
 

Sara (Rosaria) Bonito (she/her)
INAF - Osservatorio Astronomico di Palermo, 

Italy
rosaria.bonito@inaf.it

Synergies between 
Vera C. Rubin Observatory 
Legacy Survey of Space and 

Time (LSST) and WST



Sara (Rosaria) Bonito – INAF – Osservatorio Astronomico di Palermo (Italy)

Rubin LSST and WST

“While Rubin LSST will already have completed its first project 
phase, its next phases would likely consider and build on 
synergies with WST (Z. Ivezic January 2024, priv. comm.). 
Moreover, lessons learned as part of Rubin LSST ’s transients 
and variable stars science collaboration and from Rubin LSST ’s 
first phase would inform scheduling and planning of variable 
phenomena with WST”

The Wide-field Spectroscopic Telescope (WST) Science White Paper 
(Mainieri et al.)
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Rubin LSST Ecosystem
Discovery Alliance
(LSST Corporation)

Science Collaborations: 
autonomous, self-managed 
teams
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Rubin LSST
Science collaborations

> 500
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LSST
Discovery Alliance
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From Rubin Science Assembly January 23°, Melissa Graham

ComCam Engineering Test Image
https://noirlab.edu/public/images/ann25002a/

https://rubinobservatory.org/news/rubin-completes-comcam-tests



 

ls.st/dates
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Decade-long, wide, fast, deep 
survey (optical)

8-meter class wide-field ground 
based telescope

Over 5 million images and 
catalogs with more than 37 
billion objects and 7 trillion 
sources

Tens of billions of time-domain 
events will be detected and 
alerted on in real-time

VERA C. RUBIN OBSERVATORY
LEGACY SURVEY OF SPACE AND TIME 

Each image spans 
9.6 square degrees
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OVERVIEW DA SLIDE ROMA 
RUBIN LSST

 

Rubin LSST@Europe 4 – Rome (Oct. 24-28, 2022)
(Rubin LSST@Europe 4: organized in Rome with 
LSST Corporation grants, PI: Bonito)

by Željko Ivezić - Director of Rubin Observatory Construction



OVERVIEW DA SLIDE ROMA 
RUBIN LSST

 Rubin Community Workshop 2024
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Venuti et al. 2014

RUBIN OBSERVATORY
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NGC 2264 YOUNG CLUSTER

Rosaria (Sara) Bonito – INAF - Observatory of Palermo (Italy)

Bonito & Hartigan et al. 2018 
(WP for Rubin LSST Cadence 
Optimization)

RUBIN OBSERVATORY

Bonito & Hartigan et al. 2018 
(WP for Rubin LSST Cadence 
Optimization)
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Bonito & Venuti et al. 2021

Bonito & Venuti et al. ApJS 2023



 
Rubin Science Assembly March 6, 2025 Ryan Lau (Melissa Graham)

BIG DATA



 
Rubin Science Assembly March 6, 2025 Ryan Lau (Melissa Graham)
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Bianco et al. 2022, ApJS 
Rubin LSST OpSim

Survey Cadence Optimization
Committee’s Phase 3 Recommendations
The Rubin Observatory Survey Cadence 
Optimization Committee
PSTN-056
Latest Revision: 2024-10-01

Peer Reviewed Survey Strategy Papers

21 published papers! 168 authors!

from 2x15s to a single 30s 
gain in efficiency equivalent to
~7-9% of the survey time;

5 DDF pointings:
6-7% of overall survey time
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Bianco et al. 2022, ApJS 
Rubin LSST OpSim

Survey Cadence Optimization
Committee’s Phase 3 Recommendations
The Rubin Observatory Survey Cadence 
Optimization Committee
PSTN-056
Latest Revision: 2024-10-01

           Galactic Plane (GP)
inputs from the community 
(e.g. microlensing, 
star forming regions, ...)

             ToO
SCOC Rubin LSST + 
 WST:
 “together will unravel the
population of BNS 
systems, the physics of 
neutron stars...”
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Ivezic et al. 2019 

Rubin LSST Timescales



The photometric variability of young stars

Artist’s impressions of the surface of a young 
star (left) and of a young star accreting from 
the circumstellar disk (right).

