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Underwater	
  neutrino	
  detector	
  

The	
  KM3NeT	
  Collabora-on	
  started	
  building	
  a	
  research	
  infrastructure	
  in	
  the	
  depths	
  of	
  the	
  
Mediterranean	
  Sea	
  hos-ng	
  a	
  new	
  genera-on	
  cubic	
  kilometer	
  sized	
  neutrino	
  telescope	
  

μ 
νμ	
  

Cherenkov light

from μ	
  

42°
Interac-on	
  
with	
  maTer	
  	
  

The	
  detector	
  is	
  a	
  3D	
  array	
  of	
  photosensors	
  sensi-ve	
  to	
  the	
  Cherenkov	
  radia-on	
  emiTed	
  
by	
  products	
  of	
  neutrino.	
  The	
  photosensors	
  are	
  called	
  Op-cal	
  Modules	
  (OM)	
  
	
  
The	
  arrival	
  -me	
  of	
  the	
  Cherenkov	
  light,	
  together	
  with	
  the	
  knowledge	
  of	
  their	
  spa-al	
  
posi-on,	
  are	
  used	
  to	
  reconstruct	
  the	
  trajectory	
  of	
  the	
  par-cles.	
  
	
  
The	
  amount	
  of	
  detected	
  light	
  can	
  in	
  addi-on	
  provide	
  informa-on	
  about	
  the	
  energy	
  of	
  
the	
  par-cle	
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  The	
  KM3NeT	
  scien-fic	
  objec-ves	
  and	
  sites	
  

The	
  modular	
  design	
  allows	
  different	
  underwater	
  layouts	
  to	
  target	
  different	
  neutrino	
  energies	
  

Two	
  main	
  marine	
  sites:	
  
-­‐  KM3NeT-­‐Fr	
  site;	
  2475	
  m	
  depth	
  ;	
  Toulon,	
  France	
  
	
  
-­‐  KM3NeT-­‐It	
  site;	
  3400	
  m	
  depth;	
  Capo	
  Passero,	
  

Italy	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Two	
  main	
  scien-fic	
  goals:	
  
-­‐  determina-on	
  of	
  the	
  neutrino	
  mass	
  

hierarchy	
  
-­‐  discovery	
  and	
  observa-on	
  of	
  high	
  

energy	
  neutrino	
  sources	
  in	
  the	
  Universe	
  

Two	
  main	
  research	
  lines:	
  
-­‐  ORCA:	
  Oscilla-on	
  Research	
  with	
  

Cosmics	
  in	
  the	
  Abyss	
  targets	
  
atmospheric	
  neutrinos	
  oscilla5ons	
  in	
  
few-­‐GeV	
  range	
  

-­‐  ARCA:	
  Astropar-cle	
  Research	
  with	
  
Cosmics	
  in	
  the	
  Abyss	
  targets	
  
astrophysical	
  neutrinos	
  above	
  TeV	
  
energies	
  

KM3NeT	
  Le)er	
  of	
  Intent,	
  J.	
  Phys.	
  G	
  43	
  (2016)	
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The	
  KM3NeT	
  detec-on	
  unit	
  

•  In	
  the	
  sea,	
  the	
  Op-cal	
  Sensors	
  (DOM)	
  are	
  suspended	
  in	
  ver-cal	
  
structures,	
  called	
  Detec-on	
  Units	
  (DUs).	
  

•  The	
  Detec-on	
  Unit	
  (DU)	
  each	
  hosts	
  18	
  DOMs.	
  	
  

•  Each	
  DU	
  comprises	
  two	
  thin	
  parallel	
  Dyneema®	
  ropes	
  to	
  which	
  the	
  DOMs	
  
are	
  aTached	
  by	
  an	
  external	
  -tanium	
  collar.	
  	
  

•  Each	
  DU	
  is	
  anchored	
  to	
  the	
  seabed	
  and	
  kept	
  taut	
  by	
  a	
  system	
  of	
  
submerged	
  buoy	
  at	
  the	
  top	
  that	
  reduces	
  the	
  horizontal	
  displacement	
  

	
  
•  ATached	
  to	
  the	
  ropes	
  is	
  the	
  electro-­‐op-cal	
  cable	
  (VEOC),	
  that	
  contains	
  2	
  

wires	
  for	
  power	
  transmission	
  and	
  18	
  op-cal	
  fibres	
  for	
  data	
  transmission.	
  	
