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The Big Bang origin of the Universe
requires matter and antimatter to be
equally abundant at the very hot beginning.
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ASPERA

“We recommend that a new large European infrastructure is put forward, as a
future international multi-purpose facility on the 105-10°ton scale for improved
studies of:

- proton decay and of
- low-energy neutrinos from astrophysical origin.

The three detection techniques being studied for such large detectors in Europe,
- Water-Cerenkov,

- Liquid Scintillator and

- Liquid Argon,

should be evaluated in the context of a common design study which should also
address the underground infrastructure and the possibility of an eventual detection
of future accelerator neutrino beams.” :
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Decay ring
Bp = 1500 Tm

B=~6T
C = ~6900 m
L= ~2500 m

‘5H vy = 100
18Ne: y = 100

Dra f t %
version.
Europmhategw Neutrino Physics,
Elena Wildner
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TASK 1 Underground infrastructures and » Continue discussion on the technical
Engineering, Safety, environmental and | feasibility of the infrastructure
socio-economicissues

[ —

| Refine estimation of the costs and of the
realization time of the infrastructure

Contacts with general public,
relevant authorities and press

TASK 2-
Science Impact
and Outreach

Refinements of the scientific
reach of the infrastructure

Synergies with the European Strategy
for Particle Physics and CERN

WP3 > MEMPHYS ‘\

TASK 3 - _

Overview of the LENA

detector option ‘ P SOle e ST
> GLACIER d
Prepare the next steps towards

=  the construction of a large
neutrino observatory

Profit of contacts and
exchanges with communities
operating in existing DULs

research infrastructure
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WP3: DETECTORS
Large Apparatus for Grand

Unification and Neutrino Astrophysics

MEMPHYS

R L A A ~ 440 ktons fiducial mass
]_L.u@[wu@ S@M@tuﬂﬂ&ﬁ@f ~ 570 ktons fiducial mass
Liquid Argon ~ 50 ktons fiducial mass

GLACIER

~ 100 ktons fiducial mass
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Water Cerenkov
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GLACIER Liquid Argon TPC

‘Up to ¢=70 m

R&D items towards GLACIER

y

e LAr vessels (Technodyne study)

e Readout devices and electronics

e Argon purity

e High voltage systems

e Synergy with LAr Dark Matter experiments
e Studies for a large magnetized LAr volume

A

Long Drift
performance

A. Rubbia hep-ph/o402110
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Liquid Scintillator o Reactor neutrino events per kiloton
50 kt PXE / 43kt LAB T
contained in an
= Inner Nylon Vessel
R =13m, 150mm thick

Buffer Region
_ Wwithout fluor, 2m thick

Steel Tank, 13500 PMs
~ R=15m, h=100m

Water Cherenkov Veto

1500 PMs, at least 2m _
AR ——

Low Energy Neutrino Astrophysics

L.Oberauer, F.von Feilitzsch and W.Potzel
Nucl. Phys. Proc. Suppl. 138 (2005) 108
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MEMPHYS

arXiv:hep-ex/$0607026$

Water Cerenkov (“cheap and stable”)
Np ~ 15 x 1034 Baseline:
- 3 c¢ylindric modules 60 x 65 m;
- Size limited by: attenuation length and
pressure on the PMTs;
- Readout: 12”-10” PMTs, 30% geom. coverage

440 -> 570 kton
fiducial mass

e Full test of NEW
“electronic and
acquisition” chain;

¢ Trigger threshold study

o Self-trigger mode

e Track reconstruction

t IS
performances; - r
¢ Gd doping: flexibility and photodetection and
6 5 m performance. electronic solutions for

LARGE detectors
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WP3: DETECTORS

Complementarity between the techniques

Outstanding physics goals

GLACIER | | LENA M i) MEMPHYS
Total mass 100 Kton ™  sokton 1 500 Kton

0.5X103y s 1.2X 1035y

p->emr’inioy € = 45%, ~1 BG event € = 17%, ~1 BG event

1.1X 1035y 0.4X1035y 0.15X 1035y

p->vKinioy ¢ = 97%, ~1 BG event & = 65%, <1 BG event e = 8.6%, ~30 BG events

38500 (all flavors)

