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Multi-messenger
Astronomy

Neutrinos: Not bent by magnetic fields,
produced in hadronic interactions

Y

\l

Cosmic Rays: Paths are bent
by magnetic fields, may not
point directly back to source

Gamma Rays: Scattered/absorbed
by dust in the galaxy, universe is
opaque at high energy, multiple
production mechanisms



What’s In An IceCube Event Sample?
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Factor of ~2 energy resolution
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Great for point sources!




Publicly Available IceCube Data

IceCube has release 10 years of data
for public use: link

- ~1 million events between 2008 and 2018

- Astrophysical muon neutrinos, atmospheric
muon neutrinos, and atmospheric muons

- Slightly different selection processes
above/below dec=5°

- Tabulated effective areas and smearing
matrices included to describe detector response

- Arxiv document describing the sample
properties: https://arxiv.org/pdf/2101.09836.pdf

Can be used for non-point-source
studies as well!

All-sky point-source IceCube data:
years 2008-2018

Posted on January 26, 2021

Introduction

IceCube has performed several searches for point-like sources of neutrinos. The events contained in
this release make up the sample used in IceCube’s 10-year time-integrated neutrino point source
search [1]. Events in the sample are track-like neutrino candidates detected by IceCube between April
2008 and July 2008.

The data contained in this release of lceCube’s point source sample shows 3.3¢ evidence of a
cumulative excess of events fram a catalogue of 110 potential sources, primarily driven by four sources
(NGC 1068, TXS 0506+056, PKS 1424+240, and GB6 J1542+6129). NGC 1068 gives the largest
excess and appears in spatial coincidence with the hottest spot in the full Northern sky search [1].

lceCube’s 10-year neutrino point source event sample includes updated processing for events
between April 2012 and May 2015, leading to differences in significances of some sources, including
TXS 0506+056. For more information, please refer to [2].

This release contains data beginning in 2008 (IC40) until the spring of 2018 (IC86-VII). In order to
standardize the release format of lceCube's point source candidate events, this release duplicates and
supplants previously released data from 2012 and earlier. Events from this release cannot be
combined with other IceCube public data releases.

Data release

Suggested citation for this dataset:

lceCube Collaboration (2021): All-sky point-source IceCube data: years 2008-2018. Dataset. DOI:
http://doi.org/DOI:10.21234/sxvs-mt83

Click here to download (.zip, 35 MB)

Included in the download are the following files:

Data files


https://icecube.wisc.edu/data-releases/2021/01/all-sky-point-source-icecube-data-years-2008-2018/
https://arxiv.org/pdf/2101.09836.pdf

What Is TXS 0506+056 and Why Are We Talking About It?

* If we identify an astrophysical neutrino 25
point source, it must also be a source of
cosmic rays

* The source of cosmic rays has been an open
question since 1912 (!)

* Neutrinos would allow us to explore regions
of the universe opaque to other messengers
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What Is TXS 0506+056 and Why Are We Talking About It?

« 2017 high energy neutrino alert
event from the direction of TXS
0506+056

* 3 sigma coincidence of EHE alert with
multi-messenger data

 Archival follow-up at this
location identifies elevated
emission in 2014/15

» 3.5 sigma significance for the 2014/15

flare candidate
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Updates Since the Original TXS 0506+056 Result

* Recalibration of detector response (“Pass 2”) —logyo(Procal)

» Misreconstructed cascade-like background
events removed

0.6
* DNN based energy reconstruction
. s . 0.4
* Improved angular error description via KDEs* ®
iz}
* Another source candidate (NGC 1068)! g 0
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Event Samples Timeline

TXS Public data
05064056 release NGC 1068
2016 2017 l 2018 2019 2020 2021l 2022 l
i i i i i i i
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PSTracks v3

racks v -
*This chart shows the period that the PSTracks v4
sample was in use, not the years [Spep—
included in the data sample NorthernTracks v2

>

NorthernTracks v5

Names not important, just note the progression

Newer samples have large (but not complete) overlap with older ones
Many different approaches with similar goals

This list isn’t even complete! There are event selections targeted at
cascades, starting tracks, double cascades, atmospheric nu, and many

n more!
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TXS 0506+056 Through The Years
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LELGEVEVE

