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Most solar-like stars host planets. Planetary systems are diverse.

Planet-forming disks live a few Myr. The meter barrier halt dust growth.
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In (and from) a nutshell, planet formation is...

Most solar-like stars host planets. Planetary systems are diverse.
...efficient. ...complex.
Planet-forming disks live a few Myr. The meter barrier halt dust growth.
...fast. ...nhot understood.
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The growth of ISM dust grains to planets involves 14 orders of magnitude.

Dust growth from coagulation Gravitational growth Gas accretion

1 mm
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The growth of ISM dust grains to planets involves 14 orders of magnitude.

The most critical range is currently not observable.

Pebble accretion?
Core accretion?

M eter
barrier

1 mm
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ALMA partnership et al. 2015

VET/SPHERE — Garufi et al. 2024
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Disk midplane, ionized gas, and moon-forming disks are also accessed.
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Cradle of Life

Science Working Group

1. Understand Planet Fi

“Advancing Astrophysics II”

1. Chenoa D. Tremblay — Searching for ET Intelligence
T N 2. Antonio Garufi — Demographics of planet-forming disks
3. Yinhao Wu — Substructures and planet-disk interactions

+ oot O 4. Greta Guidi — Ionised gas emission from disks
< 5. Linda Podio — Disk Chemistry

6. Giovanni Sabatini — Jets and outflows in YSOs
7. Eleonora Bianchi — Chemical complexity in star formation

8. Pablo Santos-Sanz — Trans-Neptunian Objects

9. Jan Forbrich — SKA-ALMA synergies
10. Rob Kavanagh — Exoplanets and brown dwarfs
11. Harish Vedantham — Star-planet interactions
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The census frorn VLT/ SPHERE and ALMA suggests that disk
Some of these are likely due to embedded

[taliadomani

PIANO NAZIONALE
DI RIPRESA E RESILIENZA

8I0Z °ID 12 Sma.puy

are ubiquitous.
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Yet, protoplanets remain very elusive as only 2-3 are confirmed in 15 years search.

) SPHERE, K-band SPHERE/IRDIS H+K van Capelleveen et al. 2025

23 au Protoplanetary disk

Planet
WISPIT 2b

PDS 70 b
Inner cavity

Keppler et al. 2018 Disk polarized light /
Miiller et al. 2018 Planet total intensity
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Protoplanets are not detected because they:

are cold (small) are heavily extincted are closer in have not formed yet
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Protoplanets are not detected because they:

are cold (small) are heavily extincted

Longer wavelengths (= 4—5 um) needed.

JWST
VLT/ERIS (PETS, PI: Garufi)
E-ELT Metis
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are closer in

Larger mirrors
needed.

E-ELT
Micado and Metis

Missione 4 « Componente 2
Investimento 3.1

have not formed yet

Theories and measures
are wrong. Need to fix.
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One protoplanet candidate is detected near a launching point with VLT/ERIS.
(Francesco Maio et al. 2025)

HD 135344B L' band + mm continuum J band Q4 + Lp band

0.5 0.0 0.5 . -0.0 -0.5 . -0.0
ARA["] ARA["] A RA["]

PNRR
- - el STILES — IRo0000
16/03/2026 Antonio Garufi — One step closer to planet formation Missione 4I°n Sgﬁﬁgfﬁtﬁ, ? CUP C33C220006 4?(’)4(')06 14



Finanziato Ministero
dall'Unione europea dell’Universita

NextGenerationEU e della Ricerca

Pebbles and protoplanets: ELT and SKA will revolutionize the field of the planet formation.

Milestones E INAF involvement in E-ELT (2026-) INAF involvement in SKA (2027-)
Instruments é VLT/SPHERE ELT/METIS ALMA ngVLA SKA

— —
Wavelength M 1 um 10 um """ 100 um 1 mm 1 cm 10 cm.
Separation 5 10-15 au — 2-5au 10-15au —> 5-10au
Disks Opaque Opaque Transparent
Protoplanets‘y Embedded  Partly visible Undetectable Detectable
& their disk
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