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GW Treasure Map

● Ideal Search Scenario
○ Team A submits their 

planned observations
○ Team B queries Team A’s 

observation strategy via 
the API, and plans their 
search around Team A, 
while also submitting to 
the Treasure Map

This

vs.                this



GW Treasure Map

● Thus there is a need for a service that can:
○ Host observation strategies

■ submission and querying
○ Offer observing strategy tools:

■ What has been observed? 
■ Where is the most optimal area that I can look at this 

time with my instrument?
● This can enable real-time observing collaboration between all 

teams with any instrument. 



Motivations

If we build it…



GW Treasure Map

● Web Based application
○ User interface+REST API

○ ALADIN visualization interface (does not require 
account)

○ Web page querying and submitting for:

■ Instruments, Pointings
● any submission requires Account registration

● API
○ Account Registration is required

○ Fully documented with multiple python 
examples

○ Endpoint suggestions?

○ python API wrapper (gwtm_api) (new!)

https://github.com/TheTreasureMap/gwtm_api


GW Treasure Map

REST API
● Ultimately, the primary 

strength of this tool
○ GET/POST/UPDATE pointing 

information
■ DOI requests

○ GET Instrument
■ Footprints

○ GET/POST Convolved Galaxies
○ GET/POST/PUT/DELETE 

candidates
● Fully Documented on the website 

with ipython notebook tutorials 
available.



GW Treasure Map

Visualization:
● Interactive ALADIN 

○ (BIL, Color Maps, Scroll, 

Zoom)

● Toggle 90/50 contours and 

instrument footprints

● Filter pointings 
○ (date, range, completed, 

planned, etc)

● Overlay source info:
○ Convolved Galaxies

○ Icecube Nu Track alerts

○ Candidates



GW Treasure Map

Visualization: Galaxy or Source Information 



GW Treasure Map

● Ingest gcn.notices.icecube.lvk_nu_track_search 
alerts.
○ Coincident neutrino signal detections 

within 1000s of GW event

● Only displayed on visualization at 
the moment, API GET endpoints 
coming soon.

https://gcn.nasa.gov/missions/icecube#gcn-notice-types-in-gcn-over-kafka


GW Treasure Map

Visualization: Counterpart Candidates



GW Treasure Map

Coverage Calculator
● Calculates the follow-up 

coverage of the GW localization 
over time.

● Can limit the coverage 
calculation based on:
○ Instruments, wavelengths, 

depths, etc



GW Treasure Map

Validation
● How to incentivize effort for 

covering lower-probability 
regions?

● Pointing DOI’s via zenodo!
○ Digital Object Identifiers are 

citable
○ API endpoints requesting on 

submission, and post-facto



GW Treasure Map

● S240422ed (an interesting O4 event!)
○ ~2200 completed pointings, up to 

~5days after t0.
○ ~70% prob covered within first 6 

hours of event at a depth of 20.5mag
○ ~90% covered within first 24hr for all 

pointings.

● These pointings were submitted in near 
real-time



GW Treasure Map

Current work:
● NOW RELEASED: python API 

wrapper: gwtm_api
● Encompasses most API endpoints for 

the GWTM in an easier to manage 
python library (stable)

● Extended capability for follow-up 
tools as well:
○ visualization, coverage-calc, map 

renormalization, candidate coverage, 
more to come!

● https://github.com/TheTreasureMap/gwtm_api

https://github.com/TheTreasureMap/gwtm_api


GW Treasure Map: What’s next for O4

● Future Implementations
○ Scheduling suggestions

■ Provide observers with unobserved areas to tile/search with a given 
instrument footprint

○ Support Candidate follow-up
■ Photometry
■ Spectroscopy

● Community feature suggestions
○ We want to hear from our users as O4 is ongoing for desired functionality



Could GW190425 have been detected?

● https://arxiv.org/pdf/2405.17558
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Conclusions

● Takeaways:
○ This utility is only as strong as its user base

○ This infrastructure won’t solve all of GW MMA 
problems, but can optimize discovery

○ Observing strategies in O4 are being reported 
in ~real-time!

● Any Questions?

samuel.d.wyatt@nasa.gov

mailto:samuel.d.wyatt@nasa.gov
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● Highlighted Results from O3
○ ~27,000 completed pointings 

reported for O3
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● Highlighted results from O3
○ GW190930_133541: 

■ 91% posterior + 2200sq deg covered 
■ 330 pointings

○ GW190814:
■ 98% posterior + 700sq deg covered 
■ 4000 pointings

○ GW190426_152155: 
■ 75% posterior + 2800sq deg covered 
■ 2270 pointings

○ GW190425: 
■ 42% posterior + 8100sq deg
■ 2100 pointings

● **All pointings were reported post-facto



GW Treasure Map

● Highlighted results from O4…
○ ~2000 completed pointings reported 

for O4
○ ~60 planned pointings

● … S230518h: 
○ 23% posterior + 180sq deg
○ 459 pointings (4 instruments)

● What about Depth?
○ Significant BNS >0 + HasNS

■ 4 events ~265Mpc
■ 265Mpc Kilonova (15.5abs = 21.6app)

○ Average O4 depth: 
■ ~20.6 mag (i band)
■ ~21.6 mag (g band)



Motivations
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● Currently
○ O4 is happening currently.

■ We listen to all alerts 
(Significant/Subthreshold/test). Any 
teams who follow-up these events 
are encouraged to post their 
follow-up strategies

○ Listening to IceCube alerts



Could GW190425 have been detected?
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