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0. WHY TRY AND COORDINATE OBSERVATIONS? 
 
I.E. WHY CAN’T I JUST DO MY OWN THING?

2



HOW DOING YOUR OWN THING WORKED FOR GW170817

1. Receive text alert

Slide Credit: Andy Howell
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HOW DOING YOUR OWN THING WORKED FOR GW170817

1. Receive text alert
3. Trigger approved resources by filling out 
Phase II forms

4. Look up other resources available.  
Beg, plead, cajole for time. Form 
collaborations. Gather information 
from dozens of sources.

5. Download data from different archives 
and reduce it.

6. Communicate information to the community, 
via text

2. What?!?

Slide Credit: Andy Howell



IF WE FIND ONE, THE NATURAL FIRST QUESTION IS CAN WE FIND MORE
▸ Hard work - need to know survey pointings over 

the localization region, what detections are, 
which of those aren’t artifacts, report candidates, 
hope some get spectroscopy,  get more 
photometry from around the world, and then hit 
the jackpot

▸ Groups like ZTF have done this, here for 4/13 
events analyzed from O3 from Kasliwal, Anand, 
Ahmuda et al. (2020) 
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which of those aren’t artifacts, report candidates, 
hope some get spectroscopy,  get more 
photometry from around the world, and then hit 
the jackpot

▸ Groups like ZTF have done this, here for 4/13 
events analyzed from O3 from Kasliwal, Anand, 
Ahmuda et al. (2020) 

▸ The resources dedicated to this search are 
staggering - from just ZTF: a 47 sq deg camera 
tiling the sky for several nights every year to 
r~21 mag. But also DECAM, LCO, Magellan, PS1 
+ space-based facilities - here from Coulter et 
al. (2020)



AND AFTER ALL THAT…

Kasliwal, Anand, Ahmuda et al. 2020
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THIS IS A NON-DETECTION

BUT IT’S A VERY SIGNIFICANT NON-DETECTION
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MMA EVENTS ARE RARE, FAINT, FAST, AND LVK ISN’T SEARCHING A VERY LARGE VOLUME
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Shah et al., 2023 (UIUC -> Northwestern)



MMA EVENTS ARE RARE

The number of MMA events we should expect in O4 is ~1.  
In the most optimistic scenarios, 4. 
 
In O5 this goes up to ~20  
 
(for all of O5, assuming LVK meets sensitivity target) 
 
If we do not coordinate, we will miss the second BNS merger.

Shah et al., 2023
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9THIS HAS ALREADY HAPPENED

Data from Curtis McCully using The Gravitational Wave Treasure Map https://treasuremap.space/  (Wyatt et al. 2020)
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THIS WAS A FAILURE TO COORDINATE 

BUT I’M NOT BLAMING ANYONE 
  
EVERY TOOL WE HAD IN 2017 WAS A ONE-
WAY STREET - EVERY FACILITY IS SILOED
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1. COORDINATION TAKES INFRASTRUCTURE 

I.E. WHAT WE HAVE BUILT ALREADY 
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PUB/SUB:  
WE NEED A ROBUST WAY TO  
BUILD A NETWORK BETWEEN SURVEYS/
EXPERIMENTS AND THE USER 
COMMUNITY

12



MAKING MISSION-CRITICAL COMMUNICATION ROBUST 13

Slack messages from R. Foley’s Group  
for AT2017gfo discovery



KEY COMPONENTS OF THE ECOSYSTEM: MESSAGING
▸ Hopskotch is an pub-sub system with identity and access management 

▸ Use your own institutional sign-in (or ORCiD) with CILogon to sign up: 
https://hop.scimma.org/ 

▸ Public “topics” including LVK alerts in O4, AMON, GCN (over Kafka!), 
IceCube, SNEWS - get DOIs for discovery messages 

▸ Private “topics” are fine too - you have to join the appropriate group 

▸ Cloud-based on AWS - highly scalable (< 1s latency for us to process 
messages through Run O4) - or stand up your own instance for your 
project - works with small or large experiments 

