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Deliverables
• IceCube is an active participant in multi-messenger observations of the 

high-energy universe 


• Dedicated partnerships and community-wide participation with 
photon and gravitational-wave observatories.


• IceCube realtime operations focus on


• Notifying observational community when we detect neutrino events 
likely to be of astrophysical origin


• Perform realtime neutrino point-source searches when community 
identifies transient objects that are potential neutrino sources.


• Realtime effort made possible by support and targeted additions from 
IceCube maintenance and operations effort.
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Realtime Effort in IceCube
• Realtime activities directed by Realtime Oversight Committee (ROC)


• Internal IceCube collaboration committee charged with 
providing oversight of realtime alerts and responses


• Quickly determine appropriate public response


• Active support from several PhD students in daily activities 
(realtime shifters)


• Monitor transient announcements, run fast analyses, 
developed new toolsets, etc
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IceCube Neutrino Alerts in Operation

• Select events passing alert criteria in online filter at South Pole


• Transmit event summary north via I3MS Iridium system


• I3MS - IceCube Live Messaging Service : 24x7 data connection via Iridium


• Include compact DOM hit information for followup reconstructions


• Gamma-Coordinate Network (GCN) notices for track-like events that are likely astrophysical in 
origin 


• Start rapid followup reconstructions, check detector and data quality


• Issue GCN circular with updated direction from offline reconstructions


• Search online point-source sample for matching signals in our own data

IceCube 
Live

South

IceCube 
Live
North

Online Event 
Filtering 
System

Iridium

HESE Alert

EHE Alert AMON 
& 

GCN

South Pole, Antarctica

IceCube Data Center, Madison WI

Median alert latency: 33 seconds 

Followup 
Reconstructions

In operation since April 2016 - Alert criteria updated Jan 2019
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IceCube Neutrino Track 
Alert Selections

• Alerts focus on finding tracks


• Best potential source localization


• Two categories of track alerts


• Gold - 50% signal-rich


• Bronze - 30% signal-rich
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Figure 2: IceCube realtime astrophysical neutrino alert angular resolution as a function of neutrino
energy. The left panel presents the angular resolution for through-going neutrino selections (GFU
and EHE) and the right panel presents the angular resolution for the HESE starting track selection.
Alerts at the Gold and Bronze levels are issued based on these selections, with a minimum reported
angular resolution for automated alerts of 0.2 degress reported. In these figures, the Bronze alerts
shown also include events selected by the Gold alerts.

Figure 3: IceCube realtime astrophysical neutrino alert declination distribution for Gold (left) and
Bronze (right) alert levels. For each figure, the expected astrophysical neutrinos (E�2.19 spectrum
assumed) and atmospheric neutrino components are shown in a stacked histogram. In these figures,
the Bronze selections shown also include events selected by the Gold selection.
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Figure 2: IceCube realtime astrophysical neutrino alert angular resolution as a function of neutrino
energy. The left panel presents the angular resolution for through-going neutrino selections (GFU
and EHE) and the right panel presents the angular resolution for the HESE starting track selection.
Alerts at the Gold and Bronze levels are issued based on these selections, with a minimum reported
angular resolution for automated alerts of 0.2 degress reported. In these figures, the Bronze alerts
shown also include events selected by the Gold alerts.

Figure 3: IceCube realtime astrophysical neutrino alert declination distribution for Gold (left) and
Bronze (right) alert levels. For each figure, the expected astrophysical neutrinos (E�2.19 spectrum
assumed) and atmospheric neutrino components are shown in a stacked histogram. In these figures,
the Bronze selections shown also include events selected by the Gold selection.
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Gold events Bronze Events

Signal (E�2.19)

6.6 (Total) 8.4 (Total)
5.1 (GFU) 7.6 (GFU)
0.5 (HESE) 0.8 (HESE)
2.1 (EHE)

Atmospheric Backgrounds

6.1 (Total) 19.8 (Total)
4.7 (GFU) 18.5 (GFU)
0.4 (HESE) 1.3 (HESE)
1.9 (EHE)

Observed historical rate

9.9 (Total) 28.2 (Total)
7.8 (GFU) 26.2 (GFU)
1.1 (HESE) 2.0 (HESE)
4.3 (EHE)

Table 1: Expected alert rates for Gold and Bronze selections, all values shown are per year.
Presented are expected signal event assuming an E�2.19 neutrino spectrum [14], anticipated at-
mospheric background (both atmospheric neutrinos and muons), and the total observed hitorical
rate. Totals are further dividied into per-event selection values.

