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MULTI MESSENGER ASTROPHYSICS AS A CASE STUDY

Two neutron stars merge together and this is detected by LIGO/Virgo/
Kagra. Data from other facilities (e.g. Swift, Fermi, IceCube) may be
added to change the localization. Hundreds of transients may exist in the

localization region. They have to be found, observed, their properties
determined, and communicated.

2 The source is changing minute-by-
minute so every second counts.

Humans are the slow step, so
automation is essential.

Data from Pian et al. 2017. Credit:
ESO




HOW IT WORKS TODAY
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AND YOU MIGHT HAVE TO DO THIS DOZENS OF TIMES, IN REAL-TIME

We are here, manually routing,
"answering’, etc.

We want to be here -
everything is automatic,
can be done from

anywhere, many ways to
communicate, access to
all known information in
seconds




VISION FOR TOMORROW
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1. Receive alert

2. Telescopes automatically observes target, negotiates priorities,
data access

~ [D—pgist(RA ., decl.)]?

Pdist (R.A .,decl.,D) = Ny (R.A.,decl.) - e 203 (R.A.,decl)

3. Data are automatically reduced, instantly made available to 4. Machines and humans make inferences
community based on all available data, repeat



SIMPLIFIED FLOWCHART FOR TRANSIENT FOLLOW-UP

Communication

HOPSKOTCH

Surveys Brokers Brokers, Treasure Map, Telescope
Observation Managers (TOMs),
Resource availability,

Extracting data and fitting to Institute or cloud-based. Automated Robotic observing,
models, machine Iearning, updating pipelines and data lakes APls, AEON




HOPSKOTCH . l


http://scimma.org

HOPSKOITCH . l



HOPSKOTCH MESSAGE FORMAT - MACHINE READABILITY

» The GCNs are split between machine-readable Notices, and human, but not machine-readable
Circulars. Most multimessger follow-up is reported via circulars.

» The TNS has machine readable alerts and human readable AstroNotes.
» Astronomer’s telegrams are human readable and don’t have an API.
» Can we come up with a solution that is both machine and human readable?
» Use VOEvent?
» Transmit information in JSON
» Should Key-value pairs be approved or just documented?
» Will this require an APl and web form to send and receive? Should this be a TOM Module?

» | plan to create a working group to define a message format. All are welcome to contribute.
Contact me at: ahowell@lco.global.
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TELESCOPE / OBSERVATION
MANAGERS (TOMS)

» For example, the Supernova

Exchange.

» Organize information about a
target

» Automated data reduction
» Tools for visualization

» Tools for communication,
organizing follow-up data,
coordinating papers.

» Directly request new data from
telescopes
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Gravitational Wave Localization and Pointings: GW190425 [GraceDB]
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Gravitational Wave Localization and Pointings: S190426¢ |GraceDB]
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Gravitational Wave Localization and Pointings: S190426¢ [GraceDEB]
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RESOURCE AVAILABILITY

Mauna Kea at Mon Jan 11 16:01:06 2021

Gratings currently available in GMOS-N today...

Example: you want to make an
observation of a transient -
immediately. Which facilities can [ESE%

R831+_G5302

you use?

. . Slits currently available in GMOS-N today... Keck 1
Which facilities are closed because P LTS T § e T ST [ U e e
of COVID? Which instruments are R

Time (UT) Instrument Account Pl Institution PROGID Observers (Location)

0.75arcsec .
areset 04:51 - 16:08 LRIS-ADC IrisS Kulkami CIT C289 Yao (Other), Sharma (Other)

available when? -
What is my target’s observability at B

S.Darcsec

each facility.

NS0.7S5arcsec

NS1.Darcsec
Obserying Assistant: Heather Support Astronemer: Sherry Night Attendant: Nick

This information is not centralized - = Oncall Sunmarts Kete (smast
it is distributed across hundreds of BRI,

web sites with no common
protocol.

Prototype created by Rachel Street




DATA LAKES
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Astro Data Lab

Some data sets are too large for the
community to download and must be
accessed within the cloud. (e.g. LSST)

Archives are distributed — there is not
one centralized place.

There is no standard for cloud _
interoperability (e.g. Amazon Web e i (e
Services vs. Google). e | M Mo Mian™ Mt

Automated data reduction pipelines are primitive. There are not even general purpose
spectroscopic reduction facilities available in Python.

We need Python-based platforms for accessing and analyzing cloud-based archives.

NOIRLab’s Astro Data lab is a good example, but has limited functionality.



ROBOTICIZING FACILITIES & IMPROVING SCHEDULING

» Queue - based and robotic

=5
facilities can respond '
faster to transient events. |
4 o
» LCO's scheduler re- !
optimizes all 23 telescopes i ‘
svery B minates ( HOT-WIRING THE | TRANSTENT{UNIVERSE

n'.

» LCO is making its robotic,
API-driven observatory
control system open
source (led by Elisabeth
Heinrich-Josties).

Image credit Pete Marenfeld



AEON: ASTRONOMICAL EVENTS OBSERVATORY NETWORK

» |Idea: make programmatic telescope requests
easily.

» Consortium of observatories who have agreed on
common APl telescope request protocols

» Includes Las Cumbres Observatory, SOAR, Gemini,
in talks with other facilities

» Some scheduling shared between facilities
» A common pool of telescope time in some cases

» See lco.global/aeon, talk by Rachel Street



