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ABSTRACT

Context. The IceCube Neutrino Observatory publishes “alert events”, which are detections of high-energy neutrinos with a moderate-
to-high probability of being of astrophysical origin. While some events are produced in the atmosphere, a fraction of alert events
should point back to their astrophysical sources.

Aims. We aim to identify multiple alert events possibly related to a single astrophysical counterpart by searching for spatial and
temporal clusterings in 13 years of alert data.

Methods. We identify spatial clusters (“multiplets”) by checking for events overlapping within their uncertainty regions. In order to
reduce chance coincidences and to improve the signal purity of our sample, we apply different thresholds. We investigate the weighted
mean position of these multiplets for an over-fluctuation of y-ray counterparts. As a final step, we apply expectation maximization to
search for temporal clusters around the identified weighted mean positions.

Results. We find no statistically significant clustering of alert events around a specific origin direction or in time.

Conclusions. This could be because the selections are still dominated by atmospheric background. Another possibility is that we are
not yet sensitive enough and only detect single events from sources. In this case, we need more data in order to observe a clustering

of events around their origin.
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1. Introduction

The IceCube Neutrino Observatory detects astrophysical neu-
trinos of mostly unknown origin (for example, Abbasi et al.
2022a). So far, only three sources have been identified:
the blazar TXS 0506+056 (IceCube Collaboration 2018a), the
Seyfert Type II and starburst galaxy NGC 1068 (Abbasi et al.
2022b), and the Galactic plane (Abbasi et al. 2023a). There are
hints of a more general population of sources (for example,
Abbasi et al. 2024a), which have yet to be confirmed. The first
ever non-stellar neutrino source TXS 0506+056 was identified
with the help of a high-energy event (IceCube Collaboration
2018a). While below 200 TeV events are dominated by the atmo-
spheric background, the highest-energy events are expected to
be dominated by astrophysical neutrinos (Abbasi et al. 2022a).
Hence, selecting these events should provide a relatively signal-
pure sample. Whenever the IceCube Collaboration observes an
astrophysical neutrino candidate with a good spatial resolution
and high reconstructed energy, they issue notifications via the
General Coordinates Network (GCN) as GCN Notices' and
GCN Circulars® to alert the astronomical community and trig-
ger follow-up observations by other telescopes. Thus, these high-
energy events are also referred to as “alert events”.

* Corresponding author: martina.karl@tum.de
https://gcn.nasa.gov/notices
2 https://gcn.nasa.gov/circulars
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A clustering of these signal pure events around a direction
could point to astrophysical counterparts or at least indicate a
common production site of clustered events. The lack of such
clusters might suggest that either the sources are not as com-
mon as expected and we are dominated by atmospheric back-
ground, or that the sources are weak and emit only single events.
It could also be that the mechanisms producing these neutri-
nos are different from what is currently understood. Previous
work has derived constraints on the density and luminosity of
steady standard candle neutrino sources dominating the high-
energy (2100 TeV) neutrino flux detected by IceCube (for exam-
ple, Murase & Waxman 2016).

However, the criteria to identify alert events have been
revised and updated in 2019 (Blaufussetal. 2019), and an
updated and revised collection of IceCube’s highest-energy
tracks observed between 2011 and 2023 is published in
Abbasi et al. (2023b). More recent alert events can be found in
the GCN Notices and Circulars. Due to the longer time span and
different selections, the number of released alerts has increased
significantly. This new selection of alert events differs from
the previously published alerts prior to 2019 (see for example
Karl et al. 2023, 2024) and limits and constraints based on pre-
revision alert selections might have to be revised as well.

We investigate the non-detection of doublets and multi-
plets (for example by Murase & Waxman 2016) with the revised
and updated alert selection based on Abbasi et al. (2023b) and
add more recent GCN Notices and Circulars. We look for
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overlapping events (“multiplets”) with the aim of identifying
clustering alert events emitted by astrophysical neutrino sources.

Since the production mechanisms of neutrinos also produce
y-ray emission, we take the mean multiplet positions and search
for an excess in y-ray-detected blazars. We do note that y-ray
emission can be attenuated and cascade down to lower energies.
However, TXS 0506+056 as the template IceCube alert neutrino
source does emit y-rays. As a last step, we look for a temporal
clustering of alert events.

2. IceCube alert events

The IceCube Neutrino Observatory constantly monitors the
whole sky. This makes it ideally suited to alert other obser-
vatories of relevant detections and enable and trigger follow-
up observations of potential transient phenomena. In 2016, the
IceCube Collaboration started to publish high-energy events
with a track-like signature in the detector nearly immedi-
ately after observation (Aartsen et al. 2017) in its realtime pro-
gram. This realtime program was updated and revised in 2019
(Blaufuss et al. 2019). Previous events, dating back to 2011,
were revised in IceCat-1 (Abbasi et al. 2023b), which is a list
of all highly energetic neutrinos with a track-like signature satis-
fying the updated alert criteria up to November 2023. There are
two streams of alert events: the “gold” stream and the “bronze”
stream. The gold stream provides an average astrophysical signal
purity of ~50% and the bronze stream an average signal purity
of ~30% (Blaufuss et al. 2019; Abbasi et al. 2023b).

The importance of high-energy neutrino events for the iden-
tification of astrophysical sources is emphasized by the first
observation of a non-stellar astrophysical neutrino source. This
source was indeed identified after the detection of an extremely
highly energetic neutrino event (IC170922A, now belonging to
the gold stream) that pointed back at the blazar TXS 0506+056
(IceCube Collaboration 2018a), which was flaring in y-rays at
the time of the neutrino detection. IceCube observes ~11 neu-
trino events of gold classification per year (Abbasi et al. 2023b).

Once the realtime system identifies highly energetic neutrino
events, a first notification in the General Coordinates Network
(GCN) goes out as a GCN Notice to the astrophysical commu-
nity (Aartsen et al. 2017; Blaufuss et al. 2019). This first GCN
Notice includes, among other information, the origin direction,
uncertainty area, and estimated neutrino energy based on a fast
and simple reconstruction algorithm. A few hours later, after
more sophisticated and time-intense algorithms are completed,
an update to the reconstructed directions and uncertainties is
issued as a GCN Circular. For calculating the reconstructed neu-
trino energy, the IceCube Collaboration assumes an underly-
ing power-law emission of astrophysical sources of alert events,
following ocE~21° (Abbasi et al. 2023b). Currently, the IceCube
Collaboration provides the reconstruction values as reported in
the GCN Circulars as the final reconstruction, as these are the
quantities reported in IceCat-1. However, Sommani et al. (2023)
concluded that there are different reconstruction algorithms,
such as the one used for the GCN Notices, which provide reli-
able reconstructions with smaller uncertainty areas and are less
affected by known systematic effects.

In IceCube Collaboration (2024), the IceCube Collaboration
introduces an update to the “follow-up” reconstruction issued
after the first GCN Notices, starting with the IceCube alerts
published end of September 2024. This update aims to improve
the angular uncertainties and their coverage, which should help
to identify the correct counterpart and spatial clusterings of
alert events (IceCube Collaboration 2024). Since this update is
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applied to events issued at the end of September 2024 and later,
the majority of published alert events to this date (December
2024) do not have updated contours.

Combining the gold and bronze stream, the IceCube Col-
laboration has published 348 alert events by November 2023°.
After removing alerts flagged as probable cosmic ray events and
adding alert events published until beginning of July 2024 based
on GCN circulars, we get a final sample of 355 events.

We look for overlapping events to identify clustering alert
events emitted by astrophysical neutrino sources. Considering
only the alert events without including a further (lower-energy)
neutrino component is also motivated by Abbasi et al. (2024b),
which found no general connection of alert events to lower ener-
getic neutrino emission. The case of TXS 0506+056, where there
was an alert event and a neutrino flare at lower energies some
years before the alert event (IceCube Collaboration 2018b), is
so far a unique case, and Abbasi et al. (2024b) found no simi-
lar cases. Hence, we expect the alert events to be the dominant
signature of their sources. This also agrees with the further iden-
tified non-stellar neutrino sources (apart from TXS 0506+056)
to date: the Seyfert Type-II and starburst galaxy NGC 1068
(Abbasi et al. 2022b), and the Milky Way (as a diffuse source)
(Abbasi et al. 2023a). In both cases, the signal was found by
analyzing neutrino data going down to lower energies, and alert
events did not contribute to the neutrino signal. Hence, we expect
different contributions, emission processes, and source popula-
tions for the astrophysical diffuse neutrino fluxes at lower and
higher energies, as, for example, proposed in Padovani et al.
(2024).

3. Reported multiplets

IceCube Collaboration (2017) reported on a rare IceCube neu-
trino multiplet that was part of a different (optical) alert stream.
These optical alerts are not available publicly but are issued
directly to observatories when IceCube detects events within
100 s and within 3.5° of each other (see for example Abbasi et al.
2012; Aartsen et al. 2015, 2017; IceCube Collaboration 2016).
Hence, these multiplet events differ from alert events based on
criteria in Blaufuss et al. (2019), Abbasi et al. (2023b). Since
these optical follow-up events are not publicly available, they
are not included in this work.

