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Outline
• The MEMPHYS project

– Design
– Studies on Fréjus excavations
– Brief reminder of physics outreach
– Participation to European Design Studies  (→ cfr talk by Th.Patzak)

• Simulations of large Water Cherenkov detectors

• The PMm2 R&D programme  (→ cfr talk by G.Martin-Chassard)
– aims
– current status

• The MEMPHYNO prototype
– aims
– ongoing activity
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The MEMPHYS detector
Megaton Mass PHYSics @Fréjus
• Water Cherenkov (“cheap and stable”)
• Total fiducial mass: 440 kt
• Baseline:

3 Cylindrical modules 65x65 m
– Size limited by light attenuation length

(λ~80m) and pressure on PMTs
– Readout: 12” PMTs, 30% geom. cover

(#PEs =40%cov. with 20” PMTs)

• Installation in extension of LSM in the
Fréjus tunnel

– 4800 m.w.e overburden
– 130 km from CERN

65m

60m

Modane, France

Bardonecchia, Italy

Frejus Tunnel

Laboratoire
Souterrain
de Modane

http://www.http://www.apcapc.univ-paris7..univ-paris7.fr/APC_CS/Experiences/MEMPHYS/fr/APC_CS/Experiences/MEMPHYS/
arXivarXiv: hep-ex/0607026: hep-ex/0607026
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Excavation studies
• Preliminary feasibility study done (in 2005) for the extension of the

LSM-Fréjus Laboratory to a series of cavern of O(1M) m3

Geotechnical report and
drawings available on the

MEMPHYS web-site

up to 5 shafts
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Physics reach 1: Proton decay
One of the main motivations for the megaton Water-Cherenkov

• "golden" channel: p → e+ π0 also p → K+ + anti-ν
H2O better
than LAr, Sci

H2O not as good
as LAr, Sci

K below Ch.K below Ch.
Threshold :Threshold :
infer from decaysinfer from decays
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Physics 2: SuperNovae Core Collapse

Evidence up to ~1Mpc

Galactic SN: Huge statistics ⇒
we can do spectral analyses
• in time
• in energy
• in flavour composition

⇒ Access to
• SN explosion mechanism:

shock waves, neutronization burst
• Neutrino production parameters:

 rate, spectra
• Neutrino properties

Possibility of early SN trigger (from
event coincidence) up to ~5 Mpc

Ando et al.,
astro-ph/0503321Fogli et al.,

hep-ph/0412046
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Physics 2bis: Diffuse SN Neutrinos
Small signal over very large bkg:
• Decay e from “invisible µ”
• Atmospheric νe
• Reactor (E<~10 MeV)

MEMPHYS will see them in few years
[cfr talk by C.Lunardini]

Direct measurement of ν emission parameters possible

Can be reduced with Gd
(reject non- anti-νe )

Yuksel et al.,
astro-ph/0509297

[cfr talk by M.Vagins]
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Physics 3: ν oscillation parameters
•  good sensitivity to θ13 and δCP

with Beta-Beam (νe→νµ) or
Super-Beam (νµ→νe)

• improved sensitivity with
synergy of the two beams

130 km

good baseline for oscillations of
Super-Beam / Beta-Beam neutrinos

 in addition,
combination with
atmospheric ν's

allows to measure
sign(Δm23) and
θ23 octant

Campagne et al.,
hep-ph/0603172
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Participation to European D.S.
• LAGUNA   [cfr talk by Th. Patzak, contact person for France]

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

! Several institutions participating to WP2-Underground Infrastructures and
Engineering and WP4-Science Impact and Outreach

• EUROnu
A High Intensity Neutrino Oscillation Facility in Europe Study
! Physics performance of Water Cherenkov detector to measure neutrino

oscillation parameters with SuperBeam and BetaBeam, including detailed
response and backgrounds

! APC-Paris (A.Tonazzo: contact for WP5-France), LAL_Orsay, LAPP-Annecy, etc.

• DevDet  ?
Detector Development Infrastructures for Particle Physics Experiments
! Installation of MEMPHYNO prototype on CERN test-beam proposed

Started

Started

Submitted

(ranked 1st among FP7 Insfrastructure proposals !)
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Simulations
• Event Generator:

– NUANCE for ν beam, ν Atmospheric & Proton Decay
• Simulation:

– Version 0:
• adapted by J.E.Campagne from Geant 4 code used by M. Fechner et al. for T2K-

WC-2km. The simulation was x-checked using SK & K2K data.
includes Water & PMT & wall reflectivity optical parameters

– Current version 7:
• Interface with the OpenScientist v16r0 framework (G. Barrand@LAL)
• 3 modes of running in the same framework:

– Interactive Viewing, Batch processing, AIDA_ROOT analysis
• Event info from MC
• Primary + non-Optical photons track infos
• Hits: each PM maintain a list of arrival time of optical photons detected (i.e photo-cathod

efficiency)

• Future developments: (work in progress at APC, LAL, LAPP)
– Code review to improve the geometry implementation, clean up the patches used to adapt

the code from T2K-WC to MEMPHYS use case, improve flexibility
– Implement the electronics simulation
– Implement a Data Model to be able to do “replay” event-display
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Simulations

Studies of
light collection,
vertex reconstruction

[J.E.Campagne, N.Vassilopoulos]

Dedicated code adapted for MEMPHYNO prototype (see later)

Atmospheric nu

» Visualisation "à la SK" developed
[E.Richard - APC]
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Simulations
Ongoing and future work:

• Optimisation of test tank for PMm2 and MEMPHYNO prototype

• Comparison with MEMPHYNO data

• Studies for MEMPHYS
– different cavity geometries
– optimal overburden
– different types of photodetectors
– use of reflective or WLS paintings     .....

