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Supernovae

A S T R O P H Y S I C A L  N E U T R I N O  P R O D U C T I O N

Neutron Star 
Mergers

Gamma-ray Burst 
(GRB)

They can produce a plethora of messengers, including low and high energy neutrinos.

Death of stars
Arise from death of 
stars & mergers

Active Galaxies

And more…

Cosmic-ray (CR) acceleration
X + π± → X + e± + ν
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ICECUBE
5160 sensors buried in 1  of icekm3

Depth = 2450 m

Located at the South Pole

We detect Cherenkov light produced when charged particles pass through ice

All-sky observatory monitoring 24/7, with over 10 years of data

I CECUBE  NEUTR INO  OBSERVATORY



ASTROPHYS ICS  I N  I CECUBE

We can do astrophysics in a wide range of 
neutrino energy: MeV to PeV

•Understand EoS 	
•Understand neutrino 
properties from very 
dense environments

•Understand the diffuse flux 
origin	

•Understand CR 
acceleration

< GeV
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Multi-Messenger 
astronomy

Transient sources

We need to respond fast to the 
community —> Realtime program

> GeV
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ν

θνμ
∼

0.7∘

Eν[TeV]

 CC interactionsνμ

Good for directionality:

Track-like Cascade-like

HOW WE  OBSERVE  H IGH-ENERGY  NEUTR INOS

 CC interactions 
and all flavor NC 
νe, ντ

Angular resolution 
∼ 5∘ − 15∘
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I N C E P T I O N  O F  I C E C U B E  R E A LT I M E  T R A C K  A L E R T S
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LAUNCH OF THE 
ICECUBE REALTIME PROGRAM

2016

I N C E P T I O N  O F  I C E C U B E  R E A LT I M E  T R A C K  A L E R T S

Public Neutrino Alerts	
issued within one minute

IceCube Collaboration, Astropart. Phys., 92, 30 (2017)

https://doi.org/10.1016/j.astropartphys.2017.05.002
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LAUNCH OF THE 
ICECUBE REALTIME PROGRAM

2016

I N C E P T I O N  O F  I C E C U B E  R E A LT I M E  T R A C K  A L E R T S

νμ

Alerts target muon tracks from CC 
interactions of astrophysical origins for best 
source localization  

Public Neutrino Alerts	
issued within one minute

IceCube Collaboration, Astropart. Phys., 92, 30 (2017)

https://doi.org/10.1016/j.astropartphys.2017.05.002
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LAUNCH OF THE 
ICECUBE REALTIME PROGRAM

2016

I N C E P T I O N  O F  I C E C U B E  R E A LT I M E  T R A C K  A L E R T S

A milestone
 in multi 

messenger 
astrophysic

s!
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LAUNCH OF THE 
ICECUBE REALTIME PROGRAM

2016

I N C E P T I O N  O F  I C E C U B E  R E A LT I M E  T R A C K  A L E R T S

A milestone
 in multi 

messenger 
astrophysic

s!

IceCube Collaboration, Science 
361, 146-151 (2018)

•First transient source of high-
energy neutrinos identified	
•Success of the IceCube realtime 
system  TXS 0506+056 & 
IceCube Track Alert 
IC-170922A

→

https://doi.org/10.1126/science.aat2890
https://www.science.org/doi/10.1126/science.aat1378
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LAUNCH OF THE 
ICECUBE REALTIME PROGRAM

2016

I N C E P T I O N  O F  I C E C U B E  R E A LT I M E  T R A C K  A L E R T S

A milestone
 in multi 

messenger 
astrophysic

s! Two categories of track alerts
•Gold: average 	
•Bronze: average  
of being astrophysical 
origin

∼ 50 %
∼ 30 %

Still active now…

Expanded and improved 
alert selection

Blaufuss et al., PoS(ICRC2019) 1177

https://arxiv.org/pdf/1908.04884
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T R A C K  A L E R T S  W O R K F L O W

Gold/Bronze alert
Results from a fast and simplified 

reconstruction algorithm	
(processed at South Pole)

General Coordinate Network 
(GCN) Notice

1.

