1 £ N

new beam(s) KT

Laboratori Nazionali del
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LAGUNA detector selection

* The formal detector selection process will be part of the
LAGUNA program in the coming years.

* Up to now, the three “liquid” detectors are studied in parallel,
exploiting synergies and common issues.
* Physics programs are complementary;
* Technologies, and associated risks, are significantly different;
* The chosen baseline from CERN (i.e. the site) plays an

important role in selecting the appropriate detector
technology (since L/E is chosen by nature)

e Converge towards “natural configurations”

- Detector option A in site A
- Detector option B in site B
- Hybrid: Detector option A+C in site A

- Hybrid: Detection option B+C in site B

Friday, July 1, 2011



MEMPHYS (550 kton)

(Large Water Cerenkov Detector in Europe)

50kton Water Cherenkov detector
V located at 1000m underground

}/
e s\
=3 \
- >

4|

=
(@
2
o
O
65
|y 13 'ﬁPMTS(SiIlﬁC? 2 independent modules,
By . e | 330’000 m? each
f‘ h‘:;::;:;m& | 220’000 8-10” PMTs
o hese celgrtad o 0 o ~500 kton fiducial mass

O petting adapted as well

o PMm2 R&D programme:
“intelligent detector”
cost reduction
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LENA (50 kton)

(Low Energy Neutrino Astronomy)

Very high purity liquid scintillator with high light
yield, optimized for lowest energy range

Liquid scintillator e — Desired energy resolution

50 kt LAB/PPO+ bisMSb " B — 30% optical coverage
Inner vessel (nylon) B ‘B — 3000m? effective photo-
Radius r=13m : sensitive area

Buffer i 9
15kt LAB, Ar =2m Light yield > 200 pe/MeV

Cylindrical steel tank, e.g. ] ]
55000 PMTs (8“) with The tracking option adds to

Winston Cones (2x area) e ] the requirements of the PMT
r = 15m, height = 100m, K array and electronics:
optical coverage: 30% | — more, but smaller,
Water cherenkov muon veto o | faster PMTs
5,000 PMTs, Ar > 2m to shield | 77 _, N — full waveform digitizing
fast neutrons '
Cavern egg-shaped for increased stability

Pyhasalmi LS purity as achieved

design : :
Rock overburden: 4000 mwe in Borexino

e next generation projects in Underground Laboratories, Zaragossa, June 20
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GLACIER (100 kton)

A scalable detector with a non-evacuable dewar and ionization charge
detection with amplification

Electronic crates mass = 100 kton

* Single module non-evacuable cryo-tank based on industrial LNG
technology

* Cylindrical shape with excellent surface / volume ratio hep-ph/0408110

« Simple, scalable detector design, possibly up to 100 kton Venice, Nov 2003

* Single very long vertical drift with full active mass

* Double phase, large area LAr LEM-TPC for long drift paths

* Possibly immersed visible light readout for Cerenkov imaging Ongo,‘ng R&D roadmap to
* Possibly immersed (high Tc) superconducting solenoid to obtain dd his desi
magnetized detector aadress tnis €sign
* Reasonable excavation requirements (<250°000 m3)
A. Rubbia The next generation projects in Deep Underground Laboratories, Zaragossa, June 201 | el 24
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How to build a Giant Liquid Argon detector?

® The realization of a 100 kton LAr TPC demands concrete R&D in several
areas. Although correctly relying on the pioneering efforts, it cannot be
simply “linearly’” extrapolated from the current state-of-art.

® To address this point, a series of workshops dedicated to these issues was
initiated to bring together researchers having common interest in realizing
a giant neutrino observatory based on the liquid Argon time projection
chamber technology combining next-generation searches for proton decay
and neutrino physics with natural and artificial sources.

GLA2010: The 1st International Workshop towards
= [ the Giant Liquid Argon Charge Imaging Experiment
(Tsukuba, Japan, March 28-31, 2010).

Recently: GLA2011 (Jyvaskyla, Finland, June 2011)

Next year: GLA2012 (Brookhaven, USA)

A.Rubbia The next generation projects in Deep Underground Laboratories, Zaragossa, June 201 |
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GLACIER R&D roadmap

A systematic, comprehensive and staged programme has been implemented
Single phase
LArTPC Double phase LAr-LEM TPC

g 2, I T T e |

-
-

T 3
—— b
® -
Lottt weans] fpdap paans v

Mt pebes Aendeg juans wamak

“rres

Full
. engineering
pg :::efc::) ) demonstrator
for larger
I 2 Ior.|g Il detectorsg, with
drift a stand-alone
path up short baseline
to5m physics
I o ! programme
Charged particles test beam or
calorimetry, non-evacuated underground ?
vessels, LAr purity
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Observation of cosmic rays with a LEM-TPC

Event display: drift time vs position

Corresponding digitized signals

yView signals (event 1702)

| xView event display (event1702) | | yView event display (event 1702) | xView signals (event 1702) |
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Much improved S/N (>100) compared
to single-phase LAr operation (=15)
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LAGUNA physics reach (astroparticle)

Total mass

p— eT%in 10 years

p — VKin I0 years

SN cool off
8xMsun@ 10 kpc

SN in Andromeda

SN burst @ 10 kpc

SN relic

Atmospheric neutrinos

Solar neutrinos

Geoneutrinos

Water Cerenkov
500 kton

|.2x103° years
€E=17%,= | BG event

0.15x103° years
€ = 8.6%, = 30 BG events

194000 (mostly V_p— e*n)

