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Rubin Telescope

optical wide‑fast‑deep imaging,
real-time alerts, time‑domain,

Solar System, MW, cosmology

six filters: u g r i z y 
Southern optical sky sampled to 27 mag

Primary mirror diameter : 8.4 m

Field of View : 9.6 square degrees

Focal plane : 189 4kx4k science CCD chips, 0.2 arcsec/pixel

Survey duration : 10 years

Number of visits: ~2.1 million

Nightly data size: 20 TB/night

Final database size (DR11) : 15 PB

Number of objects (full survey, DR11): 20B galaxies

17B resolved stars

6M orbits of solar system bodies

KEY NUMBERS

Ivezic et al. (2019)

Credits: VRO

https://rubinobservatory.org/
https://iopscience.iop.org/article/10.3847/1538-4357/ab042c/pdf


 Rubin Science Collaborations (SCs)

> 700



Almost 200 Italian scientists interested.

In-kind contribution program led and funded by INAF 

Program Lead: Massimo Brescia (Naples University, Italy)

Program Manager: Claudia M. Raiteri (INAF)

Italian participation to the Project

https://sites.google.com/inaf.it/rubin-lsst-italy/home


Italian participation to the Project

Massimo Brescia Jan 20th, 2026 talk
S29 Contribution Lead: Maurizio Paolillo - 

Toward next-generation time-domain
surveys (TIMEDOMES): VST monitoring

of the LSST Deep Drilling Fields

S16 Contribution Lead: Sergio Campana
- The Son of X-Shooter contribution to
Rubin: a set of 2,000 spectra for ML

light curve classification

S26 Contribution Lead: Angelo
Antonelli - A Bridge from Gamma to

Optical

S27 Contribution Lead: Maria Teresa
Botticella - A VST survey to support the

Legacy Survey of Space and Time

https://sites.google.com/inaf.it/rubin-lsst-italy/home
https://indico.ict.inaf.it/event/3418/contributions/24451/attachments/11393/23441/Brescia-Gen2026-Rubin-LSST-General.pdf


Time‑domain goal

discover and characterize a huge range of
variable and transient phenomena (SNe,
kilonovae, TDEs, AGN variability, flares,
microlensing, etc.).

gravitational wave & neutrinos counterparts

Numbers

Up to 10 million alerts, 20 TB of
data...every night!

Timescales: 10 seconds to 10 years

Transient & Variable Stars SC



courtesy of Antonio De Ugarte Postigo



Rubin as a (ToO) follow-up machine -> sources

from GW - neutrinos detectors

Rubin as a discovery machine -> follow-up from

other facilities

Gravitational-wave physics and astronomy in the 2020s and 2030s, Nature

Reviews Physics

coordinator: Raffaella Margutti, Berkley, USA

Rubin TVS - Multi-wavelength and GW follow-up sub-group 

 (Key Challenge: Limited resources for multi-wave follow-up vs. number of LSST transients)

https://www.nature.com/articles/s42254-021-00303-8
https://www.nature.com/articles/s42254-021-00303-8


Target of opportunity observations with Rubin
(less than 3% of survey time)

IceCube, South Pole

KM3NeT,

Mediterranean Sea

Virgo, Italy

Einstein Telescope

LIGO, USA

1. Gravitational Waves and Multi-Messenger

Astronomy

2. High-Energy Neutrinos 

3. Galactic Supernova

4. Small PHA Potential Impactor

Rubin as a discovery machine Rubin as a (ToO) follow-up machine 



 (Key Challenge: Limited resources for multi-wave follow-up vs. number of LSST transients)

Rubin ToO 2024: Envisioning the Vera C. Rubin Observatory LSST Target of Opportunity program – arXiv:2411.04793

12-Nov-2025: EM follow-up campaigns of S251112cm+ (SubSolarMassMerger chirp mass ~0.1-0.87M   )
 

Nov 2025: MoU LVK-Rubin (Patricelli & Piranomonte LVK-Rubin liasions)

⊙

Rubin as a discovery machine Rubin as a (ToO) follow-up machine 

https://arxiv.org/abs/2411.04793
https://gcn.nasa.gov/circulars?view=index&query=S251112cm&startDate=&endDate=


WHY RUBIN

large sky maps, faint targets 

Rubin as a discovery machine Rubin as a (ToO) follow-up machine 
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Rubin as a discovery machine Rubin as a (ToO) follow-up machine 

WHY RUBIN
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Alert stream will have ~10^5
alerts per night. 

