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The IceCube Neutrino Observatory
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…a window to neutrino astronomy
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The Important Data Samples
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…two ways to look at the sky

Through-Going Muon Sample (a) 
•Bad Energy Resolution  
•Angular Resolution ~0.5 deg @ 100TeV 
• Good statistics due to large effective detect 
volume (~80 astro. neutrinos per year) 

• Only Northern Hemisphere (δ >-5°) 

High Energy Starting Events (b), (c) 
•Good Energy Resolution 
• Angular Resolution: ~10 deg (Cascades) 
• Low Statistics (around 12 events/year) 
• All-Sky 
• All Flavour
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The good news
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…there is clear evidence for a flux of astrophysical neutrinos

Publication in Preparation
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The IceCube Neutrino Sky
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…8yr time-integrated search for point-sources

• Look for a clustering of (high-energy) events at each spot in the sky

Hottest Spot: 

RA: 177.89°, DEC: 23.24° 

Pre-Trial p-value: 10-5.97 

Post-Trial p-value: 26.5%

Signal Likelihood Background Likelihood

Publication in Preparation
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The IceCube Neutrino Sky
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…a population of weak sources?

P-value: 
Pre-Trial: 10−1.38 
Post-Trial: 42%

• Count the number of hotspots above a certain p-value threshold

Publication in Preparation
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The IceCube Neutrino Sky
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…a population of weak sources?

• Count the number of sources above a certain p-value threshold

Strong upper limits for up to ~𝓞(100) 
steady(!) equally strong sources

Publication in Preparation
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The IceCube Neutrino Sky
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…searching source catalogs

The most significant 
sources have a post-
trial p-value of ~25%

A predefined source list

Publication in Preparation
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The IceCube Neutrino Sky
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…diffuse emission from the galactic plane

• Search for a neutrino flux from the interaction of Galactic cosmic-rays with the ambient 
interstellar gas  

• Assume cosmic-ray flux with cut-off at 5, 50 PeV (KRA Model) 
• Galactic contribution is limited to ~14% of the diffuse neutrino flux for an E-2.5 spectrum

Published in
PoS(ICRC2017)1011 
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The IceCube Neutrino Sky
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…a significant Blazar component?

Use a sample of 2FGL identified blazer 
positions to search for an cumulative 
(stacked) neutrino emission 

!
Precise limit depends strongly on 
the assumed spectral shape!

Blazars contribute 80% to the gamma-
ray background but less than 30% to the 

diffuse neutrino flux

Published in  
PoS(ICRC2017)994 
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Summary I

•We have evidence for an astrophysical neutrino signal in various 
detection channels 

•Until now, no source or source class of astrophysical neutrinos 
has been identified 

•A search for a population of up to ~500 steady, equally strong sources 
has shown no significant excess 

•Strong limits have been placed on the contribution from most 
promising candidate source classes

11

Neutrinos alone might not give us the answer about their origin… 
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Multi-Messenger Searches
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• Archival (Offline) Analysis 
• Use a model derived from one or several Multi-Messenger Observations 
• Build a statistical test which weights the neutrino sources according to the model assumption 
• Look for weak neutrino signal from entire source population 
• PRO: sensitive to weak sources and able to test specific physic scenarios 
• CON: Result is strongly model dependent, possible incompleteness of the multi-wavenglength 

data 

• Realtime Analysis 
• Use special neutrino events (or clusterings) in order to trigger follow-up observations in a broad 

wavelength band 
• Is able to detect classes of transient (and unknown) source 
• Identification of the source through electro-magnetic counterpart 
• PRO: transient sources will not be missed, unexpected counterparts can be found, collecting 

time-synchronized data  
• CON: technically challenging to run analysis in real-time
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IceCube Realtime Streams
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HESE-Stream EHE-Stream
• Through-going muon tracks with 

extremely-high energies 
• Combination of charge and zenith 

cut → high purity 
• 4-6 events/year

• Starting Tracks with high energies 
• Starting tracks with Q > 6000 P.E. 
• Expensive reconstruction (revised 

alerts after few h) 
• ~ 3.5 events/year
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The few very special ones
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νμ
IC170922A: 
Passed EHE Alert Filter 
Neutrino Energy: 120 TeV 
(90% Lower Limit) 
RA: 77.28, DEC: 5.75 
Signalness: ~57% 

AMON

Reconstructions

…EHE Event IC170922

Less then 0.1 degrees away from the event location a known Blazar 
TXS 0506+056  was identified. 
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The few very special ones
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νμ
IC170922A: 
Passed EHE Alert Filter 
Neutrino Energy: 120 TeV 
(90% Lower Limit) 
RA: 77.28, DEC: 5.75 
Signalness: ~57% 

GCN Follo
w-up

Reconstructions

…EHE Event IC170922

Less then 0.1 degrees away from the event location a known Blazar 
TXS 0506+056  was identified. 

43 seconds after trigger, GCN notice was sent
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The few very special ones
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…EHE Event IC170922A

FAVA Lightcurve
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The few very special ones
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…EHE Event IC170922A

First observation: ~3h after the neutrino trigger, 9 sources 

identified 

Second observation: Additional observational time, hint for 

spectral evolution?
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The few very special ones
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…EHE Event IC170922A
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The few very special ones
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…EHE Event IC170922A

5 sigma detection above 100 GeV was achieved after 12 h of observations 
from Sept. 28th till Oct. 3rd
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The few very special ones
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…EHE Event IC170922A
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The few very special ones
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…EHE Event IC170922A

Open Questions 

• What is the chance probability?  ! Fermi-LAT all-sky data are crucial 
• Are there more (low-energy) neutrinos from this source? 
• Can we model the multi-wavelength data in a consistent way?
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Yesterday night…
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“In summary, it may be too early to speculate.” 
Francis Halzen

 2013

 2018
• Evidence for an astrophysical neutrino flux
• Yet, no neutrino source has been identified
• …but we are on the way, speculation is 

welcome

Summary
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Backup

24



Theo Glauch
Fermi Collaboration Meeting, Pisa, March 2018

Neutrino Astronomy
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…in the context of cosmic radiation
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The Multi-Messenger Era
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Low Energy High Energy

…gigantic amount of information over a large energy range
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Astrophysical Multimessenger Observatory Network
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http://sites.psu.edu/amon/ 
Keivani, et al., PoS(ICRC2017) 629

Public IceCube alerts 
distributed through AMON
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Single Powerlaw?
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…fitting with a second component not yet conclusive

Publication in Preparation