< 1 min
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T R A C K  A L E R T S  W O R K F L O W

Gold/Bronze alert

Results from a fast and simplified 
reconstruction algorithm	
(processed at South Pole)

General Coordinate Network 
(GCN) Notice

1.

< 1 min

Updated reconstruction with 
more sophisticated algorithms	
(processed at North)

GCN Circular	
+	

Updated GCN Notice
2.

< a few hours
Refined best-fit direction and 

angular coordinates	
(rectangular error region)
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LAUNCH OF THE 
ICECUBE REALTIME PROGRAM

2016

I C E C AT- 1 :  I C E C U B E ’ S  1 S T  E V E N T  C ATA L O G  O F  A L E R T  T R A C K S

2019

UPGRADE OF THE 
ICECUBE REALTIME PROGRAM

Public release of 348 alerts (from 2011 to October 2023)

October 2023

IceCube Collaboration, ApJS 29, 25 (2023)

Data reprocessing	
with track alert filter selections

Alerts reprocessed with upgrade introduced in 2019  new alerts because of 
expanded alert selection

→

https://iopscience.iop.org/article/10.3847/1538-4365/acfa95
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I C E C AT- 1 :  I C E C U B E ’ S  1 S T  E V E N T  C ATA L O G  O F  A L E R T  T R A C K S

Public release of 348 alerts (from 2011 to October 2023)



TOWARDS  I CECAT-2  RELEASE

19

What is new The preliminary sample

Correlation with sources: 
Individual and catalogs

Comparison 
IceCat-1 / IceCat -2
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U P D AT E  O N  T R A C K  A L E R T  S Y S T E M

Gold/Bronze alert
Results from a fast and simplified 

reconstruction algorithm	
(processed at South Pole)

General Coordinate Network 
(GCN) Notice

1.

< 1 min

Updated reconstruction with 
more sophisticated algorithms	
(processed at North)

GCN Circular	
+	

Updated GCN Notice
2.

< a few hours
Refined best-fit direction and 

angular coordinates	
(rectangular error region)

September 2024 Track 
Alert System Update

•Reconstruction algorithm 
was updated	
•Improvement in:	
•Angular resolution	
•Coverage of directional 
uncertainty

G. Sommani & T. Yuan PoS(ICRC2025)1184

GCN Circular 38267
Announced via

https://arxiv.org/abs/2507.06957
https://gcn.nasa.gov/circulars/38267
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I C E C AT- 2 :  W H AT  I S  N E W

•Improved event directions: using latest reconstructions (used in the real-time system 
since Sept. 2024)
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I C E C AT- 2 :  W H AT  I S  N E W

•Improved event directions: using latest reconstructions (used in the real-time system 
since Sept. 2024)

•Excluded likely atmospheric-muon events from IceCat-1:	
Oct. 2022: a veto method has been applied to reject atmospheric muons that 
might pass the alert selection criteria. 	

We retain 340 out of 348 events from IceCat-1

Amin et al.m J. Phys. Conf. Ser. 2156, 012217 (2021)
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I C E C AT- 2 :  W H AT  I S  N E W

•25 additional track-like alerts since IceCat-1:	
Preliminary catalog presented in this talk	

Additional events will be added for the peer-reviewed publication + public data 
release

•Improved event directions: using latest reconstructions (used in the real-time system 
since Sept. 2024)

•Excluded likely atmospheric-muon events from IceCat-1:	
Oct. 2022: a veto method has been applied to reject atmospheric muons that 
might pass the alert selection criteria. 	

We retain 340 out of 348 events from IceCat-1

Amin et al.m J. Phys. Conf. Ser. 2156, 012217 (2021)
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I C E C AT- 2 :  W H AT  I S  N E W

•25 additional track-like alerts since IceCat-1:	
Preliminary catalog presented in this talk	

Additional events will be added for the peer-reviewed publication + public data 
release

•Improved event directions: using latest reconstructions (used in the real-time system 
since Sept. 2024)

•Excluded likely atmospheric-muon events from IceCat-1:	
Oct. 2022: a veto method has been applied to reject atmospheric muons that 
might pass the alert selection criteria. 	

