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Dust	  layer	  added	  to	  veto	  layer	  

Veto	  region	  where	  events	  	  
are	  allowed	  to	  start	  

Veto	  layer	  where	  no	  first	  hits	  	  
in	  Bme	  are	  allowed	  

MoBvaBon	  I	  
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Air-‐Shower	  Front	  

IceTop	  
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IceTop	  Veto	  

3	  



MoBvaBon	  II	  

IC79	  burn-‐sample	  data	  
(Max_Event)	  
dE/dx	  ~	  1PeV	  

No	  coincident	  IceTop	  hit	  
Closest	  tank	  ~400m	  away	  
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Single	  Neutrino	  	  
induced	  muon	  tracks	  

Is	  it	  a	  high	  energy	  neutrino	  without	  air	  shower?	  

•  Open	  the	  southern	  sky	  for	  	  
Neutrino	  induced	  muon	  tracks	  	  
without	  air	  shower	  in	  an	  extended	  	  
detector	  Volume	  

Tracks	  point	  much	  beEer	  to	  their	  source	  than	  cascades!	  
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Single	  IceTop	  tank	  hit	  probability	  	  
(real	  data)	  

For	  constant	  NPE	  in	  the	  deep	  
detector:	  
	  
Tank	  hit	  probability	  is	  
independent	  from	  inclinaBon.	  
	  
Note:	  
Tanks	  further	  away	  than	  ~500m	  
have	  negligible	  hit	  probability	  

Background	  hit	  probability	  dominates	  at	  distances	  >	  1200m	  



Single	  IceTop	  tank	  hit	  probability	  	  
(real	  data)	  
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hit/(unhit+hit)-back Tank dist. rel. to the shower axis

The	  
background	  
hit	  probability	  	  
is	  at	  2x10-‐3	  

Tank	  hit	  probability	  increases	  with	  
increasing	  NPE	  in	  the	  deep	  detector	  
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MC	  simulaBon	  
(based	  on	  real	  data)	  

AssumpBons:	  
IceVeto	  detecBon	  module	  acts	  as	  a	  CR	  Veto	  similar	  to	  an	  IceTop	  tank.	  
	  
Input	  parameters:	  	  
-‐Veto	  efficiency	  for	  events	  with	  reconstrucBon	  between	  0-‐75°	  inclinaBon	  with	  
1000	  pe	  light	  deposit	  in	  the	  detector	  with	  >99.9%	  .	  
-‐IceVeto	  tanks	  are	  forced	  on	  rings	  around	  IceTop.	  
	  
Input	  from	  real	  data:	  
-‐IceTop	  tank	  hit	  probability	  as	  funcBon	  of	  pe.	  
-‐Geometrical	  event	  distribuBon.	  
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Event	  distribuBon	  
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SimulaBon	  results	  

•  Efficient	  to	  72°	  inclinaOon	  
•  943	  Modules	  on	  the	  surface	  
•  6.7	  km	  radius	  around	  IceCube	  
(dimensions	  like	  ARA)	  

•  Veto	  efficiency	  of	  99.999%	  at	  
4000	  PE	  	  

	  

SimulaBon	  Weaknesses:	  
	  
Air	  Showers	  with	  low	  number	  of	  	  
ParBcles	  (charm?)	  could	  mimic	  
signal.	  Needs	  special	  Corsika	  
simulaBons	   10	  



Technical	  ideas	  for	  IceCube	  
cover 

PMT ASSY 

•  Simple	  IceTop	  tank	  like	  	  
Cherenkov	  light-‐ice	  detector-‐modules	  
Large	  Volume	  but	  no	  degased	  ice.	  	  
	  
•  Only	  min	  ionizing	  parBcle	  detecBon.	  
•  No	  Energy	  or	  mulBplicity	  measurement	  
Advantage:	   	  Single	  small	  (3	  inch?)	  PMT	  	  

	   	   	  Low	  Power	  consumpBon	  
Disadvantage:	  Less	  powerful	  for	  CR	  physics	  

•  Power	  and	  signal	  transmission	  with	  cables	  (like	  ARA)	  
•  DigiBzing	  at	  detecBon	  point	  (like	  IceCube)	  (only	  binary	  number	  transmission?)	  	  	  
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Diffuse	  muon	  neutrino	  flux	  

Based	  on	  current	  IceCube	  
SimulaBons	  for	  79	  string	  configuraBon	  
And	  current	  IceCube	  diffuse	  neutrino	  	  
flux	  limits	  integrated	  up	  to	  10	  PeV.	  
	  

Remember:	  
The	  applied	  Veto	  efficiency	  is	  calculated	  with	  simulaBons	  that	  base	  on	  real	  data.	  
	  

IceVeto	  would	  lead	  to	  2.6	  events	  	  
detected	  on	  0.06	  background	  per	  year!	  
	  	  
>5σ	  significance	  	  
(without	  systemaBc	  errors)	  
	  amer	  one	  year.	  
	  
The	  strongest	  argument	  remains	  poinBng	  
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Many	  more	  tracks	  compared	  to	  
starBng	  track	  analyses	  
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Only	  the	  red	  dots	  are	  	  
tracks	  

5.5	  Omes	  more	  neutrino	  induced	  muon	  tracks	  at	  the	  GalacOc	  Center	  between	  	  
30	  TeV	  -‐5	  PeV	  based	  on	  an	  E-‐2	  neutrino	  flux.	  
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What	  about	  KM3NET?	  

•  KM3NET	  has	  the	  same	  potenBal	  for	  a	  surface	  
Veto.	  

•  A	  deeper	  detector	  needs	  a	  larger	  surface	  Veto	  
area.	  

•  No	  high	  precision	  posiBoning	  for	  surface	  Veto	  
modules	  (buoy?)	  necessary.	  	  
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Summary	  
•  Less	  than	  1000	  simple	  surface	  CR	  detecBon	  
modules	  seem	  sufficient	  for	  a	  surface	  Veto	  for	  
background	  free	  through-‐going	  astrophysical	  
muon	  neutrino	  detecBon	  above	  ~50TeV.	  

•  5.5	  Bme	  more	  muon	  neutrino	  tracks	  from	  the	  
direcBon	  of	  the	  galacBc	  center.	  

•  Tracks	  have	  excellent	  poinBng	  
•  2.6	  diffuse	  muon	  neutrinos	  with	  >5σ	  from	  the	  
southern	  hemisphere	  per	  year	  for	  an	  E-‐2	  flux	  from	  
30TeV-‐10PeV	  (IC59	  limit).	  

•  Maybe	  also	  useful	  for	  KM3NET	  
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IceVeto:	  A	  CR	  Veto	  detector	  for	  neutrino	  astronomy	  
	  at	  the	  southern	  sky	  

IceCube	  

7km	  

Background	  free	  νμ	  for	  
Neutrino	  Astronomy	  	  
from	  the	  GalacBc	  Center!	  

GalacBc	  Center	  
(Ring)	  

Veto	  Effi
ciency	  

cover 

PMT ASSY 

IceBag	  
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