▸ Granular permissions control, an easy-to-use python client, all open-
source 

▸ Designed to handle high volume, high throughput streams for big 
surveys and experiments -  
e.g. all of IGWN Alert: https://rtd.igwn.org/projects/userguide/en/v17.1/
tutorial/receiving/scimma.html 
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https://scimma.org/hopskotch
https://hop.scimma.org/
https://github.com/scimma/hop-client
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BROKERS:  
IF YOU CAN COMMUNICATE MESSAGES 
ABOUT TARGETS, YOU CAN  
CHARACTERIZE, CLASSIFY AND FILTER 
THOSE TARGETS

16
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W H AT  I S  A N TA R E S
• Built with modern technologies, K8s, 

deployed on Google Cloud Platform 
(GCP), provenance tracking, open-
source 

• Flexibility of cloud hosting enables 
testing at Rubin scale, large archival 
catalogs, complex search, custom 
filters… 

• Fulfilling Rubin internal “alert 
filtering service” - was always 
designed with a view to working 
with NASA missions too. 

• ‘Concept’ paper: Narayan et al. ApJS 
2018 (arXiv:1801.0732) ’Instrument’ 
paper: Matheson et al. AJ, 2021 
(arXiv 2011.12385)



You can think of ANTARES as a search engine for astrophysical variabilityYou 
can conesearch, cross-match against large list of existing catalogs  
https://antares.noirlab.edu/catalogs 

Even require objects that have “tags” attached to them 
https://antares.noirlab.edu/tags 

Or create a private watch list to monitor activity for your own sources 
https://antares.noirlab.edu/watch-lists 

SEARCH

https://antares.noirlab.edu/catalogs
https://antares.noirlab.edu/tags
https://antares.noirlab.edu/watch-lists
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COORDINATING FACILITIES CHANGES HOW WE CAN DO SCIENCE
▸ Same SCIMMA slack bot that works to 

send Kafka alerts from LVK to the Gravity 
Wave Collective also works to send 
interesting transient alerts from ANTARES 
to the Young Supernova Experiment 

▸ We can vet the most promising objects 
and trigger followup in seconds 

▸ We’re currently using slack emojis to 
collect user feedback each night, and 
iteratively re-train the classifier (active 
learning) - we can’t be doing this by eye 
with Rubin and Roman
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REAL-TIME FOLLOWUP FROM ANTARES WITH TOMS

Convince a TAC to give you time 

Find object of interest in the stream 

Create a followup observation request and submit 



TREASURE MAP - HOPSKOTCH INTEGRATION
▸ X-ray sources are reported by 

Swift in GCN notices. 

▸ When a GCN notice is carried 
through Hopskotch, the X-ray 
sources are extracted into a 
database 

▸ Treasure map queries this 
database via API to report X-ray 
sources. 

▸ Building the connections with 
TOM Toolkit and AEON 
automagically means we can 
keep TreasureMap updated in 
real-time.

Wyatt et al. 2020, ApJ, 894, 127
https://treasuremap.space 

https://treasuremap.space


NOTICES: 
IF YOU CAN OBSERVE TARGETS, YOU CAN 
COMMUNICATE THE RESULTS OF YOUR FOLLOW-
UP TO EVERYONE IN REAL-TIME IN A MACHINE 
READABLE WAY 

25



HERMES: MESSAGING FROM YOUR BROWSER
▸ HERMES: Hopskotch-enabled 

Realtime Message Exchange Service 

▸ Where Hopskotch serves big groups, 
Hermes serves users and small teams 
working on follow-up 

▸ Nothing to install - https://
hermes.lco.global/  use your SCIMMA 
credentials and you are ready to go 

▸ Connects with TNS/NASA GCN — 
one stop shop to submit a discovery 

▸ Messages are human-readable AND 
machine-parseable, all form fields are 
validated, neat API

26
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DATA IS VALIDATED!

