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The Vera C. Rubin Observatory is a powerful new survey being 
built now in Chile.
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9.6 square degree field of view


6.67 m effective aperture
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Key Science Drivers

Probing Dark Matter & Dark Energy

● Strong & Weak Lensing

● Large Scale Structure

● Galaxy Clusters, Supernovae

Mapping the Milky Way

Inventory of the Solar System

● Comprehensive small body census

● Comets & ISOs

● Planetary defense

Exploring the Transient Optical Sky

● Variable stars, Supernovae

● Fill in the variability phase-space

● Discovery of new classes of transients

● Structure and evolutionary history

● Spatial maps of stellar 

characteristics

● Reach well into the halo
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The aim of this class has been to give grads the scientific and 
technical background to do great LSST science.
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Multi-Messenger Astronomy was identified as a major priority 
of the 2020 decadal survey.
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Compact object mergers can produce gravitational waves 
detectable by interferometers.
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GW detections are discovering new and unexpected 
populations of compact object binaries.

8



Eric Bellm  |  ASTR 597A  |  2 March 2023

BNS mergers also produce EM radiation.
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Margutti & Chornock 21
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GW170817 remains the only BNS merger for which we have 
detected an EM counterpart.
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https://www.youtube.com/watch?v=-Yt5EmEgz2w


Eric Bellm  |  ASTR 597A  |  2 March 2023

GW170817 remains the only BNS merger for which we have 
detected an EM counterpart.
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Abbot+17
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Detecting EM counterparts can unlock important 
astrophysics.
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implications for:

• massive stellar evolution

• relativistic jets & short 

GRBs

• r-process nucleosynthesis

• cosmology
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GW interferometers issue alerts and the MMA community 
performs followup.
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treasuremap.space
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Discovery of EM counterparts is and will remain challenging.
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Petrov+22
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Andreoni+22
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Rubin Observatory is the most capable facility for identifying 
OIR counterparts.
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The main LSST survey will not find many kilonovae 
serendipitously.
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Andreoni+22

only 3-30 KNe would be 
recognized in realtime in the 
main Rubin survey.
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Rubin will devote a few percent of its survey to TOO 
observations.
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TOOs can have minimal  impact 
on the main survey


pstn-055.lsst.io

L. Jones

http://pstn-055.lsst.io
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Systematic Rubin TOO observations can explore the diversity 
of compact object merger outcomes.
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Andreoni+22
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The O4 observing timeline presents challenges for Rubin 
followup.
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During O5 and beyond, regular alert production will support 
rapid dissemination of TOO counterparts to community brokers.
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Rubin has agreed to send the full alert stream to seven brokers; 

others will operate downstream.
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Seven brokers were selected for direct access to the full alert stream:

Two additional brokers were recommended to operate downstream:

● SNAPS

● POI/Variables

● ALeRCE

● AMPEL

● ANTARES

● Babamul

● Fink

● Lasair

● Pitt-Google

https://www.lsst.org/scientists/glossary-acronyms
http://alerce.science/
https://ampelproject.github.io/
https://antares.noirlab.edu/
https://doc.babamul.dev
https://fink-broker.org/
https://lasair.roe.ac.uk/
https://fink-broker.readthedocs.io/en/latest/
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TOO observations in the early survey present data processing 
challenges.
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LSST's images are heavily dithered and rotated 
⇒ spatially contiguous coadded "template" 

images are needed for difference imaging.


During commissioning and early operations 
there will not yet be enough images available 
to make templates covering the whole sky in 
all filters.


It is thus probable that automated alerts will 
not be possible for any O4 TOO observations.
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TOO observations prior to DR1 may require manual data 
processing by the Rubin team. 
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Even without automated Alert Production, 
best-effort manual processing by Rubin staff 
can still enable timely reporting of candidate 
TOO counterparts (e.g., via GCN):

• Identification of extreme color or temporally 

evolving direct-imaging sources

• Image differencing against ad-hoc 

templates 

Resulting need for "on-call" staff imply 
selection and prioritization of TOO 
observations will be needed in this period.
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TOO observing modes will be tested during commissioning.

28

tstn-035.lsst.io

http://tstn-035.lsst.io
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Other sources of TOO observations can be contemplated.
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Need time-sensitive followup with uncertain area (> 10 deg2) and faint counterparts


Relatively few obviously compelling candidates--likely to be a proposal process in the 
future.
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UW graduate students have the opportunity to participate 
directly in LSST commissioning activities (and science!).
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sitcomtn-050.lsst.io

http://sitcomtn-050.lsst.io


Rubin Observatory will provide a uniquely 
powerful resource for optical followup and 
correlative observations of MMA sources.


MMA is just one of several areas where UW 
grad students can make transformative 
scientific discoveries!




