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1) Provide a science-driven view on main facilities active in the 30s


2) Provide a sort of general-view landscape 


3) Both aimed at introducing the discussion: how to maximise the impact 
of GTO


4) My recipe: invest on scientific exploitation of most competitive current 
instrumentation to be ready for the ’30s 
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EUCLID

1.2m telescope 

Wide field: 0.5sqdeg/
pointing 

0.6-1.8 μm 

Exquisite PSF in the visible 

Gracy Roman 

2.4m telescope 

Wide field: 0.28sqdeg/
pointing 

0.5-2.3 μm 

Better PSF in the near IR 
Wider/Shallower/survey telescope Smaller/Deeper/Observatory-kind
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EUCLID Gracy Roman 

Vera Rubin 

Observatory

8m telescope 

Wide field: 9sqdeg/pointing 

0.4-1. μm 

Ground-based PSF… 
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Euclid is a physics experiment.   

Main goal: dark matter / dark energy 

Wide field (~15000sq deg) survey of 
the extragalactic sky 

Euclid Collaboration: Canas - Herrera, G., et al. 2025, arXiv:2510.09153,
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JWST

6.5m cooled telescope 

Small field of view 
(<2arcmin) 

1-25 μm 

We need independent avenues to constraint 
cosmological parameters  
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JWST can do cosmology….

Shajib, Treu+25, 
Sheu, Treu +, 26 
TDCOSMO

Time Delay in multiply lensed QSO —> H0 Confirms distance ladder based 
on Cepheids

Weisz+24 
Riess+24
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JWST

Will (hopefully!!!) remain 
operative until ~2040. 

Combination of JWST and 
ELT can be ground-breaking 

Observatory  

Highly over-subscribed (8% chances!)
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EUCLID Wide field (15000sq deg) 
survey of the extragalactic sky 

Secondary goal: legacy science 
Highest redshift 

QSO (z=7.77): 
Euclid + LBT

“Euclid Preliminary” Yang et al, subm.
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Highest 
redshift galaxy 

(z=14.44)

2) An unexpected number of AGNs at z>7

1) An unexpected number of galaxies at z>10
JWST is a unique machine to study the birth of galaxies…

Napolitano+25

Naidu+25



James Webb 
Extremely 

Large 
Telescope



GHZ12 @ ELT
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SHARP/ELT 

CIV

NIV
NIII]OIII]

HeII

NIRSPEC Castellano+2024

How many galaxies host a BH? What is the BH mass? 

Composite AGN???
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High AGN are one example of science case where we clearly lack an efficient X-ray 
satellite 
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New multi-messenger astrophysics:  
i) search for GRB/e.m. counterparts of GW  
events (NS-NS merging)

Abbott et al., ‘17, ApJL  

Kilonova: tellurium detection in 
GRB 230307A

Gillanders and Smart 24

Multimessenger astronomy
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LISA will detect:


- WD merging in the MW


- IMBH ( ) merging 


- spiralling BH pairs (alerts)


- primordial GW?


Thousands of detections/yr

105 − 107M⊙

Launch date: 2035



➢ ERIC Infrastructure (one of the biggest in EU) started in January ’25 
➢ Italy’s contribution second only to DE, first ERIC with HQ in Italy  
➢ 2 observing sites (North and South hemispheres): 

a) CTAO-N (La Palma, Canary Islands): 4 LSTs + 9 MSTs (NB: ASTRI MA in nearby Tenerife 
with 9 ASTRI-tel (~SSTs)) 
b) CTAO-S (Chile, Paranal): 14 MSTs + 37 SSTs 

+ 2LST-S and 5 SST with CTA+!! (PNRR project)

The CTAO Observatory (+ CTA+) in a nutshell:

CTAO-N (La Palma)

CTAO-S (Cile)

Courtesy of M. Cappi
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The ASTRI-MA/CTAO Projects: The New Italian/Open Observatories in the TeV energy range

ASTRI-MA and CTAO will revolutionise the TeV science and community,  
and expect the unexpected!

