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Outline

1. The Present: Overview of the Rubin Target-of-Opportunity program
2. The Past Rubin ToO follow-ups

○ 3I/ATLAS: An interstellar object
○ S250725j: A well-localized BBH merger candidate
○ S251112cm: A subsolar mass merger candidate
○ IC250708A: A high-energy neutrino candidate (later retracted)

3. The (near) Future: Rubin ToO 2026 recommendations
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The Present: Overview of the Rubin 
Target-of-Opportunity program
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LSST: Capturing the dynamic sky
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J. Orrell/SLAC National Accelerator Lab

Wide Field of View
Largest digital camera ever built 

Speed
Novel three-mirror design

RubinObs/NOIRLab/SLAC/NSF/DOE/AURA

Ability to see faint objects
Across the entire Southern sky

The greatest astronomical 
movie of all time

RubinObs/NOIRLab/SLAC/NSF/DOE/AURA

https://docs.google.com/file/d/1Ld6Cc50WybYL64W2CSlfLc-3WR8hMqEc/preview
https://docs.google.com/file/d/1Ld6Cc50WybYL64W2CSlfLc-3WR8hMqEc/preview
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Paving the way for a Rubin ToO program

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

See also other papers: Margutti+2015, Margutti+2018, Andreoni+2022
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Rubin Target-of-Opportunity: Science Drivers
Gravitational Waves (75% of time allocation!)

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

High energy neutrinos

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

Solar system objects

Potentially hazardous asteroids
Interstellar objects

Other rare events

Galactic supernovae
Gravitational Wave burst events
Gravitationally lensed gamma-ray bursts 
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Gamma-ray bursts

Short GRBs
Merger-driven GRBs
High-energy GRBs
Ultralong GRBs



Rubin ToO workflow

9MacBride+2026, SPIE Proceedings

Sean MacBride, 
Rubin ToO Observer
PhD student, UZH



Figure credit: S. MacBride 10



The Past: Rubin ToOs during commissioning, 
early operations, and operations
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Alert (source) Comment

3I/ATLAS (PHA) Observations taken on July 12, 2025. Supported the first Rubin Project 
Science paper with LSSTCam (Chandler+2026).

S250725j (GW) Observations taken on July 28, 2025. Additional observations planned, but 
curtailed by weather.

S251112cm (GW) Observations taken from November 14-22, 2025. Imaged ~800 deg2 in two 
bands to mg,i~24 in three hours. Paper nearly complete (Anand+, in prep.)

IceCube-20250708A 
(HE-neutrino)

Observations taken starting on July 9, 2026. Later classified as a 
non-astrophysical event from muons produced in a cosmic-ray shower.

The ToO System in Action
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3I/ATLAS: Rubin observations of an interstellar 
object
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● 3rd interstellar object passing 
through the solar system!

● Rubin began observations on 
2025-07-12

● 4 visits total, of 30s images 
spanning ugrizY filters

●Results published in Chandler et 
al. 2026

Chandler+2025; MacBride+2025



3I/ATLAS: Rubin observations of an interstellar 
object
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● 3rd interstellar object passing 
through the solar system!

● Rubin began observations on 
2025-07-12

● 4 visits total, of 30s images 
spanning ugrizY filters

● Results published in Chandler 
et al. 2026

https://docs.google.com/file/d/1q3QaakjJ4A5KKBD5c6-TQVAD3BbARzYZ/preview


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

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

● BBH merger candidate (>99%) 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)

15



S250725j: challenges and takeaways

● Custom image subtraction with DECam 
templates

● Issues from astrometric matching and 
crowded stellar fields (low gal. lat.)

