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The Astronomy in the next decade

• Time domain

• Multi-wavelength

• Multi-messenger



Time domain Astronomy
New regimes  in observational parameter space



Astronomia multi-messaggero e Astronomia del dominio temporale 
Multi-wavelength Astronomy



Abbott et al 2017

Multi-messenger Astronomy 

GW170817



Abbott et al 2017

Multi-messenger Astronomy 

Abott et al 2018



Multi-messenger Astronomy 

IceCube-170922ATXS 0506+056



The next decade surveys
new generation of synoptic sky surveys 
• wide areas of the sky repeatedly
• well-calibrated surveys 
• well-described search method
• large datasets of uniformly selected objects
• discover samples of rare or unusual objects
• legacy archive for future generations

the volume of data will increase by several orders of magnitude



Legacy Survey of Space and Time 

huge volume and rate of the data

set of challenges :

real-time data processing

(event detection, filtering, characterization)

rapid dissemination of alerts to the astronomical community

developing public domain archives

• High cadence to discover fast transients

• large volume to discover rare transients

• multi-band to measure transient colours

• longer survey duration (10 years)



SDSS vs LSST

2000-2020
4 surveys I, II,III, IV

combination of photometric and spectroscopic  surveys

2.5m Telescope at Apache Point Observatory
2.5 m Irénée du Pont Telescope at Las Campanas Observatory
1-Meter Telescope at Apache Point Observatory

one third of the sky

u, g, r, i and z

200 GB of data

three million astronomical objects.
photometric and astrometric catalog of ∼14 million objects.

key lesson from SDSS is that such public data releases increase the scientific 
impact of the data by a factor of five 

Early Data Release in June 2001  
SDSS DR 16

7700 publications

2024-2034
1 survey (WDF) + minisurveys over a 10-year period

Photometric survey based on ~1000 visits

8 m Telescope

half the sky 

ugrizy bands to r~27.5 

20 TB of data

37 billions stars and galaxies
10 Million of alerts per night

a digital colour map vs a digital colour movie of the sky

https://en.wikipedia.org/wiki/Gigabyte


SDSS vs LSST
a digital colour map vs a digital colour movie of the sky



The Vera C. Rubin Observatory



Science Drivers



Timeline



The Simonyi Telescope

• 8.4 m
• effective aperture of 6.5 m 



Innovative Optical Design

The Simonyi Telescope



The Simonyi Telescope
the camera

1.65 m



3.2 billion-pixel camera

189 16-megapixel silicon detectors

arranged on 21 "rafts"

9.6 deg2 

more than 40 times the area of the full moon

0.2x0.2 arcsec2 pix

The Simonyi Telescope
the detector



Wide-Deep-Fast Survey    80-90% total time 
cover large swaths of sky to faint magnitudes.   repeatedly at short intervals

about 825 visits in 10 years spread over all  filters

Other surveys 20-10%
Deep Drilling Field 

Galactic plane

North Ecliptic Survey

South celestial Pole



Transient Rates

SLSN

Variable

star

All these transients 

will be discovered in 

an unbiased way

SNe



Data Stream
10 million time-domain events per night
a catalogue of 37 billion source (20 billion galaxies 7 billion stars) 
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LSST and multi-wavelength Astronomy
Roman
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FoV 0.28 FoV 0.5 

u,g,r,i,z,yFoV 9.6



LSST and multi wavelength Astronomy

Roman



L’AVVENTO DELL’ASTRONOMIA
MULTI-MESSAGGERO LSST and multi-wavelength Astronomy



huge areas of sky in parallel a feat which no survey telescope has ever achieved on this scale with this level of sensitivity

LSST and multi-wavelength Astronomy

http://www.skatelescope.org/the-science/continuum-surveys/


Several  science questions and challenges  in common between the two projects

• cosmology 
• galaxy evolution 
• time-domain astrophysics

• monitoring  a large sky area
• on the sky over much of the same time-period
• Match between the temporal cadence in the optical bands and time resolution in the radio bands

LSST and multi-wavelength Astronomy



L’AVVENTO DELL’ASTRONOMIA
MULTI-MESSAGGERO LSST and multi-wavelength Astronomy

There is still a large range of transient parameter space that has 

not yet been sampled. correlating optical and radio properties

the relation between the radio and optical flux densities

can be used to classify radio transients



LSST follow-up ecosystem
LSST will stimulate a large number of follow-up studies, especially of a spectroscopic character

Photo z

Transient classification

Strong lens

Dark Energy Spectroscopic Instrument (DESI)

4 m Multi-Object Spectrograph Telescope (4 MOST)

Son of X-Shooter (SoXS)



• target-of-opportunity (ToOs) capabilities (∼ 1.5% of the total survey time)
• a large sample of EM counterparts
• very early observations of KNe
• discovery of the EM counterparts of NS-BH mergers

LSST and multi-messenger Astronomy

COWPERTHWAITE ET AL.



Thank you 


