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Studying the universe with multi-messenger astrophysics
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Studying the universe with multi-messenger astrophysics
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Recent discoveries
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AMON: a framework to perform multi-messenger searchers

® Real-time coincidences

e Use of sub-threshold data

® Archival Studies

® Store events
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The Neutrino-Electromagnetic channel

® Coincidence analyses between high-energy gamma-ray data and
high-energy neutrino data

® Objective: Search for sources of high-energy neutrinos (i.e. hadronic
accelerators)
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The NUEM channel: observatories
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The NUEM channel: analyses

Archival Analysis

Real-time analysis
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ol *Preliminary results in this presentation



The NuEM channel: pipeline
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The NuEM Channel: algorithm

Coincidence Analysis

Walit for Walit for
next event next event
T No T No

Selection
Criteria

e Estimate position
* Calculate Ranking

v statistic
€ le Calculate FAR

Send Alert

Send information
to database

10/15



The NUEM channel: how to obtain the FAR

® \We perform simulations by scrambling the datasets several times.
e Build the ranking statistic distribution

® Calculate the false alarm rate
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Coincidences in the NUEM Channel

® FAR threshold is < 4 per year for real-time alerts.

® For archival coincidences we looked at the ones with <1 per year

Time UTC

Real-time alerts

NuEM-210515A 93.64 14.66 | 0.15 3.93 2021-05-15 00:20:43
NuEM-210515B 93.93 1251 | 020 1.90 2021-05-15 00:19:27
NuEM-210111A 16234 | 1946 | 037 3.85 2021-01-11 13:06:41
NuEM-201124A 13499 | 774 | 023 2.96 2020-11-24 14:13:37
NuEM-201107A 14020 | 2976 | 0.15 3.49 2020-11-07 15:55:31

ANTARES-Fermi 200704A | 255.42 | -34.48 | 043 0.98 2020-07-04 15:53:48
NuEM-200202A 20030 | 1271 | 0.17 1.39 2020-02-02 14:07:52

ANTARES-Fermi 191011A | 49.96 18.80 | 0.40 121 2019-10-11 15:54:32

. Ar.chival Coin.cidences .
ANTARES-Fermi [ 24800 [ 77 T oo7 [ 009 2012-11-21 20:19:52 |
ANTARES-Fermi 27968 | -505 | 0.10 0.09 2014-08-05 11:13:33
HAWC-IceCube 4.93 296 | 0.16 0.99 2016-12-12 04:38:41
HAWC-IceCube 17399 | 227 | 053 0026 | 2018-04-12 07:54:51
HAWC-ANTARES 25.6 25.0 0.2 0.7 2016-01-08 04:39:38
HAWC-ANTARES 2228 0.8 0.2 0.87 2017-09-07 01:21:22
HAWC-ANTARES 85.4 3.4 0.2 0.41 2019-03-29 03:01:18
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Archival coincidences: HAWC-IceCube

® No counterpart found in
the SIMBAD catalog and
the Fermi All-sky
Variability Analysis
(FAVA) monitoring, but
several sources in the
region.
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Figure 5. Skymaps of the coincidences with the lowest FAR found in the 3 years of archival data. Position

of the individual events are marked with the dots. The best-fit combined positions xcoinc, found after
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Archival coincidences: HAWC-ANTARES

® No counterpart found in the SIMBAD catalog and the Fermi All-sky Variability
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Outlook

e AMON NuEM channel is active

® Searching for high-energy gamma-ray and neutrino coincidences

® Using sub-threshold data

¢ \\Ve encourage follow-up observations of these coincidences

Name Followed by
NuEM-210515A/B ANTARES
NuEM-210111A ANTARES, INTEGRAL,MAXI
NuEM-201124A ANTARES
NuEM-201107A Fermi-LAT
NuEM-200202A MASTER, ANTARES
FERMI-ANTARES-191011A MASTER

e Visit the https://amontom.science.psu.edu/ to query alerts

® Email: hgayala@psu.edu

15/15


https://amontom.science.psu.edu/

ANAON

Astrophysica| Mulb'mcsscngcr Obscrvatory Network

-

PennState

Eberly College
of Science

16