● Recovery of previously reported candidates 
(MacBride+2025 GCN 41595)

● Further follow-up epochs cancelled due to 
poor weather at the Summit and engineering 
priorities
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https://gcn.nasa.gov/circulars
/41595 

Rubin images of AT2025sib

https://gcn.nasa.gov/circulars/41595
https://gcn.nasa.gov/circulars/41595


S251112cm: Rubin observation statistics

● SSM merger candidate, Mchirp < 0.87 Msun
● Observations started 2 nights after merger (ToO 

advisory board activation)
● Cumulative probability coverage: ~39% (70% region 

targeted)

● 30s images taken in g- and i-bands

● 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) 

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

17SA+, in prep



S251112cm: Filtering out impostors

Basic image quality cuts

Lightcurve-based filtering

External crossmatches (AGN, stellar, asteroid)

Visual inspection

GCN-able kilonova candidates

~5700 remaining

18

~160,000 remaining

~1290 remaining

~70 remaining

8.7 million alerts!

GCNs: MacBride+2025 (GCN 42707), SA+2025 (GCN 42357)

SA+, in prep



S251112cm: 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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SA+, in prep

https://www.wis-tns.org/object/2025adin


Summary: transient-like candidates from search

● ~70 candidates in our DECam-Rubin shortlist
○ 0 kilonova-like candidates or SSM counterpart candidates 
○ GCNs: MacBride+2025 (GCN 42707), SA+2025 (GCN 42357)

● Separate search with Rubin-Rubin, using last epoch as template
○ ~10 candidates in final shortlist
○ 0 kilonova-like candidates or SSM counterpart candidates 

20
Systematic filtering yields a digestible number of Rubin candidates!



IC260708A: First Activation for a High Energy Neutrino

● IceCube reported a high-energy 
neutrino event (IceCube-20260708A) 
on July 8th, 2026.

● Rubin observations between July 
9-13th

● Minimal deployed templates in one 
band (z) → alerts

● Custom template building, offline 
processing initiated.
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The localization of IceCube-20260708A (red), and the 
recovered candidates from offline Rubin processing.
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● This alert was later associated 

with muons from a cosmic ray 

shower.

● Retractions were not 

implemented; development 

ongoing

● Test of offline processing 

capabilities The 90% localization region of IceCube-20260708A (white) 
and the incremental template quality in the region for each 
patch-tract combination, here shown for g-band.

IC260708A: Retraction



Insights from past Rubin ToO campaigns

● Rubin is very capable of tiling GW events with A > 500 sq. deg!
● g-i filter choice is effective in distinguishing KNe from contaminants; other 

filters to be considered
● “Silver strategy” sensitive to most KN models; delay to get on sky hinders 

sensitivity
● DECam-Rubin subtractions are effective!
● Digestible number of candidates (< 100) from wide-area campaign!
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The Future: Rubin ToO 2026 
recommendations
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Gravitational waves: science goals with Rubin

Subsolar mass mergers 
(Caltech / K. Miller and R. Hurt 

(IPAC))

Binary neutron star / Neutron 
star–black hole mergers 
(NASA GSFC / CI Lab)

Binary black hole mergers
(Mark Myers, ARC Centre of 

Excellence for Gravitational Wave 
Discovery (OzGrav)
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Gravitational Waves: Intermediate Run 1
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Science case lead: Anand

We are here!

Annual detection rates

Localization areas (sq. deg.)

Median distances (Mpc)

BBHBNS NSBH



Rubin triggering decision tree (BNS mergers)

NS-bearing

Check whether 

event passes 

triggering criteria 

based on event 

properties 

(pBNS/NSBH, 

EMBright, Mchirp)

False Alarm 
Rate

Check whether 

False Alarm Rate  < 

1 per year.

Max Area

Check if 

Rubin-accessible 

skymap is < 1500 

sq. deg. If not, trim 

skymap to 1500 sq. 

deg. 

Tier

Assign 

gold/silver/bronze 

strategy  based on 

the size of the 

trimmed skymap

Min Prob

Check if 

p_cumulative > 

10% for b_gal < 10 

deg in the trimmed 

skymap
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Rubin’s strategy for kilonova identification

Rubin ToO 2026 workshop report

Proposed 4-filter gold strategy for BNS 
kilonova at 250 Mpc

Proposed 2-filter silver strategy for NSBH 
kilonova at 350 Mpc
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High Energy Neutrinos: Astrophysical Sources

Adapted from Bartos (2018) and Guarini et al (2022).
29

Science case lead: Stein



High Energy Neutrinos: proposed program

● Rubin can cover most neutrino 
localizations in a single pointing

● Reaches a depth of 24.5 mag, needed 
to find neutrino counterparts out to 
z>0.5

● A comprehensive follow-up campaign 
for every accessible P_astro>40% 
neutrino track

● Includes KM3Net triggering!