40 events

~250 Vv-e elastic scattering

250(2500 when Gd-loaded)/year

56000 events/year

91250000/year

Liquid Argon TPC
100 kton

0.5x103° years
€ =45%, <| BG event

|.1x103> years
€ =97%,<| BG event

38500 (all flavors)
(64000 if NH-L mixing)

7
(12 if NH-L mixing)

380 v, CC (flavor sensitive)

50/year

~ 11000 events/year
~100 vt CClyear

324000 events/year

Liquid Scintillator

50 kton

0.4x103> years
€ = 65%, <| BG event

15000 (all flavors)

4 events

~30 events

20-40/year

5600/year

~5400 "Be events/day

~ 500 events/year

Complementarity between detector techniques

Friday, July 1, 2011
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Proton decay sensitivity

In order to achieve an order of magnitude better sensitivities than
those of SuperK, truly large detectors, possibly of complementary
technologies, are mandatory

Expected sensitivity as a function of exposure
(kton x year) for assumed efficiency and background

o
W
H(D
),
O
(O]
[0)]

Sensitivity for p —> e'n° (90%C.L.)

I OxSK result

Sensitivity for p — vK (90%C.L.)

30xSK result
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=
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Partial lifetime

—_—

(@)
[@N
x

> 1 MEXT0 yr g > 1 MtX10 yr
> 100 ktX 10 yr > 100 ktX 10 yr

m SuperKamiokande prelim (205.7 kt Xyr] ——> S0kt 10yr
= SuperKomiglkomde pre\lim‘(2057 kt Xyr
\\\‘ L L L L \\\‘ | | | Ll \\\‘ | | | L 11 L L L L L L L R L L L e — L - - — L 11
2 . + 10° 10" 0’
10 0 Exposurem&ton X yeoznjb@ Exposure &ton X yeozr%

Present best limits SuperK preliminary (90%CL)
/B(er®) = 1.2x103% yr and 1/B(vK) = 0.39x10%* yr

€ next generation projects in nergroun aboratories, £aragossa, jJune 0
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LAGUNA LBL neutrino oscillations

e 013 - if only limits until then
e T appearance - if not conclusive until then

e Precision measurements Am232+0Am232, 023+?? (maximal?),
0137?72

e Mass hierarchy Am232>0 ?, Am232<0 ?
e CP-violation 60 ? 0x??

- 1y » : - S el , s : x 3 ! A £ .
5 | r - v Py | ) v 1 AR TR AN BT e RS ) N % pe LA e N D DF Ve R AN £ DA =d A PR S P SR W) i Py 3 W nr n W
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| (&) B f e £ e 3 ‘ A A A TR N a s‘ g L | -' S . .~.~ Al LR e e ,,!v‘{}“;' 5 e Rt P A ) A " E i A% L oo * X h 50 8 Al g
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v, — V. with matter effect

Approximate formula (M. Freund) quadratic dep. on 013
&= -~ matter effect ~E

sin? 2014 ~7500 km

2 20 x
P(v, — ve) = sin” fo3 {4;1 — 1) sin” ((A 1)&")/ magic bln

# -y — }('"P“ sin(A)sin( AA)sin((1 — A)A)
A(l—-A) | | o

CPV term R, ~2540 km
. ) ) b
approximate | &ﬁflfcii) cos(A) sin(AA) sin((1 — Aj&r)naglc bln
dependence CDSE f Eiﬂg 20 SOIar term
~L/E 422 22 12 Sjnﬂ(ﬂg)«

2
. &= linear dep. on O3

Jop = 1/8sin d¢p cos 013 sin 2619 sin 2013 sin 2094
Iop = 1/8cosdcp cos 15 sin 26019 sin 2015 sin 263

o — &m%l/&mglj A — &THEIL/@E CP asymmetry grows as
013 becomes smaller !

A =2VE/Am2, = (E,/GeV)/11 For Earth’s crust.

31

Friday, July 1, 2011 31



Phenomenological input - global fits

Well-defined phenomenology from 3x3 PMNS matrix formalism " oscillation probability
calculable as sum of atmospheric, solar and interference terms

2
Ams,
Siﬂz ﬂlg

|&m§1 |

(7.6570:3) 10

0.30470-922

(2.407717) 10

sin® B3 0.501 06

sin® B13 < 0.056 @ 30

3 EVZ

3 evz

Schwetz, Tortola,Valle,
New J.Phys.10:113011,2008

Friday, July 1, 2011

What about 0
€ next generation projects in Deep Underground Laboratories, Zaragossa, jJune 20

+3%
+7%

+5%
~ +14%

We haven’t
reached | %-

level..
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Global fits - indirect determination of 013

"""""""""""""""""""""" Fogli et al, | Phys.Conf.5er203:012103,2010
@ | Atm & LBL & CHOOZ
Hints | : o i Solar & KamLAND
: @ : ALL v oscillation data 2008
: @ l ALL + MINOS 2009
00— e 002 0 'oé”. """ 004 005 006 0.0
= 9973% CL. sin” 01
9 [
3F
7t 0/3=0 hypothesis seems
, O disfavored by combining all data
= sk
A e e S
<] RS Y A A — sin? @ 3= 0.01+0.02 ?
2F
(A e sin?20 13 = 0.04+0.08 ?
O : e e RS Y ‘-.1 S Y 1.1-4‘1"1"1'1.1”;’.1-1 [0
0O 001 002 003 30.04 0.05 006 0.07
sin~0;,
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Recent direct results on 0,3
- Expected number of candidates 1.5+0.3(syst.)