5 Example alert messages
An example gold alert GCN Notice is listed below:

//////////////////////////////////////////////////////////////////////
TITLE: GCN/AMON NOTICE
NOTICE_DATE: Wed 31 Oct 18 02:03:33 UT
NOTICE_TYPE: GOLD ICECUBE ASTROPHYSICAL TRACK ALERT
RUN_NUM: 131680
EVENT_NUM: 66412090
SRC_RA: 182.7920d {+12h 11m 10s} (J2000),

183.0468d {+12h 12m 11s} (current),
182.1216d {+12h 08m 29s} (1950)

SRC_DEC: -68.3884d {-68d 23’ 17"} (J2000),
-68.4931d {-68d 29’ 34"} (current),
-68.1103d {-68d 06’ 36"} (1950)

SRC_ERROR90: 73.79 [arcmin radius, stat+sys, 90% containment]
SRC_ERROR50: 25.19 [arcmin radius, stat+sys, 50% containment]
DISCOVERY_DATE: 18422 TJD; 304 DOY; 18/10/31 (yy/mm/dd)
DISCOVERY_TIME: 7371 SOD {02:02:51.41} UT
REVISION: 0
N_EVENTS: 1 [number of neutrinos]
STREAM: 1
DELTA_T: 0.0000 [sec]
SIGMA_T: 0.0000 [sec]
FAR: 2.2 [yr^-1]
SIGNALNESS: 0.87 [dn]
SUN_POSTN: 215.24d {+14h 20m 58s} -14.04d {-14d 02’ 37"}
SUN_DIST: 58.21 [deg] Sun_angle= 2.1 [hr] (West of Sun)
MOON_POSTN: 121.73d {+08h 06m 56s} +20.14d {+20d 08’ 11"}
MOON_DIST: 98.92 [deg]
GAL_COORDS: 299.22, -5.81 [deg] galactic lon,lat of the event
ECL_COORDS: 226.40,-57.76 [deg] ecliptic lon,lat of the event
COMMENTS: ICECUBE_ASTROTRACK_GOLD.

An example bronze alert GCN Notice is listed below:

//////////////////////////////////////////////////////////////////////
TITLE: GCN/AMON NOTICE
NOTICE_DATE: Wed 31 Oct 18 02:03:33 UT

6
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Jakob van Santen – ICRC 2017 – Highlights from IceCube

20PS16cgx: a young supernova in the field of a HESE neutrino

Credit: Pan-STARRS/STSCI

Pan-STARRS

Credit: Gemini Observatory/AURA

• Optical spectroscopy 
10, 20 days post-peak 

• Features atypical for 
SNIa, but not sufficient 
to exclude 

Gemini (GMOS)PAN-Starrs followed up 
IceCube HESE alert on 
2016-04-27 and found a 

recent supernova at z=0.3:

if Ic (associated with GRBs): <1% 
if Ia (no HE neutrinos expected): <10%Chance probability {

PRELIMINARY
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 Neutrino track alert 
IC-170922A:          

TXS 0506+056

TITLE:   GCN CIRCULAR 
NUMBER:  21916 
SUBJECT: IceCube-170922A - IceCube observation of a 
high-energy neutrino candidate event 
DATE:    17/09/23 01:09:26 GMT 
FROM:    Erik Blaufuss at U. Maryland/IceCube  <blaufuss@icecube.umd.edu> 

Claudio Kopper (University of Alberta) and Erik Blaufuss (University of  
Maryland) report on behalf of the IceCube Collaboration (http://
icecube.wisc.edu/). 