TUM-HEP 1418/22

Use our public data!
https://iceCUbe.WiSC.ed u/science/data-releases/ New constraints on the dark matter-neutrino and
dark matter-photon scattering cross sections from

- lceCube analyses are hard, consult an IceCuber before

publishing anything dramatic

Blazar constraints on neutrino-dark matter scattering
14
IceCube’s data samples/methods have changed BRlERATS Joones AL Clie, Shan Goo, Fangyi Guo, Zhongan Lin,
L Department of Physics Shiyan Lin, Matteo Puel, Phillip Todd, and Tianzhuo Xiao
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stm’ s a function of DM mass. The
H N K eta: if the cross section rises linearly
- Lots of space for improvement, even with just the current The Blazar TXS 0506056 Associated with a High-energy Neutrino: Insights into 5 powsible. depencing on details
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Extragalactic Jets and Cosmic-Ray Acceleration

livetime
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- Not inconsistent with previous samples IFIG/17-62

- Should keep an eye on TXS 05064056 as we improve our Neutrino tomography of the Earth
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directions with energies extending above the TeV scale [1]. However, the Barth is not a fully trans-
parent medium for nentrinos with energies above a few TeV. At these energies, the charged-current
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https://icecube.wisc.edu/science/data-releases/

Backup Slides



A History of Neutrino Astronomy a‘
in Antarctica

NEUTRINO OBSERVATORY
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IceCube Event Types

Track Cascade Double Cascade
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TXS 0506+056 Through The Years
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This is Unsurprising

Older event sample contains
cascade events that were
originally misidentified as
tracks

- These events previously handled by

the likelihood instead of the event
selection

- See https://arxiv.org/abs/2101.09836
for more details

- Newer results are still consistent with
older results

40
20 . T
IceCube Prelimin
—— Observed Change: 7S,3 —TS2 = —11.84
220 —15 —-10 -5 5 10 15 20



https://arxiv.org/abs/2101.09836

How IceCube Data Becomes a (Point Source) Result
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How IceCube Data Becomes a (Point Source) Result

BDTscore2
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We’'re Getting Better at This (At Least a Little)

TXS 0506+056 Untriggered Flare Significance Sensitivity to a TXS-like Flare
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Event Samples Comparison

Publicly available

PSTracks v2 PSTracks v3 Northern Tracks v2 NorthernTracks v5 |
Processing Pass 1 Pass 1 Pass 1 Pass 2
Pre-cuts No Yes Yes Yes
BDT 1 Selects tracks Selects tracks and rejects cascades Selects tracks Selects tracks
BDT 2 None None Rejects cascades Rejects cascades
Signal training set Simulation Simulation Simulation Simulation
Background training set Data Data Simulation Simulation
Direction reconstruction | SplineMPE (“plain™) SplineMPE (“plain™)x 2 SplineMPE (“max”) SplineMPE (“max"7)
Angular error estimator Paraboloid Paraboloid Paraboloid KDE
Energy estimator MuEX MuEX TruncatedEnergy DNN
DeepCore included? Yes Yes No No
Livetime 7 years (2008-2014) 10 years (2008-2017) 8 years (2009-2016) 11 years (2011-2021)
Declination Range —90° < § < 90° —90° < 4§ < 90° —5% < 4 < 90° —5% < 4 < 90°
Events T11,878 1,134,451 493,252 794,301
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Event 125414/63641159-0 Event 126130/55370999-0 Event 125552/54221887-0
Time 2014-10-10 21:48:08 UT! Time 2015-03-08 10:32:58 UTI Time 2014-11-12 09:31:55 UTI
Duration 26450.0 ns Duration 37844.3 ns Duration 25422.9 ns

.
d s
* -
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. .

Event 125413/51031373-0 Event 125748/5363166-0
Time 2014-10-10 12:30:58 UT Time 2014-12-18 12:43:27 UT'
Duration 22637.5 ns Duration 27275.1 ns




“But what if you reconstructed them as cascades?”
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NTv5 TS Distributions
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Reminder: Fitted Parameter Distributions

- Fit bias plots show
the median, but 50 1
remember there’s an
underlying distribution
at each point

- |t is entirely possible 0 |

to do everything

correctly and end up 107

with fitted parameters o g e
that are very different e

from what was injected
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