-+ Observe: 6 events 1n the FD, a 2.5¢ significance

T | T T T T | T T T
arXiv:1106.2822
2
Am5; >0

—¢— Data

] Osc.v,CC
R VM+VM CC
| v.CC

NG

Best fit to T2K data
68% CL
I 90% CL

>
)
=
o
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e
(70)
e
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)
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SHRRRRKY
:".;:’Q"zio'o'o
RRESIKK y 7
L S I;

0 N srnnsess D -

0 1000 2000 3000
Reconstructed v energy (MeV)
Beam ve NC Oscillated For Am?23 =2.4x1073 eV2, sin220,3=1, dcp=0: 90%C.L.

background background Vu—Ve

(soarterm) 0.03 < sin%20,3< 0.28 (best fit 0.1 1) normal
0.8 0.6 0.1 0.04 < sin220,3 < 0.34 (best fit 0.14) inverted
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Implication for beam strategy

® Use a conventional high energy beam

® Horn produced beam provides high intensity and flexibility in

spectrum and energy.
® Well understood technology (Van Der Meer 1963).

® A small intrinsic contamination Ve neutrinos O(= | %).
® Adequate performance if sin?203 > 0.0

— LAGUNA-LBNO

® Try to produce a very pure beam

Important requirement if sin?20,3 << 0.0

Make beam from decays of muons (neutrino factory)

Make beam from decays of accelerated unstable isotopes (betabeam)
These technologies are in infancy. How well are they understood ? do

we need a ““demonstrator’’ ?
e [Must find $$%.] — EuroNU
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Very short/long baseline concept /

LAgVNnA
CERN-Fréjus offers a very short baseline CERN-Pyhasalmi offers a very long baseline not
not considered elsewhere in the world m» considered elsewhere in the world "™ unique
unique physics opportunities in Europe physics opportunities in Europe
Graph
< 0.2 |
* 0 1aF 2300 km, sin®(26.,)=0.025
{Probs in Vacuum (Magenta) and Matter (blue)} 20'182 2300 I(m "
0.025! £0.16F Red:v NH, 0<5<180
E, = 0.35GeV o1 Dark-Red:v NH, 180<5<360
0.02 T F Blue:v IH, 0<5<180
0.12 Dark-Blue: v IH, 180<3<360
0.015¢ 0.1F
0.01l 0.08;
0.06 -
o 130 km
¥ L (km) 0.02—

Mezzetto 50 100 150 200 250 300 350
[N A L L L L L L L L L I L
0 2 4 6 8 10

Ev (GeV)
Determine CPV by comparison of neutrinos/ Determine CPV and mass hierarchy by
antineutrinos in absence of competing matter spectrum measurement and resolve
effects degeneracies and so-called “r-transit” effect
Adequate baseline/energy for betabeam Adequate baseline for neutrino factory
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Frejus - Large extension Modane

Road tunnel located at 45°08° N, 6°41° E
(from LAGUNA deliverables 2.2&2.8)

1. The deepest location considered in LAGUNA, thanks to the excellent
quality of the rock, with the appropriate amount of plasticity, it allows the
excavation of very large cavities at a depth of 4800 mwe.

2. The most viable location for the MEMPHYS detector, although the other two
proposed options GLACIER and LENA can also be considered, pending
safety approval.

3. Known rock conditions thanks to the existence of the highway and railway
tunnel excavations. Rock temperature: warm, about 28°C.

4. Dedicated, horizontal access: The Fréjus safety tunnel, presently under
construction (8 meters in diameter), will provide a dedicated and optimal
access to the LAGUNA site.

5. Lifetime access and tunnel infrastructure maintenance: expected with the
roadway tunnel operation for at least several decades.

6. Laboratoire Souterain de Modane (LSM) has a thirty years of experience in
conducting underground scientific experiments.

The next generation projects in Deep Underground Laboratories, Zaragossa, June 201 |
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Memphys 1

Safety tunnel

(under construction) LSM Extension

(Optlon 2C) | 40 m

LAgvna

Memphys 2

Road tunnel Access to
(existing) Laguna site

\\

@ Lombardi

Safety tunnel
(under construction)

\\\, y - LSM Extension

(Option 2C)

\ _d Memphys 2

Road tunnel - _ g Accessto

(existing) Laguna site

@ Lombardi 07.12.2010
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LAgvnA

Very high power low energy beams

Optimal approach
if sin220,3 < 0.0l

SPL vy

SPL vy

v/m®/20 MeV/yr

=2,
S
S
[

= Beta v, (Nels)

Beta Vv . (HeG)

) ~‘,~'-—,|4LI ] | ]

0.8 1
(GeV)

Based on CERN
HP-SPL (>2025)
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Pyhasalmi Mine - Pyhajarvi town

Operating mine located at 63° 39’ N, 26° 02’ E
(from LAGUNA deliverables 2.1&2.8)

1. Excellent rock and dry conditions allow hosting of all LAGUNA detector
options (GLACIER, MEMPHYS, LENA), possibly at once, each at the required
depth. Rock temperature: cool, less than 22° C.

2. The most modern and efficient mine of its type with uniquely small footprint of
the excavation area. The fact that the ore is surrounded by high quality rock
eliminates the need for extended network of tunnels.

