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High	
  energy	
  neutrino	
  telescopes	
  

-­‐	
  IceCube	
  1	
  km3	
  running	
  =>	
  first	
  
evidence	
  of	
  HE	
  cosmic	
  	
  
	
  neutrino	
  in	
  2013	
  
-­‐	
  Antares	
  0.01	
  km3	
  running	
  
-­‐	
  KM3NeT	
  in	
  construc-on	
  (1	
  km3)	
  
-­‐	
  Baikal	
  	
  in	
  construc-on	
  (1	
  km3)	
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Sky Coverage of Neutrino Telescopes

Region of sky 
seen in galactic 
coordinates 
assuming 
efficiency for 
downward
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→ We need ν telescopes in both hemispheres to see the whole sky
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Not seenNot seen
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Visibility	
  for	
  upgoing	
  νµ	
  from	
  South	
  Pole	
  (leT)	
  and	
  
Mediterranean	
  Sea	
  (right)	
  

High-Energy	Starting	Events	(HESE)	–	7.5	yr	

No	evidence	for	point	sources,	nor	a	correlation	with	the	galactic	plane	
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Poster	#175.	Wandkowsky	et	al.	(IceCube)	

Work	in	progress	
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Mul-messanger	
  ν	
  astronomy	
  

The	
  IceCube	
  Collabora-on	
  et	
  al.	
  Science	
  	
  2018;361:eaat1378	
  	
  

Alert	
  sent	
  by	
  IceCube	
  on	
  22	
  September	
  2017	
  
	
  
The	
  coincident	
  observa-on	
  of	
  a	
  IceCube	
  high	
  
energy	
  neutrino	
  with	
  gammas	
  from	
  Fermi	
  
and	
  Magic	
  indicate,	
  with	
  3σ	
  significance,	
  that	
  
blazars	
  may	
  be	
  sources	
  of	
  cosmic	
  rays	
  



Enhanced	
  γ	
  emission	
  observed	
  in	
  Fermi	
  data	
  and	
  also	
  by	
  HESS	
  around	
  the	
  Galac-c	
  Center	
  
Antares	
  limits	
  on	
  ν	
  flux	
  from	
  point-­‐like	
  sources	
  and	
  Galac-c	
  Ridge	
  

	
  constraints on point sourcesν �41

ANTARES can observe the 
southern sky through the Earth  
→ lower threshold, better 
sensitivity in the south 

IceCube has a larger effective area  
→ more events, better sensitivity 
in the north

Antares	
  puts	
  the	
  strongest	
  limits	
  in	
  a	
  large	
  part	
  of	
  
the	
  southern	
  hemisphere,	
  especially	
  at	
  high	
  energy	
  

	
  	
  	
  
	
  
	
  

	
  
	
  
	
  
	
  

Figure 1: VHE γ-ray images of the GC region. Top: γ-ray count map, bottom: the same map after
subtraction of the two dominant point sources, showing an extended band of gamma-ray emission.
White contour lines indicate the density of molecular gas, traced by its CS emission. The position
and size of the composite SNR G 0.9+0.1 is shown with a yellow circle. The position of Sgr A⋆

is marked with a black star. The 95% confidence region for the positions of the two unidentified
EGRET sources in the region are shown as dashed green ellipses [20]. These smoothed and
acceptance corrected images are derived from 55 hours of data consisting of dedicated observations
of SgrA⋆, G 0.9+0.1 and a part of the data of the H.E.S.S. Galactic plane survey [21]. The
excess observed along the Galactic plane consists of ≈3500 γ-ray photons and has a statistical
significance of 14.6 standard deviations. The absence of any residual emission at the position
of the point-like γ-ray source G 0.9+0.1 demonstrates the validity of the subtraction technique.
The energy threshold of the maps is 380 GeV due to the tight γ-ray selection cuts applied here
to improve signal/noise and angular resolution. We note that the ability of H.E.S.S. to map
extended γ-ray emission has been demonstrated for the shell-type SNRs RXJ1713.7 −3946 [22]
and RX J0852.0−4622 [23]. The white contours are evenly spaced and show velocity integrated
CS line emission from Tsuboi et al. [11], and have been smoothed to match the angular resolution
of H.E.S.S..
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HESS-­‐	
  F.	
  Aharonian	
  et	
  al.	
  Nature,	
  2006	
  

Fermi-­‐LAT	
  -­‐	
  M.	
  Ackermann	
  et	
  al.	
  Astrophys.	
  J.,	
  2012	
  	
  

– 55 –

Fig. 5.— Upper panel: observed Fermi–LAT counts in the energy range 200 MeV to 100 GeV used

in this paper. Lower panel: predicted counts for model SSZ4R20T150C5 in the same energy range.