Garrappa et al. (2024) approached the multiplet questions
slightly differently, by looking for y-ray sources spatially coin-
cident with IceCube alert events. They investigated different
selections of alert events, combining, in all cases, alert events
pre-revision with alert events post-revision. As mentioned in
(Blaufuss et al. 2019; Abbasi et al. 2023b), the criteria for pre-
revision alert events differ from the criteria used for select-
ing post-revision alert events. Depending on their selection,
Garrappa et al. (2024) identified either 14 y-ray sources spatially
coincident with two IceCube alert events, or 13 y-ray sources
spatially coincident with two IceCube alert events with ten addi-
tional y-ray sources coincident with three IceCube alert events,
and one y-ray source coincident with four IceCube alert events.
In all cases, the coincidences were consistent with chance asso-
ciations and were not significant (Garrappa et al. 2024).

Sommani et al. (2025) reported two 100 TeV neutrino alert
events (IC220424A & 1C230416A) from the direction of
NGC 7469 with a chance coincidence of 3.30. However, they

3 https://dataverse.harvard.edu/dataset.xhtml?
persistentId=doi:10.7910/DVN/SCRUCD
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use the reported values of the GCN Notices* with the first pre-
liminary reconstruction of the neutrino event. When they calcu-
late the chance probability using the values reported by the more
sophisticated and more time-intensive algorithm in the GCN Cir-
culars, the significance disappears (Sommani et al. 2025).

In our case, we want to conduct a statistical search for an
accumulation of only revised alert events, such that the selection
criteria remain consistent. We also investigate the whole alert
sample, not just alert events at the precise location of a specific
source as in Sommani et al. (2025). For this, we rely on a large
enough number of alert events. Taking only the published GCN
circular values reduces our number of alerts significantly. We
start with the official IceCube alert catalog IceCat-1 and add alert
events circulated since the latest update of IceCat-1 and until
the beginning of July 2024. As an additional test, we adopt the
strategy of Sommani et al. (2025) and test alert events with the
reconstruction values issued in the first GCN Notices.

4. Multiplets for different area, energy, and
signalness thresholds

We identify a multiplet if the uncertainty regions of two or more
alert events touch or overlap. We then count how often we find
overlapping events. In cases where one alert spatially overlaps
with several other alert events, we consider the alert event with
the most multiplets and reject the remaining events. As an exam-
ple, we consider the alerts displayed in Figure 1. When counting
the number of overlapping events for each alert, we count, for
example, seven overlapping events for the leftmost alert event.
The central alert marked in dark blue, however, has eight over-
lapping events (including the leftmost alert event). We require
one alert to contribute only to one multiplet, so we reject the mul-
tiplet of seven and keep the multiplet of eight centered around
the dark blue alert. The alerts marked in grey do not contribute
to the multiplet because they do not overlap with the central dark
blue alert.

We repeat this procedure for all alerts and count how often
we find multiplets of 1, 2, 3, ... events. To determine if there
is an over-fluctuation of multiplets, we generate a random neu-
trino alert sky by assigning random right ascension values® to the
alert events. Then, we count how many multiplets we see for the
randomized alert events. To get a distribution of the expected
number of background multiplets, we repeat this procedure
10° times. As a next step, we compare the background expec-
tation with the actual number of alert multiplets and assess the
significance. If the actual number of multiplets exceeds a sig-
nificance of 1%, we increase the number of background realiza-
tions to guarantee a proper evaluation. We attempt to improve
the signal purity of the alerts by testing different thresholds of
maximally allowed uncertainty areas, minimally required alert
energies, and minimally allowed signalness (a quantity pub-
lished with each alert event assessing an event’s probability to
be astrophysical, see Blaufuss et al. 2019; Abbasi et al. 2023b)
and repeat the multiplet count for each selection.

4 https://gcn.gsfc.nasa.gov/notices_amon_g_b/136565_
2186969 .amon
https://gcn.gsfc.nasa.gov/notices_amon_g_b/137840_
57034692 .amon

> Due to IceCube’s unique location directly at the South Pole, back-
ground events are uniformly distributed over right ascension when inte-
grating over time periods greater than one day. IceCube’s effective
areas, however, depend on the zenith angle of events and we consider
these dependencies by preserving the declination values of events.

85 80 75 70 65
r.a. [deg]

Fig. 1. Neutrino alert sky in right ascension (RA) and declination (Dec)
in the vicinity of TXS 0506+056 (red star). The regions show alert
events with their respective uncertainty ellipses (90% confidence level
uncertainties). The central dark blue alert is identified as the “center” of
the multiplet with the most overlapping events in this cluster. The grey
alerts are not part of the multiplet.

We select the area thresholds in descending order as the area
corresponding to an equivalent radius of 3deg (=28.27 deg?,
following Giommi et al. 2020), the mean alert uncertainty area
(21.77 deg?), the 68% quantile of all alert uncertainty areas
(12.63 deg?), and the median alert uncertainty area (6.27 deg?).
For each area threshold, Aesh, We select alert events with uncer-
tainty areas <Amresh and search for multiplets and their signifi-
cance as described above.

Since the reconstructed neutrino energy can indicate how
likely an event is astrophysical, we repeat the multiplet search
for increasing energy thresholds, Ey.sn. However, as mentioned
in Abbasi et al. (2023b), the reconstructed neutrino energy is cal-
culated assuming an underlying power-law emission following
o«cE~>!°. Changing the source emission spectrum could hence
affect the reconstructed neutrino energies. For this work, we
adopt the published energies based on the power-law assump-
tion. We start with no energy threshold (with the lowest recon-
structed alert energy of 54 TeV), including the complete alert
sample, and then we apply the mean, the median, and the 68%
quantiles as thresholds. Similar to the previous procedure, we
select alert events with energies above or equal to the respective
energy threshold and search for multiplets as described above.

However, by simply using the reconstructed neutrino energy,
we do not consider detection efficiencies based on the detector
effective area for different energies and declinations. With the
GCN Notices IceCube also publishes the “signalness”, which
quantifies the probability of each event to be of astrophysical ori-
gin (Abbasi et al. 2023b). This quantity includes detector depen-
dencies on declination and energy, but it also assumes an astro-
physical energy spectrum ocE~>!” (Abbasi et al. 2023b). Hence,
the signalness will change when assuming a different energy
spectrum. For this test now, we use the published signalness val-
ues and apply thresholds of the median, the mean, and the 68%
quantile.

We list all alert multiplets for different area, energy, and sig-
nalness thresholds in Tables A.1, A.2, and A.3. We find no sig-
nificant over-fluctuation of multiplets for any energy, signalness,
or area threshold.

The most significant local p value for a multiplet corre-
sponds to 1% for the area search (Apgesn = 28.27 degz), 11%
for the energy search (Eyesn = 175TeV), and 11% for a sig-
nalness threshold of 0.452. We show the respective local p val-
ues per number of multiplets in Figures 2, 3, and 4 for all area,
energy, and signalness thresholds. These significances are not yet
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Fig. 2. Local p values for different area thresholds. Zero overlaps cor-
respond to “single” alert events, one corresponds to a doublet (one alert
event overlapping with another), and so forth.
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Fig. 3. Local p values for different energy thresholds. Zero overlaps
correspond to “single” alert events, one corresponds to a doublet (one
alert event overlapping with another), and so forth. The lowest energy
threshold of 54 TeV includes the full alert sample since 54 TeV is the
lowest alert energy in our selection.

corrected for scanning multiple thresholds, which would
decrease them even further.

4.1. y-ray sources at mean multiplet positions

We expect the production of neutrinos to be accompanied by y-
rays. We investigate if the centers of our multiplets show a higher
number of y-ray-detected blazars compared to the average blazar
density. For this, we calculate the weighted arithmetic circu-
lar mean positions and uncertainties for each multiplet. We use
1/ 0'1.2 as weight, with o; as a vector of the mean right ascension
and declination uncertainties. This reduces the investigated area
drastically since the uncertainties on the weighted arithmetic cir-
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Fig. 4. Local p values for different signalness thresholds. Zero overlaps
correspond to “single” alert events, one corresponds to a doublet (one
alert event overlapping with another), and so forth.
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Fig. 5. Multiplet of Fig. 1. The black ellipse shows the location and
uncertainties on the weighted arithmetic circular mean position.

cular mean positions are calculated with oz = /1/ X0, 0'1.’2

(see for example the black ellipse in Figure 5).

We then take the revised 4FGL blazar catalog (Giommi et al.,
in prep.) and count how many reported counterparts fall within
the weighted mean area and compare this number with a back-
ground expectation. The revised 4FGL catalog excludes sources
in the vicinity of the Galactic plane; hence, we also only include
weighted positions in this search with |b| > 10°. The background
expectation results from the average number of objects per area
in the revised 4FGL catalog. We find no excess of y-ray-detected
blazars in the weighted mean areas.

4.2. Multiplets based on GCN Notices

Following Sommani et al. (2025), we investigate how signifi-
cant multiplets become when only considering the reconstruc-
tion properties issued in the first GCN Notices (with the 50%
error radius). This includes now only events that were issued in
the realtime alert stream starting in mid-2019° (129 in total, after
removing retracted alert events). We find one doublet (the one
reported by Sommani et al. 2025, see Table 1) compatible with
a chance probability of 47%.

® https://gcn.gsfc.nasa.gov/amon_icecube_gold_bronze_
events.html

7 Sommani et al. (2025) got a 3.30 significance by evaluating the
spatial coincidence between the two neutrino alerts, IC220424A and
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Table 1. Only multiplet when taking the GCN Notices reconstruction values.

Name RA Dec  50% Error Energy Classification
[deg] [deg]  [deg’]  [TeV]

IC230416A 34583 9.01 0.20 127.29  Bronze

I1C220424A 34576  8.86 0.26 183.99 Gold

Notes. The doublet was also reported by Sommani et al. (2025).