3. Offers two modes of access: via a vertical shaft leading directly from the
loading zone to the detector, and via a decline access tunnel. No other site offers
this feature.

4. Has excellent safety record.

5. The mine owner has sighed the memorandum of understanding concerning
LAGUNA.

6. Centre for Underground Physics in Pyhasalmi (CUPP) has a decade of
experience in conducting scientific experiments in the mine.

The next generation projects in Deep Underground Laboratories, Zaragossa, June 201 |
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ROCKPLAN LTD

3-D impression of
Pyhasalmi mine

M._EI o i = _Surface projection of underground
MINING = _ / workings
> ] :

Gonvey;: I;?Il"---..._ :‘1 400 1-9
Silo oy,

PyHASALM Ming O Timo Shaft -

B0 L g

Nuijten 03-03-2011
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LAGUNA infrastructure at

2500-4000 m.w.e

Finland

GLACIER
T=16C DEPTH 900 m

MEMPHYS
DEPTH 1100 m

DEPTH 1

Friday, July 1, 2011

TYPE OF
OBSERVATORY

underground
infrastructure

e GLACIER

46 M€

e MEMPHYS

129 M€

Pyhalsalmi layout

Levell access

-
=

|\
LAagvna

.

Decline tunnels

GLACIER

I ROCKPLAN

F.10.2009

GLACIER TUNNELS

AND CAVERNS 5 .
@IZI s

e LENA

75 M€

Mukrinper
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5o
Cosmic Ray experiment EMMA at sh

Cafeteria, meeting room and sauna at 1400 m below ground Mobile phones work and internet available also at 1400 m

A.Rubbia The next generation projects in Deep Underground Laboratories, Zaragossa, June 201 | e
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Unique features of Pyhasalmi

Distance from HEP labs Reactors flux

2540 km — bimagic value (feasible)
7250 km — magic value (not yet)

Location
Baseline (km)
Pyhasalmi

Boulby
Canfranc
Frejus
Sieroszowice
Slanic
Umbria Pyhitsalmi after 2
Caso (ITA)

«CERN-Pyhésalmi offers a very long baseline of Sijfj;';?f;vﬁi"}I;ﬂ))L)
2300km, very close to the bimagic value, not vejos (FRA)
considered elsewhere in the world m™ unique Boulby v 1o Buatlapool
physics opportunity in Europe S Ao is s
e With distances of 2300 km from CERN and i .
approximately 7000 km from both KEK/JPARC and ~ -/yhasalmi ‘l’(ﬁer < the.’ol‘;_"eSt fedolol
FNAL, the Pyhdsalmi site offers a potential far fellingienceg rc_yund RS el Gl
detector location for an eventual neutrino factory ol cpeci el oo etiines

based programme.
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CERN

CERN v-beam to Pyhasalmi - CN2PY

Option A:
Target station between the CERN sites, close to BA2
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Electron appearance signal

Horn focusing optimized for each LAGUNA baseline in order to maximize sensitivity to 613

v Tun
Event rate per L CT700) 0 ool ol B (el Fele) % d - 1/L2

year: p\p f u Py e }
100 kton LAr 41316 (94) 174 (2) 527 (5915) 12 (15) o-~E

50 GeV 36844 (2903) | 486 (95) . 7930 (13652) | 270 (157) . S - CD o-1/L
protons 38815 (2967) | 516 (96) . ?51§ (14287) | 280 (158) . B 1/|_2
3 x 102! pots/yr 37844 (1363) 349 (48) . 3504 (14700) | 110 (107) :

16 MW 51787 (761) | 314 (23) 1964 (21728) | 54 (88) S/\/B £ (1/L)/
26785 (385) | 174 (10) 945 (L1184) | 22 (47) \(1 /L2)~ O(1)
17257 (203) 110 (7) 471 (7577) 16 (32) ( %
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Ultimate oscillation sensitivities

013 Sensitivity - CNXX NOvVA Horns - 50 GeV protons CP Discovery - CNXX NOvVA Horns-50 GeV protons

// ,/ v run only - 100 kton
/ /

30 C.L.curves

(v +antiv) run - 100 kton
30 C.L.curves

/
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CP discovery potential (I) A
% e GLACIER'60 kton

0.8F - - . - ............ ............ ..............................................................

5 years U only | 6MW
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CP discovery potential (ll)
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CP discovery potential (lll) ¢

Staged GLACIER, 5+5 years v+antiv |.6MW

1050 km, sin“26,,5 = 0.05 2285 km, sin°26. 5 = 0.05
1 20 - | | | | | | | 1 20 -
30 30
0.8 | 40 - 0.8 4o -
50 S50
2 o - ‘E 0.6 /
g 0.4 | : E 0.4 |
0.2} / 0.2 |
O10 20 3'0 A:o 5'0 éo 7Io 8Io glo 100 O10 2IO 30 4IO 5IO E;O 7IO 8IO 9IO 100
Mass [kton] Mass [kton]
Mass hierarchy unknown Agarwalla, Li and AR
Very preliminary
Basis for a staged approach : explore phase space by
adding detector mass and/or beam power
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LAGUNA - Milestones

LAGUNA Design Study funded for site studies: 2008-2011

Categorize the sites and down-select: Sept. 2010
LAGUNA-LBNO: detector design, costing and

LBL beam options " fully funded ! 2011-2014
Critical decision (>30 evidence for 013#0) 2014 ?
Phase 1 excavation-construction (pilot): 2015-2020 ?
Phase 2 excavation-construction: >2020 ?