To improve contrast we have used a logarithmic scale and clipped the counts/pixel scale at 3000.

The maps are in Galactic coordinates in Mollweide projection with longitudes increasing to the left

and the Galactic centre in the middle.

II) ANTARES+ IceCube from GP
Combined U.L. at 90% CL (blue line) on the 3-flavor 
neutrino flux of the KRAg model (5-50 PeV cutoff)

(ANTARES) PRDD96 (2017) 062001
ANTARES+IC, arXiv:1808.03531 

ANTARES
IceCube

ANTARES
IceCube

Result: total flux contribution of diffuse 
Galactic neutrino emission <8.5% of the 
total diffuse IC astrophysical signal (En> 30 
TeV) [ApJ 809:98(2015)].
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Stacked expected signal vs. d (top) and energy (bottom). 
Colors represents the relative contribution to the sensitivity

All	
  flavour	
  GR	
  neutrino	
  search	
  ANTARES	
  with	
  9	
  years	
  data	
  
taking	
  (2007-­‐2015)	
  show	
  upper	
  limit	
  close	
  to	
  KRA-­‐γ	
  model	
  
with	
  50	
  PeV	
  cut	
  off	
  and	
  put	
  a	
  limit	
  on	
  percentage	
  of	
  IceCube	
  
events	
  from	
  Galac-c	
  Plane	
  



THE	
  KM3NET	
  TELESCOPE	
  
	
  

ARCA	
  -­‐	
  1	
  km3	
  of	
  sea	
  water	
  equipped	
  with	
  a	
  3D	
  array	
  of	
  
innova-ve	
  op-cal	
  sensors	
  (mul--­‐PMT)	
  	
  

•  two	
  building	
  blocks	
  of	
  115	
  Detec-on	
  Units	
  (DU)	
  	
  

•  each	
  DU	
  hosts	
  18	
  mul--­‐PMT	
  Digital	
  Op-cal	
  
Modules	
  (DOM)	
  with	
  36	
  m	
  spacing	
  	
  

•  a	
  backbone	
  cable	
  with	
  breakouts	
  at	
  DOMs	
  
distributes	
  power	
  and	
  data	
  	
  

•  Sea	
  network	
  of	
  submarine	
  cables	
  and	
  Junc-on	
  
Boxes	
  provide	
  power	
  and	
  data	
  transmission	
  to	
  
shore	
  via	
  a	
  main	
  electro-­‐op-cal	
  cable	
  

•  All	
  data	
  to	
  shore	
  data	
  transmission	
  

•  KM	
  vs	
  IC	
  

	
  

	
  

Very	
  hos-le	
  environment	
  
due	
  to	
  huge	
  pressure	
  (350	
  
bar),	
  corrosion,	
  very	
  
difficult	
  access	
  (installa-on,	
  
mantainence)	
  …	
  

KM3NeT	
  is	
  a	
  network	
  of	
  neutrino	
  telescopes,	
  using	
  the	
  same	
  technology,	
  under	
  
construc-on	
  in	
  the	
  deep	
  Mediterranean	
  Sea	
  aiming	
  at	
  
-­‐	
  observe	
  high	
  energy	
  cosmic	
  	
  neutrinos	
  and	
  discover	
  their	
  sources	
  with	
  KM3NeT/
ARCA	
  	
  @	
  3500	
  m	
  depth	
  off	
  shore	
  Capo	
  Passero,	
  Italy	
  
-­‐	
  determine	
  Neutrino	
  Mass	
  Hierarchy	
  with	
  KM3NeT/ORCA	
  @2500	
  m	
  depth	
  off	
  
shore	
  Toulon,	
  France	
  
	
  