4.3. Discussion

We do not find a significant spatial clustering of alert events
around a common origin. This allows several interpretations.
It might indicate that alert events are rare events and we need
longer integration times to accumulate sufficient alerts from
a source for a significant detection. It could also be that our
selections and attempts to reduce chance associations were not
sufficient, and a potential signal is hidden beneath the atmo-
spheric background. When applying thresholds on uncertainty
area, energy, and signalness, there are many aspects to consider.
For example, the energy reconstructions require many interme-
diate steps and assume an underlying power-law emission with
a defined spectrum (cE~219) of neutrino sources (Abbasi et al.
2023b). Such a power-law spectrum (with a negative spec-
tral index) implies that high-energy events are accompanied
by a larger flux of lower-energy events. However, Abbasi et al.
(2024b) does not find such a correlation, and our approach of
only considering alert events as a signal is not compatible with
a power-law spectrum. A different energy spectrum, for exam-
ple a harder neutrino spectrum, as suggested by Padovani et al.
(2024) and supported by the modeling of candidate neutrino
sources in Rodrigues et al. (2024), will most likely affect the
reconstructed neutrino energy (Rodrigues et al. 2024) and conse-
quently change our selection when applying energy thresholds.
Concerning the uncertainty areas, Sommani et al. (2023)
concluded that different reconstruction algorithms could reduce
the uncertainty regions while providing reconstructed positions
close to the true origin. Abbasi et al. (2021) found that the pub-
lished uncertainty regions do not always provide the expected
coverage and might be larger or (for horizontal shallow events)
smaller depending on the event properties. As mentioned in
Section 2, the IceCube Collaboration announced an update
to the muon track “follow-up” reconstruction issued after the
first GCN Notice, starting with the IceCube alert IC-240929A%
(IceCube Collaboration 2024). The update aims to improve the
angular uncertainties and their coverage, which should help to
identify the correct counterpart and spatial clusterings of alert
events (IceCube Collaboration 2024). Unfortunately, this update
is applied to events issued at the end of September 2024 and
later, whereas earlier events used for this study have not been
updated. Different uncertainty regions would also affect our
selection and potentially the number of multiplets we find for
different area thresholds. This update affects only the second
reconstruction published with the revised GCN Notices and Cir-
cular. When following the selection in Sommani et al. (2025)
by only considering the reconstructed values of the first GCN
Notices (that remain unchanged with IceCube Collaboration
2024), we also do not find a significant number of multiplets.
This latter approach reduces the statistics of alert events to real-

1C230416A, and NGC 7469, whereas we investigate the significance of
the multiplet for the whole sky.

8 https://gcn.gsfc.nasa.gov/notices_amon_g_b/139912_
46959751.amon, and https://gcn.nasa.gov/circulars/37625

time events issued after mid-2019 and excludes a large part of
events published in IceCat-1 where no GCN Notices are avail-
able. Hence, this attempt is probably limited by statistics.

Considering our search for y-ray detected blazars at the
weighted circular mean position of identified multiplets, we do
not find an excess of sources. In previous studies where a con-
nection of y-ray detected blazars and neutrinos were investi-
gated, the authors usually searched within the alert uncertainty
regions (or a scaled-up uncertainty area), in contrast to our
approach in this work. For comparison, Giommi et al. (2020)
investigated mainly alert events prior to the revision described
in Section 2 and found a 3.20 correlation between intermediate-
to-high-peaked blazars and neutrino alerts when increasing the
uncertainty areas by a factor of 1.3. Garrappaetal. (2024)
combined alert events before and after revision and did not
find a significant spatial correlation of alert events and y-ray
counterparts. Kouch et al. (2024) presented another association
between blazars and IceCube alert events on a 2.170 level when
enlarging the uncertainty areas by 1° in quadrature and taking
blazars detected in the radio and optical of the CGRaBS cat-
alog. These results emphasize furthermore that the association
between counterparts and IceCube alert events relies heavily on
the reconstructed uncertainties of the IceCube alert events, on
top of the fact that the intrinsic association strength might be
relatively small.

We also note that Plavin et al. (2020, 2023) found 2.9 and
3.40 associations between bright-radio blazars and IceCube
events by adding ~0.5° to the published IceCube spatial uncer-
tainties. The IceCube collaboration (Abbasi et al. 2023c) could
confirm the earlier result within a factor of 2 in the p value (see
their Table 4) although this was not the case when they used a
more sophisticated description of the spatial probability density
function for the neutrino events and an updated event catalog.

5. Time series analysis

We now expand our search to possible temporal clusterings of
alert events. For this, we use the unsupervised machine learn-
ing algorithm Expectation Maximization (EM) as presented in
Karl & Eller (2024), Abbasi et al. (2024b). EM is based on a
Gaussian mixture model, where we describe the signal, a tem-
poral clustering, as Gaussian flares. We assume that there is a
uniform background component with random events distributed
over time, and alert events that are emitted during one or more
Gaussian-shaped time windows as a signal. In the end, we com-
pare two hypotheses:

— Background Hypothesis: There is no clustering in arrival
time. We see N uniformly distributed detection times.

— Signal Hypothesis: In addition to the uniform background,
we observe temporally clustered alert events. We have k neu-
trino flares with a certain strength expressed as the number of
detected signal neutrinos, ng . The background component is
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then the remaining events not accounted for by the neutrino

flares (so N — ', ns uniformly distributed detection times).
The likelihood comprising the signal and background probability
is then maximized by EM (as described in Karl & Eller 2024;
Abbasi et al. 2024b). The result is a distribution of Gaussians
with the best-fit values of their means ury, their widths, oy,
and their respective strengths, ng k.

For each multiplet, we assume the weighted arithmetic cir-
cular mean position calculated in the previous section to be the
position of a point-like neutrino source and then evaluate if we
observe a temporal clustering of alerts close to that position.
Hence, alert events close to that position should contribute more
to a signal, whereas alert events more distant to that position are
less likely to originate from that point-source position and should
contribute less or not at all. To consider this when fitting neutrino
flares, we assign weights based on the spatial and energy proba-
bility of each alert event to originate from our assumed source or
from background. This weight is then applied to the time series
as described in Karl & Eller (2024), Abbasi et al. (2024b). We
calculate the weights for every alert on the sky and do not limit
the contributing events to the multiplets because the multiplets
consist only of a few events.

We describe the weight’s spatial contribution by a Rayleigh
distribution centered at the point-source position with the
mean alert uncertainty as its spread (as defined in Equa-
tion 3 of Abbasi et al. 2024b). Following Karl & Eller (2024),
Abbasi et al. (2024b), we divide this signal probability by the
background probability, where we describe the background by
a uniform distribution over right ascension and a declination-
dependent distribution based on the effective areas published in
Abbasi et al. (2023b). This ensures stronger weights for events
close to the point-source position and very weak weights for
events distant from the point-source position. To weigh events
with higher energies accordingly, while taking detector effects
(depending on energy E and declination ¢) into account, we
derive energy weights from the alerts’ signalness. Abbasi et al.
(2023Db) defines the signalness as

Nﬂignal (E, 6)

S = ,
Nsignal (E7 6) + Nbackground(Ea 6)

6]

with Nggna(E,6) and Npackground(E,0) as the expected num-
ber of signal and background events with energy E from
declination 6 based on simulations. From this, we get
Nsignal(Ea 6)/Nbackground(E7 0)) =S8/(1-5)as our energy weights.
The final weight is then the product of the spatial weights and the
energy weights. Even though we do not limit the contributing
events to the multiplets only, we expect the strongest contribu-
tions from the multiplet events because of their spatial proximity.

Including these weights (following Karl & Eller 2024), the
likelihood describing the probability of observing an event at
time #; given K Gaussian flares (NV) and a uniform background
becomes:

N K }’ls,k S,' N — ns 1
L= 1_[ zk: WN(tiVlT,k,O'T,k)E +

N (tmax - tmin) ’ (2)

As before, N is the total number of events, and K is the
maximal number of Gaussian contributions. Each Gaussian, k,
is scaled by the associated number of signal events, ng; > 0, and
each event probability is multiplied with the weight S;/B;. The
rightmost term describes the uniform background component
(becoming the sole component when setting Z,If ngy = ns = 0).

As described above, we assume a uniform background distri-
bution in time and describe a neutrino signal by a set of normal
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Fig. 6. Example of a fitted time series. The left y-axis shows the applied
weights for each event (Signal over Background: S/B). The x-axis
shows the time range in MJD and the vertical blue lines indicate the
detection times of the alert events. The orange line shows the best fit
temporal signal probability density function, Siemp, consisting of the sum
of k Gaussians, as determined with EM in arbitrary units. The height of
each Gaussian is scaled with the number of associated events, ng k. Siemp
can reach greater values where many ng contribute, compared to times
where a single event has a high S/B value without any close events in
time.

distributions. We need to define some starting values as seeds
for the optimization. First, we set the maximum number of flares
to K = 20. We choose this number to exceed the number of
events in the biggest multiplet, which can serve as an indication
of the upper bound of how many flares we can expect. Setting
the number higher is unproblematic since some of these flares
will be fitted to (close to) zero. We want to cover the full time
period with the seed flares such that each event can contribute
to the likelihood. Hence, we distribute the seed flares uniformly
over the time series with a very broad width, o, of 500 days.
For the beginning, we define an arbitrary flare strength (ns ) of
min(N/K - 1, 10) neutrinos, where we ensure that the sum of
events belongir}ﬁ to flares does not exceed the total number of
alert events: >, nsx < N. To avoid singularities (for or — 0
in the 1/o0r term of the normal distribution), we require a mini-
mal flare width of 10 days. We start running EM with these val-
ues and apply the same convergence criteria as in Karl & Eller
(2024), Abbasi et al. (2024b) (no change in the likelihood in the
last 20 iterations or a maximum of 500 iterations). We show a
fitted example time series of a multiplet in Figure 6.