(64000 if NH-L mixing) 20-000 (all flavors) 194000 (mostly vep->en)

SN cool off at 10 Kpc

Sn in Andromeda 7 - (12 if NH-L mixing) 4 events 40 events
SN burst at 10 Kpc 380 ve CC (flavor sensitive) ~ 30 events ~ 250 v-e elastic scattering
DSN 50 20-40 250 (2500 with Gd)
Atm. neutirnos ~1100 events/y 5600 events/y 56000 events/y
Solar neutrinos 324:000 events/y ? 91:250'000/y

Geo-neutirnos 0 ~ 3:000 events/y
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AASK 1 Underground infrastructures and- o | Continue discussion on the technical
Engineering, Safety, environmental and | feasibility of the infrastructure

h socio-economicissues ‘

| Refine estimation of the costs and of the
: realization time of the infrastructure

Contacts with general public,
relevant authorities and press

TASK 2-
Science Impact
and Outreach

Refinements of the scientific
reach of the infrastructure

Synergies with the European Strategy
for Particle Physics and CERN

MEMPHYS

TASK 3 -
Overview of the LENA
detector option

GLACIER

Prepare the next steps towards
the construction of a large
neutrino observatory

Profit of contacts and
exchanges with communities
operating in existing DULs

research infrastructure
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WP1: LOCATIONS

* 7 proposed locations
FINLAND

Pyhisalmi Mine is located in Pvhijiam (Holy Lake), 450 kin north
of Helsinki and 150 km south of Oulu, has expressed its interest to
be chosen as one of the locations for the underground laboratory.
Ttis the ldest operating metal mine in Finland and the decpest
in Europe, and is currently vwned by Inmet Mining Corporation

2

is aiready located ir: the mire,

FRANCE

Anundergronnd laboratory LSM“Laboratoire Sonterrain de Modane™,
is presently Incated along the 1réjus road tunnel between France and
Ttaly. This Taboratory, in aperation sinee 1982, is hosting two particle

physies experiments requiring an extremely low-hackground
cnvironment to study neutrine properties and looking for Dark Matter

The extension of the laboratorv considers the construetion of very large

underground caverns to host the TAGIYA detectors,

GREAT BRITAIN

Boulhy is a salt, potash and ather minerals mine located in Cleveland
North last England, on the coast, 20 km north of the town of Whilby
The mine is run by Cleveland Potash 140, Openad in 2003, the Parke:
underground laboratory, at 1100 m depth and with 1000 m* of space.,
has housed a series low background pa i

aimed at searches for Dark Matter. The po: y

because of a new commitment bv the mine to extend workings to
decper levels that will give aceess to strong, hard vock, notably
dulomite and anhydrile, that have potential Lo suslain the envisiuned
large caverns,

st in i mountain relicf in the
) in TTmbria, was chosen teoalle
of the existir ino heam (rom CER
Sassn National Lahoratory. The lalorator y

@ mountain with a skope, which perniit - overburden with
harizontal aceess tunnel, The Tmbrta site was sclected for ahsence
of significant groundwater cireulation in the rock mass and
protecting wildlife and environmentally controlled arca.

POLAND
The Polkowice-Sieroszowice mine is located in the south-western
ave. The mine belongs to KGIIM Polska
A. — the holding of copper ines and metallurgic

ROMANIA

Slanie-Prahiova is located in the outer Carpathians area (Prahova
County), 40 km NE of Ploiesti in Romania. The Unirea salt mine,
one of the Slanic mines, is administrated by SALROM SA. Very
large caverns 30m wide and 35m high, dug in salt, are presently
axisling and a low background laboralory was suecessfully inslalled
in one of the caverns. A new dedicated cavern dug in salt would be
prepated for the TAGUNA project.