SUBMIT TO TNS AND GCN - 1 stop shop

UPLOAD CSV FILES WITH DATA



RESEARCH PLATFORMS  
IN THE CLOUD ARE COMING

Live Alerts  
& Notifications

Observatories  
& Surveys

Sharing

Streaming & 
Filtering

Multimessenger  
Trigger

HERMES
ARCHIVE & 
DATABASE

IAU Transient Name 
Server

Reactive 
Realtime 
Followup

Space-based 
Followup

NASA 
GCN

https://hermes.lco.global/ 

https://hop.scimma.org/ 
https://github.com/
scimma/hop-client 

https://hermes.lco.global/
https://hop.scimma.org/
https://github.com/scimma/hop-client
https://github.com/scimma/hop-client


2. COORDINATION TAKES POLICY 

I.E. WHY I’M HERE 
 
 

30



OBSERVATORY STATUS 
IF INDIVIDUAL OBSERVERS CAN COMMUNICATE, 
FACILITIES OUGHT TO COMMUNICATE THEIR 
CURRENT STATUS

31
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HEROIC

33

Observatories  
& Experiments

ARCHIVE & 
DATABASE

\

SINGLE FACILITY STATUS  
& TELEMETRY STREAMS

MULTI FACILITY SUMMARY 
TABLES AND VISUALIZATIONS

HEROIC

Individual Scientists  
& Teams



ARCHIVES 
IF OBSERVATORIES CAN SHARE CURRENT AND 
PLANNED STATUS, THEY OUGHT TO SHARE 
RECORDS FOR PAST OBSERVATIONS

34



APIS TO ARCHIVES
▸ Our archives are static - you login, do a 

cone search, get a list of FITS files (or 
maybe catalogs) that you download and 
then process on your own 

▸ But given a new alert from LVK, I want to 
identify any source in the high probability 
region, get Rubin pixels, get photometry 
even if the source never had a significant 
alert in the past 

▸ All observations - i.e. LVK too - enable sub-
threshold searches on optical detected 
sources 

▸ We need an archive of observations for 
MMA, - or more broadly programmatic 
access to all historical data even more (5 
years) 

▸ That will not happen unless it is 
mandated by the agencies

35



BLAST DEMO
David Jones (Hawaii), Peter McGill (LBNL)

https://blast.scimma.org/ 

https://blast.scimma.org/


COORDINATION NEEDS PEOPLE TALKING
▸ OpenMMA is joint slack for all groups, liaisons 

between SCIMMA and surveys (e.g. LVK, 
IceCube, Rubin, etc) so users have a channel to 
provide feedback, ask questions, help each 
other. Next telecon is April 10th 

▸ MMA has different cultures, different groups 
that have spent decades competing for science, 
funding etc. Talk with, not talk at. 

▸ https://github.com/scimma/openMMA/wiki 

▸ Slack:

37
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COORDINATION NEEDS POLICY AND FUNDING SUPPORT
▸ Astrophysics generally does not reward infrastructure development with TT faculty jobs
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▸ This is not just give proposal teams a bit of a bonus on  “A2 Major Strength” for synergy, it’s 
making the entire proposal conceive of science it can do in a multi-facility context.

▸ But fundamentally, there’s no mechanism for cross-agency funding. 

▸ Coordination is a technical challenge. Cooperation is a policy choice. 

38



3.WHAT MMA OUGHT TO BE 
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VISION FOR GRAVITATIONAL WAVE FOLLOWUP OF THE FUTURE

1. Receive alert

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

3. Data are automatically reduced, instantly made available to 
community

4. Machines and humans make inferences 
based on all available data, repeat



INFERENCE AT RUBIN SCALE

▸ While we might only have ~20 MMA alerts in O5, we’ll have 
thousands of BBH alerts 

▸ e.g. fun science question is “What is beyond GR?” 

▸ this is why there’s an Einstein Telescope 

▸ waveforms for CBC from post-Einsteinian theories are 
expensive - can’t do matched filter searches and inference 
with each theory separately 

▸ Train a NN to encode all post-Einsteinian models in a 
continuous latent, space, and do inference with that instead 
(Xie et al., 2024, PRD) 

▸ Take all GWTC-3 and do hierarchical inference with neural 
network to look for support for pPN models. 

403.18936
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TAKEAWAYS
▸ Intra-agency coordination - needs infrastructure, community, and policy (aka funding)
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than we were in 2017

▸ Coordination lets folks exercise their creativity 

▸ More to the point, by building interoperability into the DNA of these services, we get people 
working together

▸ Which is ultimately what we need to discover the next MMA source, and what we need to  
do science in the era of Rubin
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