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Research Tuesdays 

An Active Galaxy,
or Quasar

Powered by a massive 
black hole

Many frequencies of light 
– gamma-ray to radio

Acceleration site for
high-energy particles?

Fermi acceleration
in shocks?
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Outflow of
material
in jets

Shock front
with speed 

discontinuity

Fermi acceleration as particles 
bounce back and forth across 

schock
- small boost in energy each 

crossing
- confinement by magnetised

coulds
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Astronomical messengers: 

Not light: other messengers

Light: the electromagnetic spectrum 

Low energy:
wave-like 

High  energy:
particle-like

Gravitational 
waves Neutrinos 

Gamma-rays 

Cosmic rays 







astrophysical
neutrino and
gamma-ray

upgoing neutrinos 
through-going 
muon tracks

astrophysical
neutrino

atmospheric
neutrinos

cosmic 
rays

cosmic 
ray

downgoing starting 
events

upgoing muons

gamma-ray 
absorbed 
at source

IceCube sees the 
whole sky

Downgoing – look for 
starting events in 
detector

Upgoing - Earth filters 
out CR muons

look for upgoing
muons from neutrinos
astrophysical: expect 
flatter spectrum 
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Detecting neutrinos via 
light emission of muons





9 million pounds of Cargo and fuel
300 Hercules LC 130 missions

Logistics
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upgoing neutrinos 
through-going muon
tracks

astrophysical neutrino
excess at high energy?

cosmic 
rays muon energy in detector

reject 
downgoing
muons

Looking down at the south pole
into the northern sky



22 November 2013



upgoing neutrinos 
through-going muon
tracks

astrophysical neutrino
excess at high energy?

cosmic 
rays muon energy in detector

reject 
downgoing
muons

Looking down at the south pole
into the northern sky



E2Ф = 10-8 GeV cm-2 s-1 sr -1  

Prompt  neutrinos
0.45 x ERS  

Muon: 2.6 PeV deposited
Neutrino:     3-10 PeV !

IC59 IC79 IC86-1 IC86-2,3,4,5,6

Upgoing diffuse 8 years



Results of (regular) 7 year clustering search
(much less pure neutrino sample) Northern sky

astro vs atmos
muon neutrinos

Southern sky
muon neutrinos vs
atmos muons



Results of 7 year clustering search
Northern sky
astro vs atmos
muon neutrinos

Southern sky
muon neutrinos vs
atmos muons



Multi-messenger astronomy















Timeline of all follow-ups Neutrino arrival time (Sep 2017)
High gamma ray activity

Neutrino-gamma 
correlation significance:
3 sigma MAGICFermi



Also, looking back in time: there was a burst of neutrinos over
6 months back in 2014/2015

Neutrino time-clustering
significance: 3.5 sigma















The structure of 
the measured 
photons in the 
detector matches
well to the 
hypothesis of a W 
decay into a 
shower and 
muons!
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Master of Ceremony
Albrecht Karle, University of Wisconsin–Madison

Opening Remarks
Denise Caldwell, National Science Foundation 

Steve Ackerman, University of Wisconsin–Madison

New results from the 
IceCube Neutrino Observatory

Thursday, November 3, 1:00 PM CDT

Presentations
Justin Vandenbroucke, University of Wisconsin–Madison 

Elisa Resconi, Technical University of Munich
Hans Niederhausen, Michigan State University

and Technical University of Munich
Ignacio Taboada, Georgia Institute of Technology

Question & Answer Session



Science — Nov. 4, 2022

Right Ascension



Previous analysis:

Most significant position on sky: consistent with 
NGC 1068 (Messier 77), a Seyfert IIgalaxy (2.9 𝜎𝜎)

Per year:
90 billion atmospheric muons
80 thousand atmospheric neutrinos

IceCube, PRL 124,051103(2020)

50 neutrinos



The new IceCube neutrino map
(improved processing, directional and energy 

reconstruction)

Grid 0.2° x 0.2°

Equatorial Coordinate System



Grid 0.03° x 0.03°

0.09°

40.69°

At the brightest location in full sky scan:
Mean astrophysical neutrino events = 81
Mean spectral index = 3.2

Grid 0.2° x 0.2°

Equatorial Coordinate System

Identified ‘hot’ spot



Is the ‘hot’ spot in coincidence with an object?

110candidate sources



-0.01°

40.67°

Grid 0.03° x 0.03°

Hottest spot coincides with NGC 1068

Equatorial Coordinate System



-0.01°

40.67°

Grid 0.03° x 0.03°

Equatorial Coordinate System

Hottest spot coincides with NGC 1068

At the NGC 1068 location: 
Astrophysical neutrino events = 79
Spectral index = 3.2 ± 0.2



using 500x106 computer experiments assuming no signal
and accounting for catalog size (110 candidate sources) yields p~1.1x10-5

... global significance 4.2σ
simulated experiments (trials) 
assuming no signal



-0.01°

40.67°

Grid 0.03° x 0.03°

Equatorial Coordinate System

Evidence for neutrino emission from NGC 1068

Global significance 4.2σ

At the NGC 1068 location: 
Astrophysical neutrino events = 79
Spectral index = 3.2 ± 0.2



An improved track dataset

data: May 2011 to May 2020

~99% detector uptime

~670,000 neutrinos selected (99.7% purity) 
out of ~1 trillion events recorded

multiple improvements
detector calibration, data filtering and processing 
applied to entire dataset (all ~1 trillion events)

=> IceCube Pass 2 data

previously

new analysis

season 2008 2011 2018 2020



NGC 1068 is consistent with location of 
strongest clustering of neutrinos in the sky



previously
2.9σ new result 

(final)
4.2σ

new methods 
“Pass 1” data 
(old calibrations
+ processing)
3.3σ

Improvements made new results possible
1) Improvements in data quality (updated calibrations, uniform processing) “Pass2”
2) Improved statistical methods and directional and energy reconstructions

(new processing + old methods: 3.8σ)
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NGC 1068: a non-jetted AGN 
with an obscured black hole

Credit: NASA/JPL-Caltech 20



Supermassive 
black hole

Accretion disk

Ultrahot gas

Credit: NASA/JPL-Caltech

NGC 1068 and the obscured core



1982

How are neutrinos produced in non-jetted AGNs?



Implications of the NGC 1068 neutrino observation

Active galaxies may contribute to 
significant fraction of extragalactic 
neutrino flux.

NGC 1068 is opaque to high-
energy gamma-rays

NGC 1068 and TXS 0506+056 are
different.

[25] IceCube. ApJ 928, 50 (2020)
[17] IceCube. PRL. 125, 121104 (2020)



IceCube is getting better –and we are not finished

More to IceCube than “adding 
more years of data”

New instrumentation in
2025/2026 will improve
angular resolution

The future IceCube-Gen2 will 
have even better sensitivity 
than IceCube

NGC 1068
Credit: NASA, ESA &A. van der Hoeven



IceCube Upgrade
7 strings – 2025/26

Radio – Askaryan Effect
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