The resulting best-fit flares can then be used to calculate the
likelihood (see Equation 2) and further to calculate a test statistic
value, by constructing a likelihood-ratio test. For the likelihood
ratio test, the two hypotheses are as described above. The back-
ground likelihood becomes the rightmost term of Equation (2)
with YK ngx = ns = 0.

In order to determine if a temporal clustering is significant,
we need to compare it with a background scenario. For this, we
create random unclustered realizations of the sky by assigning
randomized uniformly distributed right ascensions and detection
times. We then repeat the described procedure on these random
realizations. First, we identify the multiplets and calculate the
weighted arithmetic circular mean positions. Then, we run EM
with the same starting seeds as above for each position. This
yields a number of multiplets, average positions, and best-fit
Gaussian temporal flares for each background realization. How-
ever, the number and location of multiplets vary for each random
realization, which makes a comparison of individual “real” mul-
tiplets to the background-generated ones not straightforward.

Nonetheless, we can still compare the full sky of multi-
plets instead of looking at individual cases. We define a test
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statistic value for the full sky by summing up the results for all
individual multiplets. This means, for every multiplet we get a
result for the likelihood ratio test comparing the background and
signal hypothesis. The test statistic for the full sky, TSemp, is
then the sum of the individual results (TS,,) over all multiplets
m: TSiemp = 2, TSim. We repeat this for each sky realization
and create a background TSy, distribution. This follows the
approach of stacking in Abbasi et al. (2024b).

We find no significant temporal clustering of alert events
independent of applied area, energy, or signalness thresholds.
The best p values for the area, energy, and signal searches are
0.35 (for A < 6.27 deg?), 0.72 (for E > 54TeV), and 0.93 (for
S > 0.414 and S > 0.452). This allows several interpretations.
It is possible that considering only the sum of all multiplets’ test
statistic values washes out a potential signal present in only few
multiplets. Another possibility is that alert events are rare events
in the time dimension and IceCube only detects a single event
over 13 years from a source. This would require either a more
sensitive detector or longer integration time in order to detect a
clustering or multiple flares.

To check the first possibility (a signal of a few sources is
washed out by looking at the sum of all multiplets), we test
the most significant m multiplets. We start with the multiplet
yielding the largest test statistic value and compute the p value
by constructing a background test statistic distribution with the
respective largest TS values from the background trials. Then we
take the sum of the two largest TS values and calculate their sig-
nificance. We add more and more multiplets until we sum over
every multiplet in the data. The last scenario differs slightly from
the test in the previous paragraph (where we stack every mul-
tiplet in the sky) because here we always sum up to the max-
imum number of multiplets we found in the real sky. Even if
we find more multiplets in the background sky, we do not con-
sider more than the number of multiplets identified in the real
sky. When running this test, we compare all p values and get the
most significant one (p = 0.26) when applying an area threshold
of A < 6.27 deg? and summing all (= 12) multiplets (see Fig. 7).
In this specific case, adding more multiplets lowers the p value
and increases the significance. This indicates that taking the sum
of multiplets is not washing out a potential signal in this case.
Interestingly, this behavior is not always repeated. When cutting
on signalness, for example, the p values rise for each threshold
when including more multiplets. However, all p values are still
compatible with background.

6. Conclusions

A fraction of alert events published by the IceCube Neutrino
Observatory is expected to point to their cosmic production sites.
We searched for an over-fluctuation of alert events with overlap-
ping uncertainty regions (multiplets) compared to randomly dis-
tributed alert events. To reduce chance coincidences, we tested
refined samples by restricting the uncertainty areas, the recon-
structed neutrino energies, and their signalness. In all cases, we
found no significant over-fluctuation of multiplets. We further-
more tested alternative reconstruction with smaller uncertainties
(as published in the GCN Notices) but also there we find no sig-
nificant clustering of events. A possible explanation could be that
there are too many atmospheric background events included in
the sample and our selections are not sufficiently signal-pure.
Another possibility is that IceCube would either need a larger
effective area or longer integration times to detect multiple alert
events from the same source.

O
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Fig. 7. P values when considering the top-ranked number of multi-
plets for an area threshold of A < 6.27 deg?. The x-axis shows how
many multiplets contribute to the p value (sorted by highest test statistic
value), and the y-axis shows the p value. In this case, adding multiplets
(by summing the test statistic values) lowers the chance probability, and
we get the best p value of 26% when considering all multiplets.

We then compared the number of y-ray-detected blazars
within the weighted mean area of each multiplet and found that
they agree with the expected number of sources based on their
average distribution. Hence, we do not find an excess of y-ray
detected blazars at the weighted mean area of the multiplets.

As a final step, we investigated the time series of each mul-
tiplet for the different thresholds in area, energy, and signalness.
We allow for multiple flares fitted with expectation maximiza-
tion and compare the resulting likelihood with randomly gen-
erated neutrino skies (random right ascensions and times). We
then consider the sum of the resulting test statistic value over
all tested positions. Combining all identified multiplets, we do
not find a significant clustering in time. Possible reasons for this
are that taking the sum over all multiplets washes out a signal
only present in few locations or that alert events are detected
too rarely to show a temporal clustering. We test the first case
by starting with the most significant multiplet and then adding
one by one less significant multiplets while observing how this
affects the p value. Doing this, we find a best p value of 26%
for an area threshold of A < 6.27 deg” and considering all (in
this case twelve) multiplets. This implies that, in this case, we
do not wash out a signal when adding more multiplets. How-
ever, the behavior of improved p values with more multiplets is
not always repeated, which also shows that the result strongly
depends on our selection of events.

In any case, improving the number of alert events will allow
a better understanding of whether those events cluster around
their sources and could lead to the identification of neutrino
sources. Furthermore, applying updated reconstruction contours
(IceCube Collaboration 2024) on all previously published alert
events will affect the uncertainty regions and will hence also
influence a spatial correlation search.
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This appendix lists the identified multiplets.

Table A.1. List of alert multiplets for different areas.

Name r.a. Dec Energy Area Signalness  Classification
[deg] [deg] ~ [TeV] [deg’]

6.27 deg?
IC110807A  336.8%]3% 153023 1080 448 0.266 gfu-bronze
IC140114A  337.59%037 0717037 540 214 0.335 hese-bronze
IC221224A  335.74*097  142%03, 1110 088 0.278 gfu-bronze
IC110902A  9.76*3%6  759*087 2430  5.63 0.609 gfu-gold
IC140603A 9717982 756*023 1520 159 0.377 gfu-bronze
IC110930A  267.01%19  —4.44*06 1600  2.54 0.429 gfu-bronze
1C220205B  267.0170%7  -3.66704! 2160  0.88 0.595 gfu-gold
ICI21115A  225.7+}9%  8.88*02! 1160 323 0.319 gfu-bronze
IC190730A  226.14*127 10.77t193 2980 552 0.670 gfu-gold
IC130627A  93.74*19) 1417712 8510 372 0.938 gfu-gold
ICI50120A  95.89*12  14.13*03 1130 194 0.336 gfu-bronze
IC130804A  129.02*]1%  1336*1%  113.0  5.65 0.328 gfu-bronze
ICI90515A  127.88*07%  12.6%03. 4570 119 0.816 gfu-gold
IC130808A  26.59*11%  922%031 1110 327 0.294 gfu-bronze
IC240327A 2547186 7787060 199.66  4.50 0.539  gold
IC130822A  91.32%119 0567078 1150 264 0.301 gfu-bronze
IC240327B  89.21*13% 09312 15269  6.17 0.371 bronze
IC160510A  352.88*]7¢  19%075 2080 3.8 0.393 che-gold
IC160707A  35143*13%  0.679%2 1100 5.84 0.278 gfu-bronze
ICI70717A  208.397167 2516714l 5340 561 0.866 gfu-gold
ICI80125A  207.51*)9) 2377037 1100 129 0.362 gfu-bronze
ICI80117A  206.1%19  3.927070 85.0 2.72 0.424 hese-bronze
IC210210A  206.06%)35 4787032 2870  2.00 0.655 gfu-gold
IC220424A  346.11*123 8917098 1840  3.74 0.497 gfu-gold
IC230416A  345.85*08% 0147075 1270 217 0.341 gfu-bronze

