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IceCube	  
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High-‐Energy	  Star+ng	  Events	  

28	  events	  over	  2	  years	  
	  
Background	  expecta0on:	  
10.6+5.0-‐3.6	  
	  
Atmospheric	  origin	  ruled	  out	  
at	  4.0σ	  
	  
Astrophysical	  origin	  likely,	  
compa0ble	  with	  isotropic	  
diffuse	  flux.	  
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A	  couple	  of	  these	  events	  
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IceCube	  
Preliminary	  



Event	  reconstruc+on	  
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IceCube	  
Preliminary	  



Recent	  IceCube	  GRB	  searches	  
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IceCube	  Collabora0on:	  
	  	  	  	  GCN	  Circular	  14520	  (2013)	  	  
	  	  	  	  Nature	  484	  (2012),	  351-‐354	  
	  	  	  	  PRL	  106	  (2011)	  141101	  
	  	  	  	  ApJ	  710	  (2010)	  346	  

10	  s,	  20	  s,	  30s,	  ……,	  104	  s	  
GRB	  

See	  also	  presenta0on	  
by	  M.	  Richman	  this	  session	  



Gamma	  Ray	  Bursts	  

568	  GRBs	  
	  
Stacked	  search	  
	  
May	  31,	  2010	  –	  May	  16,	  2012	  
	  
Fermi	  GBM,	  Swi^	  BAT,	  etc	  
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Search	  Method:	  likelihood	  ra+o	  
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Search	  Time	  window:	  ±10	  s,	  ±20	  s,	  …,	  ±15	  days.	  

Number	  of	  signal	  events	  

Number	  of	  events:	  28	  

Test	  sta0s0c	  –	  minimize	  with	  respect	  to	  ns:	  
	  
	  
Test	  sta0s0c	  is	  figure	  of	  merit	  for	  strength	  of	  correla0on	  

ˆ� = �2 logL(n̂s)/L(ns = 0)

Method	  descrip0on:	  
J.	  Casey	  et	  al.	  ICRC	  ‘13	  proc	  



Signal	  PDF	  
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10	  s,	  20	  s,	  30s,	  ……,	  15	  days	  
GRB	  

Temporal	  PDF	  
Direc0onal	  PDF	  

Se,g(✓,�, t,�T ) = Te,g ⇥ Pe,g(✓,�)

GRB-‐Event	  0me	  diff.	  



Signal	  PDF	  

Reconstruc0on	  likelihood	  space	  –	  smoothed:	  event	  angular	  
resolu0on	  and	  GRB	  localiza0on	  uncertainty	  
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log	  scale	  



Results	  
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Op0mal	  Time	  Window	  
±80340	  s	  

Experimental	  data	  

Accidental	  distribu0on	  
of	  test	  sta0s0c:	  0me	  scrambling	  

Most	  significant	  0me	  window:	  ±80340	  s	  
Pre-‐trial	  p-‐value:	  19%	  
Post-‐trial	  p-‐value:	  77%	  



Results	  –	  Op+mal	  window	  

33	  GRBs	  in	  temporal	  correla0on	  with	  28	  events	  in	  ±80,340	  s	  -‐>	  Expected	  

	  
Events	  with	  highest	  contribu0on	  to	  the	  spa0al	  correla0on:	  

	  Event	  1:	  1.04	  PeV.	  Cascade.	  74,304	  s	  a^er	  GRB.	  9.8o	  from	  GRB	  
	  Event	  2:	  63.2	  TeV.	  Cascade.	  80,336	  s	  a^er	  GRB.	  22.9o	  from	  GRB	  
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Event	  2	  Event	  1	  

GRB	  loca0on	  1	  sigma	  region	  



Conclusions	  

No	  evidence	  for	  correla+on	  of	  the	  28	  “high-‐energy	  star0ng	  
events”	  with	  GRBs.	  Study	  uses	  temporal	  and	  direc0onal	  
informa0on	  only.	  
	  
Current	  study	  is	  unique	  in	  that	  it	  can	  prove	  0me	  scales	  up	  
to	  ±15	  days.	  Current	  study	  is	  unique	  in	  using	  events	  
believed	  to	  be	  extraterrestrial	  in	  origin.	  
	  
Correla0on	  over	  4π	  sr	  and	  2	  years.	  Sensi0vity	  to	  all	  flavors	  
	  
Fluence	  limits	  and	  interpreta0on	  to	  be	  presented	  
elsewhere.	  
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