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Multimessenger searches with AMON

| Hugo Ayala




Astrophysical Multimessenger Observatory Network: a
Multimessenger approach

® Discover transient multi-
messenger sources

® Trigger follow-up observations
to identity and study
counterparts

A ® Analyze archival data in
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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

e Coincidence analyses

® Partners:

) . ® Triggering Observatories
© Cosmic rays

O Photons
@ Grav. waves [~ >< =
@® Neutrinos - -

¢ Follow-up Observatories

® Pass-Through

® Broadcast directly to GCN/TAN and SCIMMA
AMON
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AMON Network
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The Neutrino-Electromagnetic Channel




The Neutrino-Electromagnetic channel

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

® Objective: Search for sources of high-energy neutrinos (i.e. hadronic
accelerators)

//t_/e_ p}/

T T 1 :

o SN /0\
- e P P mn
‘\Uﬂ 7/// ,l/t/+ \U,u

- ~~

/‘/t\e\ye / | \ N U,
7 v, °



The NuEM channel: analyses

Archival Analysis

Real-time analysis
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The NuEM channel: analyses

Archival Analysis

Real-time analysis

Cube + HAWC

IceCube +Fermi LAT
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The NuEM Channel: selection criteria

ANTARES +Fermi LAT

IceCube +Fermi LAT

A neutrino event
and all photons

AfO < 5°
At = 100s

Neutrino event
tracks (cascades)
And photons

A0 < 5°(10°)
At £ 1000s
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A HAWC event and
Neutrino events

AfO < 3.5°

At ~ HAWC,

ransit

® No counterpart found in

the SIMBAD catalog and
the Fermi All-sky

Archival coincidences: HAWC-IceCube
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(FAVA) monitoring, but
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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 @coinc, found after

optimizing Eq. 3, are marked with a cross. Circles are the 50% containment region.
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Archival coincidences: HAWC-ANTARES

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

Variability Analysis (FAVA) monitoring
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Coincidences in the NuEM Channel

Name R.A.[°] | Decl. [°] I 56 [°] | FAR [yr '] Time UTC
Real-time alerts
NuEM-230523A 143.40 4.83 0.14 0.87 2023-5-23 02:57:20
NuEM-230414A 47.22 27.42 0.26 0.29 2023-04-14 23:21:11
NuEM-230313A 206.01 16.16 0.13 3.32 2023-03-13 11:59:46
NuEM-230125A 198.23 59.51 0.23 3.50 2023-01-25 13:13:35
NuEM-220728A 108.9 40.9 0.27 1.14 2022-07-28 20:25:53
NuEM-220220A 221.35 13.23 0.17 1.25 2022-02-20 14:19:37
NuEM-220212A 307.57 1.60 0.31 2.87 2022-02-12 20:19:02
NuEM-220116A 322.13 27.26 0.14 0.57 2022-01-16 23:26:40
NuEM-211209A 12.03 -5.75 0.18 2.06 2021-12-09 04:38:48
NuEM-211020A 99.76 9.07 0.17 0.86 2021-10-20 14:13:38
NuEM-210515A 03.64 14.66 0.15 3.93 2021-05-15 00:20:43
NuEM-210515B 93.93 12.51 0.20 1.90 2021-05-15 00:19:27
NuEM-210111A 162.34 19.46 0.37 3.85 2021-01-11 13:06:41
NuEM-201124A 134.99 1.74 0.23 2.96 2020-11-24 14:13:37
NuEM-201107A 140.20 29.76 Q.15 3.49 2020-11-07 15:55:31
ANTARES-Fermi 200704A | 255.42 -34.48 0.43 0.98 2020-07-04 15:53:48
NuEM-200202A 200.30 12.71 0.17 1.39 2020-02-02 14:07:52
ANTARES-Fermi 191011A | 49.96 18.80 0.40 1.21 2019-10-11 15:54:32
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® FAR threshold is < 4 per year for
real-time alerts.

® 18 alerts sent to GCN



More Comments on NuEM Channel

e AMON NuEM channel is active

® Using sub-threshold data

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

Name Followed by
NuEM-230523A MAGIC
NuEM-230313A Swift-XRT
NuEM-230125A Swift-XRT
NuEM-220220A MASTER
NuEM-211020A ANTARES,Swift-XRT

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
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Future of the NuEM Channel: Outlier detection
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® So far we have combined datggs

from 2 detectors.

® | ooking to incorporate several
detectors to find coincidences

2.87231

® Using Outlier Detection
methods:

... Selection of — training
randOm pixel || r_‘r_-nhdenjelr'tervalBE""J,\
Cenfidence Interval %

® Currently focusing on
forecasting methods

® Fxample with mock data —> ””MJW

Nov
2020
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UNDER
CONSTRUCTION

Future of AMON:

® | igo Virgo Kagra O4 i1s coming up. Quick Test

® 3 neutrino events, 3 hotspots and 1 CW

e Working towards a GW-Nu-EM S AR

® Follow-up the sub threshold events S oo y NuW T

from LVK using SCIMMA s NN
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Neutrino
® Use IceCube data from the NuEM Sim. Data I
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® Use new stream from HAWC data that
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