12.50 deg?
ICI11213A 2478518 0567145 1640 744 0.408 gfu-bronze
ICI50609B 24543147 0224007 1160 449 0.305 gfu-bronze
IC130509A  317.5717¢  2.09*11% 1050  7.17 0.249 gfu-bronze
IC141210A 31812733 157*157 1540  11.00 0.373 gfu-bronze
IC150102A  318.74*3%6  291*03% 1260  3.40 0.317 gfu-bronze
IC130808A  26.59*12%  922%031 1110 327 0.294 gfu-bronze
IC240327A  254%)8¢ 778080 199.66  4.50 0.539 gold
ICI11120A  26.06*}%  9.82+14. 1590  10.79 0.420 gfu-bronze
IC150526A  139.79%245  —1.49*09 1080  8.17 0.282 gfu-bronze
IC161125A  140.01*%15  —0.11*373 1610  4.22 0.403 gfu-bronze
IC231202A  139.04%22  037*]4' 10822  6.86 0.271 bronze
IC151013A  178.72*1L 52374110 1560 241 0.516 gfu-bronze
IC231125A  177.53%32,  53.627137 19173 6.68 0.631 gold
IC160727A  113.12%]3 1467719 1050  5.80 0.296 gfu-bronze
IC211208A 114527372 1556113 1710 1246 0.502 gfu-bronze
IC170227A  205.09%15  426*195 1080  10.13 0.267 gfu-bronze
IC180117A  206.1*7119  3.92%071 85.0 2.72 0.424 hese-bronze
IC210210A  206.06%)35  4.78%02*  287.0  2.00 0.655 gfu-gold
IC170514A 3119732, 18.6731 1090  8.17 0.338 gfu-bronze
IC220501A  311.57*072  18.68*08¢ 1270  2.59 0396  gfu-bronze
ICI80316A 271717105  —1.42712 1560  9.07 0.391 gfu-bronze
IC230707A  269.03*08%  —1.947032  280.0  1.29 0.663 gfu-gold
ICI81008A  77.08*2%% ~ 123*143 1080 1171 0.267 gfu-bronze
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Name ra. Dec Energy  Area  Signalness  Classification
[deg] [deg] [TeV]  [deg’]
IC240419A  73.17*2§, 164121 12084 1175 0.315 bronze
IC161117A  78.667153 16715 190.0 1095 0.504 gfu-gold
IC191204A  80.1672¢2  2.87")% 130.0 697 0.326 gfu-bronze
IC181023A  270.18*18%  —g42*113 2370 750 0.153 ehe-gold
IC220425A 2682471238 —10.73715 6040 845 0.169 ehe-gold
IC191122A  27.03%)%%  0.07*}% 1270 9.78 0.329 gfu-bronze
IC230112A 24354 0.974 111.0 433 0.284 gfu-bronze
21.79 deg?
IC110514A 138477558 1047097 1870  17.16 0508  gfu-gold
IC150526A  139.79*236  -149*9% 1080  8.17 0.282 gfu-bronze
IC220405A 134477167 1277097 1220 627 0.323 gfu-bronze
IC180908A  14498%)3°  -239*116 1440  6.60 0.300 ehe-gold
IC231202A  139.0471°2 03741} 10822  6.86 0.271 bronze
IC110616A 71157330 538707 1090 4.60 0.257 gfu-bronze
ICIB0213A  66.977345  6.097]23 111.0 1447 0.273 gfu-bronze
IC111209A  99.98*)19  2042*16 1080  8.55 0.335 gfu-bronze
IC170208A  99.6772%  16.84*1S. 1510  13.95 0431 gfu-bronze
IC130519A  4535*313 2385715 1100 676 0.364 gfu-bronze
IC211125A  43.597343 22597288 1180  17.57 0.390 gfu-bronze
IC130627B  155.35%3%7  3.73%73 1220 1536 0.309 gfu-bronze
IC150118A  152.53*)33  433*071 1560 524 0.374 gfu-bronze
IC170308A  15535*293  5.53*078 107.0 472 0.254 gfu-bronze
IC140705A 25887185  254*172 2120 1344 0559  gfu-gold
IC230112A 2435+ 0.9714 111.0 433 0.284 gfu-bronze
IC191122A  27.03*)%%  0.07+]% 1270 978 0.329 gfu-bronze
IC140927A  50.89*39)  —0.63*]4) 1820  20.68 0.481 gfu-gold
ICI50609A  49.53*1 0.370% 1180 219 0313 gfu-bronze
ICI50918A  49.83723, 295713 1050 13.17 0.280 gfu-bronze
ICIS1017A 197537236 19.957390 3210 2027 0.754 gfu-gold
IC211216B  199.34*12%  17.04*]32 1130  6.65 0.346 gfu-bronze
IC161021A  121.42*28% 23727} 1350 1573 0.434 gfu-bronze
IC230217A  12454*13% 2074238 550  18.24 0.454 hese-bronze
IC170824A  41.9273% 1237414 1750 1395 0.489 gfu-gold
ICI61103A  40.8770% 12527047 850 219 0311 hese-bronze
IC200109A 16545735 11.87118 3750 15.17 0.769 gfu-gold
IC200620A  162.11*082 11957061 1140 127 0.325 gfu-bronze
28.27 deg?
IC130409A  16356*26%  29.44%33% 1150 2778 0411 gfu-bronze
IC190704A  161.81*28%  26.9%0 1550 16.34 0.486 gfu-bronze
IC230914A  163.837235 31837208 1680  11.74 0.544 gfu-bronze
IC130509A  317.5*17¢  2.09*11 1050 717 0.249 gfu-bronze
ICI141210A  318.12723%  1.57*]3] 1540  11.00 0.373 gfu-bronze
IC150102A  318.74*3%6  291*0:34 1260 3.40 0.317 gfu-bronze
IC230524A  31843%332  2.84*2% 109.0  23.14 0.267 gfu-bronze
IC160731B  312.63737% 20077235 1180  24.05 0.385 gfu-bronze
IC170514A  311.97732 18,67 1090 817 0338  gfu-bronze
IC220501A  311.57°079 1868798 1270  2.59 0396  gfu-bronze
IC170206A  180.35%323 33278 1350 2385 0.462 gfu-bronze
IC200926B  184.75734%  32.93*148 1210  6.98 0434 gfu-bronze
IC170427A  5.32%438 -0.6"172 1550 22.82 0.383 gfu-bronze
IC190922B 571+ 153709 187.0 324 0.504 gfu-gold
IC230401A  8.1775% 1.94*19% 111.0 2791 0.274 gfu-bronze




Karl, M,, et al.: A&A, 696, A172 (2025)

Table A.1. continued.

Name ra. Dec Energy  Area  Signalness  Classification
[deg] [deg]  [TeV] [deg’]

ICI90410A  310.61%33.  1222*28 1050 2731 0.280 gfu-bronze
IC231211A 311481143 10.287067 10632 3.63 0.277 bronze
ICIOTO0TA  313.9975% 127971% 2180  23.69 0590  gfu-gold
IC190415A 15486737 52728 1170 2647 0.298 gfu-bronze
IC110726A  151.08*]1)  6.99*0%%  160.0  4.09 0.396 gfu-bronze
IC130627B  155.3573%7 3734172 1220 1536 0.309 gfu-bronze
IC150118A  152.53*)3%  433*07L 1560  5.24 0.374 gfu-bronze
IC170308A 155357302 553088 107.0 472 0.254 gfu-bronze
IC190619A  34352*313 10287292 1990  26.93 0.547 gfu-gold
IC220424A  346.11%123 8917028 1840 374 0.497 gfu-gold
IC230416A  345.85*08%  9.14*07° 1270 217 0.341 gfu-bronze
IC240204A 3484710 10287072 15592 240 0.414 bronze
IC230201A  345.41*2F  121%1%% 1210 1435 0.348 gfu-bronze
IC210717A 46497331 -1.34733¢ 1270  24.80 0.390 hese-bronze
IC220524A 4727375 3287082 1160  9.27 0.336 gfu-bronze
IC140927A  50.89*37)  -0.63714 1820  20.68 0.481 gfu-gold
IC150609A  49.53*11 0.370 1180 219 0313 gfu-bronze
IC150918A  49.83*23, 295713 1050  13.17 0.280 gfu-bronze
IC211123A  26552%3%% 7337248 1420 2572 0.356 gfu-bronze
IC201007A  265.17°348 534733 6830 037 0.885 gfu-gold
IC220627A  165.59728] 534165 1260 2347 0314 gfu-bronze
ICI30531A 16418242 6327132 1430 924 0.351 gfu-bronze
IC220629A  163.92°079  433*03. 1190  0.83 0.301 gfu-bronze

Notes. We list the multiplets for the respective area threshold, starting with the smallest area. Multiplets with smaller threshold areas are also
multiplets for larger area thresholds but are not repeated in the table. In the cases where increasing the area adds events to previously identified
multiplets, we mark all multiplet events in bold font. The alert events’ names are as reported in IceCat-1, with the respective right ascension (r.a.),
declination, reconstructed neutrino energy, uncertainty area, signalness, and the alert classification. Alert events where the classification is only
“gold” or “bronze” are not part of IceCat-1 (as of July 2024).

Table A.2. List of alert multiplets for different energy thresholds.