We retain 340 out of 348 events from IceCat-1

Amin et al.m J. Phys. Conf. Ser. 2156, 012217 (2021)

•Full reprocessing of all alerts: used most up-to-date processing and calibration
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P R E L I M I N A R Y  I C E C AT- 2  S A M P L E

Preliminary IceCat-2 catalog includes 365 track-like alerts

•Average rate: 26.8 evt/yr	
•Gold: 9.9 evt/yr	
•Bronze: 17 evt/yr

∼
∼
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P R E L I M I N A R Y  I C E C AT- 2  S A M P L E :  S K Y M A P



TOWARDS  I CECAT-2  RELEASE
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What is new The preliminary sample

Correlation with sources: 
Individual and catalogs

Comparison 
IceCat-1 / IceCat -2
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A N G U L A R  D I S TA N C E  B E T W E E N  B E S T  F I T  D I R E C T I O N S

50(90)% of the alerts with angular separation below 0.55(1.62) deg
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A N G U L A R  D I S TA N C E  B E T W E E N  B E S T  F I T  D I R E C T I O N S
Most notable improvement  significant reduction in localization uncertainties around the best-fit direction→

IceCat-2: 	
•Median improvement on area at 50%(90%) by a factor around 5(4).	
•Distributions are considerably narrower, with the spread around the median, quantified by the standard 
deviation 𝜎, reduced by a factor between 8 and 9

50% 90%
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C O M PA R I S O N  R E C O N S T R U C T I O N :  I C E C AT- 1  ( O R I G I N A L )
Rectangular box contours are the ones provided to the external community through GCN Circulars for real-

time High-Energy Track Alerts (Gold/Bronze Alerts)
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C O M PA R I S O N  R E C O N S T R U C T I O N :  I C E C AT- 1  ( N E W  R E C O  F R O M  I C E C AT- 2 )

Rectangular box contours are the ones provided to the external community through GCN Circulars for real-
time High-Energy Track Alerts (Gold/Bronze Alerts)

This reflects the improvement that has 
been introduced in the realtime 

processing of track alerts in IceCube



TOWARDS  I CECAT-2  RELEASE
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What is new The preliminary sample

Correlation with sources: 
Individual and catalogs

Comparison 
IceCat-1 / IceCat -2
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I N D I V I D U A L  S O U R C E S :  T X S  0 5 0 6 + 0 5 6

•Still spatially coincident with 
revised IC-170922A 
localization	
•Now lies within 90% 
containment vs. 50%.

First high-energy transient 
identified as a potential neutrino 

source 
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I N D I V I D U A L  S O U R C E S :  N G C  7 4 6 9
Two coincident O(100) TeV IceCube neutrino alerts (IC220424A and IC230416A)

Sommani et al., ApJ 981 (2025), 103

NGC 7469 position is 
still contained within the 
contours of both 
neutrino alerts

https://iopscience.iop.org/article/10.3847/1538-4357/adb031
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I N D I V I D U A L  S O U R C E S :  T I D A L  D I S R U P T I O N  E V E N T S  ( T D E )

TDE positions are outside the updated containment regions	
Associations between these TDEs and the IceCube alerts are disfavored

Three TDE candidates have been associated with high energy astrophysical neutrinos in multi-messenger follow-ups 
occurring O(100) days after the maximum of the optical-ultraviolet luminosity

AT2019aal AT2019dsg AT2019fdr

Stein et al. 2021, Reusch et al. 2022, van Velzen et al. 2024 

https://doi.org/10.1038/s41550-020-01295-8
https://doi.org/10.1103/PhysRevLett.128.221101
https://doi.org/10.1093/mnras/stae610
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C ATA L O G  C O R R E L AT I O N  W I T H  S O U R C E  C A N D I D AT E S

Consistent with median 
expectation

•Directional correlation with catalogs: 	
•Gamma-ray: 3FHL, 4FGL-DR4, 3HWC and TeVCat.	
•X-ray: Swift-BAT	
•365 IceCat-2 alerts: search sources within 90% positional uncertainty	
•Chance rate: 1000 RA randomizations and matches counted

