
ANTARES-­‐IceCube	
  combined	
  point-­‐
source	
  analysis	
  

J.	
  Brunner,	
  J.	
  Barrios-­‐Mar@	
  
GNN-­‐MANTS	
  2014	
  meeFng	
  (Geneva)	
  

(21st	
  September,	
  2014)	
  



Content 

•  2008-­‐2012	
  Moon	
  shadow	
  analysis	
  
•  ANTARES-­‐IceCube	
  combined	
  analysis	
  

1. IC/ANTARES	
  samples	
  
2. Likelihood	
  to	
  be	
  used	
  	
  
3. Fixed	
  source	
  search	
  results	
  

1. Comparison	
  with	
  previous	
  official	
  IC	
  results	
  
2. Results	
  using	
  different	
  spectra	
  /	
  Ecutoff	
  

4. Full	
  sky	
  and	
  Candidate	
  List	
  searches	
  
5. Conclusions	
  

2	
  



2008-2012 Moon shadow analysis 
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Now will be presented a comparison between the result of the simulations
using only tracks coming inside the 10� radius disk around the Moon centre or
the full sky simulation.

Fig. 11 shows the significance as a function of ⇤.
It is clear that using only the dedicated simulation the significance for poorer

value of ⇤ is overestimated, but in any case for value of ⇤ between -6 and -5.9
the significance is almost 3�.

As further evidence, in Fig. 12 is shown the significance as a function of �
for tracks with ⇤ > -5.9.

Figure 12: Expected significance (expressed as number of �) as a function of �
for tracks with ⇤ > -5.95. Red point: using only dedicated simulation. Black
point: dedicated simulation and RbR Monte Carlo outside the 10� disk.

Figure 13: Test function t distribution in “Moon shadow” hypothesis (red curve)
and “no Moon shadow” hypothesis (black curve) according to the optimized
selection criteria (⇤ > -5.9 and � < 0.8). The shaded area is the fraction of the
toy experiments where the Moon shadow hypothesis will be correctly identified
as evidence of the shadowing effect, then the green area is the significance.
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2008-2012 Moon shadow analysis 
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GAUSSIAN	
  FIT	
  OF	
  MOON	
  SHADOW	
  
	
  
“Moon	
  shadow”	
  angular	
  resoluFon	
  
from	
  MC=	
  0.6	
  ±	
  0.1	
  
	
  
“Moon	
  shadow”	
  angular	
  resoluFon	
  
from	
  data	
  =	
  0.7	
  ±	
  0.2	
  
	
  

•  No	
  relevant	
  systemaFc	
  effect	
  	
  
•  Results	
  are	
  binning	
  independent	
  	
  	
  

Analysis	
  by	
  Ma_eo	
  SanguineF	
  



Combined Antares-IceCube analysis status 

•  Agreement	
  between	
  IC	
  and	
  ANTARES	
  collaboraFon	
  to	
  do	
  a	
  
combined	
  analysis	
  in	
  the	
  Southern	
  Hemisphere.	
  

•  Analysis	
  with	
  IC40+59	
  and	
  ANTARES	
  sample	
  presented	
  
between	
  June-­‐July	
  to	
  both	
  collaboraFons.	
  
–  Agreement:	
  Extension	
  to	
  IC79	
  

•  An	
  analysis	
  with	
  IC79	
  included	
  is	
  now	
  presented	
  
–  Unblinding?	
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Combined Antares-IceCube analysis status 

•  Combined	
  point	
  source	
  analysis	
  for	
  the	
  southern	
  sky	
  only.	
  
	
  

•  Samples	
  used:	
  
–  IC	
  40	
  lines:	
  	
  375	
  days,	
  22796	
  events	
  
–  IC	
  59	
  lines:	
  	
  348	
  days,	
  64240	
  events	
  
–  IC	
  79	
  lines:	
  	
  316	
  days,	
  59009	
  events	
  

•  Azimuth	
  and	
  event	
  Fmes	
  of	
  each	
  event	
  are	
  not	
  included.	
  