Opportunity of “pilot” projects discussed
within the LAGUNA-LBNO consortium

Friday, July 1, 2011



Conclusions (l)

(1) Growing worldwide interest and activities on next-generation underground
large neutrino and proton decay detectors, both new sites and detector
technologies — the ultimate goal is to discover CP violation in the leptonic
sector and proton decay search

- In Europe a large amount of technical expertise has been gathered to reach
the conclusions and a strong collaboration has developed since 2008 thanks
to the LAGUNA design study

(2) The Pyhasalmi site has been identified by the LAGUNA consortium as a
high-priority potential site together with the Fréjus site, to be further
investigated in the context of the LAGUNA-LBNO study (2011-2014)

(3) LAGUNA-LBNO to focus on detector feasibility and costs, and study of
beams for long baseline neutrino from CERN

- Detector magnetization to be addressed

- Conceptual design from CERN to Pyhasalmi (CN2PY) beam based on SPS
- Concept of 30-50 GeV HPPS

- Physics and detector option optimization

boratories, £Zaragossa, jJun
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Conclusions (ll)

(4) Thanks to the support of CERN to the LAGUNA-LBNO, the feasibility and cost of
a new high-energy beam line to Finland, based on the expertise gained at the CNGS,
will be studied in details. A second, more challenging option of a very high-intensity,
low-energy superbeam directed towards Fréjus based on the potential HP-SPL will
also be considered for comparison.

- In the study of the beam towards Finland, we will address the design of a near
detector complex which could be conveniently located in the present Prévessin area,
around the North Area.

- Near detector complex offers possibly of more than one detector and at different
"short"” distances (the Prévessin site offers within the CERN "patrimoine"” distances
of 300m, 1100m, and even 1700m from the NA target).

(5) The discovery of CP violation in the leptonic is admittedly very challenging, as it
requires very high intensity beams and huge detectors, with both technical and
financial risks.

- Therefore, it is unlikely that such a programme can be accomplished in "one step”
- The LAGUNA programme can be staged

- Therefore we will propose a neutrino programme to CERN that, similarly to LHC,
can evolve according to the technological and the physics developments.

€ next generation projects in Una erground Laboratories, £Zaragossa,
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4 Conclusions (lll)

(6) European Strategy for Particle Physics = endorsement ??

- The European LBL programme CNGS will end towards 2013: a European LBL vision
post-CNGS must emerge very soon.

- CN2PY will allow exploring unique physics LBL opportunities provided by the bi-magic
baseline from CERN (2300km) - unique to Europe, not available elsewhere in the world !

- The CERN-Pyhasalmi distance is also adequate for a future neutrino factory. And
Pyhasalmi also offers magic distances (7000km) from JPARC/KEK and FNAL

- Hence, CN2PY offers a natural succession, a promptly technically achievable solution,
a potential answer to CNGS dismantling, and greatly enhanced physics opportunities,
with long term options to evolve towards (1) power upgrades (2) new beam technologies
(e.g. neutrino factory) capitalizing on the far detectors infrastructures investments

- The possibility to refurbish and develop the North Area target region into a source for
short and long baseline neutrinos is an interesting option for CERN to move towards a
balanced neutrino programme, with real chances to develop into an ultimate facility for
CP violation discovery.

- With the planned transport of ICARUS T600 to CERN, there will be (soon) no more large
LAr TPC doing underground physics.

e next generation projects in Underground Laboratories, Zaragossa,
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If neutrinos have mass; the massive states need not
be the same as the Weak interaction states.

Vg cos(#)  sin(6) 1
This will lead to = _
terference Vp —sin(#) cos(0) V9
effects
Va(t) = cos(@)rq(t) + sin(0)ve(t)
Plv, —1y) = | <wplralt) > |?

—  sin%(#) cos?(@)|e—1E2t — ¢—iEnt|2
Sufficient to understand most of the physics:

o 1.27((m2 — m?)/eV?)(L/km)
(E/GeV)

Pv, — ) = sin? 26 sin

5 1.27(Am? eV ) (L /km)
(E/GeV)

Oscillation nodes at ’:T2 BFT:.-"*E. “.-?TE [:FT:.-"EE}: Am? = 0.0025eV 2,

E =1GeV . L = 4'7]4f m .

A. Rubbia The next generation projects in Deep Underground Laboratories, Zaragossa, June 201 |
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Diwan

Interference

two Path S Interference

N in energy or
time
/ m .

Oscillations is a new interferometry.
\ m?

i
I emitted detected

light waves barrier interference neLItran neutrlno

pattern

® Just as classic optical interferometry has led to new
precision, neutrino interferometry has potential to
be sensitive to new scales.

® c.g. Measure extremely small masses or interactions.

L

A. Rubbia The next generation projects in Deep Underground Laboratories, Zaragossa, June 201 |
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Oscillations in presence of matter

o d
i——Vf = RoH (V) + Hipat (V)
T

2 2 .
?;i e _ 1 R, my — m 0 rT 4 o V2GQ N, 0 Ve
dx By 4 K 0 m% —m% o 0 —v‘EG'FNE o

(3)

Looking at conversions of muon to electron neutrinos.

sin? 20 L&m f

P, .= — xsin? (a — cos 26)2 + sin* 26
T (cos 20 — a)? + sin® 26 \/

a = 2v2EGEN./Am?

