


Entering a new era where we can detect the
messengers ot the four forces of nature.
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Real-time searches for transients can continue to advance multimessenger astrophysics.

AMON has been built with this idea and with the use of sub-threshold data

e 'Iriggering Observatories

e lollow-up Observatories
* Archival Studies

® Store events

e (oincidence analyses

e Real-time coincidences

\
@ Cosmic rays | 2

® Dhotons . / e Use of sub-threshold data
@ Grav. waves B v

@ Neutrinos 4 e Pass-1Through

* Broadcast directly to GCGN/TAN



Another approach to multimessenger astrophysics 1s real-time searches. AMON
has been built with this 1idea and with the use of sub-threshold data

¢ Real-time coincidences

e Receive the event after 1t 1s built in each
observatory and do the coincidence
analysis right away in the AMON

SCI'VCI'S.

e Sub-threshold data

* Data that 1s below the detection
threshold from each observatory.
Examples:

© Cosmic rays

O Photons \
@ Grav. waves b

@® Neutrinos

e HAWC significance hotspots below

D sigma

e IceCube singlets with low signal ness



Focusing on high-energy astrophysics. We want to help
solve some ot the current questions 1n the field

e Acceleration mechanisms
e Sources of UHECRSs

e Sources of neutrinos

e New fundamental physics

e elcC.
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L.arge span of transient events that we can look for:

SN GRB

e L.ong GRBs
*Short GRBs
SN

e Choked jet supernova

http://chandra.harvard.edu/resources/illustrations/grb.html
Figure from Chandra/Harvard webpage

e Blazars
e PBHs
* Binary Mergers

https://aashova.'org'/201 7/10/16/ néutron-star—merger—detected-by-
many-eyes-and-ears/

hHtn//chandra harvard edii/nhoto/2007/aane/



AMON members and prospective®™ members.
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AMON recerves sub-threshold data events and sends alerts to GCN/TAN which then are

distributed to partner observatories/public. Interesting follow-ups are sent back to AMON

and AMON then broadcasts alert revisions
CR




Technical Implementation: AMON uses an asynchronous distribution system to
calculate coincidence searches in real-time. Using the VOEvent protocol.

Sottware 1s written 1n Python. Uses Gelery, '1wisted and Comet.
Celery

AMON
Database

o Contains:
Coincidence Events
Configure . _ Search Alerts

TWISTED

Alerts
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https://github.com/AMONCode/Analysis

AMON Database resides in two servers at Penn State.
Anticipate 1'I'B/yr of data.

* Servers are mirrored and redundant for safety.

AMON
Database

e Uptime of 99.99% (<1 hr of downtime per year)

e 'T'he database 1s designed with MySQL.

Contains:
Events
Alerts

e It currently contains:

e Public:
e I1C40/59 and 1 year of 1CG 86, SWIF T and Fermi data

e Private:

Alert e ANTARES, Auger data, HAWC Daily Monitoring and HAWC
oS GRB-Like data
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AMON Database resides in two servers at Penn State.
Anticipate 1'I'B/yr of data.

—Each observatory retains full rights over use of ¥

its data (see AMON MoU) i )

Contains®
Events &

Alerts & —All coincidence analyses require explicit

permission of each participating collaboration &

Rike data

\‘ \
A
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http://sites.psu.edu/amon/join-amon/




Summary of analysis. Coincidence criteria for
analysis 1s divided 1n two parts.

e Selection:

e Temporal selection: T1me of IceCube event
inside of HAWC monitoring transit time

t]ceCube

HAWC Transit Time

e Spatial selection: Distance from IceCube

and HAWG hotspot 1s less than 3.5

FHAWC AB
FlceCube
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Data description:

HAWUC events are “hotspots™ ot significant excesses above background averaged over
| transit of the event above the detector.

IceCube events are single through-going track events.

Position e Position

° ° o . s

* Uncertainty in Unc.ef'talnty 1n
position » position k

e Significance (>2.75) 3 % ¢ Time of event 3
Start time of transit 3§ £ ° False. positive rate  §
End time of transit ‘}'; p d.enSIty (FPRD) L
e e i oo N Signal acceptance

From both observatories we got 1-month of data that we scramble several times to get enough statistics.
Future plots are based on that.



HAWC-1C Coincidence Analysis

e Selection:

e Temporal selection: T1me of IceCube event inside of HAWC monitoring transit

time
tIceC’ube

tH AW C, tHAWC,

* Spatial selection: Distance from IceCube and HAWGC hotspot 1s less than 3.5°

FrHAWC Af
FIceC’ube
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Ranking the coincidences 1s based on Fisher’s method. Due to the tact that the
Dok are difterent depending on the number of neutrinos we add an extra step to
oet the ranking value

ny
X€23+2ny — _an[pA pHWC’ pcluster Hp"'IC]

/N

P-valuefrom Significance from Probability of more P-value of the IceCube
Maximum likelihood, The HAWC Hotspot Than one neutrino Neutrino
Spatial Search (see next slide) N5
Pciuster = 1 — Zi:O POiS(i; )‘)

o Ranking coincidence value.
X = — log pxz —_— |t has taken into account the number
Or2ny Of DoF
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We maximize the spatial likelthood calculation.
T'his 1s the histogram used to generate the A p-value.
Data was scrambled several times such that the search period 1s ~900 years
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Final ranking statistic value atter combining the information that we have. Built
from scrambling both datasets several times (corresponds to a ~900 years).
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18
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False alarm rate vs ranking statistic:

Preliminary

y= —0.68x%2+5.45

RN
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NEXT STEPS

FAR
(yr-1)
10 6.4
1 7.9
0.5 8.4
0.1 9.4

 Working on getting the analysis vetted by collaborations:

 Running analysis on 2 years of unblinded archival data from HAWC and IceCube.
e Alerts will be sent atter unblinding analysis 1s done.

19



Other On-going analysis

Y+ Vv

S ANON T

' \' Ash‘ophysica| Mulh'mcssengcr Obscrvatory Network
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https://iopscience.iop.org/article/10.3847/1538-4357/aad195

Synergies

Combine databases

Exchange analyses techniques / \

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

MON

. , Astr Ph sical Multimess bscrvato Network

At least one server always up
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AMON server 1s up and running

AMON using sub-threshold data for multimessenger searches in real-time.
AMON greatly simplifies multimessengers searches:

e Common data format, transter protocol, event database, MoUs.

New participants are always welcome!

Webpage: http://www.amon.psu.edu/

MoU: http://www.amon.psu.edu/join-amon/

ANAON &=

As’crophysical Mu|timcsscngcr Obscrvatory Network
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http://www.amon.psu.edu/
http://www.amon.psu.edu/join-amon/




Entering a new era where we can detect the
messengers of the four forces of nature

Messenger

Sources?
Detected

Force Messenger '

EM Photons — Several

........................................................................................................................................................................................................................................................................................................................

.....................................................................................................................................................................................................................................................................................................................

......................................................................................................................................................................................................................................................................

Gravitational | ~ Few and
Waves -= ~Increasing

Gravity

*Science 13 Jul 2018: Vol. 361
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F.ach messenger has advantages and disadvantages.

Messengeré Sat.nple Stlzalght Pointing Cutoff
Size Trajectory Res. |

Ey < 50TeV

........................................................................................................................................................................................................................................................................................................................

Vv Oy matter

........................................................................................................................................................................................................................................................................................................................

E’ . - GZK cutoff
E,<30EeV

.................................................................................................................................................................................

éQobs: NIOOOé
~ sq.deg.
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