  

•  in	
  ARCA	
  (E	
  >	
  TeV)	
  each	
  DU	
  is	
  about	
  700	
  m	
  in	
  height,	
  with	
  DOMs	
  36-­‐m	
  
ver-cally	
  spaced.	
  The	
  DU	
  horizontal	
  spacing	
  is	
  about	
  95	
  m.	
  

•  In	
  ORCA	
  (	
  E	
  ≈	
  few	
  GeV)	
  each	
  string	
  is	
  200	
  m	
  in	
  height	
  with	
  DOMs	
  ver-cally	
  
spaced	
  9	
  m.	
  The	
  DU	
  horizontal	
  spacing	
  is	
  about	
  20	
  m.	
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Mul--­‐PMT	
  digital	
  op-cal	
  module	
  (DOM)	
  design	
  

Each	
  DOM	
  is	
  composed	
  of	
  a	
  transparent	
  17-­‐inch	
  diameter	
  pressure	
  resistant	
  glass	
  sphere	
  
that	
  hosts	
  inside	
  31	
  3-­‐inch	
  photomul-pliers	
  and	
  all	
  the	
  front-­‐end	
  and	
  readout	
  electronics.	
  	
  

Advantages	
  of	
  a	
  mul--­‐PMT	
  design	
  vs.	
  single	
  large	
  area	
  PMT	
  
•  a	
  photocathode	
  area	
  almost	
  three	
  -mes	
  of	
  a	
  single	
  10”	
  PMT	
  
•  an	
  almost	
  isotropic	
  field	
  of	
  view	
  	
  
•  the	
  influence	
  of	
  the	
  Earth’s	
  magne-c	
  field	
  on	
  small	
  size	
  PMTs	
  is	
  

negligible	
  and	
  magne-c	
  shield	
  is	
  not	
  required.	
  
•  accurate	
  photon	
  coun-ng	
  
•  direc-onal	
  informa-on	
  about	
  detected	
  radia-on	
  	
  
•  rejec-on	
  of	
  op-cal	
  background	
  in	
  water	
  at	
  DOM	
  detec-on	
  level	
  

ANTARES	
  17”	
  OM	
  with	
  10”	
  PMT	
   ICECUBE	
  13”	
  OM	
  with	
  10”	
  PMT	
   NEMO	
  13”	
  OM	
  with	
  10”	
  PMT	
  

KM3NeT	
  DOM	
  with	
  31	
  3”	
  PMTs	
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DOM	
  main	
  components	
  

•  A	
  transparent	
  17-­‐inch	
  pressure	
  resistant	
  glass	
  
sphere	
  of	
  two	
  separate	
  hemispheres.	
  	
  

•  The	
  lower	
  hemisphere	
  contains	
  19	
  PMTs.	
  The	
  
upper	
  hemisphere	
  12	
  PMTs.	
  	
  

	
  
•  The	
  PMTs	
  are	
  kept	
  in	
  place	
  by	
  a	
  3D-­‐printed	
  

support	
  structure.	
  	
  
	
  
•  The	
  photon	
  collec-on	
  is	
  increased	
  by	
  20–40%	
  by	
  

a	
  reflector	
  ring	
  surrounding	
  the	
  face	
  of	
  the	
  PMTs.	
  

•  The	
  space	
  between	
  support	
  structure,	
  PMTs	
  and	
  	
  
glass	
  sphere	
  is	
  filled	
  with	
  an	
  op-cal	
  glue	
  	
  

•  The	
  gel	
  ensures	
  op-cal	
  and	
  mechanical	
  coupling	
  
between	
  PMT	
  and	
  glass	
  spheres	
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DOM	
  main	
  components	
  

•  an	
  Altude	
  and	
  Heading	
  Reference	
  System	
  
(AHRS)	
  provides	
  compass,	
  -lt-­‐	
  and	
  
accelerometer	
  data,	
  to	
  reconstruct	
  the	
  
orienta-on	
  of	
  a	
  DOM	
  in	
  the	
  water	
  

•  an	
  acous-c	
  piezo	
  sensor	
  is	
  glued	
  to	
  the	
  inner	
  
surface	
  of	
  the	
  glass	
  sphere	
  for	
  DOM	
  acous-c	
  
posi-oning	
  in	
  water	
  

	
  