Name r.a. Dec Energy Area Signalness  Classification
[deg] [deg] (TeV]  [deg’]
234.34 TeV
IC181023A  270.18*}%)  —842*13 2370 750 0.153 che-gold
IC220425A  268.24*1%%  —10.73*14 6040 845 0.169 che-gold
175.00 TeV
IC140927A  50.89*37)  —0.63*149 1820  20.68 0.481 gfu-gold
1C220304A 4878789 448739, 2630 12852 0.631 gfu-gold
IC170105A  309.95%3%,  8.16729, 1980 5219 0.535 gfu-gold
IC220306A  314.82703%  8.61%033 413.0  0.74 0.774 gfu-gold
ICI81120A  2571%33% 11727241 1880 5744 0.537 gfu-gold
1C240327A 2547186 7787068 199.66  4.50 0.539 gold
ICI90619A  343.52*313 10287292 1990  26.93 0.547 gfu-gold
IC220424A  346.11%123 891308 1840 374 0.497 gfu-gold
IC220624A  224.12%33, 41317147 1930 724 0.609 gfu-gold
IC240307A  239.63%133,  39.94* %8 19191  566.47 0.606 gold
150.00 TeV
IC110902A  9.76735 7.597087 2430 563 0.609 gfu-gold
IC130408B  7.387388 4227473 163.0  84.10 0.395 gfu-bronze
IC140603A  9.71702 7.567033 1520 159 0.377 gfu-bronze
IC110930A  267.01%15  —4.44705 1600  2.54 0429 gfu-bronze
1C220205B  267.01%087  —3.667041 2160  0.88 0.595 gfu-gold
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Name ra. Dec Energy Area Signalness  Classification
[deg] [deg] [TeV]  [deg’]
IC111218A 268536 703" 1570  60.14 0.397 gfu-bronze
ICI11120A 2606733 9.82*14. 1590  10.79 0.420 gfu-bronze
IC140705A  25.88*)53 2544170 2120 1344 0.559 gfu-gold
1C200929A  29.53*033 3471970 1830 0.87 0.475 gfu-gold
IC240327A  25.47)%¢ 7.78*06  199.66  4.50 0539  gold
ICI81120A  2571*33%  11.72*241 1880 5744 0.537 gfu-gold
ICI30125A  7.67*535 7414733 1650 1642 0.531 gfu-bronze
IC140410A 211702431 8122%89 2460  376.89 0.627 gfu-gold
IC130408B  7.38*38% 422470 1630 8410 0.395 gfu-bronze
IC170427A  5.32*%38 -0.6*17° 1550  22.82 0.383 gfu-bronze
IC170803A L1+38 463041 2140 401 0.561 gfu-gold
IC230220A  359.03707' 313704 1520 106 0.364 gfu-bronze
IC221216A  6.86%)% 1043712 1560  6.12 0.414 gfu-bronze
ICI31124A  285.1672%,  19.47+1493 1800  8.00 0.553 gfu-gold
IC220221A  287.84%33)  20.74%332 1570  43.96 0.673 hese-gold
IC151013A 178727111 5237+111 1560 241 0.516 gfu-bronze
IC231125A  177.53%32,  53.6271%7 19173 6.68 0.631 gold
IC160924A  241.13%392  1.3473% 191.0 5262 0.508 gfu-gold
ICI70422A  24095*33 5531988 1610  13.02 0.391 gfu-bronze
IC170824A 4192739 12374145 1750  13.95 0.489 gfu-gold
ICIB0613A  38.06%384  11.53%41% 1550 7042 0.415 gfu-bronze
ICI80316A 271717140 —142712 1560  9.07 0.391 gfu-bronze
IC230707A  269.03:9%%  —1.94*032 2800  1.29 0.663 gfu-gold
IC190619A  343.52*313  1028%292 1990  26.93 0.547 gfu-gold
IC220424A 34611713 891'0%% 1840 374 0.497 gfu-gold
1C240204A 348470 10287072 15592 240 0.414 bronze
IC191231A 4847758 20.11%44% 1560 8253 0.464 gfu-bronze
IC230506A  50.197437  21.06*2}  211.0  31.14 0.643 gfu-gold
IC220918A  75.15%33% 3584370 1680 4522 0.418 gfu-bronze
ICI6ITITA  78.66%) 53 16712, 190.0 1095 0.504 gfu-gold
IC170922A  77.43*)1 579104 2640 155 0.631 gfu-gold
IC160104A  79.41%083 5.0705 2170 226 0.566 gfu-gold
IC221210A  332.58+04¢  2275%346 1650  200.43 0.508 gfu-bronze
IC150714A 326297149 2636*13% 4390  8.07 0.841 gfu-gold
IC120523B  343.78%4%92  1548*23% 1680  27.89 0.490 gfu-bronze
IC230707B  127.18730%  20.74%32% 1540 27627 0.466 gfu-bronze
IC190515A  127.88707% 12,6705, 4570 119 0.816 gfu-gold
IC150904A 133777033 28.08%03L 3020  1.04 0.741 gfu-gold
ICI81121A  132.19773%  3293*%19 2090 7330 0.645 gfu-gold
IC240307A  239.63%33,  39.94* %58 19191  566.47 0.606 gold
IC170514B  227.377}%  30.65%)5, 1740 376 0.553 gfu-gold
IC190201A  245.08*07%  38.78*077  163.0 144 0.533 gfu-bronze
1C220624A  224.12*32. 4131914 1930 724 0.609 gfu-gold
54.00 TeV (the full sample)
IC110514A  13847*55%  -1.947097 1870  17.16 0.508 gfu-gold
ICI50526A  139.79%245  -1.49%%% 1080  8.17 0.282 gfu-bronze
IC220405A 13447167 1274097 1220 627 0.323 gfu-bronze
ICI80908A  144.987)4°  -2397116 1440  6.60 0.300 ehe-gold
IC231202A  139.04%192 0377140 10822 6.86 0.271 bronze
IC110807A  336.871:3¢ 1537093 1080  4.48 0.266 gfu-bronze
ICI40114A  337.59*037  0.717037 54.0 2.14 0.335 hese-bronze
IC221224A 335747057 1.42*%3. 1110  0.88 0.278 gfu-bronze
ICI11209A  99.98%)45 2042736, 1080 855 0.335 gfu-bronze




Table A.2. continued.

Karl, M,, et al.: A&A, 696, A172 (2025)