–  ANTARES	
  2007-­‐2012:	
  	
  1338	
  days,	
  4136	
  events	
  
–  All	
  these	
  samples	
  have	
  already	
  been	
  used	
  for	
  point-­‐source	
  analysis	
  in	
  their	
  

respecFve	
  collaboraFons.	
  
	
  

•  More	
  events	
  in	
  the	
  IC	
  samples	
  than	
  the	
  ANTARES	
  one.	
  
–  However,	
  this	
  doesn’t	
  mean	
  the	
  expected	
  number	
  of	
  signal	
  events	
  are	
  higher	
  in	
  the	
  IC	
  samples!	
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April	
  2008	
  -­‐	
  May	
  2011	
  (Official	
  data	
  sets,	
  
provided	
  by	
  Chad	
  Finley).	
  	
  



Acceptance 

•  DefiniFon	
  of	
  the	
  acceptance:	
  

	
  where:	
  
–  Aeff(E,	
  δ):	
  	
  	
  EffecFve	
  area	
  
–  Φ0:	
  	
  Flux	
  normalisaFon	
  

•  ~	
  	
  to	
  indicate	
  the	
  performance	
  of	
  your	
  detector	
  at	
  a	
  given	
  signal.	
  
•  Different	
  flux	
  assumpFons:	
  

–  Different	
  energy	
  spectra	
  (E-­‐2,	
  E-­‐2.5,	
  E-­‐3)	
  
–  Energy	
  cutoffs	
  (30	
  TeV,	
  100	
  TeV,	
  300	
  TeV,	
  1	
  PeV).	
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Acceptance

Acceptance	
  for	
  ANTARES,	
  IC-­‐40,	
  IC-­‐59	
  and	
  IC-­‐79.	
  	
  Probability	
  for	
  a	
  signal	
  event	
  to	
  be	
  detected	
  per	
  each	
  
experiment.	
  Used	
  to	
  sort	
  the	
  signal	
  events	
  simulated	
  
in	
  each	
  pex.	
  Do_ed	
  black	
  line	
  indicates	
  the	
  declinaFon	
  

of	
  the	
  GalacFc	
  Centre.	
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Relative contribution: Different Ecutoffs 
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  contribuFon	
  (IC	
  events	
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  Do_ed-­‐black	
  line	
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  the	
  declinaFon	
  of	
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  Centre.	
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Relative contribution: Different spectra 
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•  Likelihood	
  for	
  the	
  analysis:	
  
Likelihood 
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[See	
  arXiv:physics/0401045v1	
  for	
  the	
  jusFficaFon	
  on	
  the	
  use	
  of	
  P(E,	
  beta)	
  ]	
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n
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s

njs	
  related	
  to	
  each	
  sample	
  with	
  the	
  	
  
relaFve	
  contribuFon	
  of	
  each	
  experiment:	
  
	
  



•  104	
  pseudoexperiments	
  per	
  
each	
  considered	
  declinaFon	
  and	
  
number	
  of	
  source	
  events.	
  
–  DeclinaFon	
  range:	
  [-­‐85o,	
  -­‐5o]	
  in	
  

steps	
  of	
  5o.	
  
–  0	
  to	
  30	
  signal	
  events.	
  

•  SorFng	
  of	
  signal	
  events	
  
according	
  to	
  the	
  contribuFon	
  of	
  
each	
  sample.	
  

Procedure: Fixed source analysis 
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•  3D	
  histogram	
  which	
  
contains	
  angular	
  
resoluFon,	
  angular	
  error	
  
esFmate	
  (σ/β)	
  and	
  the	
  
energy	
  esFmator.	
  

Signal generation 
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•  DeclinaFon	
  generated	
  through	
  a	
  
parametrisaFon	
  of	
  the	
  data.	
  Right	
  
ascension	
  assumed	
  to	
  be	
  uniform.	
  

	
  
•  Energy	
  and	
  angular	
  error	
  esFmate	
  

obtained	
  from	
  2D	
  histograms	
  using	
  
data	
  events.	
  

