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First Indication of a Neutrino Source 
– A true multi-messenger feat!
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IceCube's Realtime Efforts

ZTF
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Alerts Currently “Online”
* All alerts have latency < 3 min!

Optical/X-ray Followups
Multiple neutrino candidate events from the same location around the same time
→ Alert PTF / Swift XRT

Gamma-ray Monitoring
Monitor for multiple neutrino candidate events from AGNs known to flare in 
gamma-rays
→ Alert MAGIC / VERITAS

GCN Issuing 
GCNs are issued publicly when a high-energy event most likely to be a neutrino 
is observed, and the event has good pointing

IceCube Realtime v2.0 imminent! 
Updated event selection → double the alerts at the same signal-ness!



Naoko Kurahashi Neilson, Drexel University 7

IceCube doesn't just wait for interesting 
single events and issue alerts!

My personal lesson from TXS 0506+056
● Realtime alerts is absolutely crucial, but one neutrino event is still one event

● Neutrinos also need to be able to make a statement about a source to 
contribute to multi-messenger astronomy in a meaningful way!
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~250 people for ~40 institutions
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Neutrino Astronomy – The Issues

Issue 1: cross section Issue 2: backgrounds

Galactic disk 
~1023cm

Cross section from Gandhi et al., Phys. Rev. D 58 (1998) 
093009

Atmosphere 
thickness 
1x106cm

Earth radius 
6x108cm

Observable universe 
~1028cm



Earth
IceCube

Fighting Backgrounds =  
atmospheric shower components

0

●  Most charged π/K decay to μ rather than e
●  ν produced in the same interaction, but lower cross 

section
● Most common bkg: μ > νμ > νe (Southern Hemisphere)

● νμ > νe (Northern Hemisphere)

● Atmospheric backgrounds are many orders of magnitude 
higher than signal astrophysical neutrinos 

●  3 ways to combat background domination

→ events from sources cluster, background is isotropic
→ events from sources have harder spectra
→ knowledge of position/time of source events a priori
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Point Source Analysis 1
Search for cluster: all-sky and around known sources

All-sky search

Time-integrated unbinned search of hot spots in 7 years of data
(Astrophys.J. 835 (2017) no2, 151)
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Point Source Analysis 2
Stack the sources

Quasi-diffuse search (~10% of the sky at our angular resolution)
Stacking of 862 Fermi 2LAC Blazars
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Limits in terms of % of diffuse flux

Upper limit in 
diffuse flux

notes

Blazars ~ 17% 862 from Fermi 2nd AGN cat.
Spectral index = -2.5

Nearby Starburst Galaxies ~ 8% 127 nearby
Spectral index = -2

Galactic 
Sources

Young SNR ~ 5% 30 with no PWN or MC
Spectral index = -2

Young PWN ~ 3% 10 with no MC
Spectral index = -2

Galactic Plane ~14% Fermi Diffuse γ Spatial template
Spectral index = -2.5 to -2.7

GRBs ~1% 506 bursts observed 
Spectral index = -2 to -2.7

Astrophys.J. 796:10 (,2014),  ApJ, 805, L5 (2015)  

Some specific sources may be special enough for IceCube 
to see, but not as a source class under these assumptions
 → what makes a source special?

Updated analysis 
Poster by Qinrui Liu!
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We need to build a “neutrino catalog” of 
astronomical objects

● Realtime alerts important for multi-messenger astronomy

● Neutrinos need to make a statement by themselves too

● Only some sources are special – which ones? why?

How do neutrinos fit in with multimessenger 
astronomy to reveal sources and processes of 
the high energy universe?

