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Challenges in conducting EM counterpart 
searches

2



3



GW scheduling algorithms

• Complex optimization problem 
involving:
•Probability within skymap
•Observable fields
•Moon distance
•Airmass

4Coughlin+2025 (incl. SA)



Initial transient filtering
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Kilonova filtering

6Kasliwal, SA+2020, Ahumada & Anand 2024



Rubin ToO 2024 workshop report

Upto 3% of Rubin’s time 
available for ToOs!

It has since been endorsed by the Survey Cadence Optimization Committee!
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Rubin Target-of-Opportunity: Science Drivers

Gravitational Waves

Binary neutron star mergers
Neutron star-–black hole mergers
Binary black hole mergers
Lensed binary neutron star mergers

High energy neutrinos

Neutron star mergers
Core-collapse supernovae
Active Galactic Nuclei
Tidal disruption events

Potentially Hazardous 
Asteroids

Other rare events

Galactic supernovae
Gravitational Wave burst events
Gravitationally lensed gamma-ray 
bursts
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Rubin ToO workflow

9Figure credit: S. MacBride; see https://rtn-098.lsst.io/ for more details

https://rtn-098.lsst.io/


S250725j: Rubin follow-up of a well-localized 
BBH merger

• Localized to 19 sq. deg., 
d=380+/- 93 Mpc

• BBH merger candidate with a 
chirp mass between 11-22 Msun

• Observations started 2025-07-29
• 9 Rubin pointings covered 94% 

of the credible region
• u-r-i filter strategy to a depth of 

~24th mag (r-band) 10



Custom ToO image processing

•Challenge: no existing Rubin templates!*

•Offline custom image processing task (developed by Bob 
Armstrong and Erin Howard) to create DECam templates 
from DES, DELVE and DECADE datasets run on US Data 
Facility

•LSST’s standard data release production pipeline used to get 
difference images and photometry
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*This will continue to be a significant challenge during IR1!



S250725j: challenges and takeaways

• First demo that the pipeline works!
• Issues from astrometric matching and 

crowded stellar fields
• Successful recovery of previously 

reported candidates 
• Further follow-up epochs cancelled 

due to poor weather - additional 
analysis not possible
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(MacBride+2025 GCN 41595)

Rubin images of AT2025sib



S251112cm: Rubin follow-up of a subsolar mass 
merger candidate

• Localized to 1681 sq. deg., distance of 93 Mpc
• Given exceptional nature of event, Rubin 

leadership and ToO advisory committee  decided 
to trigger!

• Cumulative probability coverage: ~39% 

• Four epochs of observations taken on nights 0, 2, 
4, and 6 after 2025-11-14

• Median depth: ~24.4 mag (g) and ~23.6 mag (i) in 
30 s images

• Unprecedented mapping speed: covered ~800 sq. 
deg. in 2 bands in ~3 hrs!

• See also recent papers: Vieira+2026, Hall+2026
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Figure courtesy S. MacBride



Filtering out impostors

Basic image quality cuts

Lightcurve-based filtering

External crossmatches (AGN, stellar, asteroid)

Visual inspection

GCN-able kilonova candidates

~5700 remaining
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~160,000 remaining

~1290 remaining

~70 remaining

8.7 million alerts!



We found real transients…

g-band image

i-band image
AT2025adin, 30” away from a NED galaxy 
within the GW volume; first seen by GOTO

After visually inspecting ~7000 cutouts!
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https://www.wis-tns.org/object/2025adin


Summary: transient-like candidates from search

•~70 candidates in our final shortlist
• 32 candidates with high photo-z 

• 15 of these candidates were detected by other surveys

• 0 kilonova-like candidates 

• GCNs: MacBride+2025 (GCN 42707), SA+2025 (GCN 42357)
• Rubin paper in prep, to come out in advance of IR1

16Systematic filtering yields a digestible number of Rubin candidates!



Rubin ToO 2026 workshop

• Revised Rubin follow-up recommendations in light of:
• Low rates of NS-bearing mergers expected in IR1
• Lessons learned from past Rubin GW follow-ups
• Tests of Rubin’s performance in mock simulated follow-ups and 

on-sky
• Plan for filtering alerts to find the next kilonova
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Rubin ToOs during IR1: scheduling observations

• Tiling large sky areas
• Optimize probability coverage, 

observability, other constraints
• Automated triggering:

• Need to evaluate real-time simulated 
observing strategies

• Ingest events based on properties 
available in GW Kafka alert packet
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Example criteria for automated triggering

Rubin ToO recommendations during commissioning 19



Rubin ToOs during IR1: image processing

• Lack of template coverage for the accessible sky
• Rubin-DECam processing needs to be run in real-time (custom pipeline 

was resource intensive)
• Artifact mitigation for Rubin-DECam

• Deeper exposures
• Longer exposures than 30s results in different kinds of artifacts 

(crosstalk, overflowing pixels) that need to be filtered out
• Real-time co-adds are not computationally feasible at the moment
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Rubin ToOs during IR1: alert filtering

• Vision: implement base-level “bronze” community filter to 
identify all real, astrophysical transients within localization

• In practice: need to work with each alert broker to 
implement filtering

• Challenges: functionality for “archival” queries on update 
skymaps in brokers, filtering to a digestible number of 
candidates
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Lots to iron out in advance of IR1!



Thank you!
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