Background generation 
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TS distributions comparison 
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IC40+59+79 and IC40+59 sensitivities for a 
E-2 spectrum 
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ANTARES+IC40+59+79 sensitivities (γ=2.0) 

17	
  

)δ sin(
-1 -0.8 -0.6 -0.4 -0.2 0

]
-1 s

-2
 [T

eV
 c

m
ν90

Φ 2
 E

-1210

-1110

Sensitivities: Spectrum x = 2.0

SensiFviFes	
  for	
  an	
  E-­‐2	
  spectrum:	
  
Combined	
  ANTARES	
  and	
  IC40+59+79,	
  ANTARES	
  and	
  

IC40+59+79.	
  

 log(E [GeV])
2 3 4 5 6 7

) 
-1

 s
-2

 c
m

1.
0

 (T
eV

dE
0

Φd  
2.

0
 E

-1110

-1010

-910

-810

Differential sensitivities

 = -85δ

 = -65δ

 = -45δ

 = -25δ

 = -5δ

Differential sensitivities

DifferenFal	
  sensiFviFes	
  for	
  the	
  combined	
  ANTARES	
  and	
  
IC40+59+79	
  sample.	
  



ANTARES+IC40+59+79 sensitivities (γ=2.0) 
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Diferential sensitivities 
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Diferential sensitivities 
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•  Full	
  sky	
  search	
  performed	
  for	
  the	
  Southern	
  Hemisphere	
  
(implementaFon	
  details	
  in	
  back-­‐up	
  slides).	
  

•  Logical	
  OR	
  of	
  the	
  source	
  lists	
  which	
  had	
  been	
  used	
  so	
  far	
  in	
  
ANT	
  &	
  IC	
  point-­‐source	
  publicaFons	
  
–  Same	
  Southern	
  Hemisphere	
  sources	
  as	
  in	
  the	
  IC	
  3-­‐year	
  high	
  energy	
  

paper	
  (h_p://arxiv.org/abs/1405.5303	
  ).	
  
–  Sources	
  in	
  back-­‐up	
  slides.	
  



Conclusions 
	
  
•  The	
  IC40+59+79	
  and	
  ANTARES	
  samples	
  can	
  be	
  combined	
  to	
  improve	
  the	
  results	
  over	
  

the	
  Southern	
  hemisphere.	
  
	
  

•  Fixed	
  source	
  analysis:	
  Different	
  crossover	
  regions	
  depending	
  on	
  the	
  assumed	
  spectra/
cutoff	
  
–  For	
  ϒ=3.0	
  or	
  Ecutoff	
  <	
  100	
  TeV	
  è	
  Significantly	
  smaller	
  region	
  (sin(δ)	
  >	
  -­‐	
  0.2)	
  

•  Full	
  sky	
  search	
  for	
  Southern	
  Hemisphere,	
  merge	
  of	
  IC	
  and	
  ANTARES	
  candidate	
  source	
  
lists.	
  

•  Request	
  for	
  unblinding	
  of	
  the	
  data.	
  

•  Wiki	
  with	
  more	
  details:	
  h_p://antares.in2p3.fr/users/jabamar/IceCubeANTARESWiki/	
  

•  Layout	
  for	
  paper.	
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(Blinded) Skymaps 
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Likelihood 
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•  Likelihood	
  for	
  the	
  analysis:	
  

•  Very	
  similar	
  likelihood	
  to	
  the	
  one	
  used	
  in	
  the	
  IceCube	
  PS	
  
analysis	
  and	
  the	
  ANTARES	
  2007-­‐12	
  one:	
  
–  j	
  :	
  Sample	
  	
  (IC40,	
  IC59,	
  Antares).	
  

Likelihood (as used by IceCube) 
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•  Expressed	
  as	
  log	
  likelihood:	
  

•  njs	
  related	
  to	
  each	
  sample	
  with	
  the	
  relaFve	
  contribuFon	
  of	
  each	
  experiment:	
  

•  Fixed	
  source	
  search:	
  MaximisaFon	
  done	
  with	
  one	
  free	
  parameter	
  (ns)	
  
•  Full	
  sky	
  search:	
  MaximisaFon	
  done	
  with	
  three	
  free	
  parameters	
  (ns,	
  αs,	
  δs)	
  
•  Test	
  staFsFc	
  defined	
  as:	
  

•  NOTE:	
  All	
  events	
  outside	
  5o	
  cone	
  from	
  source	
  posiFon	
  are	
  assumed	
  to	
  have	
  Si	
  =	
  0.	
  

