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IceCube

M. Aartsen et al. (IceCube Collaboration) JINST 12 P03012 (2017) 
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Event Signatures
“shower“ events: neutrinos 

interacting inside the detector
“track“ events: muon neutrinos 

filtered by the Earth

total energy measurement
to 10%, all flavors, all sky

astronomy: angular resolution
superior
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IceCube Target of Opportunity Program

Goal: Find electromagnetic counterpart
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Supernova 
with choked 
jets

Interacting
Supernova

Active Galactic 
Nucleus (AGN)

Super 
massive BH

Tidal Disruption 
event (TDE)

Gamma-Ray 
Burst (GRB)

Neutrino Source Candidates (selection)
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Realtime-Searches

1. MeV neutrino bursts (Galactic Supernovae), part of SNEWS

2. Cluster of O(1-10 TeV) neutrinos

• All-sky

• Pre-defined source list of promising TeV gamma-ray candidates

3. High-energy O(100 TeV) track events with high “signalness”

4. High-energy O(100 TeV) cascade events

5. Neutrino – gamma-ray (HAWC) coincidences à see AMON talk

6. Fast response analysis

Aartsen et al. (IceCube Coll.) Astropart. Phys., 92, 30 (2017)
Aartsen et al. (IceCube Coll.) JINST 11 P11009 (2016)
Abbasi et al. (IceCube Coll.) ApJ 910 4 (2021)
IceCube Coll. ICRC 2021, arXiv:2107.08098
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High-energy Track Alerts

R. Stein et al. ICRC 2021, arxiv: 2110.01631

Version 1

Version 2

“Gold”: 10/yr, ~5/yr of cosmic origin
“Bronze”: 30/yr, ~10/yr of cosmic origin
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Latency

Aartsen et al. (IceCube Coll.) Astropart. Phys., 92, 30 (2017)

Median: 33 sec

DAQ triggers time at South Pole until arrival in northern hemisphere data
center à initial GCN broadcasted through AMON without human in the loop
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Angular Reconstruction
1. Fast online reconstruction included in initial GCN ( ~30 sec)

2. More time-consuming likelihood scan applied (~ few hours)

Likelihood landscape converted to 90% confidence contour based on 

re-simulations (including sys. unc.) à follow-up GCN and Circular

Aartsen et al. (IceCube Coll.) Astropart. Phys., 92, 30 (2017)
IceCube Collaboration, ICRC 2021, arxiv: 2107.08670

Simulated event

IceCube preliminary
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Interesting Candidate Sources (selection)

Gamma-ray blazar TXS 0506+056

Among 50 brightest Fermi blazars (3%)

Redshift 0.3365±0.0010

MAGIC Significance map: 

TeV gamma rays
Fermi-LAT light curve (100 MeV – 300 GeV)

IceCube, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC, H.E.S.S, INTEGRAL, 

Kapteyn, Kanata, Kiso, Liverpool, Subaru, Swift, VERITAS, VLA, Science 2018
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Interesting Candidate Sources (selection)
Radio-bright blazar PKS 1502+106

S. Britzen et al. MNRAS 503 (2021), Franckowiak et 
al. ApJ 893 (2020), Plavin et al. ApJ 894 (2020)

Radio 
(OVRO)

Gamma rays 
(Fermi)

neutrino
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Interesting Candidate Sources (selection)
Two tidal disruption events AT2019dsg and AT2019fdr

Reusch et al., arXiv:2111.09390
R. Stein et al. Nature Astronomy 5 (2021)

Zwicky Transient 
Facility
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Gravitational Waves and Neutrinos

Illustration by 
I. Bartos

Search for neutrinos from GW170817 in ANTARES, Auger and
IceCube data in +/-500 sec à no counterpart found

Neutrino could help to constrain direction and teach
us about the GW source environment

LIGO, Virgo, Auger, ANTARES, IceCube,ApJ 850 (2017)
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Prospects for IceCube Gen2

Aartsen et al. (IceCube Gen2 Collaboration), J.Phys.G 48 (2021)
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Prospects for IceCube Gen2

Increased effective area and improved angular uncertainty

Aartsen et al. (IceCube Gen2 Collaboration), J.Phys.G 48 (2021)
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Prospects for IceCube Gen2

Observable volume for a generic 100 s 

burst with equivalent isotropic emission of

1050 erg in neutrinos following dN/dE ∝ E−2

5σ discovery

potential for a flux

of muon neutrinos

in relation to

observations of the

TXS 0506+056

Aartsen et al. (IceCube Gen2 Collaboration), J.Phys.G 48 (2021)
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• Various realtime searches implemented

• First interesting candidates identified

• Difficulty: Many candidate neutrino source classes

• Bright future with new neutrino detectors on the horizon

Conclusion
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Backup
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Background in Search for Cosmic Neutrinos

Muon

Atmospheric
Neutrino

Atmospheric
Muon

Cosmic
proton

Cosmic
Neutrino

Atmosphere

atmospheric
muons

atmospheric
neutrinos

muons detected per year:
• atmospheric ! ~ 1011 (3000/sec)
• atmospheric "à ! > 105 (1/5min)
• cosmic "à ! > 120 
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Signalness Definition
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MeV Neutrino Search

L. Köpke for the IceCube Coll. arXiv:1704.03823

SN @ 10kpc
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Cluster Search

T. Kintscher PhD thesis, https://edoc.hu-berlin.de/handle/18452/22672
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Gamma-ray follow-up

Catalog of Monitored TeV sources for different IACTs

Aartsen et al. (IceCube Coll.) JINST 11 P11009 (2016)
T. Kintscher PhD thesis, https://edoc.hu-berlin.de/handle/18452/22672
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Latency

T. Kintscher PhD thesis, https://edoc.hu-berlin.de/handle/18452/22672
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IceCube-Gen2 time line

Aartsen et al. (IceCube Gen2 Collaboration), J.Phys.G 48 (2021)
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Gravitational Waves (GW) and Neutrinos

Illustration by 
I. Bartos

Non-observation is
consistent with off-

axis short GRB 
scenario

LIGO, Virgo, Auger, ANTARES, IceCube,ApJ 850 (2017)