Causes for day-to-week variability in young stars:

- Magnetic activity -> flux modulation by starspots 
along the stellar rotation period (analogous to 
sunspots)

- Star–disk interaction -> variable emission from 
accretion shocks and variable mass load onto 
accretion columns

- Star–disk geometry -> varying visibility of 
different structures of the star-inner disk 
enviroment

- All abovementioned effects are typically blended 
in the specific variability behavior we observe for 
a given star

Figure extracted from Fischer et al. 
(2022), Protostars and Planets VII.

• Young stars are intrinsically variable at all 
wavelengths and on any given timescale from hours 
to decades.

• Although not necessarily the most intense, the 
typically predominant variability is that observed 
over timescales of days to weeks (corresponding to 
the timescales over which a young star completes a 
full rotation cycle around its axis).

Credit: Mark Garlick

Courtesy of Laura Venuti



WP WST 
(https://arxiv.org/pdf/2403.05
398) Figure 6: Sketch of 
time-variable phenomena 
that WST will observe 
alongside approximate
indications of suitable 
spectral resolution and 
variability timescales

WST: spectroscopic information (precise radial
velocities, metallicities, elemental abundances and other 
stellar properties, reaching distant and faint populations)

comprehensive local volume (D< 25 Mpc) IFS 
survey: will deliver spatially-resolved stellar and 
nebular spectroscopic data at exquisite resolution. 
This will complement similar imaging campaigns 
undertaken...shortly with Rubin LSST

Astronomy has definitely entered in the era of big data volumes: major 
current and up-
coming facilities will provide astronomical data across the entire 
electromagnetic spectrum
at a rate never seen before. In particular over the next decade we expect 
a deluge of high-
quality imaging data from upcoming ground-based (e.g., Rubin LSST, 
SKA, CTA) and space
(JWST, Euclid, Roman Space Telescope, ATHENA) telescopes

 ASTRONET Roadmap 2022-2035 for Astronomy 

synergies between such new facility and other 
major astronomical capabilities (e.g. JWST, Rubin 
LSST, Euclid)

Decadal 2020 (US) + Long Range Plan 
(Canada): spectroscopy 10-m/Rubin LSST, 
Roman, ...
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Rubin LSST & WST

WP WST (https://arxiv.org/pdf/2403.05398) Figure 4
Najita et al. 2016, arXiv:1610.01661: Maximizing Science in the Era of LSST
“As a discovery machine and exploration portal for the astronomy and physics communities,
LSST will enable many discoveries based on LSST data alone. At the same time, the scientific
legacy of LSST will be richer and more diverse when supporting ground-based OIR resources
are available to complement LSST data and follow up LSST discoveries”

Follow-up resources crucial for classification and characterization in particular for transient science



OVERVIEW DA SLIDE ROMA 
RUBIN LSST

 

Rubin LSST@Europe 4 – Rome (Oct. 24-28, 2022)

                                                               



 

Sara (Rosaria) Bonito – INAF – Osservatorio Astronomico di Palermo (Italy)

                          WST

Cosmology
galaxy assembly, evolution, and 
enrichment
Milky Way
origin of stars and planets
time domain
multi-messenger astrophysics



Rosaria (Sara) Bonito – INAF - Observatory of Palermo (Italy)

https://youtu.be/MXQQzbC5HxY

https://lsst-tvssc.github.io/
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https://lsst-tvssc.github.i
o/



INTERNATIONAL COLLABORATION
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> 500
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TASK FORCES
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Vincenzo Petrecca



TVS ROADMAP

Microlensing
Eclipsing Binary Stars
Cataclysmic Variables
Intermediate-Luminosity Optical Transients
Light Echoes of eruptions and explosions
EM counterparts of GW events
Neutron Star Binaries
Black Hole Binaries
Supernovae
Tidal Disruption Events

Stars Milky Way and Local Volume

Young stellar objects
Pulsating Stars
Cepheids and RR Lyrae Stars
Long Period Variables
Brown Dwarfs
GRB
Blazars
Inclusion
Alert Brokers
SETI

Stars Milky Way and Local 
Volume

https://doi.org/10.1088/1538-3873/acdb9a
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(Peer reviewed paper, Hambleton et al., PASP)
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(Peer reviewed paper, Hambleton et al., PASP)EXor

BH

blazar
TDE

kilonova

Young stellar 
object
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(Peer reviewed paper, Hambleton et al., PASP)