30Rubin ToO 2026 workshop report
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Rubin ToO 2026 workshop report

Motivated by KM3Net 
EHE event

Motivated by past 
Neutrino+GRB 

searches



Gamma Ray Bursts: Science Goals with Rubin

GRB Progenitor science
● Mergers
● Collapsars
● Magnetars
● TDEs

Fundamental GRB physics
● Jets structure
● Magnetic fields
● Origin of gamma-ray 

photons 
● Central engine

Kilonova science 
&

 r-process 
nucleosynthesis

Break the tension:
Binary merger rate

vs
 r-process enrichment

Origin of 
Very High Energy 

emission (>100 GeV) and 
Extragalactic Background 
Light (EBL) attenuation.

Short GRBs
Merger-driven long GRBs

High Energy GRBs
GRBs coincident with local galaxy cluster

GRBs with prompt polarization 

Host Galaxy:
● Redshift
● Natal kicks
● Population studies

Se
le

ct
ed

 
ca

se
s
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Science case lead: Ahumada



Rubin Target-of-Opportunity: Science Drivers
Gravitational Waves (75% of time allocation!)

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

High energy neutrinos

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

Solar system objects

Potentially hazardous asteroids
Interstellar objects

Other rare events

Galactic supernovae
Gravitational Wave burst events
Gravitationally lensed gamma-ray bursts 
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Gamma-ray bursts

Short GRBs
Merger-driven GRBs
High-energy GRBs
Ultralong GRBs



Other Rubin ToO cases

● Near-Earth Objects
● Lensed BNS mergers / GRBs
● Galactic Supernova
● Unidentified GW Sources: detected with the Burst search rather than 

the compact binary coalescence (CBC) searches 

○ Under the purview of the ToO advisory board

34

Science case leads: Margutti, Stein, Smith, Lister



Takeaways: The Rubin ToO program 

● 3% of LSST is dedicated to ToOs!
● Rubin has already performed 4 ToO campaigns thus far (1 ISO, 2 

GWs, 1 neutrino)
● Rubin ToO 2026 report draft is nearly complete (lead by R. Margutti)

○ Soon to be released, pending approval of the Rubin SCOC and leadership
● Goal: find the next multi-messenger counterpart with Rubin!
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Extra Slides
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Important Recent Developments from Neutrino-land

Astrophysical neutrino flux extends up to ~100 PeV



Neutrino follow-up can confirm OR exclude associations

…

…



Gamma-ray bursts: justification for Rubin
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Gravitational Waves: IR1 updates to Rubin ToOs

● Fully automated triggering and strategy execution
● Triggering on poorly localized GW events
● Inclusion of binned chirp mass information in triggering criteria
● Changes to the requested observing strategies (filters, cadence, etc)
● Triggering on high-significance SSM merger candidates
● Lack of Rubin templates → DECam templates
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Constraints on kilonova models

>45% of the BNS kilonova models in the POSSIS and Sedona model grids 
(Brethauer+2026, Bulla+2023) are ruled out by requiring 3 non-detections in 2 filters.
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POSSIS constraints Sedona QNLTE constraints

Anand+, in prep



Next Galactic supernova will be the event of the 
century

● Reminder: MeV neutrinos are emitted at time of 
supernova explosion

● Triangulation from global network of neutrino detectors 
will lead to a warning alert (“SNEWS”).

● Neutrino region likely to be O(~25) sq. deg. 

● 1 alert in Rubin era if we are lucky (p=~15%)

● Considerable scientific gain in catching shock breakout 
early -> Rubin FoV essential!

Science case lead: Stein

Slide courtesy: R. Stein 42



Rubin ToO 2024 recommendations
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