We need Fermi data to compare to!
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Diffuse Galactic Plane Emission

IceCube cascades can bring it down by a further x2

Gaggero, D., Grasso, D., Marinelli, A., 
Urbano, A., & Valli, M. 2015, ApJ, 815, L2

Gaggero, D., Grasso, 
D., Marinelli, A., 
Taoso, M., & Urbano, 
A. 2017, PhRvL, 119, 
031101

 IceCube (2018) arXiv:1808.03531
Diffuse galactic neutrino prediction 
based on Fermi observations
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We recently had a collaboration meeting
This was our agenda in the Neutrino Sources working group

● Solar atmospheric neutrino  - Jin In
● UHECR correlation analysis - Lisa Schumacher
● Blazar flare stacking results - Christoph Raab
● Fast-Response Analysis Update - Alex Pizzuto, Kevin Meagher
● LIGO coincidence next observing period plans - Imre Bartos
● Searching for common sources of gravitational waves and 

neutrinos - Raamis Hussain
● realtime HESE alert update - Chris Tung
● Proposed ATel/GCN policy for ROC - Erik Blaufuss 
● IceCube Followup of ANITA Events - Alex Pizzuto
● FRB analysis with L2 - Sam Fahey
● Next Generation of Point Source Searches with Cascades and 

Analysis Plans - Steve Sclafani and Mike Richman
● TDE analysis - Robert Stein
● Future MESC plans - Mike Richman
● 2MRS analysis results - Etienne Bourbeau 
● Untriggered time-dependent blazer analysis - Erin O'Sullivan
● Results from the commissioning of the realtime ZTF/IceCube 

search - Ludwig Rauch
● 3FHL blazar stacking results and limits - Matthias Huber
● Stacking of PWN - Qinrui Liu

  

● self-triggered PS search - Martina Karl
● Nova analysis Update - Justin Vandenbroucke 
● Time-dependent search for PBH explosions - Pranav Dave
● Status of the Gamma-Ray Follow-Up - Thomas Kintscher
● HAWC-IceCube real-time analysis - Jimmy Delaunay
● Multiflare stacking analysis - Will Luszczak, Jim Braun
● "Standard" PS analysis - Tessa Carver
● Neutrinos from Radio Galaxies - Federica Bradascio 
● GRB track update - Liz FriedmanUltra-Luminous Infrared Galaxies
● Search for archival neutrinos from HESE-63 - Simone Garrappa
● ESTES and ESTRes - Sarah Mancina
● Time dependent search for binaries - Qinrui Liu
● New supernovae analysis proposal - Robert Stein
● Galactic plane analysis update - Kai Krings
● Search for Periodic TeV Neutrino Source - Chris Tung
● Eddington bias on neutrino astronomy - Nora-Linn Strotjohann, Anna 

Franckowiak, Marek Kowalski 
● joint IceCube/HAWC analysis - Josh Wood
● Sensitivity vs declination - Kunal Deoskar
● sub-threshold Swift BAT - Jimmy Delaunay
● Fermi transient coincidence - Colin Turley, Jimmy Delaunay 
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Multi-Messenger Astronomy with
Non-EM partners

Ultra-high Energy Cosmic Rays Gravity Waves

Correlation study with highest energy 
events from Auger and TA
No correlation beyond 3.3σ 

JCAP 1601 (2016) 01, 037

LIGO gravity signal and neutrino 
events within +/-500s
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Alerts - what about the other way around?

● When other messengers see interesting flares, we'd like to 
say if IceCube saw anything

● This has been a weak spot historically
– IceCube is an all-sky observatory taking data 99.9% of the time. No 

urgency.

– IceCube-issued alerts have algorithms running at the South Pole, they 
get “pushed” out. This requires us to “pull” data.

● We now have a mechanism for “fast flare analysis”
– Data available ~ 1min, human decisions take longer

– Discussions on how to disseminate results ongoing
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Fermi!
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Funding just approved!
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A pitch for continued “special relationship”
between Fermi and IceCube 

● Our alerts give ~0.5 degree error circle → 
not great for deep follow-up observations

● Many (most) of the EM observatories need 
Fermi input for follow-up

● Many (most) of our non-realtme analyses 
need Fermi input

● We don't have a self-triggered 5σ source.... 
yet

● But lets not forget, the upshot is huge here! 
As we have shown, together we can build 
the first catalog of neutrino sources, which 
is crucial in understanding the HE universe!
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