On 22 Sep, 2017 IceCube detected a track-like, very-high-energy event with a 
high probability of being of astrophysical origin. The event was identified by 
the  Extremely High Energy (EHE) track event selection. The IceCube detector 
was in a normal operating state. EHE events typically have a neutrino 
interaction vertex that is outside the detector, produce a muon that traverses 
the detector volume, and have a high light level (a proxy for energy). 

On September 22, 2017, IceCube issued a 
neutrino alert:

• A muon neutrino track event created by a 

~290 TeV neutrino (IceCube-170922A)

• Found to be spatially coincident with a known 

blazar (TXS 0506+056) that was in a flaring 
state


• Blazar was also detected by the MAGIC air-
Cherenkov telescope in the days after the 
alert, with γ-rays up to 400 GeV.


• This launched a very active multi-messenger 
follow-up campaign that included 
observations from radio to γ-rays.


Recently published in Science: 
IceCube Coll. et al., Science 361 (2018)
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 Multi-messenger 
alerts: TXS 0506+056

Neutrino direction was well reconstructed

• Uncertainty of less than 1 sq. deg at 90% CL

• Positionally consistent with blazar TXS 0506+056

• ~290 TeV estimated neutrino energy

side view
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PKS 0502+049

TXS 0506+056

IceCube (50%)
IceCube (90%)
MAGIC (95%)
Fermi (95%)
TXS 0506+056

78.5 78.0 77.5 77.0 76.5

6.5

6.0

5.5

5.0

Right Ascension [�]

D
ec

lin
at

io
n

[� ]

95 90 85 80 75 70
-10

-5

0

5

10

15

77.41 77.37 77.33

5.72

5.68

5.64

 8

More than 2000 known
Blazars from Fermi catalogs

Just be chance?  Unlikely
probability of chance overlap

is < 0.2%



Realtime Point Source SearchesEvent Selection and Sensitivity

• Gamma-ray Follow-up (GFU) 
sample processed at pole 

• Angular error median < 1° 

• Transient likelihood used for the 
analyses 

• More sensitive in Northern sky 

• Sensitivity constant (but 
discovery potential worsens) 
from smallest windows to 
around 1 day

�3Neutrino Sources Parallel Session: Stockholm 2018
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• Online point-source sample


• Search for statistically significant 
excess of neutrino track events


• Events identified in realtime, 
transmitted North via I3MS Iridium


• Median angular error < 1°


• Optimized for transient sources


• Most sensitive in Northern Sky


• Broad sensitivity over several 
timescales
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• ROC oversees approval of realtime point source searches


• Focus on transient objects identified in other messengers that are potential neutrino 
sources


• Public response for results for p-values < 0.1 or cases where null results and upper 
limits are astrophysically interesting.


• Planning a  public website where ALL searches performed will be cataloged.

Analysis Pipeline

For more specifics on the analysis:                                            
https://wiki.icecube.wisc.edu/index.php/FastResponseAnalysis 
For all previous reports:  https://drive.google.com/drive/folders/0B-
x9SQFMME1fak45S1ZwZmZaZ3M

�5Neutrino Sources Parallel Session: Stockholm 2018

Is there an 
interesting 
source?

Does the 
ROC approve 
an analysis?

yesyes

no

Run 
analysis

Monitor 
for sources

Astronomer’s Telegram (ATel): http://www.astronomerstelegram.org/ 
Gamma-Ray Coordinates Network (GCN) Circulars:                
https://gcn.gsfc.nasa.gov/gcn3_archive.html 

TS=0

TS>0
Calculate 

significance

Set limits

Generate 
report. Should 

we share 
results?