Name ra. Dec Energy Area Signalness  Classification
[deg] [deg]  [TeV]  [deg’]
IC170208A  99.6773%°  16.84*1%,  151.0  13.95 0.431 gfu-bronze
ICI11218A 2685735 7.03%3%* 1570  60.14 0.397 gfu-bronze
ICI11120A  26.067}%° 982714 1590  10.79 0.420 gfu-bronze
IC130808A  26.59*1)% 9227021 1110 327 0.294 gfu-bronze
IC140705A  25.887)%  254%17% 2120 1344 0.559 gfu-gold
IC200929A  29.53703% 34777 1830  0.87 0.475 gfu-gold
1C240327A 254708 778706 199.66  4.50 0.539 gold
ICI81120A 25717333 11727241 1880  57.44 0.537 gfu-gold
IC120529A  176.48785F 228727 1260  40.66 0.416 gfu-bronze
IC170527A  178.597377 2649382 1240  31.89 0.422 gfu-bronze
ICI21115A 22577191 8.88*091 1160 323 0.319 gfu-bronze
IC190730A  226.14*120 10771193 2980 552 0.670 gfu-gold
IC130408B  7.38+488 4227473 1630  84.10 0.395 gfu-bronze
IC150129A  35851%391 6397316 1300 5576 0.334 gfu-bronze
IC170427A  532%438  -06%]]3 1550  22.82 0.383 gfu-bronze
IC170803A  1.17}48 4637041 2140 401 0.561 gfu-gold
IC230220A  359.03*07'  3.1370¥ 1520  1.06 0.364 gfu-bronze
IC240123A  357.54*193 426708 11048 445 0.267 bronze
IC230401A  8.1773% 1947352 1110 2791 0.274 gfu-bronze
IC221216A  6.867)%0 1043719 1560  6.12 0.414 gfu-bronze
IC130409A  16356*26%  2044%48 1150 2778 0.411 gfu-bronze
IC190704A  161.81*%25  269719] 1550 1634 0.486 gfu-bronze
IC230914A  163.83*205  31.83*39% 1680  11.74 0.544 gfu-bronze
IC130509A  317.5717¢  2.09%11% 1050 717 0.249 gfu-bronze
ICI41210A  318.12723% 15757 1540  11.00 0.373 gfu-bronze
IC150102A  318.74%3%6 291703 1260 340 0.317 gfu-bronze
IC230524A  31843%332 284723 109.0  23.14 0.267 gfu-bronze
IC130627A  93.74*19)  14.17712% 8510  3.72 0.938 gfu-gold
ICI50120A  95.8971%  14.13%03 1130 194 0.336 gfu-bronze
ICI30731A 12287222 6327324 1220 2923 0.319 gfu-bronze
ICI21103A  123.18%022  6.0570% 1120 177 0276 gfu-bronze
IC190503A  120.19*066  6.4370% 1420 147 0.341 ehe-gold
IC230405A  120.85*Z81  9.75*21) 1100  25.13 0.299 gfu-bronze
IC130804A  129.02*11%  133671% 1130 565 0.328 gfu-bronze
IC190515A  127.88*07% 126703, 4570 119 0.816 gfu-gold
IC130822A  91.327112 0567078 1150  2.64 0.301 gfu-bronze
1C240327B  89.2171%% 0937133 15269  6.17 0.371 bronze
IC140103A  37.9*23%1  78.97+38% 1250  125.86 0.419 gfu-bronze
ICI130125A  7.67%%8 74147335 1650 1642 0.531 gfu-bronze
IC190629A  29.1273968  8456+3%6  109.0  106.81 0.343 gfu-bronze
IC140410A 21170151 81.22%80 2460  376.89 0.627 gfu-gold
IC140213A  202.59*37%  13.06*73) 1400  29.56 0.394 gfu-bronze
IC201222A  206.3770%%  13.44*037 1860  1.10 0.534 gfu-gold
IC140420A  6.28*103  16.57*477  163.0  96.09 0.489 gfu-bronze
IC140713A  0.79*}]3 156708 1340 273 0.391 gfu-bronze
IC181114B  6.027153  18.84%087 1450 532 0.438 gfu-bronze
IC221216A  6.86*)0 1043712 1560  6.12 0.414 gfu-bronze
IC140503A 16237601 46.577341  109.0  103.21 0.404 gfu-bronze
ICI11208A 165197793 3849367  123.0  49.12 0.446 gfu-bronze
IC200806A  157.25*)47 477570 1070 133 0.397 gfu-bronze
IC140704A  157.07*4%  53.62733> 1500  29.69 0.504 gfu-bronze
IC150609B  245.43*157 022797 1160 449 0.305 gfu-bronze
ICI11213A  247.8571 10 0567195 1640 744 0.408 gfu-bronze
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Name ra. Dec Energy Area Signalness  Classification
[deg] [deg]  [TeV] [deg’]
IC160924A 241137377 134%3¢ 1910  52.62 0.508 gfu-gold
IC150812A  317.59*31.  30.09%33 1250  31.44 0.439 gfu-bronze
IC220405B  320.62*172  29.06*08%  106.0  2.64 0.364 gfu-bronze
ICISI017A  197.537345  19.95539% 3210 2027 0.754 gfu-gold
IC211216B  199.34*138  17.047132  113.0  6.65 0.346 gfu-bronze
IC160307A  91.32*1%8 1047727 1060  87.40 0.280 gfu-bronze
IC150515A  91.49*092 1214703 4010 132 0.768 gfu-gold
IC200421A  87.93%343  823*3% 1270  18.87 0.333 gfu-bronze
IC210516A 91767077 9.52*703%3  109.0 147 0.289 gfu-bronze
IC180807A  100.37*30.  11.15*3%%  106.0 3557 0.276 gfu-bronze
IC160510A  352.88*176  1.9*075 2080 3.8 0.393 ehe-gold
IC160707A  35143*134 067082 1100 584 0.278 gfu-bronze
IC160612A  16.52*08% 4677187 1060 198 0.249 gfu-bronze
IC230122A  16.79%322  7.78*33  108.0  33.99 0.273 gfu-bronze
ICI60727A  113.12*1% 1467519 1050  5.80 0.296 gfu-bronze
IC211208A  11452*272  1556*1% 1710 1246 0.502 gfu-bronze
IC160731B  312.63737¢  20.07*23% 1180  24.05 0.385 gfu-bronze
IC170514A  311.97*22.  18.6*%1 109.0  8.17 0.338 gfu-bronze
IC220501A  311.57707%  18.68*08¢ 1270 259 0.396 gfu-bronze
IC160812A  86.9971323  48.83*79%  160.0 31542 0.527 gfu-bronze
IC200425A  99.97*376  53.72*225 1350 1421 0.481 gfu-bronze
IC170105A  309.95*3%  8.16'39, 1980  52.19 0.535 gfu-gold
IC220306A 314.82*033 861703 4130 074 0.774 gfu-gold
IC190410A  310.61%33. 12227388 1050 2731 0.280 gfu-bronze
IC231211A  311.48*)13 10287067 106.32  3.63 0.277 bronze
IC170206A  180.35*323 3327185 1350 23385 0.462 gfu-bronze
1C200926B  184.75*3%5 32937116 121.0  6.98 0.434 gfu-bronze
IC170227A  205.09*}5 4267199 1080  10.13 0.267 gfu-bronze
ICISOI17A  206.1711%  3.92707% 850 272 0.424 hese-bronze
IC210210A  206.06%)35 4787032 287.0  2.00 0.655 gfu-gold
IC170621A  7497*12% 25087337  109.0  125.84 0.367 gfu-bronze
IC120922A  70.62*142 1979709 1430 330 0.426 ehe-gold
IC160720A  60.2573%72  29.23*332 108.0  150.32 0.368 gfu-bronze
IC181023B  7827+,76  21.5470%¢ 1360  3.70 0.427 gfu-bronze
IC230603A  68.2%330  2421%331 1450  18.14 0.456 gfu-bronze
IC170717A  208.39*147 25167141 5340 5.6l 0.866 gfu-gold
ICI80125A  207.51%3% 23777037 1100 129 0.362 gfu-bronze
IC170824A 41927393 12377146 1750  13.95 0.489 gfu-gold
IC161103A  40.87+)%5 12527015 850 2.19 0.311 hese-bronze
IC180613A  38.06*35¢  11.53*47 1550 7042 0.415 gfu-bronze
IC171028A  294.52733% 20522 133.0 2947 0337 gfu-bronze
IC231014A  297.16*312 1347127 1050  14.08 0.254 gfu-bronze
IC221124A  298.927248  3.73%12. 1440 1017 0.350 gfu-bronze
IC180612A  338.69731 ~ 3737281 1070  55.15 0.250 gfu-bronze
IC110807A  336.8713%  1.537023  108.0 448 0.266 gfu-bronze
IC140114A  337.597037 07179 54.0 2.14 0.335 hese-bronze
IC200523A  338.64700% 17571 1050  66.57 0.250 gfu-bronze
IC220509A 334257197 538%1% 1770 844 0.446 gfu-gold
1C221224A 335747077 142703, 1110 0.88 0.278 gfu-bronze
ICI90415A 15486735 527248 1170 2647 0.298 gfu-bronze
IC110726A  151.08*11% 699708 160.0  4.09 0.396 gfu-bronze
IC130627B 155357387 3731172 1220 1536 0.309 gfu-bronze
IC150118A  152.53%)33  4.33*07L 1560 524 0.374 gfu-bronze
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[deg] [deg] [TeV]  [deg’]
IC170308A 155357292 553*0%8 1070 472 0.254 gfu-bronze
IC190619A  343.52*313 1028292 199.0  26.93 0.547 gfu-gold
IC220424A  346.11%23  891*09% 1840 374 0.497 gfu-gold
IC230416A 345857088 9147073 1270 217 0.341 gfu-bronze
IC240204A  3484%0  1028%072 15592 240 0.414 bronze
IC230201A  34541*237 121432 1210 1435 0.348 gfu-bronze
IC190712A  76.64*333 1275731 109.0 7124 0.304 gfu-bronze
ICISITI4A 76167136 12.71%09F 11240 288 0.957 gfu-gold
IC240229A 72257128 1579%)9% 16323 384 0.477 bronze
IC240105A  72.69%033 1142802 109.5  0.19 0.301 bronze
IC191231A 4847758 20.11%34% 1560 8253 0.464 gfu-bronze
IC130519A 4535312 2385tl15 1100 676 0.364 gfu-bronze
IC211125A  43.5973%3 22597248 1180 1757 0.390 gfu-bronze
IC230506A  50.19%337  21.06*2M  211.0  31.14 0.643 gfu-gold
IC200109A 16545735 118718 3750 1517 0.769 gfu-gold
IC200620A  162.117052  11.95*061 1140 127 0.325 gfu-bronze
IC200410A  242.58%03  11.61*]%5 1100 220.03 0.305 gfu-bronze
IC120301A  237.96*)23  18.76*0%  433.0  0.84 0.825 gfu-gold
IC140707A  240.86*305  14.17713% 1670 1251 0.478 gfu-bronze
IC141208A  246.367|75  17.23*12  109.0 652 0.331 gfu-bronze
IC160427A 24029704 9.71%03] 85.0 0.71 0.451 hese-bronze
IC170422A  240.95*331 553708 1610  13.02 0.391 gfu-bronze
IC210717A  46.49%237  —1.34733¢ 1270  24.80 0.390  hese-bronze
IC220524A  472%30°  -3.2870%2 1160 927 0336 gfu-bronze
IC140927A  50.89739)  -0.63*14 1820  20.68 0.481 gfu-gold
IC150609A  49.53*]] 0.370:4 1180 219 0.313 gfu-bronze
IC150918A  49.83*23,  —295*13% 1050  13.17 0.280 gfu-bronze
IC220304A 48787809 44839 2630 12852 0.631 gfu-gold
IC211123A 26552730 7337248 1420 2572 0.356 gfu-bronze
IC201007A  265.17704%  534%03  683.0 037 0.885 gfu-gold
IC230708A  270.7"43 846734 2080  36.82 0.560 gfu-gold
IC220627A  165.59*28) 53719 1260 2347 0.314 gfu-bronze
IC130531A  164.187342 6327137 1430 924 0.351 gfu-bronze
IC220629A  163.92*07  433*03. 1190  0.83 0.301 gfu-bronze
IC220918A  75.157422 3587331 168.0 4522 0.418 gfu-bronze
IC110616A  71.157)¢) 5387079 109.0  4.60 0.257 gfu-bronze
IC150625A  71.89*43% 086723 1120  29.99 0.286 gfu-bronze
IC161117A  78.66" 153 L6719 190.0 1095 0.504 gfu-gold
IC170922A  7743%M 579040 2640 155 0.631 gfu-gold
IC181008A  77.08*28 123712 1080 1171 0.267 gfu-bronze
IC240419A 7317435, 1e4%120 12084 1175 0.315 bronze
IC160104A  79.41%(%3 50708 2170 226 0.566 gfu-gold
IC190317A  81.25%350  321%303 1080  74.46 0.260 gfu-bronze
IC191204A  80.16%232 2874105 1300 697 0.326 gfu-bronze
IC221210A  332.58%04° 22757448 1650 20043 0.508 gfu-bronze
ICIS0714A  32629%1%  2636*1%) 4390  8.07 0.841 gfu-gold
IC210608A  337.41%1)3. 183731, 1050  85.06 0.315 gfu-bronze
IC120523B  343.78%392 154823 1680  27.89 0.490 gfu-bronze
IC130508A  337.76*321 2624728 1400 1691 0.452 gfu-bronze
IC230707B  127.18710%%  2074*32% 1540  276.27 0.466 gfu-bronze
IC120601A  119.31%292  1479*362 1370  3.01 0.395 gfu-bronze
IC130804A  129.02*]1% 1336719 1130 565 0.328 gfu-bronze
IC161021A  121.42728%  2372%193 1350 1573 0.434 gfu-bronze
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Table A.2. continued.