Distributed immediately to 7
full-stream brokers: 

ALeRCE 
AMPEL 
ANTARES 
Babamul 
Fink 
Lasair 
Pitt-Google 

Custom alert filters
Automatic classification by
wide field spectra surveys 

Alert streams and Brokers 

Rubin as a discovery machine Rubin as a (ToO) follow-up machine 

include metadata, photometry, light curves, catalog cross-matches, and image cutouts.

automatically generated within ~60 s via difference imaging (S/N ≥ 5).

distributed to community brokers; full data available via Rubin Science Platform (<24h).

Brokers filter, enrich, and classify alerts, enabling efficient follow-up selection.

https://indico.ict.inaf.it/event/3418/contributions/24451/attachments/11393/23441/Brescia-Gen2026-Rubin-LSST-General.pdf
https://science.alerce.online/
https://ui.adsabs.harvard.edu/abs/2020ascl.soft05015N/abstract
https://antares.noirlab.edu/
https://babamul.caltech.edu/
https://babamul.caltech.edu/
https://fink-broker.org/
https://academic.oup.com/rasti/article/3/1/362/7712474?login=false
https://academic.oup.com/rasti/article/3/1/362/7712474?login=false
https://pitt-broker.readthedocs.io/en/latest/


Fink as an example

https://fink-broker.org/
Yesterday NEWS! --> Rubin is getting ready for the first public alerts! 

They are being planned for February 4th 2026! 

Rubin as a discovery machine Rubin as a (ToO) follow-up machine 

https://fink-broker.org/papers/


PRESENT & FUTURE

WHAT? 

Novae 

X-ray binaries

Supernovae 

GRBs 

Luminous Blue Transients 

Tidal disruption events 

Kilonovae 

 Soft Gamma-ray Repeaters 

Fast Radio Bursts 

unkown? 

And their host environments 

WHY?

 Limits of physics 

Life cycle of stars 

Galaxy environment and evolution 

The transient zoo 



Massimo Brescia Jan 20th, 2026 talk

Rubin-LSST Italia Science Collaborations membership

Classification is not enough

spectroscopic follow-up in the Rubin era

spectroscopy is essential 

 - confirm the physical nature

 - identify rare / ambiguous events

 - train and validate ML classifiers

INAF follow-up strategy

 - TNG (DOLORES, NICS, ToO)  

 - VLT (X-shooter - RISOTTO) 

 - SOXS/MUSE/4MOST/CUBES....

 - International Collab. (inside Rubin Community)

Rubin as a discovery machine Rubin as a (ToO) follow-up machine 

https://indico.ict.inaf.it/event/3418/contributions/24451/attachments/11393/23441/Brescia-Gen2026-Rubin-LSST-General.pdf


INAF LARGE GRANT (awarded 2025 – 197 k€) – PI:  Piranomonte
Co-Is :  Melandri ,  L imongi ,  Spera,  Brocato,  Cristal lo,  Onori ,  Ragosta

Goal:  Prepare the scientif ic  and observational framework to ful ly exploit  the
upcoming Rubin Observatory (LSST) and Einstein Telescope era for mult i -
messenger astrophysics.