Science roadmaps (e.g. TVS; 
SMWLV-Star clusters; DESC; 
AGN; SLSC in prep; 
Solar System; Galaxies)
(from Will Clarkson slides, April 
2024)
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Rubin LSST Survey Strategy Optimization
Preparing to Discover the Unknown with Rubin LSST: Time Domain - X. Li+ 2022 ApJS 258 2
Blazar Variability with the Vera C. Rubin Legacy Survey of Space and Time - C. M. Raiteri+ 2022 ApJS 258 3
The Impact of Observing Strategy on the Reliable Classification of Standard Candle Stars: Detection of Amplitude, Period, 
and Phase Modulation (Blazhko Effect) of RR Lyrae Stars with LSST - N. Hernitschek+ 2022 ApJS 258 4
Optimizing Cadences with Realistic Light-curve Filtering for Serendipitous Kilonova Discovery with Vera Rubin 
Observatory - I. Andreoni+ 2022 ApJS 258 5
Give Me a Few Hours: Exploring Short Timescales in Rubin Obs. Cadence Simulations - E. Bellm, ..., IA+ 2022 ApJS 258 13
Target-of-opportunity Observations of Gravitational-wave Events with Vera Rubin Obs. - I.Andreoni+ 2022 ApJS 260 18
The LSST Era of Supermassive Black Hole Accretion Disk Reverberation Mapping - A. B. Kovačević+ 2022 ApJS 262 49
Young Stellar Objects, Accretion Disks, and Their Variability with Rubin Observatory LSST  - R. Bonito & Venuti+ 2023 ApJS 
265 27
Light-curve Recovery with the Vera Rubin Observatory’s LSST. I. Pulsating Stars in Local Group Dwarf Galaxies - M. Di 
Criscienzo+ 2023 ApJS 265 41
LSST Survey Strategy in the Galactic Plane and Magellanic Clouds - R. A. Street+ 2023 ApJS267 15
Rubin Observatory’s Survey Strategy Performance for Tidal Disruption Events - K. BučarBricman+ 2023 ApJS 268 13
An Evenly Spaced LSST Cadence for Rapidly Variable Stars - E. Feigelson + 2023 ApJS 268 11
Rubin LSST Observing Strategies to Maximize Volume and Uniformity Coverage of Star-forming Regions in the Galactic 
Plane - L. Prisinzano + 2023 ApJS 265 39

Microlensing Discovery and Characterization Efficiency in the Vera C. Rubin Legacy Survey of Space and Time - N. S. 
Abrams, M. Hunterdmark et al., in review
Transient Dwarf Novae detection using the LSST Marais, Buckley et al., in review
Kilonova parameters estimation with LSST at Vera C. Rubin Observatory – Ragosta et al., accepted

Every Datapoint Counts: Stellar Flares as a Case Study of Atmosphere Aided Studies of Transients in the LSST Era - Clarke 
et al., in review



Rubin LSST @ EAS
https://eas.unige.ch/EAS2025/session.jsp?id=SS5
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-                                           First Light Event
Vera C. Rubin Observatory Legacy Survey of Space and Time (LSST) 
                  “First Look Event", Palermo, June (July) 2025                                  
                             INAF Direzione Scientifica grants (PI: Bonito) 

Media: e.g. Netflix, National Geographic, Chile newspapers and many more
Soliciting expression of interest from international media incl Spanish for Chile
Educational: e.g Smithsonian, Masterclass - ongoing
Speakerpool & requests for interviews
Resulting from momentum building - Media contact volunteers (INAF: Bonito, 
Dall’Ora, Tramuto, Rodeghiero, ...)
Connecting with Influencers - EPO outreach to content creators
(Ranpal Gill’s talk, Rubin Community Workshop 2024, see also Rubin 
Observatory Youtube channel) 



 GES spectrum
  Original spectrum
  SKY spectrum

SKY SUBTRACTION AND Ha + [NII]

NGC 2264

(Bonito et al. 2020) 

OHaNA-method
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VARIABILITY

 Multiple spectra (2 – 20; 
   60% with 20 spectra)
 Variation in the peak intensity
 Variation in the line profile
 Variation in the plasma speed 
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(Bonito et et al. 2020) 
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