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IceCube and its data

• Cubic-kilometer neutrino telescope at the South Pole.  

• 4  sensitivity (with strong declination dependence). >99% uptime. Background dominated. 

• Two main event topologies for neutrino events:  

• Muon tracks: good angular resolution (0.5° @ 10 TeV, 0.3° @ 100 TeV). Factor of ~2 neutrino energy resolution. Bulk of 
neutrino source search dataset. 

• Cascades: good energy resolution (~15% E ), poor angular resolution (15° @ 10 TeV, 8° @ 100 TeV). High astrophysical purity.

π

ν
2

Effective area @ 100 TeV

IceCube

103

102

101

100

10-1

10-2

10-3

10-4

10-5

10-6

10-7

Atmospheric μ 
O (1011 events/year)

Atmospheric ν  
(> 100 GeV) 
O (105 events/year)

Astrophysical ν  
(> 100 TeV) 
O (10 events/year)

Ev
en

t r
at

e 
[H

z]



M. Santander - Status and future plans for neutrino data from IceCube — GADF Meeting, September 2021

The IceCube data stream
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This presentation

The IceCube data stream
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IceCube datasets 

• Multiple datasets refined for specific searches / selections, each with its 
own characteristic sensitivity.
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Muon tracks for point-source 
searches  

High statistics, O(1°) angular resolution, 
~1 TeV, background dominated, 

clustering alerts.

Cascade searches  
O(10°) angular resolution, high 
astrophysical probability, alerts

HE muon tracks 
good angular resolution, low statistics, 
dominant astrophysical contribution 

>100 TeV, realtime alerts. 
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FIG. 2. The e↵ective areas for each uniform data-taking period included in the current data release. IC40 through IC79
used the partially-completed detector while IC86-I and later followed detector completion. Software and calibration di↵erences
separate IC86-I from later years. Di↵erences in the tools and applied selection have a small, but important impact on the
sample for each period.
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FIG. 3. The binned point spread functions measured for the Northern sky (� < �10�), horizon (�10�  � < �10�), and
Southern sky (� � 10�) for IC86-II and later seasons. Each colored histogram corresponds to a di↵erent true neutrino energy
range. For a falling E�2 spectrum, most muons are reconstructed less than 1� from the neutrino origin.

FIG. 4. The binned muon energy proxy reconstruction measured for the Northern sky (� < �10�), horizon (�10�  � < �10�),
and Southern sky (� � 10�) for IC86-II and later seasons. Each colored histogram corresponds to a di↵erent true neutrino
energy range. In the Southern sky, high energy events reconstruct near the incident neutrino energy. In the Northern sky and
at the horizon, high energy events may interact far from the detector, producing energy losses which are not visible in IceCube.

IceCube, leading to unobservable energy losses, particu-
larly at high energies. The energy proxy reconstruction
is shown for IC86-II and later seasons in Figure 4.

The final stage is the estimation of the reconstruc-
tion angular uncertainty. The reconstruction likelihood
space near the best-fit direction is mapped and fit with
a paraboloid following Ref. [59]. The two dimensional
width of the paraboloid fit is circularized by averaging the
width across the two axes. In cases where the paraboloid
method fails, PSTracks instead relies on the Cramer-Rao
method described in Ref. [60]. In order to correct for
the kinematic angle between neutrino and muon direc-
tion and to ensure correct coverage, a correction as a
function of reconstructed energy is applied assuming an
E�2 flux such that the median estimated uncertainty as
a function of energy gives 50% containment for a two di-
mensional Gaussian distribution. While this correction
can change with di↵ering flux assumptions, the impact
is small. A lower limit of 0.2� is applied to all events in
order to avoid strong impacts from mismodeling of ice
properties and to ensure that no single event dominates
our likelihood calculations. The reconstruction angular
uncertainties are shown in Figure 5.

Reconstructed quantities are used to build probability
density functions that the point source analysis uses in
applying a maximum likelihood method. See Ref. [13] for
details of the likelihood construction, which exploits the
spectral and spatial di↵erences of astrophysical neutrinos
and atmospheric backgrounds.

V. COMPARISON TO PREVIOUS RELEASES

There have been multiple previous IceCube data re-
leases presenting track-like events in the Northern and
Southern hemisphere, primarily for the purpose of neu-
trino astronomy [9, 10, 42, 43, 45]. The dataset detailed
in this document is the latest iteration of a high statis-
tics sample of track-like events. In this way, this dataset
can be considered to be a successor of the previous data
releases [36, 38, 42], providing an updated description of
the data from 2010–2012 [42], as well as adding six addi-
tional years of data in 2012–2018. Notably, this sample
was used for the IceCube 10-year all-sky time-integrated
analysis detailed in Ref. [13].

This sample includes several improvements in addition
to the standardization of the IC86 data taking periods
published in Ref. [42]. In the latest version of the data
sample, referred to here as PSTracks v3, the event clas-
sifier and sample pre-cuts have been altered to better re-
ject cascade-like events and accept track-like events. Ad-
ditionally, the angular reconstruction has been updated,
with more than a 10% improvement in angular resolution
for events greater than 10 TeV [13]. The energy proxy
remains unchanged between the two versions of the sam-
ple.

The net e↵ect of the sample changes is an increase in
event rate (⇠7%) relative to previous versions of the sam-
ple. A year-by-year comparison of event counts between
the older (PSTracks v2) and newer (PSTracks v3) ver-

Energy resolution
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Data releases

• 10-year of point-source muon tracks (direction, energy estimates, time, local coordinates) + IRFs.  

• Available through the IceCube website as ASCII files, and through HEASARC. 

• Upcoming release: Catalog of archival alerts with improved position, uncertainty, energy estimates. 
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https://arxiv.org/abs/2101.09836

• Typical data content: 

• Direction: best fit + uncertainty estimate (radii or 2D 
maps/contours) 

• Muon energy proxy (see Suppl. in arXiv/1807.08794) 

• Time. 

• “Signalness” or astrophysical probability proxy.  

• Local coordinates.

https://icecube.wisc.edu/science/data-releases/
https://heasarc.gsfc.nasa.gov/W3Browse/icecube/icecubepsc.html
https://arxiv.org/abs/1807.08794
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Open issues

• Standardization of data release information. 

• Improvements to alert generation, curation.  

• Revisions to archival data.  

• Data provenance information.
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