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1.  Longest	  baseline	  (2300	  km),	  CERN	  -‐>	  Lar@Pyhäsalmi:	  

matter	  effect;	  mass	  hierarchy,	  LCPV	  [SPSC-‐EOI-‐007]	  

2.  Shortest	  baseline	  (130	  km),	  CERN	  -‐>	  W-‐Ch@Fréjus:	  	  	  	  	  

no	  matter	  effects;	  clean	  measurement	  of	  LCPV	  

LAGUNA-‐LBNO	  (2011	  -‐	  2014)	  
A	  very	  long	  baseline	  neutrino	  oscillation	  experiment	  in	  Europe.	  
[talk	  by	  T.Patzak]	  	  
Two	  main	  options	  foreseen	  in	  the	  DS:	  

3	  

Technical	  and	  simula.on/
physics	  studies	  on	  
MEMPHYS@Fréjus	  
•  are	  a	  commitment	  with	  EU	  
for	  the	  LAGUNA-‐LBNO	  DS	  

•  can	  be	  useful	  for	  other	  
projects	  envisaging	  Mton-‐
scale	  	  W-‐Ch	  detectors	  

Cern 

Fréjus 
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MEMPHYS	  
Megaton	  Mass	  PHYSics	  
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The	  MEMPHYS	  detector	  

@Laboratoire	  Souterrain	  de	  Modane	  –	  Fréjus	  
130km	  from	  CERN	  ,	  4800	  m	  w.e.	  	  

Detector	  design:	  
• 	  2	  cylindrical	  	  modules	  	  65m	  x	  100m	  

	  (size	  limited	  by	  light	  attenuation	  
length	  	  (λ~80m)	   	  and	  pressure	  on	  PMTs)	  
• 	  Total	  fiducial	  mass:	  	  540	  kt	  
• 	  Readout:	  130000	  12” PMTs,	  
20%	  geom.	  coverage	  
	  	  
Water	  Cherenkov	  is	  a	  well	  proven	  technology	  	  
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OVERVIEW	  ON	  PHYSICS	  POTENTIAL	  
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MEMPHYS: interactive  µ+500 MeV 

–  Neutrino	  interactions	  in	  water	  simulated	  with	  GENIE	  
–  Full	  detector	  response	  simulation	  with	  Geant-‐4,	  with	  	  detailed	  and	  flexible	  

detector	  geometry	  description	  	  
–  Full	  analysis	  with	  realistic	  algorithms	  (à	  la	  T2K):	  PID,	  momentum	  reco	  
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MEMPHYS	  simulation	  and	  analysis	  
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Neutrino	  ENERGY	  RECONSTRUCTION	  
	  
	  

€ 

Eν =
mnEµ −m

2
µ /2

mn − Eµ + pµ cosθµ

Neutrino	  momentum	  is	  derived	  from	  lepton	  energy	  and	  direc.on,	  assuming	  a	  2-‐body	  process	  
	  

θμ	  Eν	  
Eμ	  

n	  

Above	  ~300	  MeV,	  pion	  produc.on	  contribu.on	  induces	  a	  tail	  in	  reconstructed	  energy	  

290 MeV 
νµ 

840 MeV 
νµ 

QEL 

Non-QEL 

“MigraAon	  matrices”	  from	  true	  to	  reconstructed	  v	  energies	  	  

JCAP	  1301	  	  
(2013)	  024	  	  
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PHYSICS	  POTENTIAL	  
	  
	  

Using	  the	  MM	  in	  GLOBEs	  :	  CPV	  discovery	  frac.on	  +	  impact	  of	  systema.cs	  
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Phys.Rev.ST	  Accel.Beams	  16	  (2013)	  061001	  
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ENGINEERING	  AND	  TECHNICAL	  
CHALLENGES	  
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MEMPHYS	  @	  Fréjus	  	  
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Laboratoire	  
Souterrain	  
de	  Modane	  



-‐	  ACCESS	  TUNNEL	  LAYOUT	  	  

	  

	  

	  	  

-‐	  HANDLING	  AND	  STORAGE	  SOLUTIONS	  

	  

	  

	  

-‐ 	  APPLICATION	  OF	  SPRAYED	  WATERPROOFING	  

	  MEMBRANE	  INSTEAD	  OF	  STAINLESS	  STEEL	  

	  INNER	  LINING	  	  

MEMPHYS	  @	  Fréjus	  :	  EXCAVATION	  
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MEMPHYS	  @	  Fréjus	  :	  COSTRUCTION	  

-‐	  LINING	  SYSTEM	  AGAINST	  DEFORMATIONS	  

	  

	  

	  	  

-‐	  DOME	  SUPPORT	  STUDIES	  	  

	  

	  

	  

	  

-‐	  ROCK	  BOLTING	  SOLUTIONS	  	  	  
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Water	  will	  come	  
from	  Acquedotto	  
di	  Susa	  system.	  	  