Send GCN circular / 
ATel

Make available 
internally

yes

no

Realtime Point Source Analysis
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Recent realtime point source searches 

• ZTF18abukavn (AT2018gep)


• Super-luminous SN candidate


• Potential Type Ic


• very close, z~0.03


• Performed a search for tracks over 
the ~2 week period since detection


• p=0.04 (1.8 sigma)


• Fast response report generated 
(Sept 24, 2018)


• Issued ATel (Sept 25, 2018)

4 Results

All Sky On-time Events

Zoomed On-time Events

9

Realtime point source searches available since April 2017 
To date:  47 analysis performed (10 publicly reported)
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http://www.astronomerstelegram.org/?read=12062


• TXS 0506+056


• Detected as flaring in VHE 
gamma-rays by MAGIC


• Performed search for tracks 
1 week around MAGIC flare 
detection


• No evidence for neutrino 
emission found


• ATel with flux upper limits 
published  (ATEL 12267)

4 Results

All Sky On-time Events

Zoomed On-time Events

8

Recent realtime point source searches 
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http://www.astronomerstelegram.org/?read=12267


Neutrinos from gravitational wave 
events with IceCube

• High-energy neutrinos can provide important 
information:


• Coincident detection could reduce localization 
uncertainty and aid followup observations


• Provide understanding of particle acceleration 
and high-energy emission from compact objects


• Finalizing preparations for rapid responses in O3!
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jet burrowing through the stellar envelope in a core-collapse
event (Mészáros & Waxman 2001; Razzaque et al. 2003; Bar-
tos et al. 2012; Murase & Ioka 2013). Nevertheless, if the
observed gamma-rays come from the outbreak of a wide co-
coon, it is less likely that the relativistic jet, which is more
narrowly beamed than the cocoon outbreak, also pointed to-
wards Earth.

We further considered an additional neutrino-production
mechanism related to ejecta material from the merger. If a
rapidly rotating neutron star forms in the merger and does not
immediately collapse into a black hole, it can power a rela-
tivistic wind with its rotational energy, which may be respon-
sible for the sometimes observed extended emission (Met-
zger et al. 2008). Optically thick ejecta from the merger can
attenuate the gamma-ray flux, while allowing the escape of
high-energy neutrinos. Additionally, it may trap some of the
wind energy until it expands and becomes transparent. This
process can convert some of the wind energy to high-energy
particles, producing a long-term neutrino radiation that can
last for days (Murase et al. 2009; Gao et al. 2013; Fang &
Metzger 2017). The properties of ejecta material around
the merger can be characterized from its kilonova/macronova
emission.

Considering the possibility that the relative weakness of
gamma-ray emission from GRB170817A may be partly due
to attenuation by the ejecta, we compared our neutrino con-
straints to neutrino emission expected for typical GRB pa-
rameters. For the prompt and extended emissions, we used
the results of Kimura et al. (2017) and compared these to
our constraints for the relevant ±500 s time window. For
extended emission we considered source parameters corre-
sponding to both optimistic and moderate scenarios in Ta-
ble 1 of Kimura et al. (2017). For emission on even longer
timescales, we compared our constraints for the 14-day time
window with the relevant results of Fang & Metzger (2017),
namely emission from approximately 0.3 to 3 days and from
3 to 30 days following the merger. Predictions based on fidu-
cial emission models and neutrino constraints are shown in
Fig. 2. We found that our limits would constrain the op-
timistic extended-emission scenario for a typical GRB at
⇠ 40Mpc, viewed at zero viewing angle.

4. CONCLUSION

We searched for high-energy neutrinos from the first bi-
nary neutron star merger detected through GWs, GW170817,
in the energy band of [⇠ 1011 eV, ⇠ 1020 eV] using the
ANTARES, IceCube, and Pierre Auger Observatories, as well
as for MeV neutrinos with IceCube. This marks an unprece-
dented joint effort of experiments sensitive to high-energy
neutrinos. We have observed no significant neutrino counter-
part within a ±500 s window, nor in the subsequent 14 days.