•  a	
  LED	
  nano-­‐beacon	
  injects	
  calibrated	
  light	
  in	
  

water	
  to	
  illuminate	
  the	
  neighbouring	
  op-cal	
  
modules	
  above	
  for	
  -me	
  calibra-on	
  

	
  
•  An	
  aluminium	
  structure	
  provides	
  heat	
  

conduc-on	
  between	
  electronics	
  inside	
  and	
  the	
  
outside	
  

	
  
•  A	
  penetrator	
  mounted	
  in	
  the	
  upper	
  hemisphere	
  

of	
  the	
  DOM	
  contains	
  two	
  power	
  cables	
  and	
  one	
  
op-cal	
  fibre	
  for	
  data	
  transmission.	
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Into	
  Digital	
  Op-cal	
  Module	
  (DOM)	
  each	
  PMT	
  works	
  as	
  an	
  individual	
  op-cal	
  sensor	
  
•  individual	
  low-­‐power	
  ac-ve	
  base	
  
•  individual	
  integrated	
  amplifica-on	
  and	
  tunable	
  discrimina-on	
  	
  

•  High	
  voltage	
  generated	
  on	
  the	
  base	
  	
  
	
  
•  The	
  photon	
  arrival	
  -me	
  and	
  the	
  -me-­‐

over-­‐threshold	
  (ToT)	
  of	
  each	
  PMT,	
  are	
  
implemented	
  in	
  an	
  ASIC	
  (	
  “ProMiS”)	
  

•  Threshold	
  set	
  to	
  0.3	
  single	
  photon	
  
pulse	
  height	
  

•  HV	
  set	
  for	
  3x106	
  gain	
  

•  I2C	
  communica-on	
  for	
  HV	
  selng	
  and	
  
base	
  iden-fica-on	
  

•  low	
  power	
  dissipated,	
  below	
  of	
  5	
  mW	
  	
  

The	
  PMT	
  base	
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•  The	
  data	
  provided	
  by	
  the	
  PMT	
  bases	
  is	
  collected	
  and	
  sent	
  to	
  processor	
  by	
  means	
  of	
  two	
  
so-­‐called	
  Octopus	
  Boards.	
  (	
  large	
  for	
  the	
  19	
  PMTs,	
  small	
  for	
  the	
  12	
  PMTs)	
  

•  A	
  power	
  board	
  (PB)	
  provides	
  the	
  DC	
  power	
  for	
  all	
  
the	
  systems	
  inside	
  the	
  DOM	
  

•  PB	
  is	
  powered	
  with	
  12V	
  DC	
  supplied	
  via	
  the	
  
penetrator	
  connected	
  to	
  a	
  DC/DC	
  converter	
  
outside	
  the	
  glass	
  sphere	
  	
  

•  PB	
  is	
  monitored	
  and	
  controlled	
  by	
  the	
  FPGA	
  
mounted	
  on	
  the	
  Control	
  Logic	
  Board	
  

octopus	
  board,	
  large	
  and	
  small	
   pig	
  tails	
  from	
  the	
  PMT	
  bases	
  to	
  octopus	
  board	
  

Power	
  Board	
  

Octopus	
  boards	
  and	
  power	
  board	
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The	
  CLB	
  is	
  the	
  main	
  board	
  for	
  signal	
  processing,	
  communica-on	
  and	
  control.	
  	
  

The	
  Control	
  Logic	
  Board	
  (CLB)	
  

•  FPGA	
  (Xilinx	
  Kintex	
  7)	
  

•  TDC	
  channels	
  for	
  signals	
  from	
  PMTs	
  
and	
  acous-c	
  sensor	
  

•  White-­‐Rabbit	
  precision	
  -ming	
  
protocol	
  core	
  	
  

	
  
•  Laser	
  emiTer/transceiver	
  system	
  
	
  
•  The	
  CLB	
  transfers	
  the	
  data	
  to	
  shore	
  

via	
  a	
  Gb-­‐	
  Ethernet	
  network	
  of	
  op-cal	
  
fibers	
  

•  Each	
  DOM	
  in	
  a	
  detec-on	
  unit	
  communicates	
  at	
  a	
  dedicated	
  wavelength	
  
	
  
•  The	
  White	
  Rabbit	
  protocol	
  implements	
  the	
  broadcast	
  of	
  the	
  clock	
  signal	
  allowing	
  for	
  

synchroniza-on	
  of	
  all	
  the	
  PMTs	
  and	
  all	
  the	
  DOMs	
  with	
  1	
  ns	
  resolu-on	
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DOM	
  	
  mass	
  produc-on	
  	
  	
  