THE	  PROJECT	  
Fire	  water	  pipeline	  in	  the	  future	  Fréjus	  tunnel	  	  
	  
-‐Diameter	  of	  250mm	  	  	  
-‐only	  gravity	  ,	  0.5%	  slope	  	  
=	  	  250	  m3/h	  	  	  
	  
è	  6	  months	  for	  the	  global	  filling	  

MEMPHYS	  @	  Fréjus	  :	  WATER	  FILLING	  

Rock	  temperature	  ~	  29°	  
	  

	  Purification	  and	  
cooling	  are	  needed	  

Water	  Requirements	  for	  MEMPHYS	  
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MEMPHYS	  @	  Fréjus	  
WATER	  PURIFICATION	  +	  TEMPERATURE	  CONTROL	  
Purifica.on	  concept	  :	  two	  separate	  units	  :	  
1.  one	  for	  filling	  -‐	  takes	  water	  aaer	  	  sand	  filtra.on	  from	  Aquedoco	  di	  Susa	  

Bardonecchia	  potabiliza.on	  plant	  and	  removes	  solid	  par.cles,	  dissolved	  salts,	  
organic	  components.	  

2.  one	  for	  re-‐circula.on	  -‐	  remove	  Bacteria,	  TOC,	  Radon	  and	  Oxygen.	  Full	  volume	  in	  
~1	  month.	  ALSO	  USED	  TO	  REMOVE	  THE	  HEAT	  
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Yann Colaitis – APC Laboratory!

Photomul.pliers	  organized	  in	  4x4	  matrices	  (see	  later)	  

Problems	  of	  fastening	  	  

Support	  structure:	  

Technodyne International Ltd.!

T-‐profile	  

L-‐profile	  

MEMPHYS	  @	  Fréjus	  :	  PMT	  PANELS	  	  
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DETECTOR	  OPTIMIZATION	  AND	  	  
PMT	  DESIGN	  STUDIES	  	  
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PHOTOMULTIPLIERS	  

8”	  

10’’	   12’’	  

Hamamatsu	   R5912	   R7081	   R11780	  

Diameter	   8”	   10”	   12”	  
Dark	  rate	  (@25°	  C)	   4	  kHz	   7	  kHz	   10	  kHz	  
Quantum	  eff.	  (@390	  nm)	   25%	   25%	   22%	  
Number	  	  
(2tanks,	  30%	  cov.)	  

462	  k	   273	  k	  
	  

206	  k	  
	  

Production	  Time	   18	  y	   11	  y	   8	  y	  

In	  principle,	  High	  Quantum	  Efficiency	  (HQE,	  32%	  at	  peak)	  PMTs	  will	  be	  available	  	  

For	  an	  energy	  threshold	  of	  4-‐5	  MeV,	  opAcal	  coverage	  of	  ~30%	  is	  required	  [arXiv:1204.2295]	  

10”	   12”	  
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LIGHT	  CONCENTRATORS	  
A	  standard	  solution	  to	  decrease	  the	  number	  of	  PMTs,	  	  

based	  on	  experience	  from	  other	  experiments	  (Borexino,	  SNO)	  and	  the	  LBNE	  project	  

Expected	  LY	  gain	  ~50%	  	  
	  Possibility	  to	  reduce	  

the	  geometrical	  coverage	  	  

19	  

~	  14.1	  
cm	  r~16.3	  

cm	  

r~22.8	  
cm	  

Light	  
Concentrator	  

PMT	  

Encapsulation	  
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From	  the	  full	  simulation	  :	  	  
Gain	  factor:	  	  NpeLC/NpenoLC	  =	  1.5	  

RESULTS	  :	  
Structure:	  plastic	  (acrylic)	  cone	  +	  metal	  (Al,	  Ag)	  coating	  	  
Ag	  compatible:	  already	  used	  for	  many	  years	  in	  Borexino	  –	  CTF	  	  
Al	  not	  compatible:	  need	  of	  additional	  protective	  coating	  



Simulation	  of	  different	  configurations	  	  

In	  principle,	  30%	  effective	  coverage	  is	  reachable	  by:	  

  30%	  geometrical	  coverage	  (~	  100k	  PMTs	  per	  tank)	  