7.6 x 107° x D/(gm/cc) x E, /GeV/(Am?* eV ?) “)

&

This effect present if electron neutrinos are in the mix

A. Rubbia The
Friday, July 1, 2011
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Baseline L = 2300 km

Ocp = 0 deg.
- === \Vacuum

()
o —— Matter
|
= 0.025H
>
S
Vs
@)
O
O
(ol

)

0 1000 T 2000 T 3000 4000 5000
| Ene (MeV)
2nd Max.  1st Min. 1st Max.
Am?2 = 0.0025 eV2, sin220,3 = 0.0
A. Rubbia The next generation projects in Deep Underground Laboratories, Zaragossa, June 201 |
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Three-neutrino flavor mixing

‘Vea Vs VT>?lavor:Ua’i ‘V17 V2 V3>?17;CLSS

1 C13 s13e" Cl2 512 1
Uai = Co3 523 1 —S12 €12 e
—823 (23 —513€% C13 1 el

Atmos. L/E 4y — 7 Atmos. L/E y < e Solar L/E e — u,7 Ovp33 decay

500km /GeV 15km /MeV
¢;; = cos 0;; 0,,=0,,=34° 0,;=0,, =37-53° 0,;<10°
S;; = sin 0, _
) ] 0 would lead to P(v_,— V) = P(v,— vp). QP/

Since there are 3 neutrinos, there must be a 3X3 matrix
with 3 angles and | phase (observable) and 2 Am?

How precisely do we know them ?

A. Rubbia The next generation projects in Deep Underground Laboratories, Zaragossa, June 201 |
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Theoretical input

Tri-bimaximal mixing

Harrison, Perkins, Scott, PLB 2002, hep-ph/0202074

sin® 1o = 1/3, sin®fy3 =1/2, sin®fi3 =0

2/3  1/4/3 0

U= | —-1/vV/6 1/V/3 1/V2

Parameterize deviations

r
S13 = —F#—=

7

1/vV6 —1/v/3 1/4/2

King arXiv:0710.0530

1 1
S1o = —=(1+5), So3=—0(1+4a
2= —=(145), sm=—(1+a)

V2

0.07 <7 <021, —0.05<s<0.003, —0.09<a< 0.04

r = reactor

Present data is essentially consistent with r,s,a=0
— tri-bimaximal so need to measure r,s,a !!

A. Rubbia The ne
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Some recent results on 0,3
Based on ND data, expect: 49.1+7.0(stat.)£2.7(syst.)

Observe: 54 events 1n the FD, a 0.76 excess MINOS

arXiv: 1006.0996 (2010)
L) L] L] L] I L) L] L] L]

Am? > 0

= MINOS Best Fit
" 68%cCL
B 20 cL

CHOOZ 90% CL
2sin%e,,=1 for CHOOZ

MINOS PRELIMINAR
— T T T T T '
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== MINOS FD Data
=== Best Fit Signal
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MINOS
7.01x10%° POT

sin®(26,,) < 0.12 normal hierarchy

90%C.L.

sin®(20,,) <0.20 inverted hierarchy
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Some unresolved mysteries

(2006-2010)

.LSND v, —
(1993-2001)

and Vu—V,
(200|_20| |)

(2001-2007)
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Some even more puzzling effects

MINOS may have observed a
small difference between
neutrino and antineutrino

parameters

| | | | | | | | | | | | | | | | | | | | | | |

—— M|NOS VM 90°/o — M'NOS VM 900/0

--- MINOS VM 68% --=- MINQOS Vi 68%
@® Best v, Fit @ Bestv, Fit

1.71x 10°° POT 7.24 x 10°° POT

CPT?
Additional interaction with
matter ?

ll|llll|llll|ll

Waiting for confirmation MINOS
with more data N N R R
Need an independent check S5 06 0.7 08 0.9
at long baselines ? Sin2(26) and Sin2(2§)

nN W A O O

OT|IIII|IIII|IIII|IIII|II‘

(\/]\
>
O
*
O
—
[S
<
©
-
S
T
&
<

‘Amz‘ = 2.353:(1)21; x107eV?, ~2% probability of ‘Amz = 3.3633(5) x107eV?,
common

sin®(29) > 0.91 (90% C.L.)) parameters sin’(2g)=0.86 £ 0.11
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Implications

AR, Venice (NOVE) 2003
arXiv:hep-ph/0402110v1

The CP-phase can only be observed in appearance mode.
*The probability function should have the expected L/E dependence.
*The effect for antineutrinos should be opposite to neutrinos (0—-90).

Ami =3x 10~ eV*

Am2 =1x10 eV?'

When L is fixed,
measure as a
function of E !!!

€ next generation projects in nergroun aboratories, £aragossa, jJune U
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Salt layer - Polkowice-Sieroszowice (Poland)

In quest of the optimal site

Consider deep new underground labs with different characteristics
Extension of existing labs and/or new infrastructure

Mines, road tunnels, and green field

Vertical or horizontal access

Several baselines from CERN, reactor fluxes, etc...