Over	
  80	
  elements	
  to	
  be	
  integrated	
  for	
  each	
  
DOM	
  
•  mechanics	
  
•  electronics	
  
•  sensors	
  

Five	
  integra-on	
  sites	
  are	
  involved	
  at	
  moment	
  
in	
  mass	
  produc-on	
  of	
  KM3NeT	
  DOMs.	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Date February(2016
File(name KM3NeT_INT_2015_0015DRA_DOM_Exploded_View
Author Edward(Berbee

Daan(van(Eijk
Version 13
Reviewed(by Marco(Circella

Unique'products
Batch'products

PBS Variant Description Quantity Number6in6drawing
TOP'PART
3.4.1.3.1 DEFAULT Top'hemisphere 1 1
3.4.1.10 DEFAULT Vacuum'valve 1 2
3.4.1.6.1 DEFAULT Cooling'mushroom 1 3

Primer'for'cooling'mushroom 4
3.4.1.5 DEFAULT Optical'interface'/'gel 200'gr. 5'(60,78)
3.4.1.2.2 DEFAULT Penetrator'DOM'type'10B/D 1 6

Centering'clip'type'2 1 7
Adapter'ring'2A 1 8
ORring'6A'20'x'2'viton 1 9
ORring'7A'25'x'2'viton 1 10
Profiled'washer'2'/'11mm'high'/'round'side'to'glass 1 11
Ring'din'125R16R140HVRzink'coated 1 12
Conical'spring'washer'M16RDIN'2093F'16.3'x'31.5 1 13

3.4.1.2.4 DEFAULT Grounding'cable 1 14
Hexagon'nutRDIN934RM16R 1 15

3.4.1.6.2 DEFAULT Cooling'bar 1 16
Countersunk'screw,'M5'x'12,'A2 2 18

3.4.1.6.9 DOMR0 Powerboard'cooling'gapRpad'130'mm'dia'x'0.5'mm'/'GP'1000'SF' 1 19
3.4.3.5 V2R3 Power'conversion'board 1 20

Screw'M3'x'8,'ULF'A2 11 21'(77)
3.4.1.6.7 DEFAULT Faraday'plate 1 22
3.4.3.2 V2R2R1 CLB 1 23

Power'connector'CLB 1 24
Power'ferrules 2 25
Spring'holder 1 26
Spring,'0.4'x'4'x'7,9'mm'a2'/'D21000 1 27
Nylon'bushes'3.1'x'6'x'4'mm 2 28
Aluminum'bushes'3.3'x'5.5'x'5'mm 5 29
Screw'M3'x'12,'ULF'A2 3 30
Screw'M3'x'16,'ULF'A2'(CLB'screw'for'grounding'cable)' 1 30A'(36)

3.4.1.6.6 DEFAULT FPGA'coolblock 1 31
3.4.1.6.10 DOMR0 FPGA'cooling'gapRpad'14'x'10'x'0.5'mm'/'GP'1000'SF' 1 32

Screw'M4'x'16,'din'912'A2 1 33'(80)
3.4.1.6.5 DEFAULT Fiber'tray 1 34
3.4.3.2.3.2 DEFAULT Optical'A/D'filter 1 35

Screw'M3'x'16,'ULF'A2' 3 36
3.4.3.2.3.1 WLRXXXX.XX:CHYYC/H:DOM SFP'module 1 37
3.4.1.6.11 DOMR0 SFP'cooling'gapRpad'14'x'7'x'1,5'mm'/'/'951RGP1500S30R.06002 1 38
3.4.1.6.3 DEFAULT SFP'coolblock 1 39

Screw'M3'x'20 1 40
3.4.3.1.1 V4 Octopus'board'small 1 41

Nylon'bush'4.2'x'7'x'2.3'mm 1 42
Screw'M4'x'12,'din'912'A2 1 43
Splice'protector 1 44

3.4.1.4.1.1 DEFAULT Top'PMT'structure'part'1 1 46
Silicon'mastic 47'(52,59,65)

3.4.1.4.1.1 DEFAULT Top'PMT'structure'part'2 1 48
Push'clip'black''8201040001VR' 4 49'(67)

3.4.1.7 DEFAULT Pressure'gauge 1 50
3.4.3.7.1 V2R2 Nano'beacon 1 51

Silicon'mastic 52'(47,59,65)
3.4.3.7.3 DEFAULT Nano'beacon'cable 1 53
3.4.2.6 DEFAULT PMT'ORring'[see'footnote] 12 54'(69)

