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IceCube 10 year (2011-2020) Northern Sky Neutrino Map
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Fit number of astrophysical events (ns) and spectral index at each spot in sky.
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Most significant spot:
ns = 81 , spectral index = 3.2
Local significance: 5.3 σ

1% of scrambled data sets have a spot ≥ 5.3 σ

Equatorial Coordinate System

IceCube 10 year (2011-2020) Northern Sky Neutrino Map
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IceCube 10 year (2011-2020) Northern Sky Neutrino Map

Catalog Analysis (110 objects)

Most significant object:  NGC 1068
ns = 79 , spectral index = 3.2
Single object significance: 5.2 σ

1 in 100,000 scrambled data sets have object ≥ 5.2 σ
= 4.2 σ evidence 



Location of Hottest Spot and NGC 1068
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Location of Hottest Spot and NGC 1068
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Hottest spot is 0.11° away from
center of NGC 1068



Offset of Reconstructed hottest spot for Simulated Source
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Localizing a source like NGC 1068:  simulate with 80 events, E-3.2 spectrum at dec=0°

Median offset of reconstructed hotspot from true source location:  0.12°
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Catalog of 110 Objects 

Based on 4th Fermi catalog of gamma-
ray sources: 4FGL-2DR

Selected a priori based on gamma-ray
brightness and IceCube sensitivity at 
object’s declination

95 are blazars
14 are AGN / other galaxies
1 Galactic source (MGRO J1908+06)
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1 in 10,000 scrambled data sets have 
binomial test result -log10(pmin) ≥ 5.3

= 3.7 σ evidence 

Catalog of 110 Objects 

Binomial Test
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1 in 10,000 scrambled data sets have 
binomial test result -log10(pmin) ≥ 5.3

= 3.7 σ evidence 

Catalog of 110 Objects 

Binomial Test



Hottest SpotS in Northern Sky Neutrino Map
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Hottest SpotS in Northern Sky Neutrino Map
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NGC 1068



Hottest SpotS in Northern Sky Neutrino Map
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NGC 1068



Hottest SpotS in Northern Sky Neutrino Map
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NGC 1068

TXS 0506+056



Hottest SpotS in Northern Sky Neutrino Map
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NGC 1068NGC 4151  
(0.18° offset)

TXS 0506+056



NGC 1068 & NGC 4151: Original Seyfert Galaxies
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Astrophysical Journal, vol. 97, p.28 (1943)

R. Silberberg and M. M. Shapiro (1982)



Hottest SpotS in Northern Sky Neutrino Map
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NGC 1068NGC 4151  
(0.18° offset)

TXS 0506+056



TXS 0506+056
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Science 361, 
6398, (2018) 147 Science 361, 

6398, (2018) 
eaat1378

3 σ coincidence 
with gamma-ray 
flare 

3.5 σ
“untriggered” 
flare analysis



TXS 0506+056
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Science 361, 
6398, (2018) 147 Science 361, 

6398, (2018) 
eaat1378

3 σ coincidence 
with gamma-ray 
flare 

3.5 σ
“untriggered” 
flare analysis

Most recent analysis, steady search:
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“Untriggered” Time-Dependent Likelihood

Generic Time Window can be
Gaussian (here) or Box (“Top Hat”)

Penalty for choosing a short-time window duration σT
(corresponds to the fact that there are many more short than long windows)

Braun et al. Astropart. 
33, 175 (2010)

For “untriggered” search, consider all possible time windows and durations:



Multi-flare Analysis
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IceCube, ApJL 920 L45 (2021)



Multi-flare Analysis
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IceCube, ApJL 920 L45 (2021)

TXS 0506+056 only source (out of 110) where fit prefers 2 separate emission episodes

TXS 
0506+056



TXS 0506+056 in ANTARES analysis
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2007-2017  Time-integrated 
analysis 

Best-fit number of signal 
events:  1.03

Local Significance (p-value):  
3.4%

ANTARES, ApJ 863 (2018) 2, L30



TXS 0506+056
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ANTARES  event   2013.12.12        1 year earlier … so, not related to flare?



TXS 0506+056
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ANTARES, Phys. Rev. D 96, 082001 (2017)

For time-integrated (steady source) analysis:
ANTARES best-fit flux (my estimate) is within 1-σ of IceCube best-fit flux
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Antoine’s talk
yesterday
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Zhan’s talk yesterday
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