The ASTRI-MA/CTAO Projects: The New Italian/Open Observatories in the TeV energy range

Courtesy of M. Cappi
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Star formation
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Square Kilometer  Array

512 stations


0.05-0.35Ghz
197 dishes (80 fromMeerkat)


 
Band1 (0.35-1.05Ghz)

Band2 (0.95-1.75Ghz)

Band5 (5.6-15.4Ghz)
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PNRR  
Missione 4 • Componente 2 

Investimento 3.1
STILES – IR000034 
CUP C33C22000640006 23

MeerKAT is the pathfinder of SKA-mid 
 
INAF will provide  64 Band 5B (8.3-15.4 GHz) receivers on MeerKAT dishes. 

Upgrading MeerKAT’s 64 dishes with Band 5B receivers will establish the array as the  
most sensitive instrument in the 8.3–15.4 GHz range in the Southern Hemisphere until  
full SKA-MID operation.  

A fully capable MeerKAT has two main benefits for SKA 

• The  64 extra receivers will significantly increase  
     the sensitivity of SKA in Band 5 (Area +30%).  
• The additional short spacings provided by  
     MeerKAT will substantially enhance the image 
     fidelity of extended emission. 
 

 Band 5B

Angular  
resolution 

0.5”-2.3”

Sensitivity 
4.8–8 uJy/beam 

(10 minutes)

Mosaic time 
16 hours 

(1 deg2 / 10 uJy/beam)

Bandwidth 
2500 MHz

Instantaneous 
FOV 

6.9 arcmin

Technical capabilities



 Extragalactic spectro-polarimetry 
  for a legacy band 5b survey to investigate radio galaxies, AGN variability, clusters and extragalactic  transients

Star formation and HII regions  
to investigate feedback mechanisms in (massive) star formation at sub-arcsec resolution and uJy 
sensitivity in a key observational window

Pulsars in the Galactic Centre  
are  the “timing solution” to test General Relativity, BH properties, nuclear forces

Molecules at high redshift 
 to better trace molecular formation at early cosmological epochs

Nearby galaxies 
 to study star formation and better understand galactic evolution, study of super star clusters.

Complex Organic Molecules  
in nearby star forming regions, allowing to trace carbon chemistry and dust lifecycle 

Galactic Centre  
to study of the local populations and extreme phenomena  (Sgr A*, SNRs,  
HII regions, massive stars, non-thermal filaments) 

Transient science 
 to monitor dwarf novae, novae, X-ray binaries (spatially resolved ejecta & spectral evolution) and GRBs.

Will  unlock unprecedented capabilities to address the most fundamental astrophysical 
questions… 

Band 5B @MeerKAT

Synergies with high energy facilities 
 to search for radio counterparts of high-energy/neutrino events 

VLBI with MeerKAT 
 to search for radio-loud AGNs in gas-rich mergers, detection strongly lensed AGNs, study of dark matter 

Radio galaxies  
resolving jets & lobes to map B-fields and investigate the role of turbulence and particle re-acceleration.

Galaxy clusters  
studies of intracluster medium (ICM), radio relics and central cluster regions/AGN (polarization and RM)



Piè di pagina

• Need to disentangle the complex 
interplay between gravity, turbulence & 
feedback in the star forming processes

• Focus on HII clumps in the Galactic 
Plane, to complement exisiting surveys

• Hyper-compact (HC) and Ultra-
compact (UC) HII regions become 
optically thin at GHz frequencies (1-5 
GHz & 5-50 GHz respectively)
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Courtesy of A. Traficante/T. Venturi

The Band 5b frequency 
range allows the 
determination of the SED 
for the HII regions, which 
coupled with the angular 
resolution allows to study 
their evolution out to ∼10 
kpc away from us

Star formation and HII regions  
to investigate feedback mechanisms in (massive) star formation at sub-arcsec resolution and uJy 
sensitivity in a key observational window



Piè di pagina

• Detection of J=1=>0 line of 12CO molecule (rest 
frequency= 115.27 GHz)  in hundreds of Galaxies in 
the range 6.95 < z < 9.98, during the cosmic Epoch of 
Reionization-      CO is best tracer of molecular gas content

• Parallel  spectral line surveys HCN
    (rest frequency=88.63 GHz) , HCO+ 
    (rest frequency= 88.19 GHz)  
     range. 5.1 < z < 7.5  
     H2O maser  (rest frequency= 22 GHz)
     range 0.5 < z < 1.2

• Deep 12 GHz continuum maps for AGN/starburst 
studies.
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CO intensity 
mapping 
forecasts

Courtesy of  G. Bernardi

Molecules at high redshift 
 to better trace molecular formation at early cosmological epochs

Observations of molecular gas in galaxies at all  redshifts are 
critical for measuring the cosmic evolution in molecular gas 
density and understanding the star-formation history of 
the Universe. 