⇒ define realistic detector performance
⇒ detailed simulation of signals and backgrounds

⇒ use all this for physics reach studies
- on beta/super beam [in the context of EuroNu

= France's responsibility: APC+LAPP]
-  on p-decay and SN-nu, complementarity to LAr and Sci [in LAGUNA]
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R&D : PMm2
• 500k€/3yrs funded by French National Research Agency (ANR) for 2007-2010
• Participating: LAL-Orsay, IPN-Orsay, LAPP-Annecy, Photonis

PMm2 philosophy for large detectors:
Replace large PMTs (20”) by groups of smaller ones (eg.12”)

originally proposed by Photonis Co. at NNN05 )

contact: J.E.Campagne
campagne@lal.in2p3.fr



NNN08, Paris 12/09/2008 A.Tonazzo - R&D for Water Cherenkov in Europe 13

R&D: PMm2
Photodetector R&D:
• Parameter correlation studies

– Signal/Noise @1p.e. vs Dark current vs Quantum and Coll. eff.
=> what is the optimum ?

• Potting: preliminary studies done
• Glass shape optimisation for 10 bars : mechanical studies undertaken
• 12" PMTs will be produced by Photonis (new bulb designed) and

qualified by IPNO
• HV generation for 4x4 PMTs (2kV-2mA) from 1 local power supply (48V-

30W, power over Ethernet standard)
• Water tight box for the readout electronics under design
• Water pressure test facility:

– collaboration with BNL group (M.Diwan)
started after NNN07: tank from DUSEL
PMT tests will be used at IPNO

Development of PARISROC readout card
[→ see talk by G.Martin-Chassard]
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R&D : MEMPHYNO
A small scale prototype of MEMPHYS

• ~10t of water (+Gd?)

• 2x2x2m3 HDPE tank

• Matrix of 16 12" PMTs
(from PMm2 R&D)
and/or other
photodetectors
(e.g.: X-HPX)

• muon hodoscope
2+2 planes of OPERA-like
scintillator bars

APC-Paris
LAL-Orsay

LAPP-Annecy
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R&D : MEMPHYNO
Goals:

1. full test of electronics and acquisition chain with actual physics events
2. trigger threshold studies
3. self-trigger mode
4. Track reconstruction performances
5. Gd doping: feasibility and performance (if studies still needed...)

Plan:
1. Install at APC lab ("hall de montage") => cosmic muon data

• direction selected with hodoscope
• test timing, track reconstruction

2. Transport to Fréjus LSM lab
• Measure backgrounds at underground site
• Test trigger and thresholds

3. Expose to CERN beam [with DevDet European program]
• Check electron vertex reconstruction and e/pi separation

4. Back to APC
• Test Gd-doping

• for DSN detection in MEMPHYS
• for non-proliferation studies :

MEMPHYNO is a "small-scale", "portable" detector,
easy to install near reactor power plants

Test bench for
photodetection

solutions for
large detectors
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R&D : MEMPHYNO
Simulation :
• with full Geant-4 package developed for MEMPHYS, geometry adapted

to small detector and easily adaptable
• studies done for:

– optimisation of PMT configuration
– choice of wall reflectivity =>NO
– timing an tracking with muons
– threshold with electrons

µ µ

Larger time
differences
=> better reco
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R&D : MEMPHYNO
Status :
• Space allocated in APC "hall de montage"
• Trigger hodoscope bars delivered from Strasbourg
• PMTs for hodoscope ordered
• Cost estimate for tank available, ready to order
• Project partly funded by Paris-7 University
• One PhD student (Michela Marafini) working full time on it

Plans :
• hodoscope working by end 2008
• tank order around Christmas
• PMT matrix from PMm2 in spring 2009 => cosmic-mu data @ APC
• Install at LSM in fall 2009 for 6 months
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Summary and outlook
• Europe is active towards a megaton-scale Water-Cherenkov detector:

MEMPHYS
• Envisaged installation site: LSM lab @ Fréjus

Excavation feasibility pre-study done
• Physics goals:

– proton decay
– supernovae core-collapse and diffuse supernova neutrinos
– precision measurement of neutrino oscillation parameters on beams:

130 km from CERN, SuperBeam or/and Beta-Beam
• Participation in European D.S.: LAGUNA, EUROnu, (DevDet)
• Ongoing activity on simulation
• Ongoing R&D 1 : PMm2 development of PMTs and their readout
• Ongoing R&D 2 : MEMPHYNO small-scale prototype

! MEMPHYS welcomes new people
! We hope to start new fruitful collaborations at this meeting

http://www.apc.univ-paris7.fr/APC_CS/Experiences/MEMPHYS/