The next generation projects in Deep Underground Laboratories, Zaragossa, June 201 |
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Seven technical reports

LAGVRA

Interim site-dependent geotechnical reports: delivered!
inal joint report on potential European sites: soon

LAGUNA

LARGE APPARATUS FOR GRAND UNIFICATION AND NEUTRIN ASTROPHYSICS

Feasibility study for Fréjus site

HUESCA, SPAIN)
REVISION 8" February 2010

LOMBARDI

ENGINEERING LIMITED
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Work Package 2 - deliverable 2.1
Interim report, 02.12.09

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

Industrial partners:
KGHM Cuprum CBR, Wroctaw,

Witold Pytel, Zbigniew Sadecki, Stawomir Hanzel, Andrzej Markiewicz, Stawomir Cygan,
Piotr Mertuszka, Mirostaw Raczyriski

Sieroszowice Mine, ﬁ E

Scientific partner K& 1Gsmie PAN, Krakéw

Jarostaw wski, Wiestaw Bujakowski, Leszek Lankof , Zenon Pilecki, Kazimierz Slizowski,
Kazimierz Urbariczyk,Karolina Wojtuszewska

STMR [ ] IBERINSA

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

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

PYHASALMI
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

Grant Agreement: 212343

LAGUNA—Design of a pan-European
Infrastructure for Large Apparatus
studying Grand Unification and Neutrino
Astrophysics

FP7-INFRASTRUCTURES-2007-1

KALLIOSUUNNITTELU OY
ROCKPLAN LTD

Nuiften, M.Sc., project leader
f

12.11.2009

Geological Advi

more than 1200 pages
*Jarge amount of
information and details
*healthy competition
among sites
publicly available

LAGUNA Design Study

Underground infrastructures and engineering
for LAGUNA at Italian Site

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

Bstve:
jjﬁ:" Suis

e

Ostérreich

Vleice

Scientific Partners: ETH ZURICH — U-BERN

Technical Partners: AGT INGEGNERIA SRL (Perugia) - GEOINGEGNERIA SRL (Rome)

s: Prof. GIORGIO MINELLI - Dott. Geol. CLAUDIO BERNETTI

BOULBY
LAGUNA Design Study
Geo-technical, Underground Infrastructure and Engineering Interim Repo:
(EU, FP7: Work kage 2: Deliverable 2.1)
- in strict confidence -

The

University
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Sheffield.
CPL and Unive of Sheffield
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Underground storage tank and LAr process /(|

LAgvna

Cooperation with industrial partners after many years of investigations (started in 2004)

Several specialized companies in the LNG field

W B |Initial Concept - 2004
/ Sofreqaz — Several sites

@' — Several seismic levels

B Use existing technology from industry experience
B Above ground tank, placed below ground
]

De-couple the tank from the cavern

Also: Linde Kryotechnik AG
(Zurich) and AirLiquide (Grenoble)

el — Rock or Salt

Underground infrastructure

zl Rockplan, Pentaocean, ...

Consulting in underground construction / risk analysis

'A Alan Auld + CERN LHC/ATLAS/CMS

cryogenic experience
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>

Technodyne General Arrangement T~

La\g\'nn\
il = ToT— | B Single containment is suitable
e T | I TSNS — Full containment not warranted
SR s e S — Cavern will contain spill
I 1 10 | | :

— Steel concrete not necessary

{
-+ \ﬂ> ‘ — . m Steel / Steel
/
N\
)

] | — Membrane not current practice
L] Modify design for deck access LARGE LIQUID ARGON STORAGE: Auxiliaries ﬂs‘,fregaz
Buffer Buffer
- - - . Truck Storage Storage
B Modify design for sealing of inner tank  uricading primary
iltration
B Support for payload facilities )
— T Impounding
9 basin

Sofregaz igh puriy

T < BOG re-
% In-tant I|quefact|onr:
pump () p=
A.Rubbia

HP pump
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Astroparticle v physics 4

Total mass

p — eT%in 10 years

p — VKin IO years

SN cool off
8xMsun@ 10 kpc
SN in Andromeda

SN burst @ 10 kpc

Atmospheric neutrinos
Solar neutrinos

Geoneutrinos

A.Rubbia

Friday, July 1, 2011
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and proton decay search
Complementarity between detector techniques

500 kton

|.2x103° years
€=17%,~ | BG event

0.15x 103> years
£ = 8.6%, =~ 30 BG events

194000 (mostly V_p— e*n)

40 events

~250 V-e elastic scattering

250(2500 when Gd-loaded)/year

56000 events/year

91250000/year

100 kton

0.5x103° years
€ = 45%,<| BG event

|.1x103° years
€ =97%,<I| BG event

38500 (all flavors)
(64000 if NH-L mixing)

7
(12 if NH-L mixing)

380 v, CC (flavor sensitive)

50/year

~ | 1000 events/year
~100 vt CClyear

324000 events/year

The next generation projects in Deep Underground Laboratories, Zaragossa, June 201 |

Liquid Argon TPC Liquid Scintillator

50 kton

0.4x103° years
€ = 65%,<I| BG event

15000 (all flavors)

4 events

~30 events

20-40/year

5600/year

~5400 "Be events/day

~ 1500 events/year
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" CERN as a beneficiary of LAGUNA-LBNO

WP4 — Long Base Line Neutrino Beams Prospects and Scenarios for
Detector Magnetization

® 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 S5tudy of the Magnetic Configuration for the LAGUNA
detector

® Task 4.7 Definition of near detector requirements and
development of conceptual design

A. Rubbia The next generation projects in Deep Underground Laboratories, Zaragossa, June 201 | el 74
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CERN

V beams at CERN - The present

-CNGS is THE neutrino oscillation facility in Europe
- v, appearance optimized detectors: OPERA(1.2kt) ICARUS (0.6kt)