+ continuum from SKA

Prandoni+24
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Resolution  scales like  …Θ Θ = 1.22
λ
D
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Resolution  scales like  …Θ Θ = 1.22
λ
D

….making a 8m in the V band equivalent to a 40m in K…



27

Resolution  scales like  …Θ Θ = 1.22
λ
D

….making a 8m in the V band equivalent to a 40m in K…

MAVIS @ VLT (2030s)
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MWC 758 
Hα

SHARK-VIS@LBT Y-band Sphere 0.85mm ALMA

Deng+18
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Madhusudhan+25

Exoplanet: atmosphere characterisation

Glidden+25
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PLATO ARIEL

Imaging for transit detection 
of long period earth like 

exoplanets

IR Spectroscopy for 
atmosphere 

characterisation

Italy is a major (2nd) contributor to both missions



HABITABLE WORLDS OBSERVATORY 
TELLING THE STORY OF LIFE IN THE UNIVERSE

A super-Hubble to search for 

life in the universe and 

perform transformative 

astrophysics



ANOTHER EARTH

32

Preliminary simulated high-contrast image of the  

Solar System with a coronagraph on HWO
Credit: Kammerer, Pueyo (STScI), Juanola Parramon, Stark (GSFC)



UV Multi-Object 
Spectrograph

High-Resolution 
Imager

CoronagraphTelescope
UV/Vis and NIR imaging

Bandpass

Field-of-View

60+ science filters & grism

High-precision astrometry?

High-contrast imaging and 
imaging spectroscopy

Bandpass ~350–1700 nm
Contrast

Vis: ~140 
NIR: ~70, 200

PRELIMINARY SPECS & CANDIDATE INSTRUMENTS
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Diameter ≳6.0 m
Bandpass ~100–2500 nm
Diff. Limit @ ~500 nm

Fourth Instrument 
To be defined 

Candidates include NUV 
Coronagraph, FUV IFS, UV 

Spectropolarimeter 



UV Multi-Object 
Spectrograph

High-Resolution 
Imager

CoronagraphTelescope

UV/Vis multi-object spectroscopy 
and FUV imaging

Bandpass ~100–1000 nm
Field-of-View ~ 
Apertures ~

~500–50,000

UV/Vis and NIR imaging

Bandpass

Field-of-View

60+ science filters & grism

High-precision astrometry?

High-contrast imaging and 
imaging spectroscopy

Bandpass ~350–1700 nm
Contrast

Vis: ~140 
NIR: ~70, 200

PRELIMINARY SPECS & CANDIDATE INSTRUMENTS

33

Diameter ≳6.0 m
Bandpass ~100–2500 nm
Diff. Limit @ ~500 nm

Fourth Instrument 
To be defined 

Candidates include NUV 
Coronagraph, FUV IFS, UV 

Spectropolarimeter 

Ceres



THE BUILDING BLOCKS OF GALAXIES
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Hubble

Low-mass dwarf galaxy at redshift = 2

HWO

Preliminary simulation 
Credit: Postman, Snyder (STScI)
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A White Paper for the Italian 
participation is in preparation.


Ample space for adding YOUR 
contribution.


A mailing list (270 participants) 
is active, send me an e-mail to 
contribute.
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ELT Competitors (are there any?)

24m-equivalent tel to be located in Chile

GMT TMT

30m tel to be located in …? Canary?
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ELT Competitors (are there any?)

24m-equivalent tel to be located in Chile

GMT TMT

30m tel to be located in …? Canary?

Allowed to proceed to phase B with NSF funds.


Construction not granted so far.

NOT funded by NSF
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GMT mirrors are being cast in Tucson (4/7 done, 5th in progress)
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GMT/TMT(?) have 10-15 years of lag wrt ELT.

