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WST: a facility to answer a wide range of cutting-edge scientific questions
that cannot be addressed with current or planned facilities

Cr
ed

it 
to

 R
os

se
lla

 S
pi

ga
 (I

N
AF

) 

Vincenzo Mainieri – WST Italian workshop





Vincenzo Mainieri – WST Italian workshop 

Time-domain: exciting science on all scales Solar system objects 
& Exocomets

Stellar Variability 
(Gaia, LSST)

Transient astronomy 
(stellar flares, SNe, 
TDEs, GRBs, etc.)

Compact objects 
(WDs, stellar-M BHs)

Supermassive BHs 
(AGN, QSOs)

Gravitational Wave 
Source 

Characterization, 
Calibration sources
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In the 2040s LSST will have discovered hundreds of
thousands of transients. Our understanding of transient-

related phenomena will be transformed. We will
probably have even more questions than today.

Transients post LSST/Roman era

• Fiber-level ToO: large scale follow-up of transients with
WST will be key to get a full picture of their nature.

• Spectroscopic variability: WST will issue alerts enabling
the detection of new classes of transiets.

Build time-domain capabilities 
(e.g., Operational model, fast data processing) 

in WST to enable new science



Detection and characterization of the EM of GW events from the next 
generation of detectors 

Einstein Telescope will detect 105 binary neutron stars mergers per year, also prior of 
the mergers during the in spiral phase. 

WST spectroscopic identification and characterization of the EM counterparts will be 
crucial for kilonovae population studies and study of the extreme physics during the 
merger phase.
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Detections with ET+CE over 1 year with ΔΩ<10 deg2

Credit to Sofia Bisero (GEPI)

GW location
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Galactic science cases

Three science themes: 
● Origins of elements
● Origin of the Milky Way system
● Origin of stars and planets

(X. Luri&
 the DPAC-CU2)

Science in the 2040s: Building upon Gaia+4MOST+MOONS+WEAVE

Origins of elements
• Neutron capture elements (r-process, i-process, other yet unknown channels?)
• Type Ia supernovae: how many sub-types? How many of them important as nucleosynthetic sources?

• HR needed to probe diverse 
nucleosynthetic channels

• Not only reaching fainter targets, 
but adding new key and precise 
information

Credit to Georges Kordopatis (OCA)



Credit to Laura Magrini (INAF)

Detailed abundances for 
studies of the chemical 
enrichment history of all 
populations/structures

Whole sky survey (HR+LR)
-Full chemical information 
and RVs up to G~16-17 

mag
- A few element 

abundances and RVs up to 
G~18.5 mag

- At larger distances: 
metallicities and RVs

The formation history of the MW and its satellites
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A ‘cloud-scale’ mapping 
of a sufficiently large 

sample of galaxies (>103) 
across a range of 

morphological features 
(e.g., spiral arms, bars, 
bulges) and integrated 
properties (e.g., Mstar, 

SFR, local environmental 
density).

An ambitious spectroscopic 
survey in the  Local Volume 
(D < 25 Mpc) at better than 

100 pc resolution

The topology of the dark

The small-scale matter cycle
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To access the relevant physics regulating the consumption of gas, the production of dust and metals 
and star-formation one needs to reach “cloud-scales” (e.g. average distance between HII regions)Credit Francesco Belfiore (INAF)



MOS: IGM tomography in absorption and LSS in emission
IFS: z=2-7 LAEs, small scale clustering, resolved CGM & IGM emission in Lyα

How the Cosmic Web 
impact the evolution of 

galaxies?

Reconstruct the 3-D 
density distribution with an 

SDSS-fidelity from 6 
million 1<z<4 galaxies over 

200 deg2

The topology of the dark 
matter over large volumes 

from Ly⍺ forest seen in 
absorption line spectra of 

background galaxies 

How galaxy evolution is driven by gas flow as a 
function of environment
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Opening-up high redshift cosmology 
WST will conduct sub-percent galaxy clustering measurements 
beyond redshift of z~2
Sensitive constraints will be placed on :
• The level of non-gaussianity
• The sum of neutrino mass
• Inflationary model
• Modified gravity
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Probing fundamental physics

Neutrinos mass
In the most conservative case 

(Mv=0.06 eV) WST could
provide a 3.5σ evidence of 
nonnull neutrino masses

Primordial non-Gaussianities
WST will be able to distinguish 

for the first time between 
single-field and multi-field

inflationary models
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Get involved in 

Rodolfo Smiljanic
Eline Tolstoy 
Vanessa Hill

Cosmology Time domainGalacticGalaxy evolution

Michele Moresco
Jean-Paul Kneib
Sofia Contarini

Francesco Belfiore  
Richard Ellis

Richard Anderson
Paula Sanchez Saez 

Cyrielle Opitom 

Anna McLeod 
Martin Roth

Res Populations

WST Special Session (SS7) at the
EAS meeting in Cork (Ireland)

June 23rd, 2025

Preparing a winning science case for the ESO 
Expanding Horizons proposal (due June 2027) 



Thanks!
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