PMT'base 12 55'(70)
3.4.2.3 HAMARR12199 PMT 12 56'(71)
3.4.2.1 DEFAULT Light'reflector 12 57'(72)
3.4.2.5 DEFAULT HV'fence 12 58'(73)
3.4.1.11 DEFAULT Silicon'mastic 59'(47,52,65)
3.4.1.5 DEFAULT Optical'interface'/'gel 1350'gr. 60'(5,78)
BOTTOM'PART
3.4.1.3.2 DEFAULT Bottom'hemisphere 1 61
3.4.3.6.2 DIGITAL_V1 Piezo'sensor 1 62
3.4.1.12 DEFAULT Piezo'glue'UHU'endfest'300 1 63
3.4.1.4.1.2 DEFAULT Bottom'PMT'structure'part'1 1 64

Silicon'mastic 65'(47,52,59)
3.4.1.4.1.2 DEFAULT Bottom'PMT'structure'part'2 1 66

Push'clip'black''8201040001VR' 6 67'(49)
3.4.3.6.5 DEFAULT Piezo'ORring'20.3'x'2.62'mm'silicon,'red 1 68
3.4.2.6 DEFAULT PMT'ORring'[see'footnote] 19 69'(54)

PMT'Base 19 70'(55)
3.4.2.3 HAMARR12199 PMT 19 71'(56)
3.4.2.1 DEFAULT Light'reflector 19 72'(57)
3.4.2.5 DEFAULT HV'Fence 19 73'(58)
3.4.3.1.2 V4 Octopus'board'large 1 74
3.4.1.6.4 DEFAULT Sliding'part 1 75

Nylon'bush'3.2'x'8'x'3'mm 2 76
Screw'm3'x'8''/'ULFRa2 2 77'(21)

3.4.1.5 DEFAULT Optical'interface'/'gel 2000'gr. 78'(5,60)
Spring,'0.5'x'4'x'15'mm'a2'/'D21220 6 79
Screw'm4'x'16'/'din'912'a2 1 80'(33)

CLOSED'DOM
3.4.1.8 DEFAULT Sphere'sealant'Terostat 1.2'm 81
3.4.1.9 DEFAULT Tape'Scotchrap'50'/'25.4'width 4'm 82
3.4.1.1.1 DEFAULT Collar 1 83

Backspacer 2 84
3.4.1.1.4 DEFAULT Bolt'titanium'gr'5'M6'x'25 6 85

Insert'foot'Skiffy'049'1600'114'07' 4 86
3.4.1.1.5 DEFAULT Nut'titanium'gr'5'M6 2 87
Footnote:(
PMT(support(structure(type(B(needs(the(following(PMT(O5ring:(56.82(x(2.62(silicon,(red(
PMT(support(structure(type(C(needs(the(following(PMT(O5ring:(52(x(3(silicon,(blue

Amsterdam	
  

Erlangen	
  

Napoli	
  

Catania	
  

Athens	
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Picture	
  of	
  a	
  DOM	
  integra5on	
  site	
   Gluing	
  of	
  the	
  cooling	
  system	
   Cabling	
  of	
  electronic	
  and	
  op5cal	
  parts	
  

PMT	
  mounted	
  on	
  the	
  3D	
  structure	
   Closure	
  and	
  sealing	
  of	
  DOM	
  

Each	
  DOM	
  is	
  submiTed	
  during	
  assembling	
  to	
  func-onal	
  test	
  for	
  all	
  
components	
  
	
  
Each	
  produced	
  DOM	
  is	
  submiTed	
  to	
  acceptance	
  test	
  and	
  calibra-on	
  	
  

Digital	
  Op-cal	
  Modules	
  mass	
  produc-on	
  phases	
  

emanuele.leonora@ct.infn.it	
  

Picture	
  of	
  a	
  produced	
  DOM	
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•  An	
  innova-ve	
  op-cal	
  module	
  with	
  a	
  mul--­‐PMT	
  layout	
  was	
  designed	
  for	
  the	
  
KM3NeT	
  neutrino	
  telescope.	
  	
