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First Evidence of a high-energy Neutrino Point Source 

July	2018	
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Why should neutrino sources exist? 

Cosmic rays (protons, nuclei) --- up to 1020 eV -- exist.  Sources unknown. 

Neutrinos expected from sources:   p + γ   or   p + p  ->  π± , π0 , decay  ->  ν , γ 
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Neutrino Astronomy  
is High-Energy Window 

on the Universe 
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Muon	Energy	Proxy/GeV		

Background	Atmospheric	Neutrinos	
~	70	000	neutrinos	/	year	

E-2.1	astrophysical	
neutrino	flux	

(~	100	neutrinos	/	year)	

ApJ 833(2016)1,3

measured Emuon < Eneutrino 

Above 100 TeV, an all-sky astro-
physical neutrino flux is observed 
in multiple channels at > 5σ.   

2012-2015 sample

4	

Here is how it appears in the 
muon-neutrino channel.  



2017 September 22 
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Realtime Public Alert Program: 

IceCube-170922A: 
 
Energy:  290 TeV (>180 TeV, 90% CL) 
 
RA:   77.43°  (-0.65°/+0.95°  90% CL) 
Dec:  5.72° (-0.30°/+0.50°  90% CL) 
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•  Began in April 2016 

•  4-8 alerts per year 
•  Transmitted via GCN 

 (Gamma-ray Coord. Network)   

•  Typical latency till public alert:
 < 1 min  



Alert event IceCube-170922A 

Date:  28 Sept 2017 
Fermi-LAT gamma-ray 
observations      

Neutrino coincident with a blazar (with the name 
TXS 0506+056) while it is in a state of 
enhanced gamma-ray emission 
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Date:  22 Sept 2017     

IceCube-170922A 



Alert event IceCube-170922A 

Date:  28 Sept 2017 
Fermi-LAT gamma-ray 
observations      
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Date:  22 Sept 2017     

IceCube-170922A 

Date:  4 Oct 2017 
MAGIC VHE gamma-ray 
observations 

Detection of > 400 GeV gamma 
rays from the blazar 
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Fermi-LAT , MAGIC observations of IceCube-170922A location 

Significance of correlation of IceCube alert event with flaring blazar:  
 
seen by Fermi:  ~ 3 sigma,     seen by MAGIC above 400 GeV:  > 3 sigma 
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IceCube + Fermi-LAT IceCube + MAGIC 



Time-dependent multi-wavelength observations of TXS 0506+056 
before and after IceCube-170922A	

2009 2017 September October 

VHE Gamma 

Gamma 

X-ray 

Optical 

Radio 

X-ray 
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Neutrinos from direction of TXS 0506+056 

 
Time-dependent analysis:   self-clustering of events in time at TXS location 
 
 
Cluster of ~13 event excess during 5-month window 2014-2015 
 
 
Happens 2 times out of 10 000 by chance,   3.5 sigma 
 
 

Alert 

2009 2017 
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Blazars were one of earliest sources 
to be predicted as nu sources 
 
Combination of independent pieces of 
evidence => 

 Likely identification of a blazar as 
first source of high-energy neutrinos 
 

 But, not clear yet how all pieces of 
evidence fit together 
 
Isolated example, or blazars dominant 
source of HE cosmic rays?  UHE 
cosmic rays?  Not yet known… 
 

Data will now start to drive models 

TXS 
0506+056 