Discovery	
  at	
  5σ	
  significance	
  (50%	
  probability)	
  in	
  few	
  months	
  with	
  combined	
  analysis	
  
KM3NeT	
  LeEer	
  of	
  Intent	
  	
  

KM3NeT	
  sensi-vity	
  to	
  IceCube	
  neutrino	
  flux	
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preliminary
Galactic  sources

Stacking the SNRs RXJ1713 and Vela 
Junior discovery at 3σ after around 3 
years of observation

Discovery at 3σ at around 5 years for the 
most intense SNRs

Galac-c	
  ridge,	
  galac-c	
  sources	
  and	
  extragalac-c	
  
point-­‐like	
  sources	
  

Neutrino	
  flux	
  es-mates	
  
from	
  high	
  energy	
  gamma	
  
measured	
  gamma	
  flux	
  
(Vissani	
  et	
  al.)	
  for	
  several	
  
galac-c	
  sources	
  

stacked	
  RXJ1713	
  and	
  VelaJr	
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Galactic  sources

Stacking the SNRs RXJ1713 and Vela 
Junior discovery at 3σ after around 3 
years of observation

Discovery at 3σ at around 5 years for the 
most intense SNRs

Discovery	
  poten-al	
  at	
  3	
  σ	
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KM3NeT preliminary

ARCA	
  will	
  survey	
  almost	
  the	
  whole	
  sky	
  with	
  a	
  discovery	
  poten-al	
  @	
  
5σ	
  about	
  one	
  order	
  of	
  magnitude	
  be:er	
  than	
  IceCube	
  in	
  the	
  
Southern	
  hemisphere	
  for	
  equivalent	
  exposure	
  



Collabora-on	
  and	
  integra-on	
  sites	
  

and ANTARES
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KM3NeT	
  Organigram	
  

DetecIon	
  Unit	
  integraIon	
  at	
  LNS:	
  P.	
  Sapienza	
  
Detector	
  operaIon	
  at	
  Capo	
  Passero:	
  S.	
  Biagi	
  
ARCA	
  Data	
  analysis:	
  S.	
  Biagi	
  and	
  R.	
  Coniglione	
  



KM3NeT	
  Digital	
  Op-cal	
  Module	
  (DOM)	
  

•  Digital	
  photon	
  coun-ng	
  
•  Improved	
  rejec-on	
  of	
  op-cal	
  

background	
  	
  
•  Direc-onal	
  informa-on	
  and	
  

wide	
  angle	
  of	
  view	
  
–  high	
  acceptance	
  (nearly	
  

4π)	
  
–  good	
  reconstruc-on	
  (also	
  

for	
  down-­‐going	
  events)	
  
•  Compact	
  and	
  cost	
  effec-ve	
  

design:	
  1	
  DOM	
  equivalent	
  to	
  3	
  
Antares/IceCube	
  OMs	
  	
  

•  Photocatode	
  Area	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
ARCA	
  =	
  2.35	
  X	
  IceCube	
  	
  

‒  31	
  x	
  3”	
  PMTs	
  
‒  LED	
  &	
  acous-c	
  piezo	
  inside	
  
‒  Tiltmeter/compass	
  
‒  Gbit/s	
  fibre	
  DWDM	
  	
  
‒  Hybrid	
  white	
  rabbit	
  	
  

17”	
  



KM3NeT	
  DETECTION	
  UNIT	
  (DU)	
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KM3NeT_MECH_2018_001-ARCA_DU_assembly_drawing_V1  12102018

Parts for Veoc-Dom assembly
ordering 

code
   PBS 
number amount Variant

1 M26 Nutplate titanium 3.5.2.13 2 Default
2 Guiderplate aluminum 3.5.2.10 1 Default
3 Countersunk screws M8 x 40 Din 7991 AISI304 14
4 Buoy slider aluminum 3.5.2.11 2 Default
5 A Buoyancyblock, 4000m rating 3.5.1 4 IT-4000m
6 Buoy releasepin AISI304 3.5.2.18 2 Default
7 Double hairpin Din 11024 3.5.2.17 2 Default
8 PE Block 3.5.2.1 2 Default
9 Top buoy frame titanium 3.5.2.9 1 Default