  

	
  
•  Mass	
  produc-on	
  of	
  the	
  KM3NeT	
  DOMs	
  is	
  on-­‐going	
  in	
  different	
  integra-on	
  sites.	
  	
  

•  Installa-on	
  of	
  opera-ve	
  Detec-on	
  Units	
  at	
  the	
  two	
  KM3NeT	
  sites	
  in	
  the	
  
Mediterranean	
  Sea	
  has	
  already	
  started.	
  

	
  
•  ARCA	
  1	
  DU	
  at	
  sea	
  and	
  taking	
  data	
  in	
  Italian	
  Sea-­‐site	
  from	
  December	
  2015.	
  

•  ARCA	
  2	
  DU	
  at	
  sea	
  and	
  taking	
  data	
  in	
  Italian	
  Sea-­‐site	
  from	
  May	
  2016.	
  	
  

•  ARCA	
  3	
  DU	
  at	
  sea	
  in	
  Italian	
  Sea-­‐site	
  from	
  May	
  2016.	
  Recovered	
  on	
  July	
  2016.	
  
	
  
•  ARCA	
  detector	
  is	
  temporary	
  power	
  off	
  from	
  April	
  2017.	
  

•  ORCA	
  1	
  DU	
  at	
  sea	
  and	
  taking	
  data	
  in	
  France	
  Sea-­‐site	
  from	
  September	
  2017.	
  

Conclusions	
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Thanks
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KM3NeT	
  marine	
  deployment	
  principle	
  

The	
  DU	
  string	
  is	
  
coiled	
  around	
  a	
  
large	
  spherical	
  
frame,	
  the	
  
launcher	
  vehicle,	
  in	
  
which	
  the	
  DOMs	
  
slot	
  into	
  cavi-es.	
  

The	
  launcher	
  vehicle	
  starts	
  
to	
  rise	
  to	
  the	
  surface	
  while	
  
slowly	
  rota-ng	
  and	
  
releasing	
  the	
  DOMs.	
  	
  
The	
  empty	
  launcher	
  vehicle	
  
floats	
  to	
  the	
  surface	
  and	
  is	
  
recovered	
  

A	
  surface	
  vessel	
  is	
  
used	
  to	
  deploy	
  the	
  
launcher	
  vehicle	
  at	
  its	
  
designated	
  posi-on	
  
on	
  the	
  seabed	
  with	
  a	
  
1-­‐m	
  accuracy	
  	
  

A	
  mechanical	
  system	
  
ac-vated	
  by	
  a	
  ROV	
  triggers	
  
the	
  unfurling	
  of	
  the	
  string.	
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Pictures	
  from	
  the	
  marine	
  opera-ons	
  of	
  May	
  2016	
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Pictures	
  from	
  DOM	
  Integra-on	
  site	
  in	
  Catania	
  

Prepara:on	
  of	
  components	
   Gluing	
  of	
  the	
  aluminium	
  
heat	
  dissipator	
  	
  

Moun:ng	
  of	
  the	
  electronics	
  

Moun:ng	
  of	
  the	
  external	
  
penetrator	
  

PMTs	
  inser:on	
  in	
  structure	
   Lower	
  part	
  of	
  the	
  DOM	
  



emanuele.leonora@ct.infn.it	
   19	
  

Pictures	
  from	
  DOM	
  Integra-on	
  site	
  in	
  Catania	
  

OpUcal	
  gel	
  pouring	
  

DOM	
  closure	
  with	
  an	
  internal	
  0.2	
  Bar	
  
underpressure	
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Test	
  and	
  Calibra-on	
  	
  

•  Each	
  DOM	
  is	
  submiTed	
  during	
  assembling	
  to	
  test	
  func-onality	
  of	
  all	
  components	
  
•  Each	
  produced	
  DOM	
  is	
  submiTed	
  under	
  acceptance	
  test	
  and	
  calibra-ons	
  
-­‐  PMT	
  DC	
  rate	
  
-­‐  PMT	
  gain	
  
-­‐  piezo	
  acous-c	
  sensor	
  
-­‐  LED	
  nano	
  beacon	
  
-­‐  Calibra-on	
  of	
  posi-on	
  sensi-ve	
  devices	
  

All	
  test	
  and	
  calibra-on	
  results	
  are	
  stored	
  in	
  
digital	
  module	
  stored	
  in	
  KM3NeT	
  Data	
  Base	
  	
  