Likelihood maximisation 
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Ingredients: P(Energy|δ) 
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Ingredients: P(Energy, beta|δ) 
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Ingredients: Generation of bg events 
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  of	
  the	
  angular	
  error	
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MRF for special sources 
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TS distributions comparison 
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Use of P(E, β): Sensitivity for E-2 
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Fixed	
  source	
  search	
  E-­‐2	
  sensiFvity	
  for	
  the	
  combined	
  sample.	
  

	
  RED:	
  Using	
  P(E).	
  BLUE:	
  Using	
  P(E,	
  β).	
  



Full sky search 
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Full sky search: Algorithm 
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•  ANTARES	
  algorithm:	
  
–  Search	
  for	
  all	
  clusters	
  with	
  a	
  minimum	
  of	
  4	
  events	
  in	
  a	
  conesize	
  of	
  3o.	
  
–  Evaluate	
  the	
  TS	
  in	
  these	
  clusters	
  (posiFon:	
  free	
  parameter,	
  range	
  of	
  2o)	
  
–  Take	
  the	
  largest	
  TS.	
  
–  Problem:	
  Time	
  consumpFon!	
  

•  IceCube	
  algorithm:	
  
–  Evaluate	
  the	
  whole	
  sky	
  in	
  steps	
  of	
  0.1o	
  x	
  0.1o.	
  
–  Fixed	
  posiFon	
  in	
  each	
  of	
  these	
  “squares”.	
  
–  Take	
  the	
  lowest	
  p-­‐value.	
  
–  Problem:	
  Time	
  consumpFon.	
  

•  Proposed	
  algorithm:	
  
–  Evaluate	
  the	
  whole	
  sky	
  in	
  bigger	
  steps.	
  
–  PosiFon:	
  Free	
  parameter!	
  (range:	
  stepsize)	
  
–  Three	
  different	
  steps	
  used:	
  0.5o,	
  1o,	
  3o.	
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•  Problem:	
  max	
  TS	
  for	
  the	
  BG	
  case	
  is	
  more	
  probable	
  to	
  be	
  found	
  at	
  lower	
  
declinaFons	
  in	
  the	
  combined	
  sample!	
  

•  Idea:	
  Instead	
  of	
  taking	
  the	
  highest	
  TS	
  value,	
  use	
  the	
  lowest	
  p-­‐value!	
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•  Per	
  each	
  TS	
  value,	
  obtain	
  p-­‐
value	
  from	
  TS	
  background	
  
distribuFon	
  from	
  the	
  Fixed	
  
Source	
  search.	
  

•  Fixed	
  Source	
  TS	
  distribuFons	
  
calculated	
  in	
  steps	
  of	
  1o	
  in	
  
declinaFon.	
  
–  Number	
  of	
  pex	
  per	
  case:	
  100000	
  

•  ApproximaFon:	
  Fit	
  exponenFal	
  
decay	
  in	
  the	
  tail	
  of	
  the	
  
distribuFon.	
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Background	
  p-­‐value	
  distribuFon	
  for	
  the	
  combined	
  
sample.	
  

PosiFon	
  of	
  the	
  minimum	
  p-­‐value	
  for	
  each	
  
pseudoexperiment	
  (BG	
  case).	
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•  Long	
  list	
  from	
  ANTARES	
  -­‐>	
  IceCube	
  has	
  only	
  the	
  GalacFc	
  Centre	
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•  We	
  take	
  all	
  the	
  extragalacFc	
  sources	
  from	
  both	
  lists	
  (logical	
  OR)	
  

ANTARES	
   IceCube	
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Background	
  p-­‐value	
  distribuFon	
  for	
  the	
  combined	
  
sample.	
  