10 Arreteerpin AISI304 3.5.2.5 4 Default
11 Spring d=4,5 Dm=27.5 Lo=154 AISI304 T43190 3.5.2.3 2 Default
12 Shackles, SS, 4 mm pin AISI304 Tevema 3.5.2.4 4 Default
13 Shackles, Titanium, 10 mm pin titanium 3.5.2.14 2 Default
14 O-ring 22x2 for pen. Caps Viton 70 shore 3.3.2.5.1 18 Default
15 Titanium screws M3 x 25-din 931 3.3.2.5.4 57 Default
16 Top ring Titanium for penetrator 3.3.2.5.2 18 Default
17 Bob clamp Titanium 3.3.2.5.5 18 Default
18 Titanium nut M6-Tit. gr. 5 blue anodised. 3.6.8.6 108 Default
19 DOM 3.4 18 Default
20 Bolder left 3.6.8.1 18 Default
21 Dyneema rope 4 mm Dm 20 - 11,6 Kn 3.6.8.8 2 Default
22 Spreader bar 3.6.5.1 54 Default
23 PA ring Essentra / rozetring 8,4x20x5 007108059901/Skiffy 007 1080 599 013.6.5.5 116 Default
24 PA screws for spreader bars M8 x 20 0100690000VR/Skiffy 080 0820 599 023.6.5.3 116 Default
25 Rubber rings for spreader bars 3.6.5.4 116 Default
26 Middle clip 7 mm 3.6.5.2 38 Default
27 VEOC guiders 3.6.5.6 70 Default
28 Bolder right 3.6.8.2 18 Default
29 Clamp rubber 3.6.8.4 72 Default
30 Reinforcement plate titanium 3.6.8.7 36 Default
31 Ropeclamp 3.6.8.3 36 Default
32 Titanium pin 3.6.8.5 36 Default
33 O-ring-25x1.5 EPDM 70 shore 3.6.4.2 134 Default
34 Friction clip 7 mm 3.6.4.1 134 Default
35 Vulcanizing tape kip butyl 38 mm hornbach 1
36 Sliding clip 7 mm 3.6.2 280 Default
37 VEOC 3.3.1 1 Default
38 Spreader bar "between" and "middle" BOB 3.6.6.1 4 Default
39 Slotted Pan Head Screws - Pa 6.6 M8 x 35 0120720000VR 3.6.6.2 8 Default
40 Hydrophone 3.2.3.1 1 Default
41 Rope anchor connection part - Titanium 3.6.1.1 2 Default
42 Timble Pe 3.6.1.5 4 Default
43 Bolts Titanium M12 x 100  din 912 (!) 3.6.1.3 2 Default
44 Nut Titanium grade 5 M12 3.6.1.4 4 Default
45 Rope anchor connection bush PE 3.6.1.2 4 Default
46 base container 3.2.2 1 Default
47 base container penetrator 3.2.2.1.2.6 1 Default
48 Sacrificial Anodes 2 It
49 Anchor frame 3.2.1.1.5 1 It
50 Connection basecontainer-interlinkcable 1
51 Weight for adjustments 4
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KM3NeT Deployment

• Å Deploy 
to sea bed

• Release
by ROV

• Unfurl Æ

• Collect
frame

U. Katz: Future neutrino telescopes                                                      Neutrino 2018, Heidelberg 19

KM3NeT Deployment

• Å Deploy 
to sea bed

• Release
by ROV

• Unfurl Æ

• Collect
frame

LOM	
  
deployed	
  
to	
  seabed	
  
Released	
  
by	
  ROV	
  
Unfurled	
  
Frame	
  
recovered	
  	
  



The	
  KM3NeT/ARCA	
  detector	
  
12	
  

To	
  be	
  installed	
  in	
  the	
  Italian	
  site	
  of	
  the	
  
KM3NeT	
  infrastructure	
  
115	
  detec-on	
  units	
  per	
  building	
  block	
  
18	
  DOM	
  per	
  DU	
  
Ver-cal	
  DOM	
  spacing	
  36	
  m	
  
Inter-­‐DU	
  spacing	
  90	
  m	
  
2	
  building	
  blocks	
  
Total	
  volume	
  ≈1	
  km3	
  



1st	
  DU	
  at	
  3500	
  m	
  depth	
  off-­‐shore	
  CapoPassero,	
  IT	
  
	
  