Figure 2. Upper limits (at 90% confidence level) on the neutrino
spectral fluence from GW170817 during a ±500 s window centered
on the GW trigger time (top panel), and a 14-day window follow-
ing the GW trigger (bottom panel). For each experiment, limits are
calculated separately for each energy decade, assuming a spectral
fluence F (E) = Fup ⇥ [E/GeV]�2 in that decade only. Also
shown are predictions by neutrino emission models. In the upper
plot, models from Kimura et al. (2017) for both extended emission
(EE) and prompt emission are scaled to a distance of 40 Mpc, and
shown for the case of on-axis viewing angle (✓obs . ✓j) and se-
lected off-axis angles to indicate the dependence on this parameter.
The shown off-axis angles are measured in excess of the jet opening
half angle ✓j . GW data and the redshift of the host-galaxy constrain
the viewing angle to ✓obs 2 [0�, 36�] (see Section 3). In the lower
plot, models from Fang & Metzger (2017) are scaled to a distance
of 40 Mpc. All fluences are shown as the per flavor sum of neutrino
and anti-neutrino fluence, assuming equal fluence in all flavors, as
expected for standard neutrino oscillation parameters.

The three detectors complement each other in the energy
bands in which they are most sensitive (see Fig. 2).

This non-detection is consistent with our expectations from
a typical GRB observed off-axis, or with a low-luminosity
GRB. Optimistic scenarios for on-axis gamma-attenuated
emission are constrained by the present non-detection.

While the location of this source was nearly ideal for
Auger, it was well above the horizon for IceCube and
ANTARES for prompt observations. This limited the sensitiv-
ity of the latter two detectors, particularly below ⇠ 100TeV.

Astrophys.J. 850 (2017) 
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FIG. 1. GW skymap in equatorial coordinates, showing
the reconstructed probability density contours of the GW
event at 50%, 90% and 99% CL, and the reconstructed di-
rections of high-energy neutrino candidates detected by Ice-
Cube (crosses) during a ±500 s time window around the GW
event. The neutrino directional uncertainties are < 1� and are
not shown. GW shading indicates the reconstructed probabil-
ity density of the GW event, darker regions corresponding to
higher probability. Neutrino numbers refer to the first column
of Table I.

IV. RESULTS

A. Joint analysis

We carried out the joint GW and neutrino search fol-
lowing the analysis developed for previous GW and neu-
trino datasets using initial GW detectors [23, 25, 35, 47].
After identifying the GW event GW150914 with the cWB
pipeline, we used reconstructed neutrino candidates to
search for temporal and directional coincidences between
GW150914 and neutrinos. We assumed that the a priori
source directional distribution is uniform. For temporal
coincidence, we searched within a ±500 s time window
around GW150914.

The relative di↵erence in propagation time for �GeV
neutrinos and GWs (which travel at the speed of light
in general relativity) traveling to Earth from the source
is expected to be ⌧ 1 s. The relative propagation time
between neutrinos and GWs may change in alternative
gravity models [48, 49]. However, discrepancies from gen-
eral relativity could in principle be probed with a joint
GW-neutrino detection by comparing the arrival times
against the expected time frame of emission.

Directionally, we searched for overlap between the GW
sky map and the neutrino point spread functions, as-
sumed to be Gaussian with standard deviation �rec

µ (see
Table I).

The search identified no Antares neutrino candidates
that were temporally coincident with GW150914.

For IceCube, none of the three neutrino candidates
temporally coincident with GW150914 were compatible
with the GW direction at 90% CL. Additionally, the re-
constructed energy of the neutrino candidates with re-
spect to the expected background does not make them
significant. See Fig. 1 for the directional relation of

GW150914 and the IceCube neutrino candidates de-
tected within the ±500 s window. This non-detection is
consistent with our expectation from a binary black hole
merger.
To better understand the probability that the de-