Name r.a. Dec Energy Area Signalness  Classification
[deg] [deg] [TeV]  [deg’]

IC171006A  132.63*)3, 172379 1180 471 0.370 gfu-bronze
IC190515A  127.88*07%  126*03, 4570  1.19 0.816 gfu-gold
IC230217A  124.547)3%  2074%738 550 1824 0.454 hese-bronze
IC150904A  133.77+033  28.08%03L 3020  1.04 0.741 gfu-gold
IC140223A  118.83%187 32587388 119.0  243.68 0.430 gfu-bronze
IC150914A  120.68%)% 30357188 1200  9.63 0.426 gfu-bronze
ICISII21A  132.19%73%  32.93*+10 2090 7330 0.645 gfu-gold
IC240307A  239.63*137,  39.9471%18 19191  566.47 0.606 gold
IC140324A  225.7%3§7  51.06%33, 1090  35.00 0.403 gfu-bronze
IC150224A  237.75%83¢  55.11%33% 1060 30.29 0.379 gfu-bronze
IC170514B 22737513 30.65%)3, 1740 376 0.553 gfu-gold
IC190201A  245.08%07°  3878*077  163.0 144 0.533 gfu-bronze
IC220624A  224.12%22.  41314}F 1930 724 0.609 gfu-gold
IC220907A  224.81*200 4471090 1280  4.18 0.460 gfu-bronze

Notes. We list the multiplets for the respective energy threshold, starting with the largest energy. The lowest energy includes the full alert sample
and corresponds to no cuts at all. Multiplets with larger threshold energies are also multiplets for smaller energy thresholds but are not repeated
in the table. In the cases where lowering the energy threshold adds events to previously identified multiplets, we mark all multiplet events in bold
font. The alert events’ names are as reported in IceCat-1, with the respective right ascension (r.a.), declination, reconstructed neutrino energy,
uncertainty area, signalness, and the alert classification. Alert events where the classification is only “gold” or “bronze” are not part of IceCat-1

(as of July 2024).

Table A.3. List of alert multiplets for different signalness thresholds.

Name ra. Dec Energy Area Signalness  Classification
[deg] [deg] [TeV]  [deg’]

0.504
IC130125A  7.67°%% 741433 1650  16.42 0.531 gfu-bronze
IC140410A 2117840 81.22789 2460  376.89 0.627 gfu-gold
ICI31124A  285.16722,  19.477143  180.0 8.00 0.553 gfu-gold
1C220221A  287.84*437 207422 157.0  43.96 0.673 hese-gold
IC150714A  32629*1%  2636%18%5  439.0 8.07 0.841 gfu-gold
IC221210A  332.58+1040  2275+446 1650 20043 0.508 gfu-bronze
IC151013A  178.72*M1  5237+111 156.0 241 0.516 gfu-bronze
IC231125A  177.53723,  53.6271°7 19173 6.68 0.631 gold
IC170105A  309.95%3%1  8.16*29, 1980  52.19 0.535 gfu-gold
IC220306A  314.82033  8.61%033  413.0 0.74 0.774 gfu-gold
ICI81120A 25717333 11,7272 188.0  57.44 0.537 gfu-gold
1C240327A  25.471%¢ 778129 199.66 450 0.539 gold
1C240307A  239.63*132  39.94*1818 19191  566.47 0.606 gold
IC170514B  227.37*1%  30.65*04,  174.0 3.76 0.553 gfu-gold
IC190201A  245.08*07°  38.78*077  163.0 1.44 0.533 gfu-bronze
IC220624A  224.12°22, 4131*147 1930 7.24 0.609 gfu-gold

0.452
IC140927A  50.89*3%  —0.63*]9 1820  20.68 0.481 gfu-gold
1C220304A  48.78°%% 4.48+59, 2630  128.52 0.631 gfu-gold
ICI160812A  86.99*13%  48.83*9°> 1600 31542 0.527 gfu-bronze
1C200425A 99973‘:(7)6 53.72tf:§3 135.0 14.21 0.481 gfu-bronze
IC190619A 343527413 1028*222 1990  26.93 0.547 gfu-gold
1C220424A  346.11*713 8917038 184.0 3.74 0.497 gfu-gold
IC191231A 4847438 20.11%448 156.0 82.53 0.464 gfu-bronze
IC230506A  50.19*%%7  21.06*21 2110  31.14 0.643 gfu-gold
IC221210A 3325871046 22.75+H46 1650 20043 0.508 gfu-bronze
IC150714A 32629719  26.367)%  439.0 8.07 0.841 gfu-gold
IC120523B 34378492 154823 1680  27.89 0.490 gfu-bronze
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Table A.3. continued.
Name ra. Dec Energy Area Signalness  Classification
[deg] [deg] [TeV]  [deg’]
IC230707B  127.18*%%%  20.74*97 1540  276.27 0.466 gfu-bronze
IC190515A  127.887072  12.6*03,  457.0 1.19 0.816 gfu-gold
IC230217A  124.54*1%%  20.74*23% 55.0 18.24 0.454 hese-bronze
IC150904A  133.77+023  28.087031  302.0 1.04 0.741 gfu-gold
ICI81121A  132.19*73¢ 3293+ 2090  73.30 0.645 gfu-gold
IC240307A  239.637132  39.94*1818 19191  566.47 0.606 gold
IC170514B  227.37+133  30.65704,  174.0 3.76 0.553 gfu-gold
IC190201A  245.08707°  38.787077  163.0 1.44 0.533 gfu-bronze
IC220624A 22412732, 4131*147 1930 7.24 0.609 gfu-gold
IC220907A 22481200 44.770%9 1280  4.18 0.460 gfu-bronze
0.414
IC110930A  267.017119  —4.44%0¢°  160.0 2.54 0.429 gfu-bronze
IC220205B  267.01*0%7  -3.66*041  216.0 0.88 0.595 gfu-gold
IC120529A  176.48*55: 228727 1260  40.66 0.416 gfu-bronze
IC170527A  17859°377  26.49+3%2 1240  31.89 0.422 gfu-bronze
IC130125A  7.67+03 741433 1650 1642 0.531 gfu-bronze

IC140103A  37.9'361 7897386 1250 12586  0.419 gfu-bronze
IC140410A  2.11*13151  81.22%80 2460 37689  0.627 gfu-gold

—58.92 —6.94
IC140420A  6.28°1% 1657477 1630  96.09 0.489 gfu-bronze
IC181114B 6.02+1% 18.84*0%7 1450 532 0.438 gfu-bronze
IC221216A  6.86°}% 104371% 1560  6.12 0.414 gfu-bronze
IC170206A  180.3553%  33.25)% 1350 2385 0.462 gfu-bronze
IC200926B  184.75%3% 32937118 1210  6.98 0.434 gfu-bronze
IC170824A  41.9273%  1237+14% 1750 1395 0.489 gfu-gold
ICI80613A 380635 115374 1550 7042 0.415 gfu-bronze
ICI80117A  206.1%115 3.924971 85.0 272 0.424 hese-bronze
IC210210A  206.067)35  4.78702 287.0 2.00 0.655 gfu-gold
ICI81120A  2571*33% 1172723 1880 5744 0.537 gfu-gold
IC111120A  26.06%}% 9.82+14¢ 1590  10.79 0.420 gfu-bronze
IC240327A  25.47)%¢ 778708 199.66  4.50 0.539 gold
IC190619A  343.52*%41% 1028202 1990 2693 0.547 gfu-gold
IC220424A  346.11*1%3  8.91*0%8 1840 374 0.497 gfu-gold
IC240204A 34847} 10287072 15592 2.40 0.414 bronze
IC220918A  75.15%5%2 3.58%3) 168.0 4522 0.418 gfu-bronze
ICI6IIITA  78.66%1%5 16715, 1900 1095 0.504 gfu-gold
IC170922A  77.43*}1 579704 264.0 1.55 0.631 gfu-gold
ICI60104A  79.4170%3 5.0108 2170 226 0.566 gfu-gold
IC221210A  332.58*104¢ 22754446 1650 20043 0.508 gfu-bronze
IC150714A  32629*14)  2636*1% 4390  8.07 0.841 gfu-gold
IC120523B 34378+ 1548733 1680  27.89 0.490 gfu-bronze
IC130508A  337.7632) 2624728 1400 1691 0.452 gfu-bronze
IC230707B  127.1871983 20747322 1540 27627 0.466 gfu-bronze
IC161021A  121.42*28  2372¢)%3 1350 1573 0.434 gfu-bronze
IC190515A  127.88707  12.6703  457.0 1.19 0.816 gfu-gold
IC230217A  124.54%138 20.74+238 55.0 18.24 0.454 hese-bronze
IC150904A 13377433 28.087031  302.0 1.04 0.741 gfu-gold
IC140223A  118.83*1187 32587568 119.0  243.68 0.430 gfu-bronze
IC150914A  129.687)% 3035185 1200  9.63 0.426 gfu-bronze
ICI81121A  132.19773%  32.93*410  209.0  73.30 0.645 gfu-gold

Notes. We list the multiplets for the respective signalness threshold, starting with the largest signalness. Multiplets with larger threshold signalness
are also multiplets for smaller signalness thresholds but are not repeated in the table. In the cases where lowering the signalness threshold adds
events to previously identified multiplets, we mark all multiplet events in bold font. The alert events’ names are as reported in IceCat-1, with the
respective right ascension (r.a.), declination, reconstructed neutrino energy, uncertainty area, signalness, and the alert classification. Alert events
where the classification is only “gold” or “bronze” are not part of IceCat-1 (as of July 2024).
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