Proton beam parameters
CERN NEUTRINOS TO GRAN SASSO

Underground structures at CERN

Energy 400 GeV/c

Cycle length | 6 seconds
2 extractions/cycle, 50ms
apart

[

Extraction « 2.4 x 10" protons
10.5 ps long pulse

Beam power

500 kW

s Approved program:

- 4.5 x 10" protons/year - 5 year program
- Installation completed in June 2006 - 3.5 X 10" vu/year at Grand Sasso
- 73000 CC v, interactions/kt/year at the experiment

- ~2+3 v, interactions detected/year (OPERA)

- In physics operation since 2007

llias Efthymiopoulos - CERN NeuTel-11 March 17,2011 75
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- CNGS - Conventional v beam

p + C — (interactions) — 1", K* — (decay) — u* +v,

800m 100m 1000m 26m 67m

Hellum baq Decay tube Hnmon stop: Muon (iufl': lors

e o o e ===
'y

, = S A
7'

Target Reflector /K - decay .

\  Horm : ’ ! | |

! (S S — ;

: ’ ’ f\l' 1 . 1 M
| — Nacvi WL A ! ; ; '
Proton s ,gr:n"‘"'”"& l = : I |2
boeam : : ,

TARGET UNIT
MUON DETECTORS vacuum

1
MAGNETIC HORNS

e
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-
T a—
R
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SN L,
» ‘c\\‘\\‘

'
v
“

B C rods
B54) mm O
B 5 in-situ spares

B 2 x 41 fixed monitors
B 2 x 1 motorized monitor

[ | -
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Bi-magic distance condition E§

P(l/e — VM) ~ sin? 2013 - 17 + - sin B3 - (TQ + Tg) + a’ Ty.

LAgvna

Determine CPV and mass hierarchy
sin®[(1—A) - A] by spectrum measurement and
(1—A) resolve degeneracies and so-called

sin(AA) s “rrtransit” effect

- sin 2912 - sin 2(923 - sin A A

- 8in 2649 - sin 2693 - cos A T
sin?(AA)

. SiIl2 2(912 A2

Am%l

23 OO I m 2300 km, sin(20,,)= 0.1 Apply magic condition by
Red: v NH, 0<5<180 (1) removing dependence on &cp

Dark-Red: v NH, 180<5<360 (2) maximizing difference between NH

Blue: v IH, 0<5<180 & IH
Dark-Blue: v IH, 180<5<360

Solve for E & L

vacuum oOscC

E =33 GeV && L=2540 km

see Phys.Lett.B696:227-231,2011

€ next generation projects in C d Laboratories, £Zaragossa,
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Tau appearance studies

At the CERN-Pyhéasalmi baseline, the energy of the 1st oscillation maximum is above the tau
production threshold of 3.47 GeV

5 years @ 9.4x1019 pots/year
100(5) kton detector mass

Neutrino horn polarity Sin22023=1.0, sin22613=0. 1

Distance/OA v.CC | v, = Ve | V) — Uy ~1000(50) ut CC
Pyhasalmi 58% with neutrino energy < 10 GeV,
2300 km 250 880 1018 where most events are very clean

0.25 deg (13) (44) (51) (study in progress)

v, CC event

—CC

— CC QEL
— CC RES
— CC DIS

viCC
/ appearance

Mean 9.064

. RMS 6.464
V,UCC w/o oscill Integral 1.715e+04

Events / 400 MeV / 100 kton

vuCC w/ oscill

v

h| [
WMMWWWM i

1 "t I 1 1 1 1

10 15
Ev (GeV)

e next generation projects in Underground Laboratories, Zaragossa, June 20
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Near detector Complex mishraene

4 Need a high resolution detector at the Near-Site to measure systematics affecting the

Far-detector:
ssMeasure over the full range of FD

Vy,V, | Ve | | Ve | content vs. E, and 0,;
v-induced 7t /K* /p/7° in CC and NC interactions; ssBackground to the V(Bar)e/u-Appearance

Quantitative determination of E, absolute energy scale; — g\) -vsO V(Bar) Interactions
Measurement of detailed event topologies in CC & NC.

— Provide an ‘Event-Generator’ measurement for LIBLvU

Straw Tube Tracker (STT)

ssBest performance of the 4-options

#$3.5m x 3.5m x 7m STT (7 tons; p==0.1gm/cm*3)

4TT-ECAL
Dipole-Field (0.4T)
HM-Detector (RPC) in Dipole and Downstream

dE/dx »> Proton, m+/-, K+/-

—
—
Transition Radiation »> e-/e+ID =y
-
Magnet/Muon Detector »> p+/-
—

— #sH20 & D20 Targets (=x5 FD-Stat) = WC-FD

Muon Identifier {QE-Proton ID = Absolute Flux measurement}

#:Pressurized Ar-target (=x5 FD-Stat) = [Ar-FD

derground Laboratories, £Zaragossa, June 2ZU
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Short baseline concept in North Area

[
i

target L=300m L=||OOn-1_ L=1730m
...... tof---g.----og;é.‘.-- e
g o @ '

& =2 EHN| -
" T (NA6 L ), (COMPASS, NA48)

.
Sl Fenced area’

Vo

| i outside
| fenced area

. : J\ V' L=2900m

Present: 400 GeV protons, slow extraction, 3el3
extraction, 3 targets (12/T4/T6)
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