SPAIN

“The Canirane Undergronnd Laboratory (1L8C, “Labaraloria
Subterrdanee de < is located in the Spanish sidi: of the
Pyrences, under the raountain of “Kl Tohazo™ and has an ongoing
particle physies programme aimed at vers o biekeround
experiments for the studies of neatrina praperties and search for
Dark Matter. The current laboratory can be accessed via the
roadway or railway tunncls. The extension of the laboratory
considers the excavation of verv large underground eaverns to
host the LAGUNA detectors,

M. Marafini - APC -Paris

_Eesti

L Estona
 Latvija
Latvie

Lietuva
Lhuania

- Netherlands

_Belgic  Deutschland
Belgique n -
Belgium

2300 Km

/
CENTRE FOR UNDERGROUND
F-vSICS In PYHASALM MINE

Unirea
Salt Mine

1456 Km




LAGUNA@BOULBY s

m BOULBY Potash - Salt Mine
Underground Laboratory

\ Great Britain
} 1050 Km form CERN

.. 1400 m depth

M GLACIER
@ LENA

0 MEMPHYS

~ Nederland
Nethertands

Bolil! D'uh hl.l d

Laguna Meeting - December, 8t 2009
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r Laboratoire Souterrain
um de Modane

France

130 Km form CERN
4800 w.m.e. depth

M GLACIER
& LENA
& MEMPHYS

.mna
' |Nethertands Polska
o Bgic  Deutschiand foeng

Bk e Dot
A S " Eaakh Rep
:

ULISSE: extension program
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LAGUNA@LSC

/R;T\; LSC Laboratorio Subterraneo
_A de Canfranc

Laboratorio Subterrdneo de Canfranc

Edificio sede y laboratorios externos
6 3 0 Km fro m C E RN Direccién y Gerencia Superficie: 1.821 m? (2.115 m? construidos)

Seguridad y Calidad Edificio terminado: Final 2010
900 m d e Pth 16 despachos para usuarios cientificos  Coste del edificio:  2.003.974.32 € (+1VA)
7 despachos para personal técnico 1/6/09  Adjudicacién definitiva a SACYR

4 laboratorios dedicados i
Taller mecanico y Almacén 8/7/09  Inicio de la construccion

Sala reuniones
Biblioteca

™M GLACIER -
M LENA
& MEMPHYS

Belaié  Deutschland
Belgiaue  Gemany -

Laguna Meeting: right now!!!!

M. Marafini - APC -Paris
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LAGUNA @PYHASALMI

y 7 Pyhisalmi Mine
c=wrer o= unorraronne. Center of Underground physics

B 4YSICS IN PYHASALMI M NE

& 2300 Km form CERN

- Nederland
Netheriands Polska

. Poland
3 i¢  Deutschland
s ORI

Belgium Ceska Rep

Laguna Meeting - September, 2"¢ 2009
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LAGUNA@SUNLADB

SUNLAB - Salt Mine

Poland
950 Km form CERN

& © GLACIER: 600-1100 m
. ™ LENA: 1370 m horiz.

) MEMPHYS

Nederland
Netheriands

; e, Deutschiand
m?q 5 .

Laguna Meeting - March, 315t 2009

M. Marafini - APC -Paris




http://laguna.ethz.ch

LAGUNA@UNIREA

@

< UNIREA - Salt Mine

EAPIN-HH—
Sl
o

Romania
1456 Km form CERN

wer e . 1600-750 w.m.e. depth

™ GLACIER
O LENA
0O MEMPHYS

rlands.
Belgie  Deutschland i
Beigique  Germany -~ -
Ceska Rep

Laguna Meeting - November 2008
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LAGUNA@CASO