tected neutrino candidates are consistent with back-
ground, we briefly consider di↵erent aspects of the data
separately. First, the number of detected neutrino can-
didates, i.e. 3 and 0 for IceCube and Antares, re-
spectively, is fully consistent with the expected back-
ground rate of 4.4 and ⌧ 1 for the two detectors, with
p-value 1 � Fpois(Nobserved  2, Nexpected = 4.4) = 0.81,
where Fpois is the Poisson cumulative distribution func-
tion. Second, for the most significant reconstructed muon
energy (Table I), 12.5% of background events will have
greater muon energy. The probability that at least one
neutrino candidate, out of 3 detected events, has an en-
ergy high enough to make it appear even less background-
like, is 1� (1� 0.125)3 ⇡ 0.33. Third, with the GW sky
area 90% CL of ⌦gw = 590 deg2, the probability of a
background neutrino candidate being directionally coin-
cident is ⌦gw/⌦all ⇡ 0.014. We expect 3⌦gw/⌦all di-
rectionally coincident neutrinos, given 3 temporal coinci-
dences. Therefore, the probability that at least one of the
3 neutrino candidates is directionally coincident with the
90% CL skymap of GW150914 is 1� (1�0.014)3 ⇡ 0.04.

B. Constraints on the source

We used the non-detection of coincident neutrino can-
didates by Antares and IceCube to derive a stan-
dard frequentist neutrino spectral fluence upper limit for
GW150914 at 90% CL. Considering no spatially and tem-
porally coincident neutrino candidates, we calculated the
source fluence that on average would produce 2.3 de-
tected neutrino candidates. We carried out this analysis
as a function of source direction, and independently for
Antares and IceCube.

The obtained spectral fluence upper limits as a func-
tion of source direction are shown in Fig. 2. We con-
sidered a standard dN/dE / E�2 source model, as
well as a model with a spectral cuto↵ at high energies:
dN/dE / E�2 exp[�

p
(E/100TeV)]. The latter model

is expected for sources with exponential cuto↵ in the pri-
mary proton spectrum [50]. This is expected for some
galactic sources, and is also adopted here for compari-
son to previous analyses [51]. For each spectral model,
the upper limit shown in each direction of the sky is the
more stringent limit provided by one or the other de-
tector. We see in Fig. 2 that the constraint strongly
depends on the source direction, and is mostly within
E2dN/dE ⇠ 10�1

� 10GeV cm�2. Furthermore, the up-
per limits by Antares and IceCube constrain di↵erent
energy ranges in the region of the sky close to the GW
candidate. For an E�2 power-law source spectrum, 90%
of Antares signal neutrinos are in the energy range from
3TeV to 1PeV, whereas for IceCube at this southern

GW150904
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Realtime operations in M&O
• Maintenance and Operations provide critical infrastructure and support that make 

realtime operations possible.


• High duty factor (>99%)


• Neutrino data available during transient events


• Realtime event filtering to support alert event detection


• IceCube Live reporting and messaging


• Realtime knowledge of detector status


• Immediate transmission of alert data to the North


• Followup in the North


• Prioritized reconstruction processing in IceCube computing


• IceCube Live realtime data and alert catalog tools


• Impact of IceCube Upgrade


• Will not generated additional alerts


• Improved uncertainties will result in improved angular uncertainties for ALL alerts
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IceCube Realtime Tools

I3MS Prio 0 latency

IceCube Live Realtime  
catalog tools
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Summary
• IceCube Realtime operations enabled by new systems and ongoing 

support from Maintenance and Operations


• Excellent synergy between collaboration and operation teams


• Realtime alerts continue and are evolving as we improve our online event 
selections


• TXS 0506+056 results directly derived from the realtime alert


• IceCube is an active member of global multi-messenger discovery effort.  


• Prompt followup of transient discoveries in other messengers 
searching for neutrinos.


• Future is bright for IceCube realtime neutrino science!
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Backup Material
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Fast Response: Are we doing enough with our 
results?

• General consensus established ~1 month ago:  

1. We should be willing to run the response more 
frequently 

2. We should be informing the public quickly 
when we run this analysis 

• So far, IceCube has sent 1 ATel and 1 (2?) GCN 
circulars from these analyses 

• When should we issue an ATel / GCN circular? 

• Upper limits can be interesting, some non 
detections should be reported 

• We could quantify low significance analyses with 
“false alarm rates” based off of the frequency at 
which analyses are performed  

• All results could be shared and made citable via a 
public IceCube website

�8Neutrino Sources Parallel Session: Stockholm 2018

Rate of false alarms
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