PoS(ICRC2025) 362



•Incorporates new reconstructions, updated calibrations, exclusion of likely 
cosmic-ray induced events, and new alerts since IceCat-1.	
•Preliminary catalog: 365 track-like alerts from May 2011 (IC-110514A) to 
January 2, 2025 (IC-250102A).	
•Angular resolution: x improvement; median 50% and 90% containment 
areas of 0.2 and 1.3 deg  —> Crucial for follow-up.	
•Source cross-checks:	
•TXS 0506+056 and NGC 7469 remain within contours.	
•TDE candidates AT2019dsg, AT2019fdr, AT2019aalc now outside 90% 
contours.	

•Next steps: Full catalog to be publicly released after peer-reviewed 
publication, with analyses on source-population correlations.

∼ 5
2

I C E C AT- 2  S U M M A R Y

40



THANK  YOU!

41
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P R E L I M I N A R Y  I C E C AT- 2  S A M P L E :  A L E R T S  W I T H  U P D AT E D  I C E C AT- 2  R E C O
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S I G N A L N E S S  D E F I N I T I O N Blaufuss et al., PoS(ICRC2019) 1177

Probability estimate that the event is an astrophysical neutrino based on 
the observed characteristics, relative to background

Signalness =
Nsignal(E, δ)

Nsignal(E, δ) + Nbackground(E, δ)

E → Most likely neutrino energy (derived from muon energy proxy)
δ → Event declination

Nbackground includes both atmospheric neutrinos and muons

https://arxiv.org/pdf/1908.04884
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I C E C AT- 2 :  FA R  A N D  S I G N A L N E S S

•Gold and Bronze channels correspond to average astrophysical probabilities of 50% and 30%, assuming a power-
law spectrum with index 2.19	
•This spectral index, adopted in IceCat-1 and currently used in real-time alerts, is based on an earlier IceCube 
measurement. Future versions of the catalog will incorporate an updated value, reflecting the softer spectrum 
observed in muon track events by IceCube
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C O R R E L AT I O N  W I T H  G A M M A - R AY  S O U R C E  C A N D I D AT E S
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C O R R E L AT I O N  W I T H  X - R AY  S O U R C E  C A N D I D AT E S
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C O M PA R I S O N :  C O R R E L AT I O N  W I T H  S O U R C E  C A N D I D AT E S

IceCube Collaboration, ApJS 29, 25 (2023)

PoS(ICRC2025) 362

IceCat-1

IceCat-2

The reduced number of expected 
coincidences in IceCat-2 with respect to 
IceCat-1 is consistent with the significant 
improvement in directional reconstruction we 

are going to introduce in IceCat-2

https://iopscience.iop.org/article/10.3847/1538-4365/acfa95
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C O V E R A G E / R O B U S T N E S S  O F  N E W  R E C O  A L G O R I T H M S

Expectation from 
Willk’s theorem

Δ ln(L) → Log-likelihood diff between true and reconstructed best-fit directions (simulations)
CDF → Cumulative distribution function

From realtime benchmark simulations, each re-simulated 100 times
These plots refer to the two reconstruction algorithms	

currently used for the refined track alert reconstruction, and therefore also adopted in IceCat-2 

G. Sommani & T. Yuan PoS(ICRC2025)1184

Muon energy proxy 
 50 TeV≲

Muon energy proxy 
 50 TeV≳

https://arxiv.org/abs/2507.06957
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C O M PA R I S O N  T O  P R E V I O U S  A L G O R I T H M

This refers to the reconstruction algorithms 
used for the refined track alert 
reconstruction before September 2024, 
and therefore also adopted to process 
IceCat-1 

T. Yuan., PoS(ICRC2023) 1005

https://pos.sissa.it/444/1005/pdf
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A N G U L A R  R E S O L U T I O N  O F  R E A LT I M E  N E U T R I N O  A L E R T

At alert selection value (based on results 
from reconstructions sent out via the first 
GCN notice)

PubDoc: IceCube High-Energy Neutrino Track Alerts

https://gcn.gsfc.nasa.gov/doc/IceCube_High_Energy_Neutrino_Track_Alerts.pdf

