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IceCube 

No more  
general introduction  

to IceCube! 
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Neutrino Event Signature 

Neutral-Current 
 

CC Electron Neutrino 

XN xx  

XeNe 

• all light in detector 
 ~ 10% energy resolution 
• nearly spherical geometry 
 ~ 10° angular resolution 

“cascade” 

E ~ PeV 

CC Muon Neutrino 
XN   

• just part of light in detector 
 ~ 30% in log(E

m
) resolution 

• track-like geometry 
 ~ 0.6° angular resolution 

“track” 

E ~ 30 TeV 
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Search for 
Astrophysical Neutrinos 

More promising for: 

• rare bright sources 

• transient sources 

• galactic sources 

More promising for: 

• abundant extragalactic  

 sources (e.g. AGN) 

Point-like neutrino sources Diffuse neutrino flux 



astrophysical n 

GZK n 
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Diffuse Search 

Search for excess in high-energy region 



astrophysical n 

GZK n 
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Diffuse Search 

Search for excess in high-energy region 



astrophysical n 

GZK n 
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Diffuse Search 

Search for excess in high-energy region 



• Define veto region at detector borders to 
veto incoming atmospheric muons 

 

• Down-going atmospheric neutrinos are 
accompanied by high-energy atm. muons 
 also vetoed 

 

• To get good veto efficiency, require much 
light in detector  
 select high-energy events  

 

 

• Selection is shower-dominated 

 

• Get events from both hemispheres 

 

• Selection has small effective volume 
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Starting Event Search 

m 

m 

n 

m 



• In three years of data 37 high-energy neutrino 
events candidate found 

 

• Estimated background 

6.6+5.9
-1.6 atm. neutrinos 

8.4 ± 4.2 atm. muons 

 

• Purely atmospheric flux rejected with 5.7s 

 

• 29 cascades and 8 tracks 

Consistent with 1:1:1 flavor ratio 

 

• Best fit per flavor flux: 

0.95±0.3×10-8 E-2 GeV cm-2s-1sr-1 

 

• One event with >2PeV energy 
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Starting Event Search 



 

 

Where does this 

astrophysical neutrino flux 

come from? 
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Search for the origin of 
astrophysical neutrinos  
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Candidate Sources  
of HE Cosmic Rays 

Extragalactic: Gamma Ray Bursts 
Maximum energy is constrained by magnetic 
field strength and size of object 

Galactic: Supernova Remnants 

Crab nebular M1 (SN 1054) SN Remnant RX J1713 (x-ray) 

Extragalactic: Active Galactic Nuclei 

AGN 3C 219 

Emax ~ bs×z×B×L 



10/2014 Schule für Astroteilchenphysik 2014 - Bärnfels - René Reimann 12 

Candidate Sources  
of HE Neutrinos 

AGN 

for HESE flux 



• No significant clustering observed 

 

• All event hotspot  

Post trial p-value: 84% 

 

• Shower event hotspot  

Post trial p-value: 7% 

 

• Multi-clustering, galactic plane, time clustering, 
GRB correlation not significant either. 
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Starting Event Search 
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Starting Event Search 
• No significant clustering observed 

 

• All event hotspot  

Post trial p-value: 84% 

 

• Shower event hotspot  

Post trial p-value: 7% 

 

• Multi-clustering, galactic plane, time clustering, 
GRB correlation not significant either. 
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Starting Event Search 
• No significant clustering observed 

 

• All event hotspot  

Post trial p-value: 84% 

 

• Shower event hotspot  

Post trial p-value: 7% 

 

• Multi-clustering, galactic plane, time clustering, 
GRB correlation not significant either. 

 

• Muon only diffuse search:  
IC59: 1.8s 
IC79-IC86 I: 3.7s 

IC59-IC86 (10xIC59): on going 

 

Use only tracks to search 
for sources! 
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Search for 
Astrophysical Neutrinos 

More promising for: 

• rare bright sources 

• transient sources 

• galactic sources 

More promising for: 

• abundant extragalactic  

 sources (e.g. AGN) 

Point-like neutrino sources Diffuse neutrino flux 
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Point-source search with a lower 
energy threshold 

Neutrinos 
~ 170 000 

Mostly muons 

~ 210 000 

Northern hemisphere 

Southern hemisphere 

• Selection of well reconstructed tracks 
 

• 4 years of data 

IC40 + IC59 + IC79 + IC86 

 

 
 

 

 



Unbinned likelihood analysis with spatial and energy pdfs 
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Point-source analysis 
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Point-Source Sensitivity 
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Point-source all-sky scan 

Northern 
hemisphere 

Southern 
hemisphere 

Post trial p-value: 22.6%  
 

Post trial p-calue: 44.0% 
 
 



• No significant excess was found 
 

• Test physical motivated source catalogue  
 No significant excess 

 calculate UL for each source 
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Point-Source Search 



 

• Point-source scan 

 

• Catalog search on physical motivated sources 

 

• Stacked source analysis for source populations 

 

• Time dependent searches 

 

 

10/2014 Schule für Astroteilchenphysik 2014 - Bärnfels - René Reimann 22 

Point-Source Searches 
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Candidate Sources  
of HE Neutrinos 

AGN 

excluded by 
PS limit 

excluded by 
transient limit 

for HESE flux 



Unbinned likelihood analysis with spatial and energy pdfs 
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Improve PS analysis 
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• IceCube is a stable operating 1 km³ neutrino 
detector  

 

• Found 37 high-energy starting neutrino events  
candidate, incompatible with atm. n flux at 5.7s 

 

• Best fit per flavor flux near Waxman-Bahcall 

 bound 

 

• Found first >PeV energy neutrino candidates  

 

• No significant PS found 

 

• New idea: Use information from diffuse signal to be 
more sensitive to sources and source populations 
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Summary 
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