CASO: Umbria
green field

ital
2 659 Ko CERN

=Y 600 m

™ GLACIER
O LENA
0O MEMPHYS

ands Polska
Belgic  Deutschiand
Bﬁlg?q
Belgium
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WP1: LOCATIONS hitps/laguna.cthr.ch
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TASK 1 Underground infrastructures and o | Continue discussion on the technical
Engineering, Safety, environmental and | feasibility of the infrastructure

socio-economicissues
| Refine estimation of the costs and of the

realization time of the infrastructure

Contacts with general public,
relevant authorities and press

TASK 2-
Science Impact
and Outreach

Refinements of the scientific
reach of the infrastructure

T ——————————— hgs
& | Synergies with the European Strategy I \
| for Particle Physics and CERN

MEMPHYS

TASK 3 -
Overview of the LENA
detector option

GLACIER

Prepare the next steps towards
=  the construction of a large
neutrino observatory

Profit of contacts and
exchanges with communities
operating in existing DULs

research infrastructure
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WP2: OUTREACH & at'L'swth'rﬂphsfs"

hep-ph/0603172

Possible realization of a neutrino
beam in Europe at CERN. Study of
performances at the different

underground sites. Beta Beam (P. Zucchelli: Phys. Lett. B532:166, 2002)

M. Lindroos M. Mezzetto, “Beta Beams”, Imperial College Press, 2009

SuperBeams - SPL v beam at CERN :

lon production Acceleration Neutrino source
Beam to experiment

@ A 3.5 GeV, 4MW Linac: the

SPL. Proton Driver Acceleration to final energy

A liquid mercury target station PS & SPS

' (or mayb.e Carbon, follc.)wmg lon production Existing!!! Decav rin
SPLv, A. Longhin recent studies) ISOL target & lon v ring
—Betav, (Ne') capable to manage the 4 MW source Neutrino 1PP= 1500 Tm
proton beam. R&D required. Beam preparation Source E:NSJOO i

A conventional neutrino beam ECR pulsed Decay |Ls="2500m
SHe: v =100

optics capable to survive to Jon acceleration Ring |+
the beam power, the radiation Linac, 0.4 GeV Ne: y =100
and the mercury. Already

prototyped. Acceleration to

medium energy .
A sophisticated close detector RCS, 1.5 GeV 8.7 GeV

to measure signal and
backgrounds. e 7, generated by He®, 100 uA, = 2.9 - 10% ion decays/straight session/year.

A megaton class detector @ v, generated by Ne!8, 100 A, = 1.1-10'® jon decays/straight session/year.

SPL Vu

v/m?/20 MeV/yr

Beta {/e (Hes)

under the Frejus, L=130 km: Mauro Mezzetto (INFN Padova) Memphys and LBL neutrino physics Boulby Mine, 09/12/09 19 / 39

Memphys.

Mauro Mezzetto (INFN Padova) Memphys and LBL neutrino physics Boulby Mine, 00/12/09 14 / 30 htt://l na.ethz .Ch
M. Marafini - APC -Paris




MANAGEMENT

TASK 1 Underground infrastructures and o | Continue discussion on the technical
Engineering, Safety, environmental and | feasibility of the infrastructure

socio-economicissues
| Refine estimation of the costs and of the

realization time of the infrastructure

Contacts with general public,
relevant authorities and press

TASK 2-
Science Impact
and Outreach

Refinements of the scientific
reach of the infrastructure

Synergies with the European Strategy
for Particle Physics and CERN

MEMPHYS

TASK 3 -
Overview of the LENA
detector option

GLACIER

T repare the next steps towards
the construction of a large
- neutrino observatory

Profit of contacts and
exchanges with communities
operating in existing DULs

research infrastructure
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TIME SCALE

WP1 Management

WP2 Underground
infrastructure and
engineering

WP3 Safety,
environmental and
sOCilo-economic issues

WP4 Science impact
and Outreach

M. Marafini - APC -Paris

Activity Name

WP1L — Management
First year regort

Final report
LAGUNA general meetings
Hickoff mesting
General mesating 1
Ganaral mesting 2
General mesting 2
‘General mesting 4
General mesting &
Final meeting
WP2 — Underground
nfrastructures and

engineering
Feasibility siudy for CUPP/Fyhassimi

Feasioiity study for Fréjus
Feasioiity study for Boulby
Feasioiity study for CNGS off-axis
Feasioiity study for SUNLAS
Feasioiity study for IFIN-HH site
Feasioiity study for LSC