Key science themes:
•  Formation and evolution of compact binary coalescences -  binary population
synthesis (with SEVN, POSYDON) 
•  EM counterparts of GW sources
• Synergies between GW, EM and theory

Approach:
•  End-to-end modeling:  stel lar evolution →  explosions →  population synthesis
• Machine learning for transient identif ication and strategy optimization
• Definit ion of observational strategies for wide-f ield surveys (e.g.  Rubin) + rapid
fol low-up

Impact:
•  Maximizing the scientif ic  return of Rubin LSST and ET preparatory science
• Strengthening INAF’s leadership in mult i -messenger astronomy
• Building a bridge between theory,  s imulations,  and observation

Rubin-ET: INAF Scientif ic contributions 
Envisioning Tomorrow: prospects and challenges for multi-messenger

astronomy in the era of Rubin and Einstein Telescope

+

ET Div:  3,  4,  7

Team building & Training
• 2 post-docs funded by the grant (E .
Loffredo,  F .  Onori )
•  1 PhD student (E .  Pappalardo,  Univ.  Tor
Vergata)  -  Thesis t i t le :  “Mult imessenger
approach to unravel  stel lar binary physics”
Ext.  collaborators:  Crist iano Ugol ini ,  Manuel
Arca Sedda, Irene Di  Palma, I .  Andreoni ,  R.
Margutt i ,  C.  De Bom, A.  Moller.

https://www.aanda.org/articles/aa/abs/2025/05/aa52863-24/aa52863-24.html
https://www.aanda.org/articles/aa/abs/2025/05/aa52863-24/aa52863-24.html
https://watermark02.silverchair.com/staf746.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAA50wggOZBgkqhkiG9w0BBwagggOKMIIDhgIBADCCA38GCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM9KJZ0vVgF6h8D-AHAgEQgIIDUPNhLZ_miBhBvBcCHMDxaX0khsWFQhPKAQnO1byExxZinQxiDEyGX1QsL7j_gXpg0j0FHmUqaKz0Ph_WAE2jpbg7RgxAHpjFT4zbJG3GW6Zt5AtqqVkjELuBwiKOM_JmrTp0-9razx0HzwjAn67LyG-jNG-A9vC-5BJZh9_RbSnFnCHTonwc_P5wDWIzE-XFGxyVovMiAF6fAsZW48tEW8JjPSsZ9ol3UORe1ghLLGTIy9sQapm4pl06Gv8kSYUkbMjd1-ostb76GSmtpw3gJAJhRkOpr69v8S7X3PkXuddCBTYFt7Gasyumw04Z7jOwBcGsObToKfsdgKoa6Na18Sz65kwlNWezmoJ0HFft0V-vtZSUa_sYDO4-ryTdzvGwc1qCkMUUCO6AM-jpfKbWf9NO21wjZwATjFJ2uTsLsHU6-zSlZbaqqsFqTyhlO0Jt88ktmyC8Kr-koyG66xEIF8wlofxVd43sN_x5fP9RxCWHqKL-bE07i_7D3K2ffmQz1HkZgcS9XjtqBMvgarvlR9AwRc7X5sPLausOcd61kYoLptSWiUqopu8-5cR9HXWL1kmE8W0CGubb6871Na8s55sSuNrYKPxdqOb9ASAuh38KlzMGzVFVecl4AJ764Us3-rF66KwGT5GrHav2PvdEF5LNrlreLEt8tjGkxW4ydOO104cD-AVmF_dANApbv6BC7JhDpXIZ6N6RAUAznkkMlOsKqDdxi_FGmY1Zc9HjepKBVPLekpsXyzuE2LE_7fmf-4gN9w4lOz7XfXzCpaWKP_rqf9v14QTuuOiClOhS0gANTV0U4kwubpJLQaUgfWLj7e2UKexln76YAk7rmrLyr2C7fLTvJFHElx6q56tgVj09_lLQI6_MlaiJWAh-bQpw8G4dWihMnGaM2sGja8-jr7r9qXFZNvFOifIxpXGQ9PGIymQYTiYxjfS3KoyFBgXcB5F296wMCr0gz_pAQQIt2yS3tN-Q2P4t4x2Ni3InlUKRYZDc1rsVXGeXvFBonEg7zilUFm7gFqxU-YmXjlY4beyuDwVPu524MAXIajzmgxnchWfMGxS-4GvuXtTcLx-C8TObvKqDWd7BUKHcu2zRmUM-6tEOLTQ-IjLZG6ojwIpL


Working Progress & Sinergies
Which object can be informative both for GW and EM?

The majority of GW progenitors evolve through a common envelope phase

How often the CE is ejected rules the number of GW souces

Can we study this problem from a MM perspective? Yes!