GMT/TMT(?) Instruments are somewhat simpler by design…
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14/05/26, 10:54NASA Astrophysics Budget — Inflation Adjusted (2024 USD)
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NASA astronomy budget — constant 2024 USD
Science Mission Directorate (SMD) and Astrophysics Division, FY2005–FY2026

NASA Science Mission Directorate (SMD) Astrophysics Division

Constant 2024 USD using CPI-U deflators (BLS). Sources: AAAS R&D Budget reports; NASA congressional justifications; Planetary Society historical dataset; AAS advocacy posts; Senate Commerce Committee / NASA Watch (Jan 2026). Astrophysics figures include
JWST during development. FY2025 = CR at FY2024 level. FY2026 enacted (P.L. 119-74, signed 23 Jan 2026): SMD $7.25B (−1.1% vs FY2025), Astrophysics $1.6B. The White House had proposed SMD $3.9B and Astrophysics $0.52B; Congress rejected both cuts.14/05/26, 10:54NSF Budget — Inflation Adjusted (2024 USD)

Page 1 of 1file:///Users/adrianofontana/Downloads/nsf_budget_inflation_adjusted_1.html

NSF budget — constant 2024 USD
Total appropriation and Research & Related Activities (RRA) account, FY2005–FY2026

Total NSF budget Research & Related Activities (RRA)

Constant 2024 USD using CPI-U deflators (BLS). Sources: NSF Budget Requests & Appropriations (nsf.gov); CRS R48783 (2025); AAS/Senate Commerce Committee (Jan 2026). ARRA one-time stimulus included in 2009–2010. FY2025 = continuing resolution at FY2024
level. FY2026 enacted: $8.75B total / $7.2B RRA — signed into law 23 January 2026 (P.L. 119-74), rejecting the White House proposal of $3.9B total / $2.88B RRA.

2005 2026

NASA budget

NSF budget



40

14/05/26, 10:54NASA Astrophysics Budget — Inflation Adjusted (2024 USD)

Page 1 of 1file:///Users/adrianofontana/Downloads/nasa_astrophysics_budget_inflation_adjusted_1.html

NASA astronomy budget — constant 2024 USD
Science Mission Directorate (SMD) and Astrophysics Division, FY2005–FY2026

NASA Science Mission Directorate (SMD) Astrophysics Division
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14/05/26, 10:55China Space Science Budget Estimates — Constant 2024 USD
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China space science budget — constant 2024 USD (estimates)
Total space programme and space science component, FY2005–FY2024, with NASA Astrophysics for comparison

Important caveat: China does not publish itemised space science budgets. All figures are estimates derived from Euroconsult, CRS, CAS five-year programme data, and expert analyses. Uncertainty on the science line is ±30–50%. The total
programme line is more reliable.

China total space programme China space science (CAS SPP + CNSA, estimated) NASA Astrophysics Division (for comparison)

Constant 2024 USD using CPI-U deflators (BLS). Sources: Euroconsult Government Space Programs reports (2020, 2022, 2024); CRS reports; Bloomberg/CAS (2016) re: 4.7B yuan for 2011–2015 SPP; Planetary Society CNSA overview (2023–2024); CAS Bulletin (2024).
Chinese total includes civil + military estimates. Science component estimated as ~5–8% of total pre-2016, rising to ~9–11% post-2016 based on CAS SPP budget anchors. Yuan converted at prevailing annual exchange rates.

2005 2026

NASA budget

China space science budget
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Chinese investments in ground based astronomy are ramping up
+ SKA… but out of TMT

Lenghu site is comparable to Mauna Kea:


4200m, 75% time seeing <0.75”


(Deng+, Nature 2021)



42

Conclusions
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Conclusions
1) We have an unique opportunity: 


ELT (+SKA+CTA) will be the major discovery machine(s)  in the 30s.


Europe - we - can lead the field.

2) “Go big or go home”: Be bold, be ambitious. 


We need to aim at transformational discoveries.


ELT has the latitude and power to be what JWST has been in the 20s.

3) How to get there? 


Invest in frontier science with pathfinders: JWST,VLT, LBT, MeerKAT, etc  

4) Italy is uniquely placed to exploit synergies: Euclid, SKA, CTA, LSST, etc