Site impact of underground assemicly of large

undesground tanks

WP3 — Safery, environmental

and socio—economic issues

Assessment of hazards events and risk analysis BU2E6MED
Safety and monitoring of large-scale tanks 11/24/00
Eite impact of howd procurement and tank filling FINTFD
Final study on safety and emvircnmental issues EXEFETLL]
Socio-economic imeact of thve research 4/9/10
infrastructura on the sites

WP4 — Science impact and szann
Dutreach

Theoratical actvites supporting exoenmeantal

imvestigatons

Cptimizaton of e physics potental of e

mesearch infrastructurs
Education and Cutreach

Synergy with Eurcpean Strategy for Partcle
mhysics and with CERM

£1&.00

S£15.00

S£15.00
115.00

AleJlJlAlSlOlNlD

hd

&.,081.00

NG R e

HREERE

[o]raf o] [ ]= [=]m]




TIME SCALE

WP1 Management

WP2 Underground
infrastructure and
engineering

WP3 Safety,
environmental and
soclo-economic issues

WP4 Science impact
and Outreach

M. Marafini - APC -Paris
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WP1: Criteria for site prioritization

Physics -> What advantage does the site procure for proton decay
searches? for neutrinos astrophysics? for long baseline neutrinos?

Technical, geotechnical-> Rank of detector option in terms of geo
technical feasibility? of excavation cost? construction cost? timescale?
rank feasibility?

H&S -> Rank safety plan during excavation? during tank+detector
construction? during operation? during decommissioning? what are the
main risks?

Liquid -> Can the million ton of water be procured? 100 ktons LAr?
50 kton LScint?

Economic, political -> Level of local, regional and national support?




TIME SCALE

WP1 Management

WP2 Underground
infrastructure and
engineering

WP3 Safety,
environmental and
soclo-economic issues

WP4 Science impact
and Outreach

M. Marafini - APC -Paris

http://laguna.ethz.ch

WP2

e freeze choice and location of detector in each site

» shift focus from feasibility for infrastructure, tank
design, tank construction, costing, timescale..

WP3

e Time schedule presented for liquid procurement &
socio-economic impact
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CONCLUSIONS

ApPEC Road Map 2008: The priority project in this field is a new giant underground
observatory which has to be global in nature and has to follow worldwide coordination and cost
sharing. A common FP7 design study, LAGUNA, is presently underway. It evaluates
three detection techniques: water Cerenkov detectors, liquid scintillator detectors and liquid
argon imaging detectors. The study will also address the costs of underground infrastructures in

several potential locations in Europe.

We recommend an additional coherent effort to complete the detector R&D
programs that could not be fully supported within the FP7 Design Study. The design
study should provide, on a time scale of 2010, the key elements of the discovery potential for the

different options and sites and then converge to a common proposal.

M. Marafini - APC -Paris
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CONCLUSIONS

GLACIER: a long work of R&D in progress;

LENA: some new results with beam reconstruction and
choice of the scintillator;

MEMPHYS: work of R&D in progress for the electronic and
light sensor systems;

The studies carried on for the three experiment are made in contact-
collaboration with the other groups in the world and are “interesting” in
the context of an internationals collaboration.

M. Marafini - APC -Paris
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CONCLUSIONS
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WP1: LOCATIONS

Muons Flux on the detector

10000 \\ —&— Muons Flux

1000

Depth (meters)

100000

100

10

1
1000

BOULBY MINE

0.1
ST GOTHARD

Muons Frequency in the detectror [Hz]

GRAN SASSO
(FINLANDE)

v FREJUS

MONT BLANC

Depth [m.w.e.]

