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Multi-messenger is hard

- Multi-messenger observations 
yield more than the sum of their 
parts: cosmology, neutron star 
EoS, origin of the heavy 
elements, and more!

- Gravitational waves produce 
large localization regions with 
confidence regions ~ 102 - 103 
deg
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Vieira+20

- Even exceptionally 
well-localized events like 
GW190814 will have dozens of 
candidate counterparts in their 
localization region—many 
never classified!

Multi-messenger is hard
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- Even exceptionally 
well-localized events like 
GW190814 will have dozens of 
candidate counterparts in their 
localization region—many 
never classified!

- How do we efficiently spend 
finite resources to find 
electromagnetic counterparts 
to these events?

Vieira+20

Multi-messenger is hard
- Even exceptionally 

well-localized events like 
GW190814 will have dozens of 
candidate counterparts in their 
localization region—many 
never classified!
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TROVE!
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TROVE on S250818k and AT 2025ulz

Led by Noah Franz, 
UofArizona grad student

Franz+25 (ApJL, 994, 2, L45)
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TROVE on S251112cm

Merger of 1-2 subsolar mass object(s), 
unlikely to contain an object of 1-3 M

☉

Vet candidates  
considering 
multitude of 
viable 
transients: 

- kilonovae
- KNe-in-SNe
- super-KNe

Also searched for 
BBH-induced AGN 
flaring
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We’re using Rubin data!

Recently-released Rubin photometry brought our total number of 
candidates for S251112cm from 166 to 231. 

dozens of optical, X-ray, gamma-ray observatories Rubin alone!

Optimizing follow-up with tools like TROVE will be critical in the 
Rubin era.
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What we’ve learned:

What to expect from us:

Read 

Fra
nz+25

- We can effectively score candidates as kilonovae 
to optimize follow-up

- The candidate counterpart to S250818k which 
received the most attention wasn’t the highest 
scoring!

- Application to subsolar mass event S251112cm, 
expansion to new classes of transients

- TROVE 1.0 (web app and API)
- TROVE 1.0 applied to O3 and O4
- Documentation & tutorials; workshops at conferences
- Slack space for TROVE users

Interested in the 
TROVE? Want to 
beta test? Get in 
touch!

nicholas.vieira@
northwestern.
edu

ApJL, 994, 
2, L45
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EXTRA SLIDES
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SN2025ulz’s photometry

Franz+25
(ApJL, 994, 2, L45)
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SN2025ulz’s score with time

Franz+25
(ApJL, 994, 2, L45)
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TROVE in Franz+25
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Web interface
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TROVE in Vieira et al. (in prep)
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S251112cm
skymap

Vieira et al. (in prep)
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LVK observing plans
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(Up to end of  O3)