  20%	  geometrical	  coverage	  (~	  66k	  PMTs	  per	  tank)	  +	  LC	  (~	  1.5	  gain)	  

  15%	  geometrical	  coverage	  (~	  50k	  PMTs	  per	  tank)	  with	  High	  Quantum	  
Efficiency	  (HQE)	  photocathodes	  (~	  1.5	  gain)	  +	  LC	  (~	  1.5	  gain)	  	  

	  

another	  option	  that	  can	  be	  considered	  (gain	  x1.5)	  

  20%	  geometrical	  coverage	  (~	  66k	  PMTs	  per	  tank)	  with	  High	  Quantum	  
Efficiency	  (HQE)	  photocathodes	  (~	  1.5	  gain)	  +	  LC	  (~	  1.5	  gain)	  

	  

These	  configurations	  have	  been	  tested	  with	  the	  full	  detector	  simulation	  
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CONCLUSIONS	  on	  PMT	  choice	  

•  In	  terms	  of	  effective	  coverage,	  30%	  geometrical	  coverage	  is	  equivalent	  to	  
20%	  geom.	  coverage	  +	  LC	  and	  15%	  geom.	  coverage	  +	  LC	  +	  HQE	  
photocathode,	  but	  the	  number	  of	  PMTs	  is	  reduced	  by	  a	  factor	  2	  !	  

•  Vertex	  reconstruction,	  direction	  reconstruction,	  particle	  identification	  (at	  
680MeV)	  are	  not	  affected	  by	  different	  instrumentation	  configurations	  	  

•  The	  use	  of	  LC	  improves	  response	  uniformity	  and	  thus	  energy	  resolution	  

Hamamatsu	   R11780	   R11780	  

Diameter	   12”	   12”	  

Dark	  rate	  (@25°	  C)	   10	  kHz	   10	  kHz	  

Quantum	  eff.	  (@390	  nm)	   22%	   32%	  

Geometrical	  coverage	   20%	   15%	  

Number	  (2tanks)	   130	  k	   103	  k	  

Production	  Time	   5y	   4	  y	  

Cost	  (transportation	  included)	   195	  M€	   170	  M€	  
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Grouped	  PMT	  readout	  

•  To	  reduce	  cost	  and	  complexity	  :	  grouped	  PMT	  supply	  and	  readout	  card	  
(PMm2	  R&D)	  

•  16	  PMTs	  with	  1	  cable	  for	  HV	  supply	  and	  readout,	  1	  card	  for	  signal	  shaping	  
and	  discrimination	  (ParisROC@Omega)	  

B.	  Genolini	  et	  al.,	  NIM	  A610,	  249	  (2009)	  
G.	  MarAn-‐Chassard	  et	  al.,	  NIM	  A623,	  492	  (2010)	  
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MEMPHYNO:	  A	  Test	  Bench	  for	  new	  
readout	  and	  DAQ	  solutions	  
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25	  

THE	  PMm2	  MATRIX	  in	  MEMPHYNO	  

2x2x2m3	  water	  
	  
hodoscope	  
top/bocom	  
with	  XY	  reco	  
(2+2	  planes)	  
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Cherenkov	  Light	  Signals	  
from	  cosmic	  muons	  

26	  

THE	  PMm2	  MATRIX	  in	  MEMPHYNO	  

Tests	  ongoing:	  .ming,	  adap.on	  to	  LAr	  
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SUMMARY	  	  

•  THE	  MEMPHYS	  DETECTOR	  @FREJUS	  	  IS	  UNDER	  STUDY	  AS	  
SECOND	  OPTION	  IN	  LAGUNA-‐LBNO	  AND	  CAN	  PROVIDE	  
USEFUL	  INPUT	  FOR	  OTHER	  PROJECTS	  

•  THE	  PHYSICS	  POTENTIAL	  IS	  ESTIMATED	  WITH	  A	  FULL	  
SIMULATION,	  «	  MIGRATION	  MATRICES	  »	  ARE	  AVAILABLE	  

•  DETAILED	  TECHNICAL	  INVESTIGATIONS	  ON	  EXCAVATION,	  
CONSTRUCTION,	  OPERATION	  

•  OPTIMISATION	  OF	  THE	  LAYOUT	  	  
•  GROUPED	  PMT	  READOUT	  IS	  AN	  EFFECTIVE	  SOLUTION	  TO	  

REDUCE	  COST	  AND	  COMPLEXITY	  
•  A	  TESTBENCH	  IS	  OPERATING	  AT	  THE	  APC	  LABORATORY	  
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