E
=

— Muon rate
=)
S
»Less background; 1
®Less dead time; 59102

ol 500 | oo -®Less muon spallation; 8.9
0.2

SUDBURY

AR\ (L ANNRRI RRERAI RRRRRI RRRRAIT RRRRRT

Depth (meters of water equivalent)

Work in progress for muon interactions in the
rock, multiples backgrounds, depth and
latitude studies for reactor and atm neutrinos
bkg and matter effect in the earth.
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PHYSICS WITHOU'T
ACCELERATOR

Ee 6+ + 7T 0 “Golden Channel”
|

LAr, Scin. better then
Y H>0 (K below C. thr).

+

e
< >

H-O better then ‘ : :
. Deep-TITAND '
; LAr, Scint. 10yrs

' Deep-TITAND + Gd ! HK
~12yrs 10 years

-

o
[
~

combi
sensitiyity

SK
SK-1 limit2020
141
3 2.Bxk1‘gr” yrs (30%C

\

ey
o
W
D
=y
o
w
o

SK-1 + SK-Il limit

141ktyr33
82 x 107 yrs (90%CL)

[ifetime (years)
3
&
~ Partial Lifetime (years)

Normal cut: 90%CL
= 3c CL
=== Tight cut + n-tag: 90% CL
— 3c CL

2 At NNNo8 (and 09) SK showed
improvement in this channel

NNNogi Masato Shiceaws, - Nudeon,,d b Haruki Nishino (/CRR, University of Tokyo)
searchesNucleon decay searches

[ § (] 1

M. Marafini - APC -Paris




PHYSICS WITHOU'T
ACCELERATOR

H-O better then

" Deep-TITAND + Gd
~12yrs

SK-1 + SK-Il limit

141ktyr33
82 x 107 yrs (90%CL)

SK

Normal cut:

90%CL
30 CL

=== Tight cut + n-tag: 90% CL
—

30 CL

LAr, Scint.

NNNo09: Masato Shiozawa - “Nucleon decay
searchesNucleon decay searches”

M. Marafini - APC -Paris

LAr, Scin. better then
Hs0O (K below C. thr).

NEW SIZE STUDIES!

30% more fiducial volume

=> 572 ktons:
90% CLIlimit for the life time
=>1.410% ys




PHYSICS WITHOUT  QUJPERNOVA
ACCELERATOR COLLAPSE U

Galactic SN: Huge statistics => spectral analysis: :
S Phe Evidence up to ~ 1 Mpc
in energy -
in flavor composition

Supernova neutrinos in 100 kton of water

Galaxy Edge LMC Andromeda
_.y_g T T

Galactic
Center

o¥
o FM31, M33
Number of events

N
i

Ty T T T T Ty

IIHHI_I—ITI'ITH]

ITI'II|II

102

Distance to supernova (kpt1:)0

Fogli et al., hep-ph/0412046

Number of events/0.4 Mton

Access to =>

@ SN explosion mechanism: shock waves, neutronization burst
@ Neutrino production parameters: rate, spectra
Histancel(tne) @ Neutrino properties

M. Marafini - APC -Paris




PHYSICS WITHOUT  QUPERNOVA
ACCELERATOR COLLAPSE U

The probability of observe  rToGATION Latitide | Longitude | Sh.Prob, Earth
matter effect in the earth with 75 77 00 Finland | 63.66°N | 26.08° 0.581

explosion supernova neutrino Fréjus, France 43.43°N G472 0.568

depends on the latitude. Boulby, England 54.56°N | -0.083° 0577

Kamioka, Japan 36.27° N 137.3° 0.560
Canfranc, Spain 42.7° N -0.52° 0.568
South Pole 90°S 0° 0.414

the best location is the norther;
the effect is extremely light;

comparison measurements are possible if we take in account
a not-showed detector in South Pole and one showed in Europe

| LOCATION || Pyhas. | Fréjus | Boulby | Kamioka | Canfr. | South P. ||

Pyhasalmsi — 0.052 | 0.038 0.157 0.059 0.353
Fréjus 0.065 — 0.036 220 0.013 0.307
Boulby 0.042 | 0.028 — 0.198 0.027 0.332