Valida-on,	
  construc-on,	
  reviews	
  =>	
  mass	
  produc-on	
  



Main	
  ac-vi-es	
  at	
  LNS	
  	
  
•  Simula-on	
  and	
  data	
  analysis	
  
•  ARCA	
  opera-on,	
  data	
  transmission	
  and	
  data	
  taking	
  
•  Power	
  system	
  design	
  produc-on	
  and	
  tests,	
  PFE	
  
•  ARCA	
  Sea	
  floor	
  network	
  	
  
•  DU	
  integra-on	
  
•  Calibra-on	
  
•  Establishment	
  of	
  an	
  ERIC	
  as	
  legal	
  en-ty	
  for	
  KM3NeT	
  	
  
•  …	
  



Two	
  ARCA	
  DUs	
  installed	
  at	
  nominal	
  posi-on	
  at	
  3500	
  m	
  depth	
  more	
  than	
  one	
  year	
  
data	
  collected	
  data	
  analysis	
  in	
  progress	
  system	
  off	
  due	
  to	
  short	
  circuit	
  

µ	
  

ORCA	
  DU2	
  preliminary	
  

DOM	
  rate	
  for	
  m	
  ≧	
  8	
  as	
  a	
  func-on	
  of	
  the	
  
depth	
  of	
  DOM	
  =>	
  atmospheric	
  muons	
  flux	
  
depth	
  dependence	
  

KM3NeT	
  -­‐	
  atmospheric	
  events	
  

ORCA	
  DU2	
  recovered	
  to	
  repair	
  cable	
  



Status	
  and	
  perspec-ves	
  	
  
•  Two	
  ARCA	
  DUs	
  have	
  been	
  installed	
  in	
  Capo	
  Passero	
  	
  

–  sea	
  campaign	
  foreseen	
  in	
  early	
  January	
  to	
  recover	
  func-onality	
  aTer	
  a	
  
short	
  cut	
  occurred	
  in	
  2017	
  

•  One	
  ORCA	
  DU	
  was	
  installed	
  in	
  Toulon	
  in	
  September	
  2017	
  
–  to	
  be	
  redeployed	
  aTer	
  repair	
  of	
  main	
  cable	
  (December	
  2018)	
  

•  Data	
  analysis	
  on	
  atmospheric	
  muons	
  (and	
  neutrinos)	
  ongoing	
  
•  Mass	
  produc-on	
  will	
  start	
  soon	
  incorpora-ng	
  review	
  

outcome	
  	
  



Conclusions	
  
•  Neutrino	
  telescopes	
  provide	
  a	
  unique	
  probe	
  for	
  high	
  energy	
  Universe	
  and	
  

neutrino	
  physics	
  

•  IceCube	
  discovered	
  a	
  cosmic	
  neutrino	
  flux	
  and	
  detected	
  the	
  first	
  neutrino	
  
HE	
  event	
  in	
  coincidence	
  with	
  gamma	
  telescopes	
  (plus	
  follow-­‐up	
  in	
  several	
  
other	
  wavelenght)	
  
–  Coincidence	
  with	
  Gravita-onal	
  Waves	
  not	
  detected	
  yet	
  

•  KM3NeT	
  will	
  measure	
  neutrinos	
  with	
  unprecedented	
  angular	
  resolu-on	
  
and	
  large	
  sky	
  coverage	
  including	
  most	
  of	
  galac-c	
  plane	
  and	
  Galac-c	
  
Center	
  

•  Mass	
  produc-on	
  and	
  detector	
  installa-on	
  is	
  the	
  main	
  effort	
  of	
  the	
  
collabora-on	
  in	
  the	
  near	
  future	
  and	
  LNS	
  has	
  key	
  roles	
  and	
  responsibili-es	
  
in	
  almost	
  all	
  the	
  items	
  