We expect this events to have an associated transient, the 

Luminous Red Novae (LRNe)

Your paragraph text



LRN - a multimessanger tool for astrophysics
Object:  Transients associated with common envelope ejection and/or stel lar
mergers.

Goal:  Produce catalogs of synthetic l ightcurves,  to cross-val idate with Vera Rubin
LSST’s data.

Key science themes:
•  Binary Stel lar evolution processes,  CE onset and mass transfer stabi l i ty (with
SEVN, POSYDON) 
•  Synergies between GW, EM and theory

Approach:
•  Numerical :  Frequency of LRNe in consolidated population syntheis codes →  Rates
• Theoretical :  Produce catalogs of l ightcurves,  to compare with observations →
Refine astrophysical  modelinf of stel lar binaries
Theorethical :  Improve CE physics in population synthesis codes

Impact:
•  Maximizing the scientif ic  return of Rubin LSST and ET preparatory science
• Breaking degeneracies present in stel lar physics models →  new physics from GW 
• Building a bridge between theory,  s imulations,  and observation

Working Progress & Sinergies
Multimessenger approach to unravel stellar binary physics

Team:
• 1 PhD student (E .  Pappalardo,  Univ.  Tor
Vergata)
Supervisors:  Si lv ia Piranomonte,  Crist iano
Ugolini ,  Manuel Arca Sedda, Irene Di  Palma



TIME DOMAIN & Multi-messenger astronomy

What’s required and  what the 2030s will demand

Trigger & alert generation

GW, neutrino detectors, high‑energy satellites, and wide‑field optical and
radio surveys (e.g. Rubin, SKA) issue real‑time alerts for transient and
multi‑messenger events.​​

Einstein Telescope

KM3NeT

Rapid localisation and identification

Networks of high energy/UV/optical/IR and radio facilities – from 1–4 m
class telescopes to VLT/ELT, SKA, ngVLA, CTAO and future GW/neutrino
detectors – rapidly refine positions, associate host galaxies and obtain
first‑epoch spectra.​​

Classification and physical characterisation

High‑throughput spectroscopy and IFUs, combined with high‑resolution
imaging, deliver ejecta velocities, composition, energetics and
environmental diagnostics. 

Virgo, Italy
LIGO, USA

CTAO

IceCube, South Pole

Cosmic Explorer

LISA

SKA

LGWA

ELT
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STAY TUNED!

https://www.astronet-eu.org/wp-content/uploads/2023/05/Astronet_RoadMap2022-2035_Interactive.pdf
https://www.astronet-eu.org/wp-content/uploads/2023/05/Astronet_RoadMap2022-2035_Interactive.pdf
https://www.astronet-eu.org/wp-content/uploads/2023/05/Astronet_RoadMap2022-2035_Interactive.pdf


BACKUP SLIDES



How many BNS and NSBH might we expect to occur in O5?  

 

Calculated using information from the official LVK observing scenarios study (Kiendrebeogo et al., 2023)

Note this was before the recent update on Virgo, and assumed distance range DBNS for Virgo was ~150 - 240 Mpc

Event rate (triggers/year): calculated by Shreya Anand at the meeting, with SNR > 12

roughly ⅓ of

the events in

Table 2 are

available for

immediate

Rubin

observing . 

all sky
with Rubin 

WHY RUBIN 

https://ui.adsabs.harvard.edu/abs/2023ApJ...958..158K/abstract








https://www.schmidtsciences.org/schmidt-observatory-system/
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Understanding the nature of dark matter and dark energy

Ivezic et al. (2019)

percent‑level measurements of expansion
history and growth of structure 

Goal

Use multiple probes
weak lensing, galaxy clustering/Baryon Acoustic
Oscillations (BAO), clusters, lensed time delays,
Type Ia SNe, all as functions of redshift and
combined with CMB.

Numbers
~ 2 billion galaxies with measured shapes
~ 400,000 Type Ia supernovae

Credits: VRO

Credits: VRO

https://iopscience.iop.org/article/10.3847/1538-4357/ab042c/pdf


LRNe emission mechanism

Metzger et al. 2017