Kamioka 0.179 | 0.230 | 0.216 — 0.238 0.290
Canfranc 0.073 | 0.014 | 0.036 0.229
South Pole || 0.519 | 0.461 | 0.495 0.435

o)
k|

M. Marafini - APC -Paris



PHYSICS WITHOUT  QUJPERNOVA
ACCELERATOR DIFEUSE U

Small signal over very large bkg: with Gd

without Gd ! ___SRN(LH.,P,=0).
i --—SRN(N.H.)
- _ _invisible w
I ....atmosp.7 _

- ".T:T—redctgri,/

Decay e from" invisible p”
Atmospheric V.

Reactor (E <10 MeV)

“spallation-cut

P
n,.

v
p,\

N T S Adding Gd *.. G
C 5 1015 20 25 30 35 40 45 50 ..to I‘e]eCt /\
E'“ (Mev) the not byM Nakahata

Fogli et al.
JCAP 0504:002,2005

—

0 S 101520253035404550

Eym (MeV)

events/4 years/5MeV/0.4 Mton

c
(o]
3
=
<
2
>
L
=
fp]
~
o
| .
o)
5]
>
v
N
%)
.
c
[i5]
>
Li5]

MEMPHYS could see the SRN in few years!
* PRLI3, 2004

Direct measurement of

emission parameters possible.

Yuksel et al.,
astro-ph/0509297
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PHYSICS WITHOU'T SUPERNOVA

ACCELERATOR DIFFUSE U

Latitude study for diffuse Supernova
The Atmospheric neutrino neutrino background

flux depends from the latitude Site

Latitude (N)

Satm

Kamaioka, Japan
v, Pyhasalmzi, Finland

<« Fréjus, France

36.27°
63.66°
43.43°

1
248,
1.5

Dependence of the total atmospheric neutrino flux below 60 MeV on the
detector location. The scaling factor satm compares the flux to the one at the

Kamiloka site.

less invisible muons;
less electronic anti-neutrinos;

-2 TO DO: Reactor neutrinos in a
complete calculation
(collaboration with Kai Loo..)
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PHYSICS WITH SUPER BEAM

@ A 3.5 GeV, 4AMW Linac: the
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L5 yrs v-data, 99% CL (2 d.o.f.)

A liquid mercury target station
(or maybe Carbon, following
A. Longhin recent studies)
capable to manage the 4 MW
proton beam. R&D required.
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test point 2

A conventional neutrino beam
optics capable to survive to
the beam power, the radiation
and the mercury. Already
prototyped.

A sophisticated close detector
to measure signal and
backgrounds.
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A megaton class detector
under the Frejus, L=130 km:
Memphys.

Mauro Mezzetto (INFN Padova) Memphys and LBL neutrino physics Boulby Mine, 09/12/09 14 / 39

A combination with atmospheric data resolve -3 degeneracy hep-ph/0603172

Possible realization of a neutrino
beam in Europe at CERN

M. Marafini - APC -Paris




PHYSICS WITH BETA BEAM

Beta Beam (P. Zucchelli: Phys. Lett. B532:166, 2002)

M. Lindroos M. Mezzetto, “Beta Beams”, Imperial College Press, 2009
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e 7, generated by He®, 100 uA, = 2.9 - 10 ion decays/straight session/year. B N = o | e e
e v, generated by Ne'®, 100 A, = 1.1- 10 ion decays/straight session/year. 0 /2 11 30/2 o

Mauro Mezzetto (INFN Padova) Memphys and LBL neutrino physics Boulby Mine, 09/12/09 19 / 39 true 6(,]) at LSM

A combination of both super and beta beams is possible. 1., /0603172

Possible realization of a neutrino
beam in Europe at CERN

M. Marafini - APC -Paris




