
IceCube Point Source 
Searches with 6 years of 

data
Stefan Coenders for the IceCube Collaboration 

VLVνt 2015 - Roma

2015-09-15

1



Multi-Messenger Astronomy using neutrinos


IceCube Neutrino Observatory


Point Source Searches - New 6-year results


All-Sky Searches


Gamma-Ray Sources


Outlook

2

Contents

Stefan Coenders VLVνT 2015 2015-09-15



3

Multi Messenger Astronomy
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The IceCube Neutrino Observatory

5160 Digital Optical Modules (DOMs)


60 each on 86 strings


1km
3
 in depth from 1.5 to 2.5 km


Full detector operational since 2011, partial 
detectors running before (ICxx)


Relativistic charged particles emit 
Cherenkov light along path + stochastic 
losses


Use light pattern detected to reconstruct 
direction and deposited energy of particles


Surface Array (IceTop) can be used as 
active veto for very down-going events
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Astrophysical Neutrinos

Events starting in IceCube


Use outer layers of IceCube as veto against incoming µ


Small sample with high purity


Dominated by shower-type events


Origin unknown


large uncertainties in ang. 
direction


low statistics


Use track-like events for point source studies
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Through-going µ searches

Muons travel long distance before being detected


Collection volume much larger than instrumented one


Track-signature of muons gives long lever-arm


Astrophysical νµ observed in 
north by IceCube


Background of atmospheric µ+ν


point-signal clusters on small angular 
scales


large off-source regions
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Point Source Search: Signal(s) and Background

Overwhelming 
atm. backgrounds


Atmospheric ν 
produced in air 
showers


Atm. µ enter 
IceCube from 
above


Expected signal 
follows hard 
energy spectrum
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Rays
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Clear neutrino 
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South (PeV - EeV)


Bundles of muons 
look like high-
energy single muon


Starting events help 
to identify astro. ν
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Event Sample of Point Source Searches

Multivariate event selection to select 
most promising signal


Muons induced by high-energy neutrinos


Best reconstruction (long-lever arm)


North: ~70k νµ’s per year


South: ~35k µ’s per year


Total: 6 years = 600,000+ events


First 2 years in partial configuration 
(IC40 & IC59)


4 years with full detector 
(IC79 + 3xIC86)
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Point Source Searches in IceCube
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PSF modelled Gaussian on sphere with 
event-wise uncertainty


Background: declination (δ) -dependent


Energy information: P(E) of signal harder 
than atm. background


Find maximum LLH over the entire sky


Previous analyses: 4 year (ApJ 796, 109) 
3 year (ApJ 779 132)
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Sensitivity & Discovery Potential
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South North

Unbroken E^(-2) spectrum

KM3Net (4years) 
arxiv:1403.4065

ANTARES (1338d) 
arxiv:1402.6182
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Results of 6 year analysis
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North 
Atm. ν

South 
Atm. µ

No significant clustering observed
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Results of 6 year analysis - Hottest Spots
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North 
Atm. ν

South 
Atm. µ

South
-log10(p) 4.74

Post-Trial 87%
ns 19.4
ɣ 2.3

North
-log10(p) 5.51

Post-Trial 35%
ns 28.4
ɣ 2.1
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A-Priori Source lists

Source list of possible 
neutrino emitters


44 sources of various type


Mostly northern hemisphere


Best Source: PKS1406-076


Post Trial Significance: 5.1%


n_Src = 12.9, ɣ = 2.8


Complete source list at 
ApJ 796, 109 (2014)

Stefan Coenders VLVνT 2015 2015-09-15



14

Gamma-Ray sources: Model Predictions

Using ɣ-ray observations


 ɣ-rays and ν’s connected in π-
decays


Use SED of gamma-rays to 
estimate neutrino flux


Crab & Mrk 421


IceCube observes small over-
fluctuations at source locations


90% upper limits below or close 
to model predictions
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Outlook on future performance

Discovery Potential grows faster than square-root


2 additional years: Disc. Potential reaches 10-12 TeV / cm2 s


Stronger gain for South: 
Starting events


Gen-2 development


Better pointing and geom. 
Area


Additional gain in performance
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Conclusion

No steady clustering observed with 6 years of data


Scan of full sky - Large trial factor reduces p-value from 3x10
-6

 to 35%


Source List: Best fit for PKS 1406-076, consistent with background at 5.1% after accounting 
for trials of 10 sources in the south


2014-15 data in preparation, another year of detector livetime


>700k events


PeV neutrino track event


Starting events use full detector only - livetime increase from 988 to ~1700 days


Current best limits on point like sources in northern hemisphere set by IceCube


Strong constraints on model prediction: Crab Nebula & Mrk 421


South: Best limits above PeV energies (no cutoff)
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ß
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Thank You!
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IceCube Partial Configuration
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IceCube Angular Resolution

Use the Moon (Sun) as negative point source


Cosmic rays blocked by moon


Lack of atmospheric µ


0.8° width of source


very good MC 
agreement for 
muon energies
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Source List Results